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PROC. BIOL. SOC. WASH.
90(3), pp. 698-725

NATURAL HISTORY OF PLUMMERS ISLAND, MARYLAND!
XXIII. STUDIES ON LICHEN GROWTH RATE AT
PLUMMERS ISLAND, MARYLAND

James T. Lawrey, and Mason E. Hale, ]Jr.

Introduction

In 1965 the junior author started photographing a series of lichen quad-
rats on rock exposures at Plummers Island, Maryland. The main goal was
to determine as accurately as possible how fast the lichens grow and how
this growth is affected by weather conditions. In the past 12 years a tile ot
hundreds of photographs has accumulated along with detailed weather data
taken on the island from 1966 to 1970. One article, a study ot single-lobe
growth rates (Hale, 1970), has already appeared. The present article at-
tempts to summarize some of the data over the period 1965-1970, when
photographs were taken at intervals of 7-58 days, and to present a statis-
tical analysis of some of the factors that we consider important in de-
termining growth rate as well as related biological phenomena of thallus
size and age, growth phases, and the eftfects of predation. We hope to
continue photographing the lichen quadrats over a long period of time,
to start new experiments to answer specitic questions, and publish on these
and other aspects as the opportunity arises.

Methods

There are numerous ditticulties in studying lichen growth and the en-
vironmental tactors which aftect it. These difficulties can hamper precise
planning and implementation of growth rate studies, resulting in published
reports that contain noncompatible data of questionable value. For ex-
ample, whole lichen thalli cannot yet be studied with reliability under
controlled conditions; growth measurements must be taken in the field.
Theretore, since weather conditions fluctuate considerably from year to
year, lichen thalli must be observed over long periods of time to determine
how variations in growth rate reflect variations in environmental factors.
Armstrong (1973) attempted to avoid wide variations in growth due to
microclimatological variability by placing saxicolous lichen thalli attached
to loose pieces of slate on flat boards in one area. Thus, all thalli were
under approximately the same environmental conditions. Most studies,
however, are conducted in situ. For this reason, observations must be made
more often than once or twice a year in order for them to contain sufficient
information. Most long-term studies involve one to a few observations per
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year, whereas intensive studies in which measurements are taken at ftre-
quent intervals (weekly or monthly) are rarely long enough in duration.

Ditticulties also arise because lichens exhibit widely variable growth
rates not only from thallus to thallus, but from lobe to lobe on the same
thallus (Hale, 1970). Theretore, numerous samples must be taken to ac-
count for this variability in observed growth rates.

Colonies of saxicolous foliose lichens, primarily Pseudoparmelia balti-
morensis (Gyel. & For.) Hale and Xanthoparmelia conspersa (Ach.) Hale,
and crustose lichens (Graphis, Huilia, Lecidea, etc.) were photographed
from 1965 to 1976 at intervals ranging from several days early in the
study to several months near the end of the study, depending on weather
conditions, access to the island during floods, and scheduling of time for
photography. Holes were usually drilled into the rocks on which lichen
colonies were found to facilitate location and orientation of the colonies in
the tield. To avoid obvious errors in lobe measurement due to thallus
expansion, photographs were taken at least 48 hours after periods of pre-
cipitation so that air-dry equilibrium was reached. During the 12-year
study period, over fifty colonies were photographed, many of which dis-
appeared at some time during the study. Figure 1 illustrates the camera
set-up used throughout the study. Prints of each colony were enlarged
about 2xX and measurements taken from the prints.

Weather data were collected from the island during a four-year period
(1966-1969) early in the study. Precipitation, minimum and maximum
temperatures, and relative humidity were monitored on the island using
standard meteorological equipment, located within 2-150 m of the quadrats.
Percent cloud cover data for the area were compiled from weather sum-
maries collected at National Airport, 18.5 km SSE away. During this time.
growth data were collected at as close to monthly intervals as possible to
insure maximum precision in detecting correlations with weather data.

Using the photographic raw data, we measured the cumulative growth
and annual growth in mm of selected lichen lobes (approximately five per
thallus), and calculated average growth in mm per day for each sampling
interval (Hale, 1970). After scanning a series of photographs, we selected
only those lobes which exhibited obvious growth over long intervals. Some
lobes exhibited either periods of little growth or no growth at all. The
method of computing lichen growth by sampling period allowed a direct
interpretation of relationships with climatic variables, which were also ar-
ranged and summarized by sampling period. Annual growth rates were
averaged from growth rate data collected tor all thalli of each species
throughout the entire study period, in order to reduce the error associated
with annual difterences in growth rates. In an attempt to identity the
climatological factor or factors most closely related to lichen growth, step-
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Fig. 1. Pos.tioning of camera for closz-up photography of saxicolous lichen colonies
from Plummers Island, Maryland.

wise multiple regressions were run with lichen growth the dependent
variable and weather factors the independent variables. We also com-
pared lichen growth rates of the major lichen species studied, and the
crowth rates of juvenile and mature thalli of P. baltimorensis and X.
conspersa in order to determine whether species-related or age-related
ditterences in growth rates are detectable.

