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INTRODUCTICN AND BACKGRQOUND:

Biologists cften use populations of bioindicator species
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monitor trends in environmental quality. Lichens and brycphytss,
for example, are commonly used indicators for air gquality. Large
areas of Europe and America were observed to have become lichern
"deserts" as the industrial revolution progressed, mainly in urbkan
and industrial centers. Since then gradual declines in pcpulations
have been observed even in rural areas. Is this trend occuring in
the rural Berkshires? The purpose of this study was to characterize
and identify the lichen populations present in the Williamstown
area, in order to see if this decline has reached our area. It was
hoped that the resulting data would yield two forms of informatien:
how the town appears to be affecting lichens, and what the present
status of the population is. The latter is the more useful and
reliable set of results. It sets up a background for later surveys
to be compared to, to see what changes are occurring in the
population. These trends might be able tc ke attributad, with soms
reservations, to air pollution trends.

Lichens provide excellent sTtudy svecies Ior menitcring 2

gquality due o saveral special physioclogical zwraztsz. The lack 32
any pratective cuticle, coupled witz 3 2lgh <2atisn 2xchanga

capacity (Hutchinson,1%80) and an inability to excrate touxicz

elements, contributes to a fast buildup of toxins. Similariv.
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level sulfuric acid from precipitation and cloud deposition
(sulfates being the most destructive of the pollutants) reacts with
chlorcophyll-a to remove a magnesium to form phaeophytin-a
(Hale,1967). The low concentration of chlorophyll in lichens makes
this damage to photosynthesis all the more seriocus. Acid deposition
also poses a more indirect threat. Lichens are very specific as to
their substrate, or growing area. Slight changes in porosity or pH
of the substrate from acid deposition may result in lichen death
(Hale,1967). However, it should be noted that very low-level
deposition may actually favor acidophilic species, and nitrate
deposition has been shown to stimulate growth through fertilization
(again, only at extremely low levels) (Bates,Farmer,1992).
Coupled with heavy metals in lichen thalli (from small
particulate absorption), the sulfates do far more damage. Airborne
particulate metals such as zinc, lead, copper, and nickel are
absorbed and stored in the cell walls of the thalli (McCarthy,
Saugart,1990). These harmful heavy metals originate from automobile
emissions, 1incinerators, generator facilities, smelters, and

ineries. Studies have shown marked correlation between lead and
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iichen gradients along roadways (Lepp,1381). The high cation
ichange capacity of thalli walls provides an excellent opportunity
Zor pcllution monitoring, as thalli may be analyzed for heavy metal

contents. Comparing this data to the contents of pollution-free, or

cld specimens, the increase in airborne metals may be extrapolated.
Lichens from this survey were stored for future analysis, if
needec. InZsormation on methedolegy for such analvsis should be

z7aillacle in the text Lichens, Brvoohv+tes, and Air Quality, by Nash
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and Wirth, published by J.Connor, Berlin and Stuttgart, 1988.
%Another human-induced environmental factor that affects lichen
populations is land use. Secondary forests tend to be far less
rich, as microclimates affecting vital moisture content may be
easily changed (Hale,1967). Light intensity, moisture, and
available substrates are all dominated by forest composition. These

factors change even on a single tree. Shade-tolerant Cladonia,

Leptqgium, Peltiggra are all common at the tree base, while the

canopy is dominated by Cetraria, Parmelia, Ramalina, and Uspea
(Hale,1967). The very base of a tree is called the "canine zone" ¥
and provides ancther stratum due to its eutrophic higher pH.

Thus, there are many factors that contribute to lichen
populations. Acid deposition, heavy metals, land use, microclimate,
and even vertical stratification on a single tree, all affect the

species and numbers present in an area. Separating these factors

out is nearly impossible, thus the scarcity of field experiments

that can reliably attrikzuts lic
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variable. The general purpose of this survey, then, is to provide

cr

1 base for comparison. Combined with the monitoring of fcrest
statas and acid precipitaticn by the college, scme r=lationships
may be identifiabl=2 in the long run. However, any trends cbhservabl 2
within this single sample time, such as trends in population as a
function of distance from :town, may be hypothesized to be caused by
one factor, but no reliable conclusicns may be drawn.

METHCDS

Tn order &to ccllact the data on the charactar o

rh
t
o2
('}
—
[»]
Q
0]
b

lichen populations, a transect was run up the Taccnic Crest from
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Williamstown. The transect actually started on Bee Hill Road and ooz /
ascended the Triple R Trail. In retrospect, this was a poor choice jﬁhs?
of trails, as it ascends close to Route 2, which sees a lot of
traffic and may thus affect populations@@ﬁ?:ﬁso contained a Iarge
area of fields, whose perimeter would have very different
microclimates and thus different lichens. Finally, the character of
the forest itself is quite variable (the old and young stands, and
the hemlock stand), making plots aleong the transect harder to
compare. A plot was surveyed every quarter mile along this
transect, skipping the second would-be point due to topography.
Another two plots were set on the top of the crest, one with a west
exposure, the other east. A plot in town (HRl) was surveyed, as
well as two plots on Pine Cobble adjacent to eachother. In the

plots, each tree was noted (its species and circumference, which is

relative to age), as was its lichen load. Lichens were counted only
bl Yag
Carunce
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on tree trunks, and only to a height of 1.5 meters from the base.
This keeps a control on substrate and vertical stratum. Lichen
presence was noted not by number of individuals, which is often
hard to count, but by area, approximating the number of 15 cmt unit
ar=sas (actually 5 cm diameter, but this was approximate). Thus a
number stating that there were 5 units 6f crustose lichen on a tree
implies that there was the equivalent of 5X15=75 square c¢m of
lichen. The end result was a total of the lichen numbers and
species present, and what tree species and ages they preferred.

Specimens were collected from most plots representing what lichens
were present. Notable lichens not seen in the plots were collected

whenever found. This entire process is expedited by a map of the
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area, a compass, measuring tape to mark off the 10 meter radius
plots, a knife for collecting specimens, and envelopes for storage.
Once all the plots were surveyed, the lichen samples were
brought back to the lab. With a stereoscopic microscope, a razor
and tweezers, potassium hydroxide, and bleach, tests were run cn
the samples to identify them. Hale,1979 is an outstanding key tc
North American lichens, and was used here. Chemical tests and other
identification tricks are outlined in the book. Identified
specimens were packed and stored for analysis in future years, cr
general reference.
Note: many lichens are difficult to identify, even for zan expert.
While I feel I have a good grip on the genera and many of the
species, not all the identifications are necessarily correct or
perfect. |
Note: the term "lichen density" as used in the data belcw refers to

the total coverage of lichens in a plot divided by an approximation

of the ar=za of substrate avaliabla. This 3

5

culd give an

approximation as to the suitability of a given plot tc carry a

large lichen load. The calculation is:

(total#lichens) /(130 em height)(mean

"

Density

circumference,cm){tctal # cf tree

[17]
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the units, thus, are square cm lichens/square Cm sSulscrats.

