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PEROXIDASE VARIATION IN MARCHANTIA POLYMORPHA:
A PRELIMINARY REPORT

M. KRZAKOWA and H. BISCHLER¥*

Department of Genetics, A. Mickiewicz University, Poznah,
Poland

*Laboratoire de Cryptogamie, Muséum National d’Histoire
Naturelle, Paris, France

Peroxidase variation was detected in four populations of

Marchantia polymorpha subjected to horizontal starch gel elec-

trophoresis. Differences were found both within and between

samples from Europe and Japan.

Marchantia polymorpha L. has attracted the attention of in-

vestigators since the time of Linnaeus, who recognized infor-
mally a number of "Cryptophorms". These have been studied sub-
sequently by Nees and others interested in morphology,
citology and genetics (Bischler 1984, 1986). In recent years
this ubiquitous plant also has been used as a model organism
for investigating gamma radiation (Sarosiek & Wozakowska-
Natkaniec 1967, 1968) and chemical pollution (Briggs 1972,
Sarosiek et al. 1972). Its flavonoids (Markham & Porter 1974,
Campbell et al. 1979) and terpenoids (Asakawa et al. 1979,
1984) have been investigated, and M. polymorpha is the only
liverwort from which chloroplast DNA has been isolated (Ohyama
et al. 1982) for the purpose of physical mapping (Ohyama et
al. 1983).

Enzymatic studies on M. polymorpha began almost 20 years
ago (Maravolo et al. 1967) but have not aroused wide interest
until now. The purpose of this study is to demonstrate that
electrophoretically detectable genetic variation occurs in
M. polymorpha and to suggest studies that might make use of

such genetic markers.
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MATERIALS AND METHODS

Horizontal starch gel electrophoresis was done on four

populations of M. polymorpha from widely separated regions:
Japan, France, Czechoslovakia, and Poland. M. polymorpha is
dioecious, female (a) and male (b) thalli were analyzed se-

parately.
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Fig. 1. Band patterns of Marchantia polymorpha peroxidases.

Code: l=sample from Japan, 2= sample from Czechoslovakia, and
3 = sample from France; a = female thallus, b = male thallus.
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RESULTS AND DISCUSSION

The sample from France (No. 3) showed an isozyme pattern
identical to that of the Polish sample (Fig. 1l). Therefore,
the latter was omitted from the figure. Differences in pheno-
types of the two sexes were not sufficiently reproducible to
reflect real differences between the sexes and, probably,
result from extensive polymorphism in the species. This should
be corroborated by studies of plant material from additional
regions. The sample from Czechoslovakia (No. 2) is distinctive,
especially in the cathodal part of the zymogram.

From this preliminary study, the peroxidasesof M. poly-
morpha seem very promising and worthy of further investiga-
tions.
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GROWTH FORM VARIATION WITHIN AND BETWEEN POPULATIONS
OF CLIMACIUM AMERICANUM BRID

J. SHAW

Department of Botany, Duke University, Durham,
North Carolina, USA

In the southeastern United States Climacium americanum is

known to exhibit a tremendous range of variation in growth
form. This study also discovered significant differences be-
tween population in eleven microscopic characters. Leaf shape
and leaf cell shape were highly correlated in field-collected
material, but were only weakly correlated in plants grown in
the greenhouse. Leaf cell shapes were correlated with growth
forms. Desiccation tolerance differed between populations and
was highly indicuble. Morphological and physiological evidence
therefore suggeststhat extensive differentiation exists among
populations of C. americanum.

The Climaciaceae are a small family consisting of a single
genus, Climacium, and about three species (fide Index Muscorum) .
Climacium is characterized by a dendroid habit with a stout
subterranean rhizome (the main stem) and erect branches reach-
ing six or more centimeters high. Crum & Anderson (1981) and
Horton & Vitt (1976) recognized two species of Climacium in

North America. Climacium dendroides {(Hedw.) Web. & Mohr has a

circumpolar distribution but is replaced in eastern North
America by the endemic C. americanum Brid.