All growth rate data, including photographs of all quadrats, are on file
in the Department of Botany, National Museum of Natural History, Smith-
sonian Institution, Washington, D.C.

Results and Discussion

Annual Growth Rates

Lichens are notoriously slow-growing and long-lived organisms. Of the
numerous studies dealing with lichen growth in the literature (see recent
reviews by Hale, 1973; Armstrong, 1976), few have reported annual radial
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Table 1. Annual lichen single-lobe growth rates observed at the Plummers Island,
Maryland study site for numerous thalli sampled from 1965 to 1976.

Annual growth rate

Species (mm/yr)
Parmelia rudecta 529 -+ 1.41°
Pseudoparmelia baltimorensis 5.09 ==10.25
Parmelina aurulenta 4.80 + 0.39
Xanthoparmelia conspersa 328 =+ (.32
Pseudoparmelia baltimorensis (juvenile)® 2.63 == 0.31
Xanthoparmelia conspersa (juvenile) 2.15 + 0.48
Physcia millegrana 172 =10.39
Graphis scripta® 0:85:=+ 0.01
Lecanora muralis 0.84 = 0.01
Lecidea albocaerulescens 0.70 == 0.10
* Growth rates are means (mm/yr) = S.E. N = 15 lobes or greater.

 Juvenile thalli are less than 1.5 cm in diameter.
¢ Corticolous.

increases greater than a few millimeters. Mean annual growth rates
for all lichen species observed during our study are shown in Table 1.
These growth data are means ot single-lobe growth rates for numerous in-
dividual lichen thalli summarized for all sampling intervals during the
twelve-year study. The Parmelias, excepting Xanthoparmelia conspersa, ex-
hibited growth rates of around 5 mm/yr, significantly higher (p < 0.05)
than any of the other species. Xanthoparmelia conspersa exhibited an in-
termediate growth rate (3.28 mm/yr), as did Physcia millegrana (1.72 mm

yr). The crustose species had the lowest rates. If one morphological factor
is directly related to growth rate, it appears to be lobe width. Generally.
the larger and wider the lichen lobes, the higher the growth rate. This re-
lationship is also apparent from the growth data summarized by Hale
(1973) for numerous other species.

Lichens are known to exhibit annual variations in growth rates. Brodo
(1965) discovered relatively large variations in growth rate data for several
corticolous lichens growing on Long Island, New York, and attributed this
to tluctuations in climatic factors from one year to the next. Hakulinen
(1966) also tound that widely variable annual growth rates occurred for
lichens in Finland during the three-year period from 1961 to 1964. More
recently Showman (1976) recorded rates ot 4.28 mm, 3.45 mm, and 4.30 mm
tor Pseudoparmelia caperata (a close relative of P. baltimorensis) during
the years 1973, 1974, and 1975, respectively. Inasmuch as few long-term
studies ot lichen growth are reported in the literature, however, this phe-
nomenon requires further documentation to determine the causes of annual
variation in growth rates.
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CUADRAT 6

LOBE 6
PERIAD EMDING DATE CUMLLATIVE GRUWIH IN MMe DAYS IN PERIOD GROWTH PER DAY IN MM.
1 5 06T: 15955 le? 2640
> A0 OCT 1945 led 2240 « 0080
3 5 BDECG 19635 leS 2640 w0139
A HREC 1955 2640
5 2T FER 19656 2ol SHW0 «0101
£, 20 MAR 1966 2ol Z]laeD «004H
7 4& MAY 19K5 1.5 4540 0156
2| 5 JUN 1946 35 1.0 « 0000
3] 5 JUL 1966 3040
1.0) 21l AUG 1966 LeB 4140 0173
113 18 SEP 1966 GeH Fa-ry « 0000
12 15 OCT 1966 Lo G 21«0 « 0047
13 A0 OCT 1966 Lo 1540 « 0000
] & 13 NOV 1966 Se0 14,0 «Q0 17
15 & DEC 1946 S0 21.0 « 0000
14 & JAN 1967 Seb 4440 «0UlBZ
17 26 FEB 1967 SeB >l1la0 « 00349
13 26 MAR 19&7 Se ¥ 28,40 « 0000
19 23 APR 1967 el 8.0 e0]143
20 25 MAY 1967 &+ 8 4240 w0187
21 & JUN 1987 Tel 10,0 « 0400
27 20 JUN 19617 Teld 16,0 «000C
23 24 JUL 19&T Teh 3440 «00HB
24 13 AUG 1967 79 2040 « 0200
25 21 AUG L19&T Te9 L8.,0 « 0000

Fig. 2. Example of output from lichen single-lobe daily growth rate computer pro-
gram. Data shown are for quadrat 6, which is a colony of Pseudoparmelia baltimorensis
illustrated in Figs. 5-12. Growth data are collected approximately monthly, and in-
crement increases are expressed in mm per day.

