Single-Lobe Growth-Rate Patterns in the Lichen Parmelia caperata
Author(s): Mason E. Hale, Jr.
Source: The Bryologist, Vol. 73, No. 1 (Spring, 1970), pp. 72-81
Published by: American Bryological and Lichenological Society
Stable URL: http://www.jstor.org/stable/3241588
Accessed: 23-12-2015 21:25 UTC

Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at http://www.jstor.org/page/
info/about/policies/terms.jsp
JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content
in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship.
For more information about JSTOR, please contact support@jstor.org.

American Bryological and Lichenological Society is collaborating with JSTOR to digitize, preserve and extend access to The
Bryologist.

http://www.jstor.org

This content downloaded from 160.111.254.17 on Wed, 23 Dec 2015 21:25:55 UTC
All use subject to JSTOR Terms and Conditions

Single-lobe Growth-rate Patterns in the Lichen Parmelia caperata'
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Abstract. The growth rate of a single lobe of Parmelia caperata was measured at intervals of 11 to 53 days for one year. Measurements were made on
photographic prints enlarged to 20x, using white algae-free spots on the thallus
surface as reference points. Growth occurred throughout the year but was most
rapid in May-June (0.05 mm/day) when enlargement of the white spots indicated expansion of the fungal component. Each major lobe produces new lobes
from two or more (up to 5 or 6) marginal bulges, but at maturity the more lateral
bulges atrophy and only two or three apical lobes continue growth. Most vertical
growth occurs within 1 mm of the lobe tips with cessation 1.5-2.0 mm back from
the tip. Horizontal growth (increase in lobe width) is not so rapid as vertical
growth and ceases when the lobe reaches about 2.5 cm in width.
Lichens have a well deserved reputation as slow-growing plants. There is a
large body of literature on growth measurements, going back almost 100 years, that
substantiates this phenomenon. The most recent trend in this field of study is to
determine seasonality of growth in more detail rather than simply prove all over
again that lichens do grow (Phillips, 1963; Rydzak, 1966). European lichenologists,
however, have been handicapped by long cold winters which are unfavorable for
growth, and annual rates of radial increase are in general less than 3 mm per year for
foliose species (Hakulinen, 1966). This same difficulty is met in northern United
States where increases of less than 2 mm per year are found in the common foliose
species (Hale, 1959; Brodo, 1965). In this instance one has little chance of detecting
growth variation, say, in a week, for the amount of growth would not be significantly
greater than the error involved in taking the measurement.
The solution to this problem is obviously to find an area where lichens grow faster.
Phillips (1963, 1969), for example, has been studying Parmelia conspersa and other
foliose lichens in Tennessee, a region with mild winters, and has found growth rates
high enough to show weekly variation. Total radial growth is 5-8 mm per year.
Lichens in the vicinity of Washington, D.C., also grow quite rapidly with monthly rates
as high as 1.5 mm. I have been measuring a number of quadrats, mainly of P.
caperata and P. conspersa, for the past four years with a photographic technique, using
prints enlarged to about 2x. At this magnification the smallest measurable increment
(here considered the level of accuracy) is about 0.1 mm. Data on these quadrats and
correlations with climatic factors over a four-year period are now being analyzed and
will form the subject of another article.
1 This research has been supported in part by a research grant from the Washington
Biologists' Field Club.
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Department of Botany, Smithsonian Institution, Washington, D.C. 20560.
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FIGURE 1. The colony of Parmelia caperata selected for study. The lobe measured is
indicated by arrowsbelow the rule in millimeters. Photograph taken 27 April 1968.