Climacium americanum is common in forested habitats of

the southeastern United States, occurring along streams and in

river floodplains. Populations of C. americanum are extremely
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variable in growth form with most of the variation occurring
between, rather than within, clumps. Some populations consist
of strongly dendroid plants (Fig. 1), whereas others consist
only of more irregularly branched stems (Fig. 15). A wide range
of intermediate growth forms occur (Figs 1-15).

Renauld & Cardot (1890) described C. americanum var. kind-

bergii, which differed in its shorter, more distant leaves and
shorter cells only 1-2 times as long as broad. Grout (1901)
made the combination C. kindbergii (Ren. & Card.) Grout, re-
marking that the species is "distinguished at a glance by its
color and habit of growth;..." Crum & Anderson (1981) and
Horton & Vitt (1976) interpreted the var. kindbergii as a
modification of the var. americanum, induced by submersion in

a perennially wet habitat.

MATERIALS AND METHODS

Sixteen clumps of C. americanum were collected in North
Carolina, U.S.A. Populations 1-5, 11-14 and 16 originated in
Durham Co.; 7-10 were collected in Orange Co.; 15 was collected
in Brunswick Co. Vouchers of all populations are deposited in
DUKE. One clump subsequently died so analyses are based on
fifteen clumps. When single gametophores with a portion of
rhizome were separated for growth in individual pots, few
survived. Consequently, the original clumps were grown intact
with no replication. This presents some problems for statis-
tical analyses of variation, since the within-clump component
of morphological variation is probably underestimated relative
to between-clump variation. Within-clump variation was estimat-
ed by taking measurements on three leaves from each of three
gametophores per clump. In subsequent statistical analyses,
each of the three gametophores measured per clump was consider-
ed a replicate. Measurements were made in October, 1984,
utilizing field-grown gametophores, and in May, 1985, utilizing
gametophores that had grown in the greenhouse for at least six
months. Measurements on field-grown and greenhouse-grown

gametophores are designated by CAB 1-15 (C. americanum Before
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CAB 1 CAA 1
CAB 2 CAA 2

Figs 1-8. Comparisons of growth forms of Climacium americanum

developed by plants grown under field (CAB) and greenhouse
(CAA) conditions.
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Figs 9-15. Comparisons of growth forms of Climacium americanum

developed by plants grown under field (CAB) and greenhouse
(CAA) conditions.

558



1-15) and CAA 1-15 (C. americanum After 1-15), respectively.

The following morphological characters were measured:
length and width of branch leaves, length and width of branch
leaf upper median cells, length of the largest marginal serra-
tion, and length and width of stem leaf cells. From these, the
following ratios were computed: length/width of branch leaves,
length/width of branch and stem leaf cells, and the ratio of
length/width of stem leaf cells to the same ratio for branch
leaf cells. The latter measures the degree of differentiation
between cells of branch and stem leaves.

Desiccation tolerance was estimated by measuring electro-
lyte leakage by plants following desiccation treatment . This
method was used to assess cellular damage in soybeans by Mar-
tineau et al. (1979). Field-collected clumps were split in
half and one half was grown submerged in a plastic tub, while
the other was grown moist but not submerged in the greenhouse.
Five potted clumps fit in a single tub, and the positions of
individual pots were shifted weekly when the tub was drained
and cleaned. The positions of all non-submerged clumps were
also shifted at weekly intervals. CAl, 7, 9, 12, and 16 were

included in the desiccation experiment. For measurements of
ion leakage, six branch fragments were taken from each of the
five submerged and five non-submerged clumps. They were
washed first under running tap water and then three times in
distilled water to remove exogenous electrolytes. The branches
were allowed to air dry for three days before being submerged
in deionized water for six hours. The branches were then re-
moved and conductivity of the water was measured. Branch por-
tions were oven-dried and conductivity was computed on a pef

mg of plant basis.

