
Air Pollution Affects Pattern of Photosynthesis in 

Parmelia sulcata, a Corticolous Lichen 

Abstract. Lichen disks kept in flasks contaminated with sutlur dioxide showed 
mnorphologic and photosynthetic abnormalities similar to those of lichens from an 
industrial center in Sweden, but lichens dried out for 4V2 to 6 months in the 
l/boratory showed neither. Thus some kinds of lichens may be absent from city 
environments because of atmospheric pollutants which. destroy ch lorophyll. 

Absence oif corticolous lichens from 
city environments has usually been at- 
tributed to atmospheric pollution, al- 
though Rydzak and others (1) have 
suggested a "city desert climate" as the 
cause. Atmospheric pollution is known 
to have adverse effects on living orga- 
nisms; a spectacular manifestation of 
these effects is the occurrence of "kill- 
er fogs" in industrial. cities, and re- 
cent findings indicating a causal rela- 
tionship between air pollution and lung 
cancer point to the dependence of man 
on the preservation of an uncontami- 
nated reservoir of air. The poisonous 
gases often present in city air apparent- 
ly destroy chlorophyll in vascular plants 
(2), and the dearth of lichen vegeta- 
tion in cities could conceivably be due 
to the same cause. 

If lichen growth and development 
are indeed limited by pollution of the 
atmosphere, the study of these plants 
takes on added significance in that it 
may therefore be possible to evaluate 
the degree of air pollution by mea- 
suring the abundance of lichens. Our 
observations in Stockholm (3), central 
Sweden (4), northwestern Minnesota 
(5), and eastern Idaho have suggested 
that some kinds of lichens are limited 
largely by the degree of air pollu- 
tion rather than by "city desert" con- 
ditions., 

We observed previously that differ- 
ent kinds of lichens responded different- 
ly to variations in microclimate and 
air pollution. In northwestern Minne- 
sota, many corticolous and saxicolous 
lichens-especially some species of Par- 
melia, Physcia, and Xanthoria-were 
more abundant in dry than in humid 
microclimnates (5); consequently, they 
are not likely excluded from cities be- 
cause of the aridity of the city en- 
vironment. In central Sweden, we ob- 
served that species of these same genera 
seem to be very sensitive to air pollu- 
tion (4). On the other hand, geo- 
colous lichens of humid regions-for 
instance, species of Baeomyces, Clad- 
onia, Collema, Peltigera, and Stereo- 
cattlon-seem to be very dependent on 
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high humidity and relatively insensitive 
to atmospheric pollution. 

To aid in ascertaining whether or 
not lichens can be used as indicators 
of atmospheric pollution, and if so, how 
pollution affects them physiologically, 
we studied photosynthetic patterns in 
lichens with the Warburg apparatus. We 
compared (i) lichens collected from 
an air-polluted area near the center of 
Uppsala, Sweden, with lichens from 
three other sites successively further re- 
moved from the city; (ii) lichens ex- 
posed to an atmosphere artificially pol- 
luted with sulfur dioxide gas and nor- 
mial lichens; and (iii) lichens dried out. 
in the laboratory for several months 
with fresh lichens. We chose Parmnelia 
sulcata for our primary experimental 
material because of its abundance, its 
relative insensitivity to microclimatic 
variation, and its sensitivity to air pol- 
lution. 

Using a brass die, we stamped disks 
of lichens 1.72 cm in diameter (and 
hence 2.32 cm2 in area) from the bark 
of Acer platanoides or Tilia cotrdata 
trees at each of the four sites and sub- 
jectively rated them from "I" (un- 
healthy) to "5" (healthy). The disks 
collected at Ultuna, a rural area. about 
5 km from Uppsala, scored either 4 
or 5, with an average of 4.3; average 
scores for disks from the other sites 
were: Ullerraker, 3.7; Pollacksbacken, 
3.0; and Slottsbacken, near the center 
of Uppsala, 2.0. 

