The Relationship of Earthworm Distribution and Biomass

causeys D 1%-52, The earthworms of Arkansas. Ark. Acad,
Sai. 5: 314

dler, L. 1953. A preliminary study of the earthworms of
amll:;diana. Unpublished paper, p. 105.
C. A. 1967. Relationships between weights, volumes
and numbers of soil animals. In: Graff and Satchell (ed.):
in Soil Biology, North Holland Publ. Co., Amster-
dam, pp- 585-594.

Edwards, C. A, and G. W. Heath. 1963. The role of soil an.
mals on breakdown of leaf ‘material. In, ksen and van-
der Drift (ed.): Soil Organisms, North Holland Publ. Co,,
Amsterdam, pp. 76-84.

Eisen, G. 1899. Notes on North American earthworms of the
genus Diplocardia. Zool. Bull. Bosto

n 2: 161-172.
Evans, A. C. and W. J. McL. Guild. 1947. Studies on the re-
lationships between earthworms an

d soil fertility. I. Bio-
logical studies in the field. Ann. Appl. Biol. 34(3): 307-330.
Gates, G. E. 1942. Check list and biblio

graphy of North Ameri-
can earthworms. Amer. Midl. Nat.

27(1): 86-108.
Gates, G. E. 1970. Miscellanea Megadrilogica VIIL Megadrilo.
gica 1(2): 1-14.

Grant, W. C,, Jr. 1955. Studies on moisture relationships in
earthworms. Ecology 36(3): 400-407.

Guild, W. J. McL. 1951. The distribution and population densi-
ty of earthworms (Lumbricidae) in Scottish pasture fields.
J. Anim. Ecol. 20(1): 88-97.

67

Heimburger, V. 1914. Notes on Indi

» Ho V., 3 ana earthw 3 A
Ind. Acad. Sci. 24: 281-28s5. orms. Proe

Joyner, J. w 1959. Earthworms of the U i
s . 5 pper Whitewater Val-
N leyF(East-Central Indiana) Proc. Ind. Acad. Sci. 69: 313-319,
aw, F. 1959, Estimating carthworm populations b using for-
malin. Nature, Lond. 184. 1661-1662, Y o

Reynold§, J. W. 1969. The effect of elevation on earthworm
density, biomass and species diversification in Liriodendron
stands. Unpublished report, p. 25.

Reynolds, J, W. 1970. The relationship of earthworm (Oligo-
cl.laeta: Lumb;icidae and Megascolecidae) distribution and
bl_omass to soil type in forest and grassland habitats at Oak

Ridge National Laboratory Assoc. Southeastern Biol. Bull.
17(2): 60.

Root_s, B. 1. 1956. The water relations of earthworms. II. Re-
sistance to desiccation and immersion, and behavior when
submerged and when allowed a choice of environment, J,
Exp. Biol. 33: 29.44.

Satchell, J. E. 1955, Some aspects of earthworm ecology. In:
McK. Kevan (ed.): Soil Zoology, Butterworths, London,
pp. 180-201.

Satchell, J. E, 1967. Lumbricidae. In:

Soil Biology, Academic Press,
259-322.

Satchell, J. E. 1969, Methods of
tions. Pedobiologia 9: 20-25,

Smith, F. 1917. North American earthworms of the family
Lumbricidate in the collections of the United States National
Museum. Proc. U. S, Natl. Mus. 52(2174): 157-182.

USD.A. 1959. Soil Survey: Tippecanoe County, Indiana.
US.D.A. Series 1940, No. 22, 117 pp. + xxii ‘Washington.

U.S.D.A. 1965. Silvics

of forest tree of the United States. Agr.
Handbook No. 271, 762 Pp. + vi Washington.