The purpose of this study was to investigate in greater detail and with high
magnification the patterns of growth in a single lobe, something that has apparently
never been done before. We need to know more about growth mechanisms, the extent
of vertical, horizontal, and intercalary growth, and branching patterns in the thallus.
These questions had to be answered before full confidence could be placed in the
validity of growth measurements made from photographs enlarged two times.
The lichen being investigated, Parmelia caperata (L.) Ach., grows abundantly
on granite outcrops in the open oak-hickory forests on Plummers Island, Maryland,
about 10 miles (16 km) west-northwest of Washington, D.C., in the Potomac River.
This lichen does not grow in direct sun but prefers partially shaded rocks under the
broken forest canopy. The average mean temperature for this region is about 370F
in July. Annual rainfall totals about 40 inches
(2.80C) in January and 780F (25.60C)
(1016 mm) and falls throughout the year. Snow is infrequent and persists on the
ground only a few days.
The particular colony selected in this study (Fig. 1), about 6 cm in diameter, grows
on a nearly level outcropping. Individual lobes were photographed with a Nikon F
camera equipped with bellows attachment. At this magnification (3x on the 35-mm
negative) a print enlarged to 8x10 inches gave a final magnification of about 20x.
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FIGURE2. A comparison of the two methods of measuring growth increments of a single
lobe. - A. Measurement from a point on the substratum beyond the lobe top to the lobe tip
(M2 - M= = radial growth). - B. Measurement from a point on the thallus surface to the
= radial growth).
tip ( M1 Mo
Using these photographs for direct measurements one can achieve a fairly precise level
of accuracy to about 0.01-0.02
mm. The lichen was photographed
when dry, sometime between noon and 1500, waiting at least two days after a rain if there had been
Water content of the thalli was 6-8%, as tested on two occasions with
precipitation.
random oven-dried collections of P. caperata made nearby. Other quadrats under study
showed very slight but measurable hygroscopic
expansion in one or two periods of
This expansion is manifested
(but not this lobe).
high humidity
by an apparent
to the next. In controlled laboratory
shrinkage of the lobes from one measurement
experiments Phillips (1962) showed that no expansion occurred in P. conspersa even
at 100% relative humidity but only with actual wetting. The situation in nature, however, is probably more complex and one should definitely take this factor into consideration when measuring lobes to an accuracy of 0.01 mm.
The first photograph was taken on 25 February 1968 and the last one on 16
February 1969, giving a total of 355 days of growth. Twelve other photographs spaced
from 11 to 53 days were taken during this year. The single lobe among six others
that was selected for this study remained intact during the year, and
photographed
this is the main reason it was chosen as the subject of this report. Other lobes were
crowded out, atrophied, or suffered damage by slugs. While lobe-to-lobe variation on
the same thallus can be considerable, this lobe exhibited no significant deviations from
the average.
Base Point for Measuring
common technique in older studies was to
Lobes.-A
measure thallus diameter and arrive at a value for radial growth by dividing by two.
Hakulinen (1966), however, among others, has clearly shown the need for measuring
individual lobes, since in reality the growth of any one lobe may or may not be typical
In any event a diameter
of the thallus as a whole. Each lobe is basically autonomous.
measurement can only give an average, and we want to deal with the absolute growth of
a single lobe.
Even when a lichenologist measures a single lobe, the point or marker from which
are taken has not always been identified.
the measurements
There are two possible
choices. One is to select a base point on the substratum, either marking it with indelible
ink or a nail or using a crystal or other recognizable feature in the substratum, and to
measure growth from the lobe tip to that point (Fig. 2A). In this method, probably
the most frequently used, the lobe may grow so much during the study period as to
cover the base point and necessitate selection of a new one farther out.
A second method is to measure from a point on the thallus surface to the lobe tip
(Fig. 2B). Marking the thallus, for example with ink, would be exceedingly difficult
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FIGURE3. Location of white algae-free spots on the thallus used for reference markers
(V for vertical and H for horizontal measurements). Enlarged 20 x.
at this magnification and might injure the lobe. Alternatively in P. caperata one may
use the irregular algae-free white spots that are characteristically present near the lobe
tips (see Fig. 4A-F). These spots remain intact and recognizable for more than one
year and provide excellent base points. Those selected for this study are shown in
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TABLE 1. Measurementsin millimeters of growth in the various time periods taken from
various points on the lobe. H refers to horizontalmeasurementsand V to vertical measurements

as indicated in Figure 3.