RESULTS

Greenhouse growth response

There was a consistent difference in mode of growth among
the greenhouse populations, Clumps that consisted of strongly
dendroid gametophores under field conditions produced new
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shoots by growth of the subterranean rhizome (Figs 1-2, 6).
The unbranched rhizome turned upward at apparently irregular
intervals to produce the dendroid gametophores, and elongation
of the rhizome occurred via lateral innovations just below
ground level.

Clumps that were irregularly branched under field condi-
tions (CAB 3-5, 8-15) produced few new gametophores by above-
ground extension of previously buried rhizomes. The predominant
mode of regeneration was by renewed apical growth (e.g., Figs
135 15)

The three clumps (CA 1, 2, 7) that were markedly dendroid
in the field produced only new dendroid growth (Figs 1, 2, 6).
Under field conditions CA 3-5 consisted of a horizontal
rhizome with short side branches and had the appearance of a
typical pleurocarpous, mat-forming moss. After eight months
of growth in the greenhouse, one of these populations (CA 3)
produced erect, irregularly branched gametophores (Fig. 3).
However, two other populations, both collected from the same
locality (CA 4, 5) continued to produce only short, erect
side branches in the greenhouse (Figs 4, 5).

Clumps that consisted of irregularly branched gameto-
phores under field conditions generally produced growth that
was more dendroid in the greenhouse (e.g., Figs 9-12, 15).
This was especially dramatic in CA 16 (Fig. 15), where the
field-grown plants were usually elongate. Other populations
that conformed to the "kindbergii" growth form under field
conditions produced new growth that was dendroid to a greater
or lesser degree, but none approached the regular pattern of

branching found in some forms in nature (Figs 1, 2, 6).

Within- versus between-population variation

The results of a two-way analysis of variance for the
eleven microscopic characters showed that there are highly
significant population effects for every character. In addi-
tion, there are significant treatment effects (field- versus
greenhouse-grown) for all but three characters. There is a

significant treatment x population interaction for every
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character. As discussed above, the ANOVA results should be in-
terpreted with caution, since within-population variation was

probably underestimated.

Character correlations

There is a significant correlation between the shape of the
leaves and the cells comprising those leaves, and between the
shape of cells in the stem leaves and branch leaves (Table 1).
Plants tend to have long, narrow dimensions to both leaves and
cells, or short, broad dimensions to both.

Character correlations of plants grown in the greenhouse
are similar to those of field-collected plants with a few ex-
ceptions. Unlike the field-collected plants, there is no cor-
relation between branch leaf shape and branch leaf cell length
in plants grown under greenhouse conditions. There is also no
correlation between the width of branch and stem leaf cells in
greenhouse-grown plants. On the other hand, several new corre-
lations are evident among plants cultivated under uniform con-
ditions. The size of the leaf serrations is positively corre-
lated with both stem cell shape (p<0.05) and branch leaf
shape (P<0.05) in the greenhouse-grown plants.

Components of morphological variation such as the position,
number, and length of lateral branches, which contribute to
the growth form of each population, were not quantified. How-
ever, the correlations between microscopic characters and growth
form were visualized using principal component analysis. Each
population was plotted on a scatter diagram of the first two
principal components based on microscopic characters. If po-
pulations grouped together because of similar microscopic
features also share a similar growth form, this correlation
should become evident.

For field-grown plants (CAB 1-15), stem and branch leaf
cell shape and stem cell width had high loadings on the first
principal component. It is evident that the first principal
component groups together the three strongly dendroid popula-
tions and separates them from the remaining "kindbergii" po-

pulations (Fig. 16). Variation along the second principal
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Table 1. Correlation coefficients for morphological characters of Climacium americanum

based on field-grown plants.