Daily Growth Rates

In addition to determining annual rates for the lichens observed during
this study, we plotted average daily growth rates of dominant species at
around monthly intervals to determine seasonal changes in growth. Figure
2 shows an example of output generated by the single-lobe lichen growth
rate computer program on file in the Department of Botany, Smithsonian
Institution. Daily growth rates of several lobes of Pseudoparmelia balti-
morensis (quadrat 6) are printed by sampling period. These data can
then be summarized by year, or can be punched on another set of com-
puter cards containing weather data for each sampling period tor use
in regression analyses. Figures 3 and 4 show average daily growth sum-
maries for P. baltimorensis and X. conspersa during 1966 and 1967, and
for Parmelia rudecta during 1967.

Lichen growth rates have been shown to vary seasonally, suggesting a
correlation between climate and growth rate (Rydzak, 1961; Phillips, 1963;
Brodo, 1965; Hale, 1970; Armstrong, 1973; Showman, 1976). Decrease or
cessation ot growth during winter months has been shown for various
species growing in Poland (Rydzak, 1961), Long Island, New York (Brodo,
1965), Plummers Island, Maryland (Hale, 1970), and Ohio (Showman,
1976). All species in our study exhibit similar general patterns of growth,
with the highest growth occurring in the spring and summer months, and the
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1966

(mm/day)

Avg. growth

months

Fig. 3. Growth rates during 1966 for mature thalli (over 1.5 em diameter) of Pseudo-
parmelia baltimorensis (closed circles) and Xanthoparmelia conspersa (open circles).
Data points are means = S.E. N — 15 lobes or greater.

lowest growth occurring in February. These patterns are similar to those
calculated for other years during the study for which less growth information
was available.

The seasonal variability in growth rate tor P. baltimorensis is much
greater than for X. conspersa (Figs. 3 and 4). Xanthoparmelia conspersa
exhibits a relatively flat growth curve during 1966 and 1967, with low
peaks and little variation; P. baltimorensis, however, has a modulating
growth curve with high peaks and more obvious differences in seasonal
growth from one year to the next, giving more discernible growth patterns
than X. conspersa. We believe this characteristic of P. baltimorensis (and
other broad-lobed species) makes it more amenable to correlations between
growth and environmental factors than species which grow less rapidly.

There is a great deal of lobe-to-lobe variation among all lichen thalli
photographed, which would be most clearly seen if lobes were sampled
randomly. However, we took measurements from only those lobes which ex-
hibited obvious measurable growth. More work needs to be done to de-
termine the proportion of lobes which show measurable growth relative
to lobes which stop growing and the causes for this cessation of growth.
We compared lobes tor each thallus ot P. baltimorensis which exhibited
growth and tound that the lobe-to-lobe variation in radial growth was up
to 50%. Thus, even thallus lobes which exhibited active growth show
widely variable increments with time. This observation emphasizes the
need to sample numerous lobes from many thalli over long time intervals
betore acurate generalizations regarding growth can be made.
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Avg. growth (mm/day)

months

Fig. 4. Growth rates during 1967 for mature thalli (over 1.5 ¢cm diameter) of Pseudo-
parmelia baltimorensis (closed circles), Xanthoparmelia conspersa (open circles), and
Parmelia rudecta (triangles). Data points are means == S.E. N = 15 lobes or greater.

Growth Phases in Lichens

Lichen growth studies have shown that many species pass through various
agrowth phases throughout life. These are presumed to be as follows: (a) a
juvenile growth phase characterized by small thalli (usually less than 1.5
cm diameter) which grow at reduced rates; (b) a “great” period (Beschel,
1958) during which time thalli grow at maximum rates; (¢) a maturation
period during which time thalli approach maximum size and growth is
linear; (d) a senescence period characterized by mature thalli which exhibit
decreased growth rates and varying degrees of disintegration. Because
there are very tew complete life history studies available for lichens, these
growth phases should be considered tentative. However, the existing in-
formation supports the notion that lichen growth is not uniform, and that
most species exhibit one or more ot the above growth phases. For example,
Armstrong (1974) found that for Parmelia glabratula ssp. fuliginosa there
was a distinct prelinear juvenile growth phase and a linear growth phase,
but found no evidence of reduced growth at the time of thallus disintegra-
tion (fragmentation). Hale (1967), however, showed that the radial growth
rate of Parmelia (Xanthoparmelia) conspersa is reduced as a thallus diam-
eter of 13 cm is reached, corresponding to the senescence growth phase.
Karenlampi (1970, 1971) found that as thalli of Cladina stellaris (Cladonia
alpestris) aged, relative growth rate decreased. More studies of lichen
growth and thallus age are required for a wider variety of species before
the concept ot growth in phases can be more firmly established.
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Figs. 5-12. Successive photographs of Pseudoparmelia baltimorensis taken at
Plummers Island. Note juvenile thallus (J). Main thallus is flanked by two drill holes
in the rock surface used for relocation of the colony. Scale in mm. Fig. 5. 20 March,

1966. Fig. 6. 21 August, 1966.

In our study it was possible to attack this problem by selecting speci-
mens of various size classes from the photographs. For example, juvenile
thalli of P. baltimorensis (defined as less than 1.5 em diameter) grow at
significantly lower rates (p < 0.001) than do mature thalli (Table 1).
This relationship is true at a lower signiticance level (p < 0.05) ftor \X.
conspersa. Figures 5-12 illustrate the ditference in growth rates between
mature and juvenile thalli of P. baltimorensis in one quadrat. The juvenile
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Fig. 7. 23 April, 1967. Fig. 8. 22 October. (See legend for Figs. 5-12.)

thallus is engulfed by the more rapidly-growing lobes of the mature thallus
(Figs. 7-9), causing its death and disintegration (Fig. 10).