Rock
Period
ending
21
27
8
22
2
22
6
25
13
22
24
25
16

Mar
Apr
May
May
Jun
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Feb

Total

H1-H,
0.10
0.10
0.10
0.10
0.30
0.50
0.10
0.30
0.20
0.10
0.10
0.10
0.10

V2--tip
H.-H4
0.20
0.10
0.10
0.20
0.40
0.80
0.10
0.60
0.20
0.10
0.10
0.20
0.20

V2-V

0.05
0.05
0.05
0.15
0.20
0.45
0.05
0.65
0.30
0.30
0.30
0.10
0.60

0.05
0.05
0.05
0.05
0.10
0.30
0.00
0.15
0.05
0.05
0.00
0.05
0.0'5

2.20

3.30

3.25

0.95

V4-V5

V5-tip

point to
lobe tip

0.00
0.05
0.05
0.05
0.15
0.15
0.00
0.15
0.00
0.00
0.00
0.05
0.05

0.00
0.00
0.00
0.00
0.10
0.10
0.00
0.00
0.05
0.00
0.00
0.00
0.00

0.10
0.15
0.15
0.25
0.55
1.00
0.05
0.95
0.40
0.35
0.30
0.20
0.70

0.15
0.40
0.10
0.50
0.50
1.10
0.20
1.00
0.30
0.10
0.10
0.20
0.60

0.70

0.25

5.15

5.25

V3-V3

Figure 3. Some lichens (e.g., P. conspersa) do not have white spots in the cortex;
in this case the older lobe sinuses might be useful as reference points.
The above two methods of measuring growth are compared in Table 1 from data
on the same lobe. Unaccountably large differences were found, although total annual
growth values are virtually identical (and would be identical in this table if the very
small amount of growth from V5 to the thallus center were added in). The differences
may be caused by shifts in the overall thallus position, perhaps even from the effect
of an animal or person stepping on the colony. Even though P. caperata is more or
less firmly attached to the rock with rhizines, the lobes do move laterally as seen in
successive photographs. The thallus margin in a time-lapse photographic series would
seem to be oscillating and shifting as apical growth occurs.
It would appear, then, that growth measurements using a base point on the thallus
surface, at least several millimeters from the edge of the lobe tip, are more accurate
than a base point taken on the substratum. This would be especially true when one
is studying month-to-month variation. For total annual growth either method would
be satisfactory.
a simplified model the lobes
Horizontal and Vertical Growth Components.-In
would be expected to grow in two directions, either horizontally (at right angles to
the long axis of a lobe), thereby making the lobes broader, or vertically (parallel with
the lobe axis), increasing the thallus radius. Horizontal growth was measured in
two segments, H1-H2 and H3-H4, as indicated in Figure 3 and Table 1. Total growth
in this dimension is little more than half that of vertical during the year. Furthermore,
once a lobe width of between 2.0 and 2.6 mm is reached (measured at the base of
adjacent sinuses), growth slows and falls behind the vertical rate, finally coming to a
stop when a fixed characteristic lobe width is reached.
Vertical growth was measured from V5, which was 1.6 mm back from the margin
(on 25 February 1968), to the lobe tip. This gave the total annual radial increase
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FIGURE 4. Photographs (enlarged 20x ) of the lobe taken at various times during the
year. - A. 25 February 1968. - B. 22 May 1968. - C. 6 July 1968. - D. 25 August 1968.
- E. 24 November 1968. - F. 16 February 1969. Scale in millimeters.