The lichen disks were placed face 
down in Warburg flasks and oxygen 
absorption or evolution was measured 
by the direct method of Warburg (6). 
A buffer solution was prepared by 
bubbling, for about 30 minutes, a mix- 
ture of 1 percent CO. and 99 percent 
air into a mixture of 85 percent 
NaHCO:; and 15 percent NaXCo:,; 
0.5 ml of this buffer was placed in 
the center well of each Warburg flask. 
The resulting flask atmosphere in which 
photosynthesis and respiration took 
place was much richer in carbon di- 
oxide than is the normal atmosphere 
in nature-according to our measure- 

ments about 20 times richer-but for 
the purposes of this study, this was 
not of importance. Respiration was 
measured in the dark, and apparent 
photosynthesis was measured at 80, 
I160, and 240 volts supplied to a bank 
of 14 incandescent lamps of 25 watts 
each located 80 mm (including 30 mm 
water) directly below the surface of 
the disks. The light intensity at the 
disk surface was approximately 1000, 
4000, and 9000 lux, respectively. The 
water bath was kept at 18?C. Mea- 
surements of change in manometer 
pressure were made every half hour. 
At least four measurements were made 
at each light intensity. 

For the laboratory study of the ef- 
fects of SO., we collected 12 Parmelia 
sulcata disks on 23 April and a like 
number on 6 August 1964 from an 
Acer platanoides tree at Ultuna. These 
were placed in 580-ml flasks in the 
Uppsala University thallotron (a bank 
of light and temperature control cham- 
bers used primarily for thallophytc 
studies) and held at 17?C and 3000 
lux. A thin (5 mm) sheet of sponge 
plastic lay on the bottom of each flask 
and 10 ml of distilled water was added 
to each. Test tubes containing a small 
quantity of Na2SO:. were placed in 
nine of the flasks. At intervals of 3 
or 4 days, one of the flasks was takenl 
from the thallotron and the sulfite was 
activated by the addition of an excess 
of dilute H1-SO1. A rubber stopper 
was placed over the flask, and it was 
returned to the thallotron. The disks 
that were kept sealed in flasks in the 
thallotron without the addition of SO., 
served as controls. 

In the test tubes inside the thallotron 
flasks, there were 16.5, 33, 165, 330, 
1650, 3300, or 16500 nig of Na,SO:,. 
If the solubility of SO. was negligible 
in the dilute acid or in the water ab- 
sorbed in the sponge plastic, activation 
of the sulfite with excess acid would 
yield flask atmospheres containing 0.01, 
0.05, 0.1, 0.5, 1, 5, and 10 percent 
SO,, respectively. Since SO., is soluble 
in water, the actual concentrations of 
gas in the flasks was somewhat less 
than this; these values are nevertheless 
used in this report to indicate the rela- 
tive degree of air pollution in the 
flasks. 

Three groups of lichens were used 
to study the effects of desiccation on 
lichen physiology. One group of Le- 
canora cfr. rubina was collected from 
rocks on the desert near Rexburg, 

SCIENCE, VOL. 148 



Idaho, in May 1963, transported to Swe- 
den by boat, and kept near the window 
in the laboratory at Uppsala until No- 
vember 1963 when it was tested with 
the Warburg apparatus. A second group 
of L. rubina was collected at the same 
site in March 1964, transported to 
Sweden by airmail, and tested with the 
Warburg apparatus only a few days 
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Fig. 1. Apparent photosynthesis in lichen 
disks measured by the Warburg apparatus. 
(A) Oxygen evolution by disks of Par- 
melia stulcata collected at each of four 
sites in or near Uppsala, Sweden. The 
number in parentheses after the name 
of the collection site is the number of 
kilometers from the center of the city. 
Averages of three disks from each site. 
(B) Same data as in A but rearranged 
to give average oxygen evolution for each 
of the five subjective scores employed. 
(C) Average oxygen evolution by P. 
sulcata disks exposed to artificial atmo- 
spheres containing 10 percent SO_. The 
control disks were sealed in similar flasks 
but without the presence of SO_,. (D) 
Average oxygen evolution by P. physodes 
disks and Lecanora rubina fragments after 
drying in the laboratory for 41/2 to 6 
months. One set of Parmelia physodes 
disks was kept in the thallotron in a 
humid atmosphere, the other set was kept 
in a dry atmosphere; both sets were 
watered weekly. 
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after collecting. The lichens in both 
groups were liberally watered about 4 
hours before they were placed in the 
Warburg flasks. Disks of Parmelia 
physodes and Xanthoria parietina were 
collected in Uppsala in March 1964; 
some of them were tested with the 
Warburg apparatus the same day they 
were collected, and the remainder were 
stored in petri dishes in the thallotron 
until August, when they were tested. 
The specimens in the thallotron were 
watered once a week, but one set of 
petri dishes was left uncovered so 
that the disks dried out rapidly between 
waterings while the other set was cov- 
ered after the watering so that the disks 
were kept constantly moist, though not 
excessively wet. Three days after wa- 
tering, the uncovered set was trans- 
ferred to a warmer thallotron chamber 
(27?C) and kept there for 3 more days. 