Note: plot numbers were resarranged %to represent their order in

O

v S o l-l
ralation o distance from town. Thus, HR1, number 1, 1S closest to

“own, while tacR1l, #12, is furthest.



PLOT LIST

NUMBER: PLOT NAME: LOCATION:
(referring to

order of dis-

tance from

town)

1 HR1 In old Red Maple stand on the banks of the
Hoosic River behind the landfill at Cole
Field. Near a gravel bar in the river.

2 pcl About 1/4 mile from the trail head of the
Pine Cobble trail, perhaps a little more.
In an open oak dominated forest. Many

raspberry bushes-sign of recent clearing
or interference?

3 pc2 Directly across the trail from pcl, on the
North side. Similar habitat/forest.
4 tac?7 Triple R Trail., near trailhead, about 60’
from Bee Hill Road, and about 3-400' from
Route 2.
tac7%* Lichens collected from area near stream

crossing about 1/4 mile up from tac7. Area
not suitable for plot.

5 tacé . Triple R Trail in a hemlock grove about
1/2 mile up from tac7. Steep north facing
slope, dark understory.

6 tach Triple R Trail, 1/4 mile up from tacé.
Gentle slope, just west of small stream
crossing.

7 tacd Triple R Trail, 1/4 mi up from tac5, past
main stream crossing.

2 tacl Triple R Trail, 1/4 mi up from tacd. In

young stand on the edge of a large field.
Route 2 is a few hundred feet away

9 tac2 Triple R Trail, 1/4 mile up from tac3.

10 tacl Top of small shoulder on Triple R Trail,
1/4 mile up from tac2. Mature forest in
appearance,

11 tacR2 1/2 mile from Petersburg Pass, north along

Taconic Crest Trail. Slightly to the
east/below the actual crest.

12 “acRl <1/2 mile from Pass, on the west facing
flanks of the crest.
taco Lichens collected fromalong Taconic Crest

Trail near tacR2.
ichens also collected from summit of Pine Cobble.
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HR1

Pt * |
PLOT: HR1

Hoosic River Phaeophyscia [Pseudoparmelia |Candelaria Unknown

Host species: |Size: |rubropuichra |caperata, etc * |concolor crustose
Acer rubrum 55 0 1 0 0
180 55 11 0 4
350 315 14 0 5
30 0 16 0.5 0
85 0 7 11 0
30 0 6 3 0
40 0 1 0.5 0
65 12 12 14 0
70 0 4 9 0
180 0 5 1 0
70 0 0.5 0 0
85 0 1 7 0
95 150 3 0 0
20 0 5 0 0
275 105 11 0 5
115 70 2 0 0
80 54 7 0 0
60 0 0 10 0
40 0 0 0 0
25 0 4 16 0
50 0 0.5 0.5 0
95 15 4 0 0
25 0 0 0 0
320 205 28 0 8
90 895 5 0 0
55 70 16 0 0
25 0 10 0 0
40 0 0.5 0 0
70 125 12 0.5 0
55 18 8 27 0
50 0 0 11 0
70 85 17 4 0
125 65 9y 4
60 0 0.5 0 0
40 0 3 0 0
70 0 0.5 0.5 0
65 0 14 0 0
75 0 0.5 0 0
390 185 7 0 0
60 32 12 0 0
50 0 0 0 0
105 45 0 0.5 0
50 0 0 0 0
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HR1

Pl %1

145 10 0 0
46 52 0 3
0 0 0 0
0 8 10 0
0.5 5 0 0
35 14 4 0
0 0.5 8 0
0.5 0 0.5 0
mean: 96.96| 37.80 RS 6.8 1 3ENS | 2.77| 0.56 9000w
stdev 89.84| 65.7300MEx| 8.330eBEEEV| 5.400MUDS: 1.6640006
total # lichens| 2443
species totals:
Acer rubrum 1928 347.5 138.5 29
lichen density 3.33|{X10(-3)
Acer rubrum |:% 78.9 14.2 5.7 1.2
notes; Many |lichen species |were present in |this plot, incl |uding many
that are diffic |ult to qistinguish in t |he field, particul |arly for an am |eture. The
[grouping in whjich | co junted Phaeophyscia rubropulch |ra included sevieral other
species. The sgme is tnue for Pseudop armelia caperata. |While | feel P. {rubropulchra
is accurately |repres |ented, | cannolvouch for P. capejrata.
Species presenit but n{t counted due |o identification |difficulties inc |lude:

Physconia detgsa

Parmelina galbjina

Heterodermia

squamulosa

Physcia aipola

Physciopsis

syncoll

a

Parmelia sulca |ta

Parmeliopsis

hypero

pta

This entire are

was inh

abited by map

les with remarka

bly rough, une

ven bark.

As in TAC7., there we

re many trees

with a light scatt

ered covering

of lichens,

making them

imposs

ible to count

using my methods
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pci.dat

Plot 73

PLOT. PC1

Cladonia

Cladonia

Physconia

Host species:

strepsilis

coniocraed

detersa

Phaeophyscia

rubropuichra

concolor

Unknown

green crustosq

Quercus rubrum

-
[2
[=)
-

Prunus serotina

Acer rubrum

Fraxinus americana

n

Carya ovata

0
(4]
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mean:

3.9

1.22888] 0.55MNINS) 0264

stdev

14.4

~lo

2.214M 3.72

1.4048)

0.50andln

species totais:

Quercus rubrum

37

29

Prunus serotina

17

Acer _rubrum

1

0

Fraxinus americana

N

Carya ovata

olo|ojois

Overall totals:

45 176

47

§§

=10 N =2 =2[=]

N

nNiojw{w|o o

lichen density:

5.43[X10(-4)

Lichens by percent

totai#iCladonia s

Cladonia ¢

Physconia

Phaeophyscia

Candelaria

Crustose

Quercus rubrum

240 70.8

15.

