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Abstract. The saxicolous foliose lichen Pseudoparmelia baltimorensis (Gyelnik) Hale from a
site in Maryland heavily polluted by atmospheric lead accumulates about half of its lead burden in
newly formed thallus tissues in the first growing season. Two- and three-year-old tissues contain
the highest lead concentrations, suggesting that an equilibrium with the atmospheric lead input is
reached very rapidly.

Lichenologists are in general agreement that lichens readily take up and retain elements which
reach the thallus dissolved in precipitation and as
atmospheric dryfall. How the elements are stored
harmlessly in large concentrations is not entirely
clear at this time, but cationic binding sites in the
hyphal cell walls have been implicated (Jones et al.
1982). Presently, much research is being directed at
the mechanisms of uptake, location and form of the
heavy metal accumulation, and the effects of various
elements on physiological processes and growth.
There are many reports of the concentrations of
heavy metals in lichen thalli. However, the collection methods in these studies are almost never clearly stated. Most workers probably remove the easily
detachable portions of the thallus without regard to
possible age differences in different parts of the thallus. Therefore, we decided to sample Pseudoparmelia baltimorensis to determine if lead accumulation showed a zonal pattern corresponding to
annual growth.

gave 5.15 mm/yr (Hale 1970). Most of the growth occurs
between April and November in this region.
We assumed that the outer 5 mm zone ringing the thallus, as measured at the end of the active growing season,
represented the current year's accumulated biomass, and
that each preceding year's biomass could be located by
marking off 5 mm zones from the outer edge of the thallus
toward the center (Fig. 1). Based on this assumption, in
December of 1982, we collected intact orbicular colonies
of 8-12 cm in diameter from two sites, 10-15 km northwest of Washington DC: (1) Plummers Island, Maryland,
a Potomac River island located within 150m of a highway
carrying over 110,000 cars per day, and (2) Bear Island,
Maryland, located 5 km upstream of Plummers Island in
an area remote from any highways.

METHODS
Since most foliose lichens have no visible seasonal manifestations of growth, it is difficult to date various parts of
a thallus directly. Given accurate annual growth data, however, one should be able to estimate the ages of different
parts of a thallus. We were fortunate in having such growth
data for Pseudoparmelia baltimorensis, a close relative of
P. caperata, at a pollution study site near Washington,
DC. From 1965 to 1976, many measurements of single
lobes established a radial growth rate of 5.09 ± 0.25 mm/
yr for this species (Lawrey & Hale 1977); detailed measurements of a single lobe for a full annual growth cycle

This work was supported by a research award from
the Washington Biologists' Field Club.
1

FIGURE 1. Portion of a thallus of Pseudoparmelia baltimorensis at Plummers Island with three 5 mm zones
drawn in to show relative amounts of tissue removed.
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TABLE 1. Lead concentration data from annual increments (5 mm in width) of Pseudoparmelia baltimorensis thalli
at Plummers Island and Bear Island, Maryland. Results are reported for unwashed and washed samples, with concentrations given in jig/g ± SE of the mean. Sample size is given in parentheses. For each row of data, means underscored
by the same line are not significantly different at p = 0.05.

Plummers Island
Bear Island

Plummers Island
Bear Island

Outermost zone
(growth in 1982)

Next zone
(growth 1981)

Next zone
(growth 1980)

370.57 ± 51.74 (4)

Unwashed samples
670.20 ± 73.79 (4)

736.18 ± 26.86 (5)

80.33 ±27. 15 (3)

147.00 ± 43.38 (3)

174.00 ± 53.22 (4)

482.30 + 37.56(4)

Washed samples
681.90 ± 47.90 (4)

787.15 ± 25.26 (4)

54.75 ± 3.64 (2)

92.43 ±1.71 (2)

220.20 ± 1.97 (2)

For each lichen colony sampled, three 5 mm zones were
sequentially measured and removed with forceps and razor blade. Irregularities in growth, disintegration of the
center, and overgrowth by secondary lobes usually prevented a clear delimitation of the fourth zone. One large
colony was sufficient to make up a half gram sample, but
samples of two or more adjacent colonies were combined
to make up the minimum amount needed for analysis.
Each sample was divided into washed and unwashed
subsets and ground in a Wiley mill to pass a 20 mesh
screen. Chemical analysis was by Inductively Coupled
Plasma Spectroscopy after nitric-perchloric acid digestion
(Research Extension Analytical Laboratory, Ohio Agricultural Research and Development Center, Wooster, OH).
All lead concentration data were log-transformed to correct for unequal variances and analyzed by two-way ANOVA (tissue age x location), and Kramer's (1956) modification of Duncan's (1955) multiple-range test.

RESULTS AND DISCUSSION
The results of this study (Table 1) show a rapid
accumulation of lead in both washed and unwashed
samples of Pseudoparmelia baltimorensis on Plummers Island, the heavily polluted site. Although lead
concentrations of all thallus portions were significantly higher on Plummers Island than on Bear Island (p — 0.05), a result obtained before (Lawrey &
Hale 1981), no significant lead accumulation was
observed in Bear Island samples. The rapid accumulation of lead at Plummers Island corroborates
results of Pilegaard (1979), who observed a rapid
uptake of lead in Hypogymnia physodes over a 7
month period in Denmark. Pilegaard concluded,
however, that peak values had probably not been
reached within this time period.
Our results suggest that lead concentrations at
Plummers Island level off after approximately one
year. The mean lead concentration observed in second and third year samples (both washed and unwashed) were not significantly different (a = 0.05).

These values were similar to those obtained when
the central portions of thalli, estimated to be 10-20
years old, were made for comparison. These older
portions contained 769 ng/g for Plummers Island
lichens and 201 Mg/g for Bear Island lichens.
No significant differences in lead concentration
from washed and unwashed samples were observed
for either location. This contrasts with results obtained earlier showing significant reductions in lead
content from washed samples (Lawrey & Hale 1981);
however, sample sizes were much larger in earlier
analyses.
Only one previous study showed a pattern of heavy
metal accumulation in lichens. Schutte (1977) found
that the central part of mature thalli of Pseudoparmelia caperata (L.) Hale in Ohio contained 1-2 times
as much chromium as the peripheral parts. The thalli were at least 8 cm in diameter, but Schutte gave
no precise dimensions for the central and peripheral
parts that were analyzed. Following a similar line
of investigation, Dixon and Seaward (Seaward 1980)
in England found no zonation pattern in Lecanora
muralis. Most lead appeared to be absorbed in the
marginal zone of the thallus, less in the center, leading them to conclude that zonal analysis of lichens
is unreliable for retrospective pollution monitoring.
In reality, their choice of this slow-growing (i.e., 12 mm/yr) crustose lichen was unfortunate, because
excision of such small annual zones would be extremely difficult compared to excision of annual
zones in the rapidly-growing, foliose lichens, such
as P. baltimorensis.
The implications of our study should be of interest to workers using lichens to monitor accumulation of lead in lichens. If foliose lichens are
employed, use of portions of lichen thalli at least
one year old would appear from our results to yield
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relatively homogeneous lead concentrations. However, it is also apparent from our results that rates
of lead accumulation can be accurately measured
by sampling thallus portions of different age.
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