The lichens collected from the air- 
polluted sites, especially from Slotts- 
backen near the center of the city, 
were different in appearance from those 
collected from the pure-air sites. The 
thallus lobes of the former were pale 
in color, frequently discolored pink, 
and neither as thick nor as succulent 
as the lobes of the normal lichens. 
The photosynthetic patterns produced 
by the lichens from the polluted areas 
were also different (Fig. I, A and B). 
As the light intensity was increased 
from 0 to 80 volts, apparent photo- 
synthesis increased from -4 to -2 ml 
of 0O per hour in the lichen disks 
rated 3, 4, or 5, remained about the 
same in the disks rated 2, and de- 
creased in the poorest disk, rated 1. 
With further increase in light inten- 
sity, photosynthesis increased in all of 
the disks at about the same rate. 

At each light intensity, photosynthet- 
ic rates were essentially constant for 
the disks subjectively scored 4 or 5, 
but varied considerably from reading 
to reading for the disks scored 1 or 2 
(Fig. 2). Much of this variation was 
due to a gradual reduction in photo- 
synthetic rate at the highest light in- 
tensity. The standard error seemed to 
decrease in direct proportion to the 
square root of the subjective score. 

Lichens exposed to artificially con- 
taminated atmospheres also showed 
morphologic and photosynthetic abnor- 
malities. With heavy contamination (l, 
5, or 10 percent SO^) the lobes be- 
came very pale in color, sometimes 
showed a pink discoloration, appeared 
dried out, and carried out net respira- 

2.0+ 

E 

0 

I 

0 

0 
zr 
i.- 

U)I 

r2 Eo 

\ 

--S.E. OF DISK 
x-SITE AVERAGE 

1 2 3 4 5 
SUBJECTIVE SCORE 

Fig. 2. Standard error of photosynthesis 
measurements made on disks of Parmelia 
sulcata as associated with the subjective 
score given each disk. 

tion at all light intensities (Fig. 1C). 
Exposure to less contamination result- 
ed in intermediate morphological 
change but no apparent change in pho- 
tosynthetic rate or pattern. There was, 
however, a slight (though statistically 
not significant) increase in standard er- 
ror proportional to the concentration 
of the SO2. Both the morphological 
and physiological changes occurred 
quite rapidly, and in this study it made 
little difference whether exposure to 
SO, was for 15 days or for only 1 
day. 

Lichens exposed to desiccation in the 
laboratory or in the thallotron for 20 
weeks or more were normal in appear- 
ance after watering and gave apparent- 
ly normal patterns of photosynthesis 
(Fig. ID). Fresh specimens of Lecan- 
ora rubina produced photosynthetic pat- 
terns essentially identical to the curve 
shown in Fig. I D for specimens of 
L. rubina that had been dried out for 
over 6 months. Similarly, disks of Par- 
melia physodes (Fig. ID) and Xantho- 
ria parietina that had been kept in 
the thallotron for over 4 months un- 
der dry conditions, except for the week- 
ly application of water, produced pho- 
tosynthetic patterns very similar to 
those of the freshly collected disks. On 
the other hand, lichens exposed to rela- 
tively uniform moisture and tempera- 
ture conditions were deeper green in 
color, softer, and gave abnormal pho- 
tosynthetic patterns (Fig. lD). 