4

12.1

0

Prunus serotina

23 26.1

0

73.9

Acer rubrum

13 9

786,

9

0

0
0

23.1

Fraxinus americana

0

20.9

5§8.2

20.9

Carya ovata

43 ']
0 0

0

0

0

ololojoly
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pc2.dat

Pld #¢

PLOT: PC2

Cladonia

Physconia

Phaeophyscia

Candelaria

Unknown

Host Species:

Size:

strepsilis

detersa

rubropuichra

concolor

crustose

Quercus rubrum

135

65

55

45

300

220

50

40

40

Ojo|Oo|0o|oj0 |00 |0

70

50

220

45

50

50

45

60

55

25

35

80

60

65

50

Fraxinus americana

25

20

30

30

40

N

40

45

N

30

Acer rubrum

60

60

30

N

80

40

60

Fagus grandifolia

20

65

olojololo|lolo|jw|o|ojolololo|lololo|olo|o|lojo|dv]|o|w|O|o|o|N|O|(O|W|oO|IM|O|O|O|0[0 O

Prunus serotina

40

olololololololals|o|lo|lo|loleo|olo|lojlo|lojojlojlo|jw|o|odjo|o|lo|lo|jlo|ljOjOo|O|OjO|O|O|O|O

olo|lojo|olo|o|o{ojolo|w|v]|o|INv|o|lO|lo|ocjlo|OjOo|O|O|0|O|OjO|O|O |0 |0

olololo|lolo|=|olojwlo|plwiv|a|jo|lololo|o|olo|ojo|ojojo|ojo|O|0jOo|O O[O0 |00 |00 |O

olololo|lo|o|lo|lololo|olololojojolojojo|jojo|ojolO|O|O|O|O|0|0|0(O[O|ONM|O|O|O|0|0 |0

mean.

64

1.38

2.36

3.00

0.61

0.57

Page
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pc2.dat

Ht*

stdev: 56.7 2.85 3.60 5.47 0.99 1.87
species totals:

Quercus rubrum 24 31 10 0 0 12
Fraxinus americana 8 0 45 47 14 0
Acer rubrum 6 3 9 25 1 0
Fagus grandifolia 2 0 0 0 0 0
Prunus serotina 1 0 0 0 0 0
Overall totais: 41 34 64 72 15 12
Lichen density: 5{X10(-4)

Lichens by percent total#Cladonia s |Physconia | Phaeophyscia |Candelaria|Crustose
Quercus rubrum 53 58.5 18.9 0 0 22.6
Fraxinus americana 106 0 42.5 44.3 13.2 0
Acer rubrum 38 7.9 23.7 65.8 2.6 0
Fagus grandifolia 0 0 0 0 0 0
Prunus serotina 0 0 0 0 0 0
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tac?.dat

Pl Y

PLOT TAC7 Cladonia sp.
{coniocraea) |Phaeophyscia | This plot is loclated about 80ifrom Besehiil
Host Species: Size: |(chiorophaea) {rubropuichra |Road, and aboyt 3-400' from [route 7/2/
Acer rubrum 50 0 0|lt should ailso [be noted that,jas always,
§5 0 0|Cladonia sp. is {found only at {he very base
85 0 0 [of the trees.
85 0 0
55 0 25
65 0 0
50 0 0
60 0 0
55 0 0
50 0 0
60 0 0
40 0 0
65 0 0
50 0 0
Tsuga canadensis 150 16 0
25 0 0
50 0 0
45 0 0
45 0 0
140 8 0
100 1 0
Populus sp. 130 0 2
70 0 0
65 0 0
100 0 0
85 0 0
70 0 1
100 0 0
85 0 0
40 0 0
45 0 0
90 0 0
1156 0 0
Fagus grandifolia 30 0 0
40 0 0
35 0 0
30 0 0
Acer saccharum 65 0 )
40 0 0
Prunus serotina 45 0 0
60 0 [+]
mean: 66.34] 0.c0um@me 0.ccZiilp
species totais: trees:
Acer rubrum 14 0 25
Tsuga canadensis 7 24 0
Populus sp. 12 0 3
Fagus grandifoiia 4 0 0
Acer saccharum 2 0 0
Prunus serotina 2 0 0
Overall totais: 41 24 28
lichen density: 1.28(X10(-4)
Lichens (%) totai# |Cladonia Phaeophyscia
Acer rubrum 25 0 100
Tsuga canadensis 24 100 0
Populus sp. 3 0 100
Fagus grandifoiia o] 0 0
Acer saccharum 0 0 0
Prunus serotina 0 0 0

Page 137




tac6.dat

Plst * 5

PLOT : TAC6

steep N slope, hemlocks

Unknown

Unknown

Host Species:

Size:

green crustose

grey crustose

Tsuga canadensis

125

20

15

130

85

90

170

40

40

45

50

40

60

40

20

20

25

20

15

60

45

o|lo|lo|lojo|ojo|o|0ojO|O|O|O|O|O (OO0

ojo|lolojo|ojloljo|o|jlo|o|ojlo|ojloj{O|O

140

105

-t

170

180

65

80

Acer rubrum

40

40

20

mean:

70

liojlojn|o|o|o|o|jo o

o
(o]

Jglololo|ololo|ola|e

N
o

species totals:

Tsuga canadensis:

25

[V
o

n
[oo)

Acer rubrum

3

(3]

o

Overall totals:

28

[\*]
8]

58

lichen density

2.8

X10(-4)

lichens (%)