Armstrong (1976) reported that as thallus diameter increased, growth rate
for Parmelia glabratula ssp. fuliginosa tended also to increase. Our data
confirm this kind of relationship for P. baltimorensis and X. conspersa.
Other species were not tested due to an insufficient number of thalli photo-
graphed; however, we expect that the juvenile thalli of most species would
consistently grow at lower rates than mature thalli, the question being
how small a thallus should be to be considered juvenile. Figures 13-18 show
a growth sequence of a very tiny (less than 1.0 mm) thallus of P. baltimoren-
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Fig. 9. 12 April, 1968. Fig. 10. 17 June, 1969. (See legend for Figs. 5-12.)

sis. This thallus increases in surface area by more than 200% in less than one
year, yet, the maximum annual radial increase is only 0.7 mm, tar trom
the approximately 5 mm for a mature thallus. Armstrong (1974) recognized
the logarithmic increase in relative growth rates (cm* em?®/yr) of small thalli
(2-3 mm) of Parmelia (Xanthoparmelia) conspersa and Parmelia glabratula
ssp. fuliginosa.

To our knowledge, there have been no quantitative studies of small
lichen thalli which attempt to discover the mortality rates during the pre-
linear juvenile growth phase. Most growth studies make use of measure-
ments of mature thalli. Inasmuch as mortality statistics are basic to all
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Fig. 11. 7 October, 1969. Fig. 12. 17 November, 1969. (See legend for Figs. 5—
12.)

population studies and lichen growth studies are typically lacking in basic
demographic tunctions, this kind of study would provide a new point
of view of considerable utility. We are designing experiments which
will involve sampling of large numbers of tiny thalli (1 mm diameter) and
determining rates of juvenile mortality as a function of substrate surtace
area, predation, age, and environmental factors. We also hope other studies
of this type will be forthcoming in the literature. In this connection we
might add that lichen growth studies have rarely examined the relation-
ship between growth and predation upon lichens. The impact of predators
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Figs. 13-18. Successive photographs of a minute thallus of Pseudoparmelia balti-
morensis taken at Plummers Island. All photographs same scale; horizontal line in
g 13 ="l mm. Fig. 13. 15 March, 1969. Fig. 14. 15 May, 1969. Fig. 15. 17
June, 1969. Fig. 16. 1 February, 1970. Fig. 17. 12 April, 1970. Fig. 18. 21 June,
1970.

upon lichens is well documented (Broadhead and Thornton, 1955; Coker.
1967; Peake and James, 1967; Laundon, 1971; Sowter, 1971), and there is a
need to determine how this impact influences growth patterns. Hale
(1972) reported a case of infestation by a population of collembolids upon
the saxicolous lichen Pseudoparmelia baltimorensis on Plummers Island.
Maryland. These insects fed on the upper cortex and algal layer of the
thalli, resulting in widespread loss of juvenile thalli and severe damage
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to larger thalli. Many thalli subsequently regenerated, but at least half
of the colonies were lost. Although this is an example of extreme preda-
tion, it illustrates the need to consider predation as a tfactor influencing
lichen growth and demography.

Figures 11 and 12 illustrate the senescence and disintegration of the center
portion of a P. baltimorensis thallus, in this case initiated at least in part by
slug and collembolid damage. Even without predator damage, however,
this pattern of disintegration appears to occur consistently soon atter thalli
attain a certain maximum diameter. No thalli of P. baltimorensis occur
on Plummers Island at diameters larger than about 15 em. Xanthoparmelia
conspersa also exhibits a period of senescence and thallus disintegration
(Figs. 23-28). Hale (1967) calculated growth rates for X. conspersa im-
mediately before and during disintegration of the thallus and detected
orowth rates significantly reduced from normal. However, Armstrong
(1974) found no significant differences in radial growth rates between
“fragmenting” and “nonfragmenting” thalli of Parmelia glabratula ssp.
fuliginosa. Also, he tound no particular relationship between percent
fragmentation (surface area disintegration/total thallus surface area X 100)
and growth rate tor the same species.