Burges and Raw (ed.):
London and New York, pp.

f Sampling earthworm popula-

JOURNAL OF THE TENNESSEE ACADEMY OF SCIENCE
Volume 47, Number 2, April, 1972

LICHENS: BIOASSAY FOR AIR POLLUTION
IN A METROPOLITAN AREA (NASHVILLE, TENNESSEE)

PHILIP MONROE MATHIS' AND GUS TOMLINSON
George Peabody College
Nashville, Tennessee 37203

ABSTRACT
The high cost of buying and maintaining air pollution moni-
loring equipment has led to a search for I:;tter am}J less o
Pensive ways of measuring ution levels. Bioassay by m
of lichens seems to have grlt:ceftl potential for this purpose. Tl'{e
appropriateness of lichens for use as indicators of atmospheric
pollution  goes beyond matters of economy and encompasses
the more important questions of how and why living organisms
fspond to atmospheric pollutants, )
. In this study corticolous lichens were utilized in calculating
Indices of atmospheric polluton (IAP’s). IAP’s were calculated
for twelve stations along an east-west transect through the
Nashville, Tennessee area. No significant correlations between
1970 pollution levels and TAP measurements was found. Thus,
!t was concluded that JAP's are probably of little use in moni-
toring pollution levels on a daily, weekly, or monthly basis.
H"Wﬂ'ﬂ'. the low IAP’s found near the center of the city and
Comparatively high IAP’s found in peripheral areas appear
:ze':: Very definitely related to long-range effects of pollution in
areas.

Low variability in bark pH was correlated vyir.h an efficient
h"ﬁe’mS' system. The source of the buffer chemicals appears to
come from various external sources of particulate matter. The
\
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lack of correlation between bark PH and IAP suggests that
pollutants selectively restrict the

distribution of lichens by
some method(s) other than by changing the pH of the sub-
strate.

This and other studies show that corticolous lichens are

sensitive to air pollution and quantitative measurements suggest

their presence, coverage, and frequency can be used to bioassay

pollution levels in metropolitan areas.

INTRODUCTION

The air pollution problems which have resulted from
urbanization and industrialization are so well known as
to preclude the need for documentation. Nevertheless,
it seems appropriate to mention that Nashville ranks
twentieth in sulfur dioxide levels (Bontrager, perst_mal
communication) and twenty-fifth in suspended particu-
late matter levels (U. S. Dept. of H. E. W., 1969)

erican cities. )
aml?gcgrf;in lichen species can be identified which are
reliable indicators of common a_enal pollugants, then it
logically follows that distributional studies of these
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air borne pollutants, Observations showing the great
ability of li'::‘:nem to accumulate a variety of m,l“ﬁﬂ"
from dilute solutions have been cited as a possible ex-
planation for this keen sensitivity (Smith, 1962). Rao
and LeBlanc (1966) have shown that chlorophyll a is
degraded to phacophytin and Mg™ in lichens exposcd
1o sulfur dioxide—a fact which is interesting, but which
does not account for lichens being more sensitive thap
other plants containing the pigment. ,
During the past two decades, a copious reservoir of
literature related to the effects of aerial pollutants on
corticolous lichens has been amassed both in Europe
(Barknann, 1958; Rydzak, 1958; Brightman, 1959;
Fenton, 1960; Skye, 1958, 1968; Skye and Hallberg,
1969; Moberg, 1969; and Gilbert, 1970a, 1970b) and in
North America (Brodo, 1966, Rao and LeBlanc,
1966; LeBlanc and Rao, 1967; DeSloover, 1968; and
LeBlanc and DeSloover, 1970),
With the exception of Rydzak (1958), these re-
searchers have emphasized the important role played
by 80: in reducing the abundance of lichens. Although
most workers concede that SOs is not the only factor
contributing to the reduction of the lichen flora in
large urban areas, the majority opinion is that it is
probably the major factor in most instances, Rydzak
does not deny that there is a notable reduction in both
the types and general abundance of lichens in and a-
round cities. However, in explaining this reduction, he
emphasizes the higher temperatures and lower hu-
midities associated with urban microclimates, Gilbert
(1970a) has presented convincing arguments against
Rydzak's claims. The difficulty in resolving the contro-
versy is obvious, Both polluted air and heated, dehumidi-
ﬂed air are carried by prevailing winds and the decrease
lln9 5\:)gemion is reflected in the wind patterns (Skye,
A statistic called the “index of atmospheric pollu-
tion” (IAP), (LeBlanc and DeSloover, 1970), rather
than the biological scale described by Gilbert (1970b),
was employed in this study due to its unlimited geo-
graphic applicability, This method is based on the as-
sumption that the lichen and/or bryophyte flora of any
given area will possess some relatively toiphobic and
toxitolerant species, The exact interpretation of an IAP
value s still somewhat uncertain, however, since in-
vestigators have not correlated IAP’s with measured
pollution levels. Although lichen floras of most localities
probably do possess ‘a mixture of toxiphobic and toxi-
tolerant species, this has not yet been adequately
shown. Therefore, studies need to be conducted in
various geographic locations in order 1o establish the