total#

Green crustoseg

Grey crustose

Tsuga canadensis

78

25.6

74.4

Acer rubrum

5

100

0
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tac5.dat

Pt *6

PLOT: TACS
Pseudoparmeiia |Phaeophyscia |Cladonia  !Unknown
Host Species Size: |caperata rubropuichra [coniocraea |crustose
Populus sp. 125 0 0 0 156
120 0 0 6 9
Tsuga canadensis 95 0 0 0 18
30 0 0 0 0
Betula papyrifera 25 0 0 0 0
35 0 0 0 0
30 0 0 0 0
30 0 0 0 0
60 0 0 0 0
50 0 0 0 0
90 0 0 5 0
65 0 0 0 0
40 0 0 0 0
Fraxinus americana 20 2 25 0 4
110 0 0 6 9
20 0 0 0 14
Betula iutea 20 0 0 0 0
90 0 0 10 12
Betula lenta 25 0 0 0 0
Carya ovata 25 0 0 0 34
Fagus grandifolia 20 0 0 0 0
20 0 0 0 60
30 0 0 0 0
Acer rubrum 20 0 0 0 0
140 0 0 0 6
35 0 0 0 o
40 0 0 0 0
mean: 52.22| O.074QNg! ©.02EmAu 1] 6.708M
species totals: trees:
Populus sp. 2 0 0 6 24
| Tsuga canadensis 2 0 0 0 18
Betula papyrifera 9 0 0 5 0
Fraxinus americana 3 2 25 6 27
Betula lutea 2 0 0 10 12
Betula lenta 1 0 0 0 0
Carya ovata 1 0 0 0 34
Fagus grandifoiia 3 0 0 0 0
Acer rubrum 4 0 0 0 6
overall totais: 27 2 25 27 121
lichen density: 8.3|X10(-4)
Lichens (%) total# |Pseudoparmelia |Phasophyscia |C. coniocrad Crustose
Populus sp. 30 0 0 20 80
Tsuga canadensis 18 0 0 0 100
Betula papyrifera 5 0 0 100 0
Fraxinus americana 60 3.3 41.7 10 45
Betula lutea 22 0 0 45.5 54.5
Betula ienta 0 0 0 0 0
Carya ovata 34 0 0 0 100
Fagus grandifolia 0 0 0 0 0
Acer _rubrum [ 0 0 0 100
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tac4.dat

Ptr7

PLOT TAC4
Pseudoparmelia |Cladonia |Cladonia _ |Unknown grey
Host Species: Size: |caperata coniocraed chlorophaeacrustose
Acer rubrum 35 0 0 0 0
55 0 29 0 0
50 0 11 0 4
40 0 6 0 0
50 0 4 0 0
30 0 0 0 0
40 3 5 0 0
106 0 22 0 0
25 0 0 0 1
130 0 0 0 0
60 0 0 0 0
40 0 0 0 0
25 0 0 0 0
30 0 0 0 0
30 2 0 0 0
45 0 4 0 0
35 0 0 0 0
Betula papyrifera 80 0 20 2 Y
100 0 42 0 0
20 0 0 0 0
40 0 15 0 0
85 0 0 0 0
Populus sp. 40 0 12 0 0
55 0 0 0 0
45 0 6 0 0
55 0 0 0 0
Faqus grandifolia 30 0 0 0 0
40 7 6 0 0
70 3 0 0 0
80 0 8 0 0
Betula lenta 25 0 0 0 0
mean: 51.32 0.45BERS» 6.12908| 0.06 4
Species Totals: trees:
Acer rubrum 17 5 81 0 5
Betual papyrifera 5 0 77 2 0
Populus sp. 4 0 18 0 0
Fagus grandifolia 4 10 14 0 0
Betula lenta 1 0 0 0 0
Overall totais: 31 15 190 2 5
Lichen Density: 8.94{X10(-4)
lichens (%) total# |Pseudoparmelia |{C. coniocr|C. chloroph {Crustose
Acer rubrum 91 5.5 89 0 .5
Betula papyrifera 79 0 97.5 2.5 0
Populus sp. 18 0 100 0 0
Fagus grandifolia 24 41.7 58.3 0 0
Betula lenta 0 0 0 0 0
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tac3.dat
Plit %€

Phaeophyscia|Candelaria |Heterodermiajunknown
Host Species: size: |rubropulchra |concolor squamulosa |crustose
Betula lutea 30 0
35 0
30 0
25 0
20 0
35 0
40 0
20 0
20 0
30 0
20 0
25 0
30 0
Betula lenta 45 0
20 0
20 0
25 0
40 0
35 0
25 0
20 0
30 0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

TAC3

Populus sp. 100
65
20
30
20
Acer rubrum 60
20
30
40
35
120
30
Prunus serotina 20
Quercus grandifolia 20
35
25
25
20
Fraxinus americana 20
30
30

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
-0 0| 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 5 0
0 0 0
0 0 0
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tac3.dat

35 0 0 0

40 0 0 0 0

130|scattered, 104 present in 0 0

100/scattered,15( crowns 0 79
species totals trees
Betula lutea 13 0 0 0 0
Betuia lenta 9 0 0 0 0
Acer rubrum 7 0 0 0 0
Popuius sp. 5 0 0 0 0
Prunus serotina 1 0 0 0 0
Fagus grandifolia 5 0 0 0 0
Fraxinus americana 7 |present on 2 |present 5 79
Overall totals: 47 250|present 5 79
the lichen density n/a
calculation comes out to Notes: fallen ash, <5 years ago.
exactly 7, yet this l bottom five [feet were sciered thin
obviously does not reflect Coverage of Plaeophyscia Spiqual to a courjof 4 or 5.
the true density of Upper branch |es were covend with all fou species fou
lichens present. nd to be presdt. No large folose were notganywhere.

Rocks near thy Streambed wee covered witllichens.

lichens (%) total #Phaeophyscia Candelaria Heterodermia|crustose
Fraxinus americana 334 79.4 0 1.5 23.6
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tac2.dat

Plot 27

Tac2
Parmelia Platismata |[Cladonia unknown
Host Species: size: |halei glauca coniocraea |crustose
Picea rubra 95 0 0 0 0
Betula papyitera 120 0 0 0
80 0 0 11 0
70 0 0 0 0
95 0 0 0 0
75 0 0 14 0
55 0 0 9 0
70 0 0 0 0
60 0 0 14 0
55 0 0 8 0
45 0 0 32 0
Acer rubrum 65 0 0 0 4
30 0 0 0 0
105 0 5 2 0
45 0 0 0 0
40 0 0 0 4
110 0 0 0 0
95 0 0 0 0
80 0 0 0 0
40 0 0 0 0
60 0 0 0 4
35 0 0 0 5
35 0 0 0 0
55 0 0 0 8
45 0 0 8 0
100 0 0 0 2
120 0 0 18 0
30 0 0 0 0
55| 0 0 0 0
Acer pensylvanium 30 0 0 0 0
Acer saccharum 35 0 0 0 0
Carya ovata 30 14 0 0 0
Fagus Grandifolia 55 0 0 0 0
species totals: trees:
Picea rubra 1 0 0 0 0
Betula papyifera 10 0 o] 117 0
Acer rubrum 18 0 7 32 25
Acer pensyivaticum 1 0 0 0 0
Acer saccharum 1 0 0 0 0
Carya ovata 1 14 0 0 0
jFagus _grandifolia 1 0 0 0 0
Overall totals: 33 14 7 149 25
Lichen density: 6.15{X10(-4)
mean; 64.09 0.42 0.15 4.39 0.82
stdev 27.82 2.44 0.87 8.44 1.93
lichens by percent total# |Parmelia h, |Platismata g.,C. coniocraea |crustose
Picea rubra 0 0 0 0
Betula papyrifera 117 0 0 100 0
Acer rubrum 64 0 10.9 50 39.1
Acer pensyivaticum 0 0 0 o 0
Acer saccharum 0 0 0 0 0
Carya ovata 14 100 0 0 0
Fagus grandifolia 0 0 0 [+] 0
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taci.dat