We calculated sequential annual growth rates of six thalli for which
many years growth data were available (Table 2) and detected signiticant
ditterences in growth rates tor three P. baltimorensis thalli before and after
disintegration. Omne P. baltimorensis thallus (Quadrat 22) showed no sig-
niticant changes in growth rate after initiation of senescence. Neither
thallus ot X. conspersa (Quadrats 12 and 14) exhibited significant changes
in annual growth rate after disintegration. Our tentative conclusion is that
the onset of senescence probably results in reduced growth rate. Senescence
in lichens is perhaps more a rejuvenation process than a true senescence.
Centers of old thalli disintegrate and fall away, leaving new, essentially
juvenile thalli derived from lobe tips to continue growing. Armstrong (1974,
1976) described an increasing relative growth rate (cm?/cm?/yr) for Par-
melia glabratula ssp. fuliginosa after fragmentation, which supports this
point of view. The reason X. conspersa thalli exhibit no significant dif-
terences in radial growth rate between old thalli and non-senescent thalli
is probably due to the slower rate of growth characteristic of this species.
As explained in the previous section on growth phases, Pseudoparmelia
baltimorensis grows faster than X. conspersa and should therefore ex-
hibit more discernible changes in growth rate when these changes occur.
We would expect, then, that lichens which exhibit the most rapid measur-
able growth rates will be most likely to exhibit detectable changes in growth
rate as a function of both thallus age and climate. Lichen growth studies
should be critically evaluated with this in mind.

There is very little published information relating lichen growth patterns
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Figs. 19-22. Apothecia development in a growth series for Xanthoparmelia conspersa.
Some apothecia grow faster than others, but the largest apothecia do not change in
size. Scale in Fig. 17 for all photos in mm. Fig. 19. 4 December, 1965. Fig. 20.
6 January, 1967. Fig. 21. 16 February, 1968. Fig. 22. 15 November, 1968.

to development of specific lichen structures, the kind of information that
would be of value in recognizing growth phases in lichens and interpret-
ing lite history data in terms of population dynamics. Sernander-Du Rietz
(1957) conducted a study on the tactors influencing apothecia initiation
and development in Parmelia tiliacea in Fennoscandia, and found that clima-
tological tactors, particularly high temperatures and precipitation, cor-
related well with apothecia development. She tound also that severe cold
temperatures otten killed microapothecia. Figures 19-22 illustrate the super-
ticial development over a 3-year period of several selected apothecia on a
mature thallus of X. conspersa from Plummers Island. Most apothecia
grow slowly and consistently to a specitic maximum size, but the growth
of some apothecia appears to be halted shortly after initiation. This is
particularly true of microapothecia located close to larger apothecia. Ad-
ditional studies ot this nature should be done to learn how apothecial de-
velopment correlates with thallus age and size and how growth rate of
the thallus is intluenced by the initiation of apothecia development during
the life history of a lichen thallus.
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Figs. 23-28. Successive photographs of Xanthoparmelia conspersa taken at Plummers
Island. The two light circles are drill holes used for relocation of the colony. Line
drawn for viewer orientation. Scale in mm. Fig. 23. 20 March, 1966. Fig. 24. 18
September, 1966.

Our studies ot growth phases have uncovered signiticant lite cvele pat-
terns among the lichens observed on Plummers Island. We believe that
additional studies are required, particularly in view of the increasing
number ot studies of lichen distribution in relation to long-term, chronic
air pollution (e.g., automobile exhaust). It lichen growth studies continue
to show determinant life cycles for many species of lichens, many of the
conclusions ot lichen-air pollution studies which show gradual changes
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in lichen distribution over long periods of time will have to be reinterpreted.
Since so little is known about the “typical” responses of lichens to en-
vironmental factors over long periods of time, we suggest that it is unwise to
read too much into uncritical short-term lichen distribution studies which
make use of presence-absence data or growth rate data without adequate
controls. We would hope that lichenologists will feel compelled to provide
answers to basic questions concerning life cycle patterns ot lichens, in-
cluding demographic patterns. Until these questions are answered more
critically, it is hazardous to make too many assumptions regarding lichens
as “indicators” of low-level air pollution.

Growth Rates and Environmental Factors

The influence of microclimatological factors (e.g., light, relative humidity,
cloud cover, wind, etc.) on lichen growth is not well documented. Haus-
man (1948) claimed that high growth rates tor Parmelia centrifuga in New
England correlated with high cloud cover. Karenlampi (1971) investigated
the influence of several climatic factors on growth of various Cladonia ssp.
during a summer in Finland. He found that lichen growth was intluenced
mostly by rainfall and to a lesser degree by temperature and light.
Nienburg (1919) reported that heavy rains in Germany in 1899 may have
been responsible for high growth rates there. Also, Andreev (1954) and
Barashkova (1961) have stated that areas of high humidity will support
high growth, and Showman (1976) found that Parmelia caperata grew
better on more consistently moist sides of a tree than on exposures which
dried out quickly. Miller’s (1966) study of lichen growth and thallus wet-
ness and Kirenlampi's (1971) study of fruticose lichen growth rates are
among the few which make use of microclimatological data collected at
the level of the plants themselves. Weather summaries collected many
miles from the study site are not sufficiently exact to be used in lichen
growth studies without more precise corroborating evidence. There is also
a need tor statistical analysis of growth data which allows broad inferences
to be drawn from large amounts of data. Consequently, the use of com-
puters to calculate growth rates and to determine statistically significant
relationships between growth and various environmental variables is be-
coming more frequent (Kidrenlampi, 1971).

