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Objectives

»>To investigate the relationship between Lichen S, defined as the number of lichen species found on a standard FIA lichen
plot, and air pollution and climate variables.

»To determine whether Lichen S, the simplest and most broadly applicable of the FIA P3 Lichen Indicator metrics, has
potential as an indicator of pollution and climate change across the country.

»To determine whether Lichen S is consistent as an indicator at the scale of ecological regions within a large region.

Methods

We used publicly available FIA lichen, tree, and plot characteristics data (FIA Program Tools and Data. Online databases. htp:/fia.fs.fed.us/tools-
dataldatal), collected using standard FIA field protocols,

Figure 1. The FIA lichen plot s the green Figure 2. The density of plots with lichens data included in this project varies
shaded area between subplots. by state.

We analyzed data from 1399 plots in the West and 1087 plots in the East representing 12 years of lichens sampling (Fig. 2). Total plot BA and hardwood
and softwood BA were taken from the FIA data. The three climate variables, precipitation, maximum July temperature, and minimum January temperature, come
from the PRISM Climate Source model (Daly and Taylor 2000). The three air pollution variables, SO, NO,, and NH,* come from a deposition model (Coulston
and others 2004). Air pollution is generally much lower in the West than in the East (Tables 1 & 2, Fig. 4).

We analyzed data separately for the East and West regions. Within East or West, we then analyzed the same data subdivided into ecoregion groups (Fig. 3)
for comparison with the entire region. We graphed the data, calculated Spearman rank correlations, and used stepwise linear regression. Scatter plots for variables
within East or West (Fig. 5, 6, 7) illustrate non-linear relationships and those where a variable represents a ‘limit’ on Lichen S; neither is easily detectable with
simple correlation o linear regression.

Ecoregon Analysis Groups.
s

Figure 3. Ecoregion groups used for analysis. Printed numbers are average
Lichen S, the number of lichen species per plot, for each ecoregion. Groups
are based on Bailey’s ecoregion divisions and provinces.

Results

» Correlations among environmental variables differ from West to
East (Tables 1 & 2).

»Many environmental explanatory variables are more highly
correlated with each other than any are with Lichen S

» Average Lichen S is slightly higher in the East, but overall
variability and maximum Lichen S are both higher in the West (Fig. . ’ -
3, Tables 1 & 2).

» Lichen S was, at most, weakly related to stand variables (total

BA, HW BA, and SW BA) at all scales and in all regions.

Figure 4. Average pollution values by ecoregion.

EAST:

» Air pollution variables are all highly correlated (Table 1).

> Lichen S was most highly correlated with NO, deposition (Table

1, Fig. 6A). The areas of lowest Lichen S and highest deposition

occur at approx 41°N latitude (Figs. 5A & 6B). This area is also

one that has been heavily cleared for agriculture and urban i
development and otherwise affected by human activity.

»>Lichen S was not strongly correlated with any geographic or

climate variable.

Flguve 5. Lichen S vs. geographlc variables: A. Lichen S vs.
latitude; B. Lichen S vs. elevation; C. Lichen S vs. latitude; D.
Lichen S vs. elevation.
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p.gure 6. Scatterplots for pollution vanables A. East - Lichen S vs. Figure 7. Relationship of Lichen S to climate: A. Lichen S vs. precipitation; B. Lichen S

NO;; B. East - NO vs. latitude; C. West - Lichen S vs. NH,; D. West VS. avg. min. January temperature; C. Lichen S vs. avg. max. July temperature; D. Lichen

~NH, vs. latitude. S vs. precipitation; E. Lichen S vs. avg. min. January temperature; F. Lichen S vs. avg
max. July temperature,

Results, continued
WEST:

» Lichen S is most highly correlated with geographic and climate variables (Table 2). Lichen S is higher to the northwest, at lower elevations, and
where precipitation is higher (Table 2, Fig. 3).

» NH," deposition is the air pollution variable most highly correlated with Lichen S.

» Unlike in the East, there is no large-scale
geographic pattern to pollution. Air pollution is

Table 1. Range of Lichen S and environmental explanatory variables and Spearman rank correlations
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REGRESSION ANALYSES:

> Simple linear regression models did not explain Lichen S very well at large scales:
Best models: East: r? = 0.307, significant variables: NO,, elevation, NH, *, min. Jan. temp., SW BA, total BA.
West: 2 = 0.404, significant variables: elevation, latitude, total BA, max. July temp., NH,*.
> Need to explore other model forms. Scatter plots of data suggest non-linear relationships.

Conclusions
» Lichen S, the number of lichen species found on an FIA plot, does indicate a 'response of lichen communities to
underlying environmental factors at large scales, BUT
» The environmental variables used here do not necessarily map perfectly to the underlying environmental factors
affecting lichens.
» Lichen S is related to pollution (and/or other human influences) in both East and West.
» Lichen S is most strongly related to geographic/climate variables in the West.
» In the East, pollution (and related human influences) are more strongly correlated with Lichen S than any other
environmental variable.
» Lichen S has some potential as an indicator of pollution and/or climate change both at the large scale and for some of
the ecoregions we investigated, BUT
» Complex relationships among variables affecting lichen species richness present challenges to any operational use of
lichen S as an indicator of pollution and/or climate change.
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