That lichens growing near cities or 
other industrial centers are morphologi- 
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cally different from lichcns growing in 
areas where the atmosphere is not pol- 
luted is well established (3, 4, 7). 
This study has demonstrated that Par- 
melia sulcata, a corticolous lichen, 
shows physiological as well as mor- 
phological abnormalities when growing 
near industrial centers, with both rate 
and pattern of photosynthesis being af- 
fected. 
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Chromiosoimes of American 

Marsupials 

Abstract. Studies of the chromo- 
somes of folur A merican marsupial 
demonstrated tlhat Caluromys derbianus 
and Marmosa imexicana have a diploid 
number of 14 chromosomnes, and that 
Philander opossum and Didelphis mar- 
supialis have a dliploid numi ber of 22. 
The karyotypes of C. derbianus and 
M. mexicana are similar, whereas those 
of P. opossum and D. marsupialis 
are dissimilar. If the 14-chromosome 
karyotype represents a reduction from 
a primitive number of 22, these ob- 
servations suggest that the change has 
occurred independently in the A neri- 
cain and A ustralasian formis. 

The order Marsupialia is represented 
by two major living groups, one in the 
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American continents and the other in 
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tralasian group consists of about 160 
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species (2). The studies on the chromo- 
somes of the Australasian species are 
now fairly comprehensive, and they 
show that the diploid number ranges 
from 10 to 24, there being a bimodal 
distribution with peaks at 14 and 22. 
In contrast, the information on Ameri- 
can species is totally unrepresentative; 
so far only three species have been 
studied and these all have a diploid 
number of 22 (3, 4). Here we report, 
first, that a diploid number of 22 is 
not an invariant property of American 
marsupials and that a diploid number 
of 14 occurs in at least two species, 
namely Caluromys derbianus (woolly 
opossum) and Marmosa mLexicana (mu- 
rine opossum), and second, that al- 
though several species may have a 
diploid number of 22 their karyotypes 
may vary. The latter point is illustrated 
by a comparison of the karyotypes of 
Didelphis marsupialis (common opos- 
suIm) and Philander oposvtsun (four- 
eyed opossum). 

We have studied the chromosomes 
of five woolly opossums (three m ale 
and two female), four four-eyed opos- 
sums (three male and one female), on1o 

male murine opossum, and two com- 
mon opossums (one male and one 
female). Although only a few individ- 
uals of each species were observed. the 
results are renorted in view of the 
rarity of much of the material. Apart 
from the common opossums, all speci- 
mens were trapped alive in Nicaragua 
and flown to Philadelphia for observa- 
tion. The common opossums were 

trapped in the environs of Philadel- 
phia. 

In all species, except the common 
opossum, chromosome preparations 
were made from one or more tissues; 
namely, bone marrow, lung, kidney, 
skin, and peritoneum. Bone marrow 
preparations were made directly (5). 
The other tissues were cultured by the 
method of Basrur, Basrur, and Gil- 
man (6), with either Eagle's medium 
and 15 percent fetal calf serum or 
medium 1066 with 1l0 percent lactal- 
bumin hydrolyzate (0.5 percent) and 
20 percent inactivated calf serum. In 
the case of the commojn opossum, the 
preparations were made from0 short- 
term cultures of peripheral blood leuco- 
cytes (7), a modified BGJ culture me- 
diumn (8) being used (0.22 percent so- 
dium bicarbonate); the preparations 
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Fig. 1. Karyotype of a cell cultured from 
the tunica vaginalis from a male woolly 
opossum (10). Sex chromosomes XX from 
a female wooly opossum are included. 

Figure 1 shows a metaphase spread 
and the karyotype from a male wool- 
ly opossum (10). Consistent results were 
obtained within and among animials 
with respect to chromosonme number 
and karyotype. The diploid number is 

clearly 14. The karyotype is composed 
of three pairs of large sub-metacentric 
autosomes (group A), one pair of me- 
dium-nIetacentric autosomes (group B) 
and two pairs of medium sub-telo- 
centric autosomes (group C). The X 

x * 2 

fmal for-eyed opossm are inclded. 
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Fig. 2. Karyotype of a cell cultured from 
the peritoneum of a male four-eyed opos- 
sum. The sex chromosomes XX from a 
female four-eyedl opossumll are included. 
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