been previously studied, (LeBlanc and DeSlogy,
and B’;odo, 1966) the lichen flora of the N"h\cfirl'l::’();
is sufficiently different from these floras 1o w"mn:ea
separate study (Phillips, 1963; Brodo, 1966, d L:
Blanc and DeSloover, 1970),

The principal objective of this study way ¢ d
mine if there is a demonstrable dimunition i, thr;
abundance and luxuriance of lichens (as measureq by
IAP) as the center of the Nashville Metropolitap Are
is approached; and if o, to determine if the dwl'eu:
can be correlated with 1970 levels of SO, suspen ded
particulate matter, dust fall, or with some combination
of these aerial pollutants,

DESCRIPTION OF THE STUDY SITE

The city of Nashville is located on the Cumberland River
in the Northwestern corner of the Central Basin of Middle Ten.
nessee near the escarpment of the so-called Highland Rim, This
rim rises 10 a height of 300 to 400 feet above the average cleva.
tion of the basin, forming an amphitheater about the Chty from
the southeast to the northeast, the area to the south, southeast,
and east being more or less open, but undulating (U. §, De.
partment of Commerce, 1970).

The climate of Nashville is described as “Cfa” by the Kop-
pen system of climate classification (Kendall and Glendinning,
1958). The mean annual temperature is 59.5°F, The coldest
month (January) and the warmest (July) have mean tempera.
tures of 39.0°F, and 79.5°F. respectively. The mean annual
precipitation is approximately 46 inches and iy distributed
rather uniformly throughout the year, Precipitation reaches a
maximum in early spring and a minimum during the fall months
(U, 8. Department of Commerce, 1970).

During the summer months, winds are predominantly from
the south at an average speed of 7.6 miles per hour, In the
winter, winds are often from the north and northwest at speeds
of approximately ten miles per hour, Easterly and westerly
winds are not common and are of low velocity when they do
oceur (U. 8, Department of Commerce, 1963). Considering
the fact that poflution levels are approximately three times us
high during the winter months (according to soiling index dats
gathered by the Metropolitan Nashville Health Departrent) as
in the summer months, the net movement of pollutants by winds
is from northwest o southeast,

MATERIALS AND METHODS

Location of sampling stations, Using topographic maps pub-
lished by the United States Geological Survey and road maps
distributed by petroleum companies, twelve suitable sampling
sites were located and studied during the spring of 1971. Cﬂ:e
was taken to fnsure that all twelve sample sites were as near b!
ecologically equivalent as possible. Such factors as shelter, S
strate, light, and moisture have been generally reco s
having considerable affect on the distribution of lichens. llll
believed that by sampling only from free-standing trees o the
same species, and of approximately the same size, ﬂ“‘:,“ed
effects of the first three factors are reasonably well controlet,
Although o definite statement can be made concerning

g‘w,LAmaplhawln:thelocuionolumpbuMbnl.u-
chen collecting stations are denoted by a numeral and a letter, O
deniotes a pollution monitoring station maintained by o
politan Health Department; * denotes the State Capitol; and
dashed lines denote stations paired for regression analysis,