Plit * /0
PLOT TAC1 ’
Pseudoparmelia |Parmelia Cladonia
Host Species Size: |caperata rudecta coniocraea
Quercus rubrum 95 133 15 40
75 85 0 27
90 25 0 31
100 37 0 31
65 45 0 14
60 16 0 10
75 9 0 11
105 20 3 9
115 63 0 34
85 76 0 41
45 18 0 32
35 0 0 0
50 5 0 9
80 61 0 13
35 4 0 0
50 0 0 3
80 21 0 11
100 15 0 9
40 4 0 11
55 35 9 0
50 9 0 29
40 7 0 32
45 4 0 14
Acer rubrum 20 0 0 0
35 0 0 0
30 0 0 0
40 35 0 9
45 24 0 14
35 5 0 8
60 13 0 0
30 0 0 0
Fagus grandifolia 35 0 0 0
30 0 0 0
40 0 0 0
40 0 0 0
35 0 0 0
30 0 0 0
lichen density: 3.967{X 10 (-3)
species totals trees
Quercus rubrum 23 692 27 411
Acer rubrum 8 72 0 . 31
Fagus grandifolia 6 0 0 0
Overall totals: 37 764 27 442
mean: 56.08 20.78 0.73 11.95
stdev 25.63 29.61 2.86 13.24
lichen (%) total# |P. caperata P.rudecta C. coniocraea
Quercus rubrum 1130 61.2 2.4 36.4
Acer rubrum 103 69.9 0 30.1
Fagus grandifolia 0 0 0 0
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tac-r2.dat

Phot %

PLOT TAC-R2

Cladonia  [Cladonia

Pamelia

Unknown

Host Species:

Size:

strepsilis _{coniocraea

rudecta

crustose

Acer rubrum

65

30

80

35

35

45

65

40

[y Py

40

105

65

80

30

65

70

olo|ojo|vimio|o|o|o|o|O|OjO |~

95

75

90

65

100

o|l=jolo|jo|m|jojolw|s|jojojw|v{O|C|O|0 M|

40

140

Fagus grandifolia

30

65

30

50

65

40

55

70

85

100

40

30

60

38

Betula papyrifera

80

-

135

65

-
olalojw|ojo|olo|ojd|o|jo|o|jo|OojolOojo|OolR |0

Acer pensylivaticum

25

OOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOO

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOO

ololo|o|ololo|o|o|ojelo|o|lo|oljojo|=+]oj~|O0|O|0|00|O

mean:

62.76

o
i

0.24 3088

.87

standard deviation:

27.99

4.80

1.56 g

i

species totals

Acer rubrum

22

82

10

Fagus grandifolia

15

2

Betula papyrifera

3

27

Acer pensylvaticum

1

0

w

(3]

-t
w
O|O]|=+in

Overall totals

41

111

10

w
N

lichen density

4.15

X10(-4)

Lichens (%)

Total#

Cladonias. [Cladonia c.

Parmelia

Crustose

Acer rubrum

130

63.1

2.

7 26.9

Fagus grandifolia

3

66.7

Betula papyrifera

27

100

Acer pensyivaticum

0

0

QlOo|Ojw

7
0 33.3
0
0
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tac R1

Lt 21}

PLOT: TAC R1

Physcia

Cladonia

Phaeophyscia

Cladonia

Host Species:

Size:

hyperopta

coniocraea

rubropulchra

strepsilis

Acer rubrum

40

85

40

40

60

45

40

40

45

45

50

S50

65

45

40

45

80

80

40

60

60

1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
1

50

30

35

45

40

250

3

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
9

Fagus grandifolia

25

30

40

40

35

40

70

Betula lutea

70

60

50

30

Ostria virginiana

45

Popuius sp.

60

Fraxinus americana

30

Prunus serotina

45

Quercus rubra

45

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
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tac R1

Pt 10
mean 52.56| 0.02908 0.208842 0.3048G8EE| 0.30488
(it is recognized that
these means mean very
little due to the skewed
nature of the data
species totals: trees:
Acer rubrum 27 1 9 13 39
Fagus grandifolia 7 0 0 0 0
Betula lutea 4 0 0 0 0
Ostria virginiana 1 0 0 0 0
Populus sp. 1 0 0 0 0
Fraxinus americana 1 0 0 0 0
Prunus serotina 1 0 0 0 0
Quercus rubra 1 0 0 0 0
Overall totals: 43 1 9 13 39
lichen density: 1.83(X10(-4)
st dev 33.9{ 0.152499| 1.372487| 1.69782611| 5.94744
lichens (%) total# |Physcia Cladonia c. {Phaeophyscia |Cladonia s|
Acer rubrum 62 1.6 14.5 21 62.9
Fagus grandifolia 0 0 0 0 0
Betula lenta 0 0 0 0 0
Ostria virginiana 0 0 0 0 0
Populus sp 0/ 0 0 0 0
Fraxinus americana 0 0 0 0 0
Prunus serotina 0 0 0 0 0
Quercus rubra 0 0 0 0 0
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Page #1 - “total#'s.dat”

Wednesday, May 12 1:53 PM 1993

1l A 1 5 { 7 ‘ $ Y / J__J
species: tacR1 | tacR2| taci tac2 tac3 | tac4 | tacs tacét tac7 HR1 pci pc2 Totals:
1 | Candelaria concolor 138 12 15 165
2 | Cladonia coniocraea 9 3 442 149 190 27 24 47 891
3 | Cladonia strepsilis 39 111 176 34 360
4 | Cladonia chlorophaea 2 2
5 | Crustose 36 25 79 5 121 82 29 12 389
6 | Heterodermia squamul 5 5
7 } Parmelia halei 14 14
8 | Parmelia rudecta ° 10 27 37
9 | Phaeophyscia rubropu 13 250 25 28| 1928 25 72 2391
10 | Physcia hyperopta 1 1
11 | Physconia detersa 55 64 119
12 | Platismata glauca 7 7
13 | Pseudoparmelia caper 764 15 2 347 1128
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Epiphytic corticolous species:

Candelaria concolor (tac3;HR;PCl;PC2)

Cetraria ocakesiana (tac0)

Cetraria pinastri (tac4)

Cladonia coniocraea (tacO;R1;R2;1;2;4;5;7;PCl)
Cladonia chlorophaea (tacd;7)

Cladonia strepsilis (tacR1;R2;4;PCl;PC2)
Crustose (tacO;R1;R;2;3;4;5;6;7%;HR;PC1l;PC2)
Heterodermia squamulosa (tac3;HR)

Hypogymnia krogii (tac7%*)

Parmelia halei (tac?2)

Parmelia rudecta (tacO;R2;1)

Parmelia squarrosa (tac7%*)

Parmelia sulcata (HR)

Parmelina galbina (tac7%*;HR)

Parmeliopsis aleurites (tac0)

Parmeliopsis hyperopta (HR)
Phaeophyscia rubropulchra(tach;3;5;7*;7;HR;PC1;PC2)

Physcia aipolia (tac7%;HR)

Physcia americana (tac0)

Physcia hyperopta (tacRl)
Physciopsis syncolla (HR)

Physconia detersa (tac7*;HR;PCl;PC2)
Plastismata glauca (tac2)
Pseudoparmelia rudecta (tacQ)
Pseudoparmelia caperata (tacl;4;5;HR)
Ramalina farinacea (tac7%*)

Ramalina intermedia (tac0)

Saxicolous species- all <collected near Pine Cobble summit

(Dolomitic limestone?).

Cladina amaurocraea
Cladina rangifera
Cladonia sguamulosa
Ramelina intsrmedia
Umbilicata hyperborea
Umbilicata mammulata

25



X2 peci,2

XA2 Test
PC1vs. PC2
Null Hypothes [is: There isdifference |he frequenc| of the lichen pupulations
between the t{o plots.
Cladonia |Cladonia |Physconia Phaeophyscia |Candelaria|Crustose |Totals
Plot: strepsilis |coniocraeadetersa rubropulchrum |concolor
PC1- observed 176 47 55 25 12 0 315
expected 129.2 28.9 73.2 59.7 16.6 7.4
PC2-observed 34 64 72 15 12 197
expected 80.8 18.1 45.8 37.3 10.4 4.6
Totals 210 47 119 97 27 12| 512
X2 = 160.32
d.t = 12.6
We may reject|the null h |ypothesis.|This implie |s that there is a|statistical ly
important diff |erencebet|ween the |lichen popu |lations of the two plots.
X2 Test:
PC1 (oaks) vs |PC2 (oaks|) :
Now knowing that test pllots PC1 arld PC2 are statistically diss|imilar, it may be
useful to see whether thi|s differende is attribut/able to differenges in habit/at (i.e.
tree species pjresent), |or may be |from enviro|nmental factors |or even ju|st
variation. This | is done hdre by comyaring lichen |populations on dconstant |tree host.
NULL HYPOTH |ESIS:
There is no diflerence beiween the |lichen popu |lations on Red Olaks in the: plots
PC1 and PC2. _
Cladonia |Cladonia |Physconia |Crustose Total.
Plot: strepsilis |coniocraeadetersa
PC1-observed 170 37 29 240
expected 146.8 51.5 22 12.1
PC2-observed 24 31 10 12 77
expected 47 1 16.5 9.5 3.9
Totals 194 68 39 16 317
X2 = 58.08
d.t.= 7.81
We may reject| the null hypothesis
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X~2 pci,2 trees

X"2 Test i T

PC1vs PC2: |Tree populatio|ns.

To verify that |PC1 and PC2 ajre compa for lichen itat, thisattempts to

demonstrate |that there is n¢ significajference in |populatihost trees

between the Nho plots.

NULL HYPOTH | ESIS:

There is no dif |ference betwe¢n the tredlations of Fand PC2.

PLOT: Quercus Prunus |Fraxinus [Carya |Acer Fagus Total
rubrum serotina |americana|ovata |rubrum grandifolia

PC1-observed 26 13 2 1 3 0| 45

expected 26.16 7.32 5.283! 0.52 4.71 1.05

PC2-observed 24 1 8 0 6 2 41

expected 23.84 6.67 4.77, 0.48 4.29 0.85

Total: 50 14 10 1 9 2 86

XN\2= 18.36

d.t.= 11.1

We may reject|the null hypotl esis. However, [this rej |ection is |within 0.05

alpha level of |certainty. | woluld question whethdr this | jevel of adcuracy is

necessary for @ characterizatiion of thebasic tree |populat|ions. |
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XA2 Oak/Maple

XA2 Test: ;

Oaks vs.Maples TAC1

Null hypothesis |

There is no dif [ference betwein the epiphytid lichen populat{ions on Oaks gnd Red Maples.

Species: PseudopamelidPammelia Cladonia

concolor rudecta coniocraea Totals:

Q.rubrum-ob 692 27 411 1130

Expected 700.2 24.7 405.1

A.rubrum-ob 72 0 312 103

expected 63.8 2.3 36.9

Totals: 764 27 443 1233

d.t= 5.99 .

XA2= 4.69 1

We cannot rejgct the null hyplothesis that re|d oaks and red|maples carry t|he same lichen| populations.

XA2 Test:

Oak vs Maple |recheck from |PC2

NULL HYPOTHESIS:

There is no diflerence betwee|n the epiphytid lichen populatiions on Oaks ald Red Mapies.