A summary ot Plummers Island weather variables for the years 1966-
1969 (Fig. 29) shows maximum-minimum temperatures and total precipi-
tation data collected at the growth study sites. We computed average
precipitation (total precipitation in period/days of precipitation in period)
and percent cloudy days (number days in period with 60% of greater
cloud cover/total number days in period X 100) for each period from
National Airport weather summaries. During the four years of weather
sampling, temperature patterns were relatively predictable with maximum
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Fig. 25. 13 August, 1967. Fig. 26. 15 November, 1968. (See legend for Figs. 23—
28.)

temperatures approching 40°C in the summer and minimum temperatures
often —15°C in the winter. Precipitation, however, was not constant. Total
precipitation in 1968, tor example, was much lower than in 1969. Analysis
of cloud cover data revealed no seasonal pattern of cloud cover from
1966-1969.

Scatter plots of daily lichen single-lobe growth rates vs. various weather
variables were computer-generated for Pseudoparmelia baltimorensis and
Xanthoparmelia conspersa. Because growth rates of X. conspersa ex-
hibited little seasonal or annual variation, no weather-related growth
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Fig. 27. 9 April, 1969. Fig. 28. 17 November, 1969. (See legend for Figs. 23-28.)

patterns were discernible for this species. However, relationships
were apparent between growth rates of P. baltimorensis and cer-
tain weather variables. Scatter diagrams of radial growth vs. high tem-
perature (Fig. 30) and low temperature (Fig. 31) in each sampling period
show that optimum growth for P. baltimorensis occurs during periods in
which the maximum temperature is 25-30°C and the minimum temperature
is around 0°C. A glance at Fig. 29 shows that these temperature condi-
tions occur on Plummers Island in the early spring. It is possible that during
this time, increasing irradiation coupled with minimum canopy cover pro-
duce relatively high temperatures during the day and low temperatures at
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Fig. 29. Precipitation (vertical lines) and maximum-minimum temperatures (hori-

zontal lines) recorded at Plummers Island for each sampling interval from 1966 to
1969.

night because of radiation loss. As both maximum and minimum tem-
peratures increase during the summer, lichen growth rate decreases. It
appears from the curves of lichen growth vs. temperature (Figs. 30 and
31) that temperatures rarely exceed critical limits for growth ot P. balti-
morensis. Growth of this lichen species, theretore, is possible at varying
rates throughout the year on Plummers Island.

Scatter diagrams of P. baltimorensis growth vs. total precipitation (Fig.
32) and average precipitation (Fig. 33) in each sampling period indicate
that lichen growth can actually be inhibited in periods ot high precipitation.
High growth ot P. baltimorensis may conversely occur under conditions
of low precipitation; optimum growth takes place when average precipita-
tion (total precipitation/days of precipitation in period) is between 0.5-1.0
cm/day. Karenlampi (1971) detected high levels of linear correlation be-
tween growth of fruticose lichens and rainfall (mm/day) in Finland. al-
though rainfall data used in his study appeared to range tfrom only 0—
mm/day, considerably less than the maximum rainfall observed on Plum-
mers Island. Within this narrow range of raintall values, our growth data
also show a high correlation. However, there is a considerable decline in
growth once optimum rainfall is exceeded.

The graph of growth rate for P. baltimorensis vs. percent cloudy davs
(Fig. 34) shows that optimum growth occurs during sampling periods which
are cloudy (60% cloud cover or more) more than halt of the time. Growth

rate apparently decreases atter values ot percent cloudy days reach 75¢
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Fig. 30. Daily radial single-lobe growth rate of Pseudoparmelia baltimorensis vs.
maximum temperature in each sampling period at Plummers Island trom 1966 to 1969.

or more, although growth is active even when every day during the sampling
period exhibits 60% or greater cloud cover. There is greater inhibition of
P. baltimorensis growth during periods of little cloudiness than during
periods when almost every day in the sampling period exhibits high cloud
cover. This would indicate that possibly high irradiation is a more limiting
environmental factor for P. baltimorensis than cloudiness. Hausman (1948)
believed that high growth rates of Parmelia centrifuga in New England were
due to high cloud cover. Our data would tend to support this view, with
the understanding that other weather variables (temperature, relative hu-
midity, irradiation) also change in direct proportion to the degree of
cloudiness.

Stepwise multiple regressions of mean daily growth per sampling period
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Fig. 31. Daily radial single-lobe growth rate of Pseudoparmelia baltimorensis vs.
minimum temperature in each sampling period at Plummers Island from 1966 to 1969.

on numerous weather variables were computed to determine which weather
variables or combinations of weather variables explained the greatest amount
of the variance in growth exhibited by Pseudoparmelia baltimorensis. Be-
cause we did not collect data on irradiation, aspect, or non-weather tactors.
we can make no determination about the relative importance ot these
factors even though other studies have shown they probably are im-
portant (Haukulinen, 1966; Jones and Platt, 1969; Karenlampi, 1971). A
regression equation using the variables high temperature, total precipitation
and percent cloudy days was found to explain 22% ot the variation in
lichen growth rate for P. baltimorensis (r = 0.466, B significantly different
from 0 at p < 0.05). Of these three weather variables, percent cloudy
days explained the greatest amount of variation (14%, r = 0.376). The gen-
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Fig. 32. Daily radial single-lobe growth rate of Pseudoparmelia baltimorensis vs.
total precipitation in each sampling period at Plummers Island from 1966 to 1969.