The sampling procedure. Once a sample site was located,
1en free-standing trees (Celtls occidensalis L) having a diame-
ter at breast height (dbh) of ten to twenty inches were se-
lected. An occasional difficulty arose in locating enough trees
meeting these criteria. When this occurred, a closely related
tree species (Celtly tenuifolia Nutt) was substituted, In two
instances (stations 1W and 5E) lichen samples were collected
from only eight trees,

The trunk of each tree was carefully examined from the
base to a height of six feet. A hand lense was used to establish
the identity of all foliose licheris present, Whenever the identity
of a specimen could not be ascertained in the field, its frequen-
cy of occurrence (f) was recorded. Then the specimen was
taken to the laboratory where tools such us spot testing reagents,
dissecting scopes, UV light spurces, etc, were available and
positive identification could be made,

Assessment of the frequency of occurrence followed the
arbitrary scale of LeBlanc and DeSloover (1970) with the
following exception. “f" vyalue was estimated for each
species of lichen on each of the sample trees. The frequency of
occurrence for a species was then taken as the arithmetic mean
of the Individual “f” values for a particular station, For ex-
ample, if a particular lichen was found on three of the ten
trees in a sample and individual “f" values were estimated as
4, 3, and 2 respectively, the “f" value for the species would be
computed by summing the individual “f's” and dividing by the
number of trees in the sample, Therefore, in this case the “f”
valu: would be 0.9.

7 7 ot

P of indices of ic p An index
of atmospheric pollution was calculated for each of the twelve
:lmple stations, for any station, 1AP=3% (Q x f)/10, where

Q" is the ecological index of each specles and “f” is the fre-
quency of occurrence described above.
The ecological index (Q) of a species was determined
adding together the number of species of lichens occurring
it at a station and then taking the average of the sums for all
the stations where the species was present (LeBlanc and De-
Sloover, 1970). For example, Xanthoria candeloria (L.) Arn.
a mean number of 9.0 “companion” species. In ono in-
stance eight species were present besides X. candelaria and in
the other instance ten “companion” species were present, When
all other variables are held constant except air pollution levels,
high values of “Q" reflect a low degree of pollution tolerance.
Conversely, as values of “Q" decrease, an increasing tolerance
to pollutants is indicated,
Comparison of pollution levels with IAP values. Pollution
toring stations maintained by the Metropolitan Health De-
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Description of flora. Sixteen species of foliose Ii-
chens were identified from the 116 free-standing hack-
berry trees examined. The most commonly occurring
individuals were members of such genera as Physcia,
Pyxine, Parmelia, and Candelaria. Only two species
were present at all twelve stations—Physcia millegrana
Degel,, and Candelaria concolor (Dicks,) B. Stein. A
complete list of the lichens which were identified and
their accompanying ecological indices (Q) is provided
in Table L.

TABLE I A List of the Species Identified and Their
Ecological Indices

SPECIES

Candelaria concolor (Dicks.) B, Stein
Parmelia bolliana Muell. Arg.
Parmelia caperata (L.) Ach.

Parmelia galbina Ach.

Parmelia hypotropa Nyl.

Parmelia perforata (Jacq,) Ach.
Pzrmlla ’},‘,f“" Ach.

Physcia millegrana Degel.

Physeia orbleularls (Neck.) Thoms.
Physcia orbicularls rubropulchra Degel.
Physcia stellaris (L) Nyl

Physcia syncolla Tuck.

Physcla tribacoides Nyl.

Pyxine caesiopruinosa (Tuck.) Imsh. %
Pyxine sorediata (Ach.) Mont.

Xanthorla candelaria (L.) Arn
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Obviously l;vieepil;l conclusions -ho;:
ution sensitivity of a species cannot
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TABLE II. The Relationship of IAP to 1970 Pol-

lution Levels

IAP as a fuaction of: [(9]
Saifation (SO,) 0562
Suspended particulates 0359
Dust fall 0.043
SO, plus sospended particulates 0592
SO, piss sospended particulates plus dust fall 0636

F-ratio tests indicate that the correlation coefficients
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(3) a function of SO: plus suspended i
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those stations west of the Capitol. This is
lated to present usage in these areas and to
that western stations are closer to the primary

of pollution. The IAP values for all stations are g;
in Figure 2.