(minus the estimated 0.10-0.15 mm of growth that took place between V5 and the
center of the thallus). The line V5 to tip was marked off into four segments, which
were measured separately in order to show the amount of intercalary growth. The
actual measurements summarized in Table 1 show conclusively that the active area
of growth is at the very lobe tip and that in fact the outermost 1 mm of the lobe tip
(V3 to tip as of 25 February 1968) contributes about 80% of the lobe increment during
the year. Vertical growth is unlimited, at least until senescence is reached (estimated
in this region to be about 15-20 years).
of lobes and the branching
Lobe Formation and
Branching.-Overall development
patterns are irregular and complex. Any mature lobe tip, such as the one at the
beginning of this study, can produce several bulges, each of which seems capable of
developing into a new lobe in about one year. A series of photographs illustrates this
pattern (Fig. 4). Not all the bulges, however, become mature lobes. Most lateral
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FIGURES 5-6. - 5. Actual growth (elongation) in millimeters of the crack shown in Figure
3 in comparison with vertical growth (solid line), using the midpoint of the crack to the lobe
tip as the base line. - 6. Average daily growth rate of the lobe tip (V5 to tip measurement)
to H2).
(upper curve) and the lobe width
(HI
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FIGURE7. Schematic drawing of a single marginal bulge to show relative growth rates
of horizontal and vertical components. - A. Early growth stage in late spring. - B. Same
bulge 2-3 months later.
bulges, even at fairly advanced stages of growth, atrophy, leaving two or three more
distal lobes to continue to maturity. This pattern ultimately results in more or less
dichotomous branching.
At the beginning of a new growing season it appears that the largest component of
growth is horizontal; that is, the bulges broaden rapidly and then there is more rapid
vertical growth. This is shown in Figure 5 where the length of an identifiable crack
(see Fig. 3) is compared with lobe elongation from a point on the crack to the tip.
This is also shown schematically in Figure 7.
Manifestations of Growth and Seasonality.-The first sign of growth in late spring
is the enlargement of the white algae-free patches near the lobe tips (cf. Fig. 4A and B).
This effect is also enhanced by a general darkening of the thallus in contrast to the
duller color in winter. The fungus appears to be growing so rapidly that the algal
colonies are split apart irregularly. These spots are then carried along in the thallus
matrix, and as already shown provide useful base points or reference markers for the
growth measurements. The algae slowly fill in these gaps as the lobe matures and after
about 12 months it is difficult to distinguish them (cf. Fig. 4E and F). There is some
indication that these algae-free areas become the site of the minute wrinkles so characteristic of P. caperata toward the thallus center and may even be the point of
origin for the pustular soredia after 18 months (Fig. 8).
While this study was not aimed specifically at determining seasonality in growth,
data from this single lobe vividly show a high peak in early summer and continuous
growth throughout the year. This is best illustrated by graphing average daily rates
rather than the cumulative total for each period (Fig. 6). Other quadrats that have
been studied show a second high peak in the period October-November in some
years but all are consistently low from December to March and in the usually dry
and hot summer of late July and August. There is no measurable growth at all only
when the thallus is covered with snow but this happens for only a few days or weeks
during the winter.
The lobe grew most rapidly in a one-month period between 23 May and 22 June,
a time of heavy rain (a total of 7.78" or 197.6 mm) and moderate to cool temperature
(averaging 450F (7.30C) at night and 800F (26.60C) in the daytime). The daily
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FIGURE 8. Positions of three original algae-free white spots in relation to formation of
pustular soredia. Photograph taken 29 October 1969. Enlarged about 20x.
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growth rate in this period was 0.05 mm, a rate that if sustained for a year would have
produced a lobe 18.25 mm long! No foliose lichen to my knowledge-excepting
soil lichen-is
known to grow anywhere near that
Peltigera canina, a moisture-loving
much in a year. The interesting problem raised is whether we can detect here a
biological limitation on the growth of Parmelia caperata which is tied in with the
maintenance of a symbiotic state. In other words, this lichen may be growing less than
its potential, we might even say "underachieving,"
balance
because the physiological
between alga and fungus would break down under conditions of continued rapid
growth. We know that P. caperata has a distinct southern limit in the United States
which is unrelated to any physiographic
features. This limit falls roughly along the
border between the piedmont to the north and the coastal plain to the south, ranging
from eastern North Carolina, south central Georgia, Alabama, and Mississippi, southern
Louisiana, and eastern Texas. This line also coincides with the northern range limit
of Spanish moss (Tillandsia usneoides) and has been correlated with the 650F (18.30C)
average annual isotherm and the 0.425 inches (10.80 mm) mercury vapor pressure
line (Garth, 1964). This observation opens the way for controlled experimental studies
of the growth of P. caperata under moisture and temperature conditions falling on
either side of these values.
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