(1) (2) (3) (4) (5 (6) (7) (8) 9) (10) ¢11)
BLL BLW BCL BCW SER SCL SCN LFSH BCSH SCSH CDIF

Branch

leaf

width (2) 0.42

Branch leaf

cell length (3) 0.26 -0.41

Branch leaf

cell width (4) 0.28 0.24 -0.26

Serrations (5) 019 0.02 0.45 -0.21

Stem leaf

cell length (6) 0.14 -0.35 0.53% -0.24 0.36

Stem leaf

cell width (7) 0.36 0.37 -0.19 0.74*%  -0.19 -0.56%*

Branch leaf shape

(leaf length/width)

(8) 0.49 -0.56%* 0.73*% -0.03 0.20 0.47 ~0.02

Branch leaf cell

shape (9) 0.07 -0.39 0,83%*% =0.74%*% 0.41 0.53% -0.55% 0.:52

Stem leaf cell

shape (10) -0.03 -0.37 0.42 -0.51* 0:31 0.94%*% -0, 79%** 0.33 0.62%

Cell

differentiation

(11) 0.15 031 0.06 -0.03 0.00 -0,75%%* 0.54%* -0.09 0.03 =0,73%*

* = < 0,05; % = < 0,01; *** = < 0,001



Fisid

pec 2 Greenhouse

Figs 16-17. Principal component analysis of eleven microscopic
morphological characters. The positions of populations in rela-

tion to the first two principal components are marked by one
representative gametophore from each population. Integers next
to each gametophore are the population numbers. Fig. 16 is
based on field-grown plants, Fig. 17 on greenhouse grown plants.

563



component does not correlate with plant growth form (Fig. 16).
When the data from greenhouse-grown populations were
analyzed, the same characters (cell dimensions) had high load-
ings on the first principal component. The three dendroid
populations are positioned at high values for this component
but are not so clearly separated from the remaining populations
(Fig. 17). CAA 10, which was positioned much farther to the
left in Fig. 16, is positioned closer to CAA 1, 2, and 7 on
the basis of greenhouse-grown plants (Fig. 17). This shift in
microscopic characters is also reflected in the more dendroid
growth of regenerated CAA 10 (Fig. 9). Several other popula-
tions that took on a more dendroid appearance under greenhouse
conditions are intermediate between the "americanum" and
"kindbergii" types along the first principal component based

on greenhouse-grown plants (Fig. 17).

Desiccation tolerance

There were clear differences in ion leakage between plants
grown submerged versus those grown in moist, but not submerged
greenhouse environment. The results of the two-way ANOVA showed
that there was a highly significant treatment effect; in fact,
most of the variance was contained in that component (Table 2).
There was also a significant population effect and a population
X treatment interaction. Although the degree of tolerance to
desiccation is primarily a result of the previous environment
of any particular population, there is also some evidence of
genetic differentiation among populations with regard to to-
lerance. There was no correlation between growth form and in-
nate tolerance; i.e., freely branched forms were not less

tolerant of drying than the dendroid forms.

DISCUSSION

The correlation between leaf and cell shape versus growth
form is readily evident for field-grown plants as shown in
Fig. 16. In addition, there is a clear discontinuity between

plants referrable to the vars. americanum and kindbergii.
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Table 2. ANOVA table for desiccation tolerance. Main effects

are populations (CA 1, 7, 9, 12, 16) and treatments (grown

submerged versus terrestrial).

Source d.f. SS MS F P
Treatment 1 763.05 763.05 179.10 0.0001
Population 4 153.81 38.45 9.03 0.0001
Treat. x Pop. 4 101.89 25.47 5.98 0.0005
Error 50 213.02 4,26
Total 59 1231.78 20.88

However, when plants are grown in a greenhouse, the disconti-
nuity between varieties, in microscopic as well as macroscopic
features, is less clear. Nevertheless, even under greenhouse
conditions, none of the populations that were irregularly
branched in the field became as strongly dendroid as those
populations that were originally dendroid. In addition, irre-
gularly branched plants resumed growth in the greenhouse by
apical growth of branches whereas dendroid plants grew only
via the rhizomatous main stem. One of the three populations
(CA 3) that was mat-forming in the field grew larger and highly
branched under greenhouse conditions, whereas the other two
maintained their prostrate growth form. Although CAB 3 may be
an immature expression maintained by frequent disturbance,‘the
other two showed no sign of any change in growth form in the
greenhouse.