35&23&.

‘I LR * "

(t) tor P. millagrang
[

]
g

il
E. g
il
g

]
!
5
]
i
i

1
i
gs
o

Lichens: Bioassay for Air Poltution

2

agwhimwhichrinloelevaﬁomoflbmsm
‘“dm,gmon' is bounded on the west by a small
feet: ¥ i possible that these factors offer some degree
forest- 1 to the trees of this sample.
ofl?rhemlhighmdmmmmvm

ﬂwmquncyofoccumme_(f)ofr.miﬂegrma
(ﬁgu,ez)wasanmequhyﬁndm_g,mﬁnfﬁngmg-
semﬂm‘ﬂmayl)cpomhl_«tollmmwrpollv.mopIeveh
Bh a single lichen species. Generally speaking, an

ssemblage of indicators yield more information than a
single indicator species. Therefore, this finding was
WFuﬁhcrstudywiﬂbeneededinordato
determine exactly how much correlation there is be-
md‘eﬁeqmyofmmceof}’.mwegrmmd
air i It is possible that the frequency of oc-
wmnceof?.millegrmamaybemostmefulwbmrapid

i is of prime importance.

Bark pH. The bark pH was strikingly uniform for
all twelve stations. When the pH was measured in gas-
frec water immediately after placing the bark in the
water, the range was 6.22 to 6.56. When measured
minaftcrdlemixlumhadsloodinairfortwemy-fm
hours, the range was 5.59 to 5.85. These results had
not been anticipated since researchers (Gilbert, 1970a;
Skye and Hallberg, 1969) had reported a lowering of
bark pH as pollution sources (specifically, SO: sources)
were approached. Therefore, an explanation for the
observed pH values was sought.

The hypothesis that hackberry bark is intrinsically

When pH measurements were made on samples of
ash bark from the various stations, the bark pH proved
againtobew_uytmiform (5.23 to 5.87) from station

the pH of a deionized watcr blank
to the 3.2 level. On the basis of the above evidence, it
Was concluded that the bark of tre¢es in Nashville col-
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1 toni-
m“ﬂfmﬁnpﬂ.hmmuﬁ-
same plaots should lend themseives so well to the study
of pollution problems.

According to LeBlanc and DeSioover (1970), IAP's
€Xpress 2 respomse of epiphytic vegetation the
long-range effects of poflution. The results of this proj-
cct generally support this conclusion. The poor corre-
lations between IAP’s and mean anmual 1970 levels of
QMWWSMMWIM

depended upon to give accurate estimates of current
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sources, and (2) the fact that lichens are more affected
bybww,mn:ﬁomforpldolpdpernﬁd
time than by high concentrations for short durations
(LeBlanc, 1969)

Because IAP's cannot give accurate ac-
Mdpoﬂmkv&.mdrvm:y‘b’pﬁu@-
dicator is limited. Nevertheless, IAP’s may prove ex-
tremely useful in obtaining information om pollution
patterns over substantial periods of time
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pollution given by LeBlanc and DeSloover
(1970) as IAP=3(Q X )/10, it will be observed that
the value for “Q™ has an upper limit. This limit is the
number of different epiphytic species which are capable
of growing under a given set of eavironmental con-
ditions. This limit will vary, of course, from onc geo-

IAP=X (Q.x )/ 10
Where: Q=Q—Q
Q,
Q =the ecological index as defincd by
LeBlanc and DeSloover (1970).