Species: Cladonia Physconia Phaeophyscia |Candelaria Crustose Totals:

Jstrepsilis detersa rubropulchra |concolor

Q.rubrum-ob 31 10 0 0 12 53

expected 19.8 11.06 14.56 0.58 7

A.rubrum-ob 3 9 25 1 0 38

lexpected 14.2 7.93 10.44 0.42 5.01

Totals: 34 19 25 1 12] 91
i

d.t= 9.49 é

XA2= 55.23 ‘

We may reject|the null hypot |hesis, which ydu should note i| the same as tle nuil that wasirejected in the|

last test.
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X~2 Acer

Xr2 TEST |
Acer rubrum |: all plots with | 5 or more ind |ividuals.
Null hypothesis
There is no dif [ference in the |epiphytic lichein populations |on red maples |in all the plots,
(note: only thgthree most fre/quent species |were used to nke this questiojusable with a
by "m.-‘m/;" +ot

Species/Plot _|Cladonia Phaeophyscia |Pseudoparmelia

coniocraea rubropulchra |caperata !Totals:
taci-observed 31 0 72} 103
expected 6.25 79.8 17!
tac2-observed 32 0 0! 0
expected 1.94 24.78 5.281
tac3-observed 0 0 0 0
expected 0 0 0: 0
tac4-observed 81 0 5! 86
expected 5.22 66.6 14.18!
tac7-observed 0 25 0! 25
expected 1.52 19.36 4.122,
tacri-obs 9 13 O: 22
expected 1.33 17.04 3.63!
tacr2-obs 3 0 0! 3
expected 0.18 2.32 0.49!
HR1-observed 0 1928 347 2275
expected 138.04 1761.77 375.18,
pc2-observed 0 25 0, 25
expected 1.52 19.36 4.122!

|

Totals: 156 1991 4241 2571

1
d.t.= i 26.3
XA2= 2290.24
We may rejectithe null hypothesis.
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B Pseudoparmelia caper

Cladonia coniocraea

Fie |

tactl.redmaple

B Pseudoparmelia caper
&  Parmelia rudecta
Cladonia coniocraea

tac1.o0ak
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B Pseudoparmelia caperata

tac4.aspen

B Pseudoparmelia caper
Cladonia coniocraea

tac4.beech
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B Cladonia strepsilis
[ Crustose

Cladonia ¢
24 Cladonia ¢
Parmelia r
Crustose
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B Cladonia strepsilis
Physconia detersa

pci.maple pci.cherry
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B Phaeophyscia rubropu
Candelaria concolor

Crustose
O

B Pseudoparmelia caper

Cladonia coniocraea

Eij—_lz___ HR1.maple J /A:

B Cladonia coniocraea
B Phaeophyscia rubropuichra Crustose
Platismata glauca
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~ # Lichens

Variation in Lichen Populations
as a function of distance from town
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OBSERVATIONS AND RESULTS :

The Primary Significance of this study was to pProvide base
information about the general lichen Populations Present in the
valley. The most important results, therefore, are simply the data
themselves. The Species present and their relative quantities inp

each plot, are Presented at the base of each Plot's data sheet. The

are present, while figure 25,pg 36, shows their relative
frequencies overall. More specifically, Figures 1-1s show the
relative frequencies of lichens on differept host Species ip
various plots. All this data is most useful when compared to

similar data Sets in the future.

Feject the null hypothesis that the two Plots were the same. Thus,
it would Seem that, statistically, these plots are not good
Tepresentations of the entire area around them, ag these two

adjacent Plots were so different. On the hypothesis that the twe

o



plots had a different forest structure (supported by the chi
sgquared test on page 27), I tested the independence cf lichen
populations on a single substrate species between the two plots
(PCl(0aks) vs PC2(oaks), pg 26). This should eliminate the variable
presented by a differing forest community. Again the chi squared

value was higher than the degrees of freedom value, so the null

pr——

hypothesis that the populations were the same was again rejected.
This would seem to throw substantial doubt on the idea of comparing
locational trends in the plots if the plots are not statistically
representative of their overall area. However, the species
compositions of pcl and pc2 were quite similar. This would seem to
indicate some relationship. It may be safe to say, then, that
species presence is more meaningful than actual abundance, though
the latter may still have its significance.

Having demonstrated the unreliability of the plot system,
there are several other questions that present themselves. How do
substrates affasct the lichen populatiens? By analyzing only one
plot at a time, location and environment can be kept constant. T
begin with I analvzed the independences of populaticns on red maples
and red oaks in Tacl. The chi squared test (page 23, top) resul
demonstrated that we could not reject the null hypothesis that the
two species hold the same lichen load. This is reflected in the two
pie graphs on page 30. The two species appear toc hold the same

species in essentially the same proportions. It would seem, then,

that host species has very little tc do with lichen population. To

recheck this I redid the same test between ocaks and maples £fcr
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ferent plot, pc?2 (pg28, bottom). Here the test demcnstrated
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the populations did vary from species to species. This is easily
seen in plots tac4 (see pg 31 figures 3-6), tacR2 (pg 32 ftig7-9),
pcl (pg 33, fig 10-13), and pc2 (pg 34, fig 14-16). In all of these
there are great differences between the species Present on
different hosts and their relative frequencies. In tac4 and tacR?
the dominant lichens remain the same. On the other had, pcl and pc2
show very different species between different hosts. This
inconsistency may be partly resolved by environmental factors. 1I
would suspect that in marginal environments the nature of the
substrate becomes far more vital, while better environments allow
more competition and a wider range of habitats. The actual answer
to this question must remain up in the air due to the variety of
factor involved, and the possibility that these data are all simply
statistical aberrations. However, it is worth considering.

So we have seen that the substrate species appears to have
some effects on what populations of lichens are present, but that
sometimes very little difference between substrates can be noticed.

This leaves open the question of how variable populations are on a

single substrate. The chi squared test on page 29 demonstrated that
we could reject the null hypothesis that there is no difference
between populations in different plots, given a constant host
species, in this case red maple. There was a great deal of
variation in population on red maples across the different plots
(pg 35). This 1is no surprise, considering the environmental
differences across all the plots. What is surprising is the
relative uniformity of lichen species on paper birch (pg36, fig 26-

29). All the paper birch were populated by Cladonia sp.. This
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uniformity may be attributable to the nature of paper birch bark,
which may be hard for lichens to tolerate. The canine zone, where

Cladonia sp. is always found, may be easier to colonize. Whatever

the reason, it appears that some uniformity based on substrate is
possible.