The picture that emerges from this study is one of exten-
sive differentiation among populations as a resultof both en-
vironmental and genetic components. Because of the limitations
inherent in the design of these cultivation experiments it is
not possible to distinguish environmental versus genetic com-
ponents of variation. However, the variation among populations
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for all of the eleven microscopic characters is so great that
the results are highly suggestive of genetic differences be-
tween populations.

Desiccation tolerance has been investigated in bryophytes
rather extensively (e.g., Hosokawa & Kubota 1957, Lee & Stewart
1971, Bewley 1972, 1979, Dilks & Proctor 1976, Alpert 1982).
There have apparently been no previous experiments designed to
distinguish inducible versus innate components of variation in
desiccation tolerance in a bryophyte. The present results
clearly demonstrate the inducible nature of desiccation toler-
ance in C. americanum and show that this component of varia-
tion far outweight innate differences in tolerance among po-
pulations. Although some among-population variation was found,
there was no clear correlation between the degree or tolerance
and growth form, other morphological characters, or habitat.
It is, in fact, noteworthy that none of the population diffe-
rentiation demonstrated by this study can be termed ecotypic

in the original sense defined by Turesson (1922).
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TEMPERATURE OPTIMA OF FONTINALIS NOVAE-ANGLIAE:
IMPLICATIONS FOR ITS DISTRIBUTION

J.M. GLIME

Department of Biological Sciences,
Michigan Technological University, Houghton,
Michigan, USA

The effects of temperature on growth of the moss Fontinalis

novae-angliae were determined by laboratory experiments and the

annual growth predicted by a computer model. Mosses were grown
at laboratory temperatures of 1, 5, 10, 15, and 20 %e. Popula-
tions collected in the eastern United States grew significantly
faster than populations from the midwestern United States.

Lake and stream populations differed little, even in their
reponse to flowing versus standing water. A simulation model

incorporating these data suggests that F. novae-angliae should

be able to spread to a wider geographic area.

INTRODUCTION

In many acidic, rocky, mountain streams in North America,
the dominant vegetation is Fontinalis (Glime 1968). Such
streams are characterized by low light, low temperatures, low
nutrients, and moderate to rapid flow rates. The nearly complete
dominance of Fontinalis in these habitats provides a favorable
situation in which to evaluate the factors affecting the dis-
tribution of Fontinalis, because the effects of competition
are minimized.

This study examines the laboratory effects of temperature

and flow rates on growth of Fontinalis novae-angliae Sull.

from streams in two geographic areas, eastern and midwestern
North America, and from one midwestern lake in northern

Michigan. These effects form the basis of a predictive
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model in which temperature simulations are used to predict

the success of the species in different geographic regions.

METHODS

Five populations of F. novae-angliae were sampled: 1, 2)

Michigan, Keweenaw Co., Isle Royale National Park, Wallace
creek, 48°2' N, 88°41' w, T65N, R35W, sec 1, elev. 190 m, 22
September 1979 (Toczydlowski 922W4, 922W9); 3) Michigan, Ke-
weenaw Co., Isle Royale National Park, Lake Richie, 4892 N,
88041' W, T65N, R35W, sec 1, elev. 190 m, 22 September 1979
(Toczydlowski 922R); 4) New Hampshire, Grafton Co., Fox Pond
inlet, near Plymouth, 42°40" N, 71°40" W, 20 October 1979
(Oakland 1020v); 5) New York, Cattaraugus Co., Red House
Township, Allegheny State Park, France Brook, 42°30" N, 78045'
W, elev. 6lo m, 22 September 1979 (Glime 922AL). Voucher spe-
cimens are deposited in MCTC.