Q =the mean of all the valoes of Q.
Q.=the stamard devistion of the Q values
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na is very abundant (high “f”) and therefore con:vr’l::]\lte‘:
significantly to the IAP measurements to begln ; . ok
second reason is that P. millegrana is pollution t(;;}‘a |
and is capable of exhibiting a frequency (f) gradient.
It should be noted that a single toxiphobic species ;:all:;
not exhibit a frequency gradient because _theY w1!
restricted, in distribution, to those zones with r_elatwely
pure air. Therefore, since they are nof present in zODes
of intermediate and high pollution resPecuve,lY’_the"
frequency of occurrence (f) cannot be as an indicator
of pollution levels. .

Although it is probable that no single species can
approach an assemblage of species in total “yield of
information” it is believed that a properly chosen ]1che.n
species can serve as a useful indicator of atmospheric
pollution when rapid reconnaissance is required.

In explaining the low lichen frequencies near cen-
ters of pollution, most investigators have given con-
siderable attention to the role played by sulfur dioxide.
They have suggested that SO: dissolves in bark moisture
and produces sulfurous acid. Sulfurous acid is, in turn,
responsible for the lower pH levels observed in pol-
luted areas. The lower pH values play a role in selec-
tively favoring the growth and survival of certain
lichen species and in inhibiting the growth and survival
of others,

Changes in bark pH cannot, however, be considered
the only factor involved in reducing lichen frequencies
near pollution sources. The results of this study indi-
cate that bark pH of hackberry and ash is independent
of IAP’s and mean annual 1970 levels of sulfur dioxide.
The noteworthiness of the station-to-station consisten-
cy of pH level has been mentioned previously. This con-
sistency is probably related to the well-buffered bark of
the sample trees. The 6.5 ml of N/50 HCl needed to
lower the bark pH to 3.2 was considered very high.
Gilbert (1970a) reports that Salix alba bark requires
2.3 ml, Fraxinus excelsior bark 1.7 ml, and asbestos 6:4
ml of this acid in order to lower the pH to the same
level.

Comparisons between the buffer capacity of hack-
berry bark obtained in Rutherford County and bark
obtained from Nashville indicate that much of this
buffer capacity of the Nashville bark is derived from
extrinsic sources,

Possible sources of chemicals imparting this high
buffer capacity include soot and suspended particulate
matter, Soot deposits noted on Nashville trees, especial-
ly at stations 1E, 1W, 4W, and 6W plus Gilbert’s
(1970a) report that soot can play a role in preventing
low pH’s, may be cited as implicating soot as a source
of buffer chemicals. The high positive correlation (based
on 1970 data) between SO: levels and levels of sys-
pended particulates may be considered suggestive evi-
dence in favor of the idea that buffer chemicals are
derived from suspended particulates. This correlation
means that where SO. levels are high, (tending to
acidify bark) accompanying high levels of particulates

exist and could, presumably, supply sufficient buffer to
prohibit pH changes.

nessee Academy of Science

—_—

tudying pollution patterns in Northeast
GilbI:alrlzS obzerved that both bark pH and lichen gland,

creased as town centers were approached,
gf)ltii‘:;d(,khowwer, that lichen 3buﬂdance‘begi to ;{;
crease before pH decreased. On the basis of thi -
dence, he concluded that substrate pH, per se, is no;
causally related to lichen abundance. This conclusigy
is different from that of Skye and Hallberg (1969) o
Moberg (1969). The results of this study Gil.

¢ nclusion. pport

bertlfitt‘;: is known of the events which occur at e
cellular and molecular levels when lichen thalli are ex.
posed to pollutants. Pollutants, such as SO, have beey
shown (Syke, 1968; Gilbert 1970 a) to affect thallus oH
as well as the pH of the SUbt?trate, 'Ther-efore, the buffer
capacity of the thallus itself is probably important to the
survival of the lichen.

It is easy to imagine the rather dra§tic changes
which might be produced_ by large pH shifts. For ex-
ample, the action and activity of many enzymes would
undoubtedly be altered, membrane permeabilities would
be altered, etc. Thus in looking to areas for future re-
search, the molecular and cellular responses of lichens
to pollutants appears to represent a new and exciting
frontier.
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