erally low correlation between weather variables and lichen growth was
thought to be due to the non-linear nature of the relationship. We re-
gressed logio, In, x%, and x*® transformations of the growth data on the
various weather variables in order to determine if these transtormations
rectified the growth data. We found that the regression of (mean lichen
growth rate)® on percent cloud cover explained 19% of the growth variance
(r = 0.436, signiticantly different from 0 at p < 0.05). This would indicate
that possibly radial growth measurements contain less information than
area measurements, but the increase in predictability was not overwhelm-
ing. Addition of the other two variables (total precipitation and high tem-
perature) to the regression equation did not significantly increase the pre-
dictability. We concluded that percent cloudy days is most useful as a
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Fig. 33. Daily radial single-lobe growth rate of Pseudoparmelia baltimorensis vs.
average precipitation (total precipitation in each sampling period/days of precipitation
in each sampling period) at Plummers Island from 1966 to 1969.

predictor of lichen growth. However, none of the weather variables we
measured was especially useful in this regard, since a total of only 22%
of the growth rate variance is explained by any weather variable or combina-
tion ot variables. Kiarenlampi (1971) found high correlation between
weather variables and fruticose lichen growth over short time periods.
We believe this may be a result ot measuring lichen growth only during
tavorable periods, inasmuch as lichen growth can be expected to respond
more strongly to changes in weather when weather conditions are most
tavorable for growth. Additionally, Karenlampi's (1971) study made use of
irradiation data, which the present study does not include. This factor
may contribute to lichen growth on Plummers Island as it does in Fin-
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Fig. 34. Daily radial single-lobe growth rate of Pseudoparmelia baltimorensis vs.
percent cloudy days (number days of 60% cloud cover or more/total number days in
sampling period X 100) at Plummers Island from 1966 to 1969.

land, but we would expect that it would not increase correlation to the
levels observed by Kairenlampi.

Additional long-term studies of the influence of weather on other lichen
species in other geographic areas will allow comparisons to be made with
the tew studies presently available. At the present time, lichen growth
appears to correlate with certain weather variables. However, we are
still unable to predict changes in lichen growth over long periods ot time
with certainty.

Conclusions

A twelve-year growth study of saxicolous lichens from Plummers Island,
Maryland, revealed numerous differences in annual and daily radial growth
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rates between various lichen species and variously-aged lichens of the
same species. Growth rates were tested for significant correlations with
weather variables. The major findings can be listed as follows:

(1). The various large-lobed Parmelias exhibited the highest growth
rates (around 5 mm/yr), followed by Xanthoparmelia conspersa, Physcia
millegrana, and various crustose lichen species. This pattern illustrates a
possible relationship between thallus lobe morphology and growth rate
which requires further study.

(2). There were significant differences in growth rates between juvenile
and mature thalli of Pseudoparmelia baltimorensis and X. conspersa, the
juvenile thalli growing at reduced rates. There were also seasonal vari-
ations in growth from year-to-year for each species studied, although dit-
ferences between species occurred consistently regardless of annual or
seasonal variations in growth.

(3). There was a great deal of variation in growth between lobes ot the
same thallus, indicating that large sample sizes are necessary in order
to generalize from growth rate data.

(4). Ditferences in growth rate patterns appeared to be related in part
to senescence, with measurable differences in growth between thalli betore
and after disintegration. Growth rates of disintegrating P. baltimorensis
thalli were significantly reduced from growth rates before disintegration.
Xanthoparmelia conspersa thalli exhibited no significant ditferences in
growth before or after thallus disintegration, possibly because reduced
growth rates made detection of patterns more difficult for this species.
Thallus disintegration appeared to be a rejuvenation process rather than a
true senescence, inasmuch as growth rates after disintegration approximated
those of juvenile thalli. No lichen thalli ot the dominant species photo-
graphed on Plummers Island were observed at diameters much larger
than 15 cm.

(5). Apothecia development was observed for X. conspersa. No correla-
tions between apothecia development and other factors were possible due
to a paucity of data. However, there appeared to be a maximum diam-
eter for apothecia ot X. conspersa, and microapothecia were observed to
increase in size slowly or not at all, as it inhibited by adjacent larger
apothecia.

(6). Scatter diagrams of lichen daily growth rate vs. various weather
variables showed that optimum growth of Pseudoparmelia baltimorensis oc-
curred on Plumers Island during sampling periods in which the maximum
temperature was around 25-30°C, the minimum temperature around 0 C,
the precipitation around 0.5-1.0 ecm/sampling period, and the cloud cover
60% or more tor at least halt the sampling period. All the lichen growth
vs. weather scatter plots showed lower lichen values above and below these
optimum weather conditions; however, there were no weather conditions
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measured on Plummers Island which consistently correlated with zero
lichen growth. Xanthoparmelia conspersa exhibited no detectable rela-
tionships between growth rate and weather variables, a result probably
due to the fact that growth rate values for this species exhibited little
change trom one sampling period to another.