Another influence on lichen populations may ke age cf the
host. It is obvious that the larger the tree (thus the older), the
more lichens should be present, as the total area available for
lichen cover would be larger than a smaller tree. The main question
is whether the actual density of lichens would increase, as older
trees have had more time for colonization. To answer this set of
questions, I looked at HR1l, which contained a wide diversity of
tree ages, and many lichens (pg 37). There seemed to be a
reasonable correlation between tree circumference and total number
of lichens (fig 30). This is also seen in figure 33, page 38, where
there seems to be a strong correspondence between circumference and

epiphytic population. Pseudoparmelia caperata appears to have a

strong correlation with age. Cladonia coniocraea, on the other
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hand, appears :o remain at fairly constant levels across ¢t
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groups. However, the greater number of lichens with increasing
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was no* reflected in the graph of lichen density versus age (213
31). Here, it would seem that the youngest trees, oddly enough,
have the highest density. The first explanation 1s to say that the
trees grow faster than the lichens grow or colonize, sc they become
less dense with age. An alternative tentative explanation hinges on
the concept of recolonization. Recent declines in atmespheric S02

concentrations in urban areas has been matched by a slower decline
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in rural pollution levels (Bates, Farmer,1992). This has set the
stage for lichen re-invasion in many areas. If re-invasion is
occurring in HR1, then one would expect to see a more equal density
of lichens on old and young trees, as populations would have had an
equal period of time to colonize. Older trees may retain damage to
the bark substfate, depressing lichen growth, while younger trees
are more healthy. The re-colonization theory, well-confirmed in
many areas, may explain the prevalence of Cladonia in the canine

zone. This =zone 1is generally felt to be a good 3zone for
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recolonization due to its higher pH. Well established Cladonia

populations in canine zones may show a re-established population,
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led at first by Cladonia in the lower areas of the trunk, and ~

followed by other species.

Having established the unpredictable and variable influence of
substrate, substrate age, location, and:- the statistical
unreliability of the plots, it would seem unlikely that any
locational trends would present themselves. However, some do begin

to appear with some analysis. By analyzing the total number of

lichens, and the various species represented, with relation to the
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s distance from town, some trends do appear. Figure 38 shows
the number of lichens in each plot progressing up the Triple

=
o

Trail. With the aberration of HR1 removed, there does appear to be
a gradual increase in the total lichen count as you proceed away
from town. This could be a coincidence, the result of air
pollution, or the result of another factor such as a microclimate

created by the farming fields and town which is less favorable to

lichen growth. Nevertheless, this trend does appear. It is also
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obvious in figure 37, looking more specifically at Cladonia, and in
figure 35, which also shows the extreme aberration of HR1. It 1is
notable that plots 11 and 12, the furthest from town, drop off from
this trend. Being at the top of the Taconic Crest, it 1is possible
that these two plots get far more acid deposition (from clouds),
than any other plots. Though they may be furthest from town, they
are more exposed to atmospheric pollutants carried in from the

west. In support of this idea is the fact that there are several

(2,2,11,and 12 to be specific), which are not found elsewhers.

Cladonia strepsilis replaces its close relative in both these areas

that one would suspect to be more pollution-prone (fig 37).

Candelaria concolor and Physconia detersa are both most frequent in
plots 1,2,3, which are closest to town. This fact may be a good
demonstration of the differences in pollution tolerances of
different lichen species. While it is possible that these are
simplv statistical aberrations and normal variation, the fzct that

-aall

Candelaria concolor, Cladonia strepsilis, and Phvscconia detersa are

ali found only in pclluticn-relatsed areas makes it seem probable

o

that *here 1s a relationship. 0Of course another variabls such as
microclimate, slope face, or an unknown, may contribute, I would

suspect that pollution levels do have zan ai

hH

fect.
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his may also be
raflected in figure 40, which shows lichen density as a function of
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rend may be estabiished, but it does appear that lichen density

incr=ases with distance from town, if only slightly.
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Ecological differences between lichens cecntribute to our
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understanding of pollution levels, as in the similarities between
the Pine Cobble area and the Taconic Crest. The fact that three
species are found in a similar zone, which 1is theoggzically
distinct (as far as air quality) from other plots, demonstrates
that they have different ecological needs and roles from their

relatives. Cladonia coniocraea does not appear to co-exist with

Cladonia strepsilis. Nor does it appear to co-exist with

Phaeophyscia rubropulchra. These relationships may be coincidental,

but more likely they are indications of specific preferences. These
species are the ones that should be most closely monitored in the
future.

CONCLUSION:

This project yielded large amounts of data, which could be

extremely useful in future years as a monitoring base survey

e |

However, this information is useless unless followed up on. Slmll %

transects in other areas of the valley, particularly up Mt.
Greylock would be handy, as would repeating transects done here. I
would urge future environmental studies students to conduct further
analysis, either of populations or of the trace pollutants stored
in thalli.

Despite the high level of uncertainty due to the abundance of
uncontrolled variables, some specific trends were observable. The
increase in lichen abundance appears to be significant, as does the
prasence of what may be good indicator species present in some of
the plots. Egually important is the demonstration as to how
uncertain the influence of substrate, host age, plot location, and

plot accuracy 1is. To increase the certainty involved in plot
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location, larger plots could be used. To remove the variable ci

local microclimates and make it easier to find locational
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rend
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more plots could be taken. However, both c¢ccllection and
identification are time consuming, and the scope of this project is
limited. For future reference, it may be desirable to focus on only
a few lichen and/or host species, allowing faster processing of
plots. Location of roads should be taken 1intoc account more
carefully (Triple R Trail was a bad choice). Some more research
into study technigques is suggested. According to Treshaw, 1984,
standard field techniques include: counting the number of species
cn a controlled substrate, and the frequency of one lichen species
within a community; density. He adds that as many controls as
possible should be applied (not done much at all in my project). He
also suggests using some form of population index, citing a lichen-
based Index of Atmospheric Purity designed by LeBlanc and Rao in
the 1972 Canadian Journal of Botany (Treshaw,1984). Another factecr

that must ke considered in a study such as this one is stemflow.

ot

Acid precipitation is often neutralized bv £lowing deown the bark o
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Despits being primarily an urban rroklem, lichen dezlistion may

L)

still be aZfecting rural arsas such as Williamstown. Car exhaust
alone may contribute substantially {plot tac3, near route 2, was

impcverished as far as lichens). On the other hand, .ichens may ==

staging a re-invasicn. Thus 1t 1z s3afe tec say thz: the overa.:l
status of lichen populaticns, and their Zuturs, L3 ankacwn 2ven as
to 1ts dirsction. However, 1is appears that scme Izctiscr, probabi;



air pollution, is affecting the lichen populétions around
Williamstown, creating a gradient around town, with more diverse
and larger lichen populations further away from town. The job for
future students lies in confirming this, and in attempting to
discover whether population depletion or re-invasion is occuring in

our area.
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