(7). Stepwise multiple regressions of lichen growth ot P. baltimorensis on
weather variables (high temperature, total precipitation, cloud cover) re-
vealed that a total of 22% of the lichen growth variance could be ex-
plained by any combination of weather factors. The cloud cover variable
consistently explained the greatest amount ot the lichen growth variance.
Squaring the lichen growth dependent variable resulted in a somewhat
higher correlation with weather variables, which may be due to the fact
that radial growth data were used rather than area data.

Literature Cited

Andreev, V. N. 1954. Growth of forage lichens and methods of improving it. Geo-
botanika 9:11-74. [In Russian.]

Armstrong, R. A. 1973. Seasonal growth and growth rate-colony size relationships

in six species of saxicolous lichens. New Phytol. 72:1023-1030.

1974. Growth phases in the life of a lichen thallus. New Phytol. 73:913-918.

. 1976. Studies on the growth rates of lichens. Pp. 309-322 in D. H. Brown,

D. L. Hawksworth and R. H. Bailey (eds.), “Lichenology: Progress and Prob-

lems.” Academic Press, London.

Barashkova, E. A. 1961. Cladonia rangiferina (L.) Web. in the conditions of the
district of Murmansk. Bot. Zur. 46:410—414. [In Finnish.]

Beschel, R. 1958. Flechtenvereine der Stadte, Stadflechten und ihr Wachstum.
Ber. Naturwiss. -Med. Ver. Innsbruck 52:1-158.

Broadhead, E., and I. W. B. Thornton. 1955. Elipsocus melachlani feeding on
lichens. Oikos 6:1-50.

Brodo, I. M. 1965. Studies of growth rates of corticolous lichens on Long Island,
New York. Bryologist 68:451-456.

Coker, P. D. 1967. Damage to lichens by gastropods. Lichenologist 3:428-429.

Hakulinen, R. 1966. Uber die Wachstumgeschwindigheit einiger Laubflechten. Ann.
Bot. Fenn. 3:167-179.

Hale, M. E., Jr. 1967. The Biology of Lichens. Edward Arnold, London. 176 p.

. 1970. Single-lobe growth rate patterns in Parmelia caperata. Bryologist 73:

72-81..

1972. Natural History of Plummers Island, Maryland. XXI. Infestation of
the lichen Parmelia baltimorensis Gyel. & For. by Hypogastrura packardi Folsom
(Collembola). Proc. Biol. Soc. Wash. 85:287-296.

. 1973. Growth. Pp. 473-492 in V. Ahmadjian and M. E. Hale, Jr. (eds.), “The
Lichens.” Academic Press, N.Y.

Hausman, E. H. 1948. Measurements of the annual growth-rate of two species of
rock lichens. Bull. Torr. Bot. Club 75:116-117.

Jones, J. M., and R. B. Platt. 1969. Effects of ionizing radiation, climate and
nutrition on growth and structure of a lichen Parmelia conspersa (Ach.) Ach.
Radiozcol. Concent. Processes, Proc. Int. Symp., 2nd, 1969, pp. 111-119.




[ il

VOLUME 90, NUMBER 3 725

Karenlampi, L. 1970. Morphological analysis of growth and productivity of the

lichen Cladonia alpestris. Rep. Kevo Subarctic Res. Sta. 7:9-15.

. 1971. Studies on the relative growth rate of some fruticose lichens. Rep.

Kevo Subarctic Res. Sta. 7:33-39.

Laundon, J. R. 1971. Lichen communities destroyed by psocids. Lichenologist 5:
L77.

Miller, A. G. 1966. Lichen growth and species composition in relation to duration of
thallus wetness. B.S. Thesis, Queen’s University, Lingston.

Nienburg, W. 1919. Studien zur Biologie der Flecten. I. II. III. Z. Bot. 11:1-38.

Peake, J. F., and P. W. James. 1967. Lichens and mollusca. Lichenologist 3:425—
428.

Phillips, H. C. 1963. Growth rate of Parmelia isidiosa (Mill. Arg.) Hale. Jour. Tenn.
Acad. Sci. 38:95-96.

Rydzak, J. 1961. Investigations on the growth rate of lichens. Ann. Univ. Mariae

Curie-Sklodowska, Sect. C. 16:1-15.

Sernander-Du Rietz, Greta. 1957. Om yttre faktorers inverkan pa apothecie-bildningen
hos Parmelia tiliacea. Svensk Botanisk Tidskrift 51:454—488.

Showman, R. E. 1976. Seasonal growth of Parmelia caperata. Bryologist 79:360-
363.

Sowter, F. A. 1971. Mites (Acari) and lichens. Lichenologist 5:176.

Footnote

' The preceding number in this series is published in Proceedings of the Biological
Society of Washington, Vol. 90, No. 3, pp. 615-647. Publication costs of the present
number have been defrayed by the Washington Biologists’ Field Club to promote its
primary objective of research on the fauna and flora of Plummers Island and adjacent
areas.

(JTL) Ohio State University, Columbus, Ohio 43210; and (MEH, ]r.)
Smithsonian Institution, Washington, D.C. 20560.