Mosses were washed and branch tips were cut to lengths
of 2-3 cm. Five moss tips from each population were placed on
a VelcroTM strip, and eight strips of each species were placed
in each experimental condition.

Five temperatures (1, 5, 10, 15, and 20 oC) and two flow
conditions at each temperature ("flow", "pool")
were provided by five Living StreamsTM (Frigid Units,; Inc.).
Because all populations growing at 20 °c had become etiolated
and chlorotic after week 4, the 20 Oc stream was changed to
13 °C during week 5.

The streams were modified to provide ripples of water by
using channels made of corrugated fiberglass. VelcroTM strips
were suspended into the channels with fishing line, providing
free movement to simulate "flow" conditions. "Pool" conditions
T™ by

separating that end with a wide mesh nylon screen. This per-

were created at the end of the basin of the Living Stream

mitted the exchange of water without a visible current, ensur-
ing similar water quality and light for both conditions.

All water used in the streams came from Cole's Creek, Houghton
Co., Michigan (pH ca. 6.5), which was selected because it had
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provided a successful culture medium for this species in
prior studies (Glime 1982).

Light was provided from above on a 12:12 hr light:dark
cycle by 40 watt DuratestTM full spectrum fluorescent tubes,
with the number of bulbs adjusted to deliver an intensity of
ca. 1000 lux the level of the mosses.

Mosses were measured at the end of weeks O, 1, 2, 3, 5, 7,
9, 12, and 15. Growth was assessed in terms of incremental in-

creases in length measured to the nearest mm.
RESULTS

Growth of Fontinalis novae-angliae from the two geographic

areas differed markedly (Fig. 1). The eastern (New York, New
Hampshire) populations achieved a growth rate that was nearly
three times that of the midwestern (Isle Royale, Michigan) po-
pulations, suggesting that the populations in the east and on
Isle Royale might represent two physiological races. On the
other hand, growth of the lake population from Isle Royale
differed little from the two stream populations (Fig. 1), sug-
gesting that they were the same physiological race.

Only the New Hampshire population showed significantly
more growth (Duncan's New Multiple Range test, p<0.05) at
its optimum test temperature (10O Oc) than at either adjacent
temperature. Nevertheless, the New York population also grew
best at 10 °C, whereas the Isle Royale populations grew best
at 15 %. a1l populations showed a sharp drop in growth at
o R

Both eastern populations had significantly more growth in
flowing water than in pool conditions at 10, 15, and 20 oC,
whereas the Isle Royale populations did not differ signifi-
cantly between the two flow conditions (Fig. 1), except one
Wallace Creek population (W9) at 10 and 20 °C (Fig. 1).

DISCUSSION

Fontinalis species have a relatively low temperature opti-

mum, as low as 5 OCc in some species (Glime, unpublished).
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Furness & Grime (1982) found the optima of most of the 40
species of bryophytes they tested to be between 15 and 25 oC,

whereas 15 °C is the highest optimum for F. novae-angliae in

this study. The only bryophyte that Furness and Grime found to
exhibit a sharp drop in growth at 20 Oc was the streamside

collection of the liverwort Chiloscyphus polyanthos.

Temperature optima are dependent upon acclimation of the
mosses. Fornwall and Glime (1982) demonstrated a shift to a
higher optimum temperature for short-term phytosynthetic ac-
tivity of Fontinalis duriaei from winter to summer, but the

measurement interval was two months. Oechel (1976) measured
field temperatures on the five days prior to measurement of
photosynthesis in arctic mosses. Based on these temperature
data, he concluded that temperature could not explain the ob-
served shifts in photosynthetic temperature optima. Oechel's
data suggest that a longer time period than five days is
required for the shift. The populations analyzed in this
study were completing summer and should therefore be expected
to exhibit their maximum acclimation to high temperatures.
This shift to increased productivity at higher temperatures,
however, may apply only to short-term photosynthetic activity
and not to growth over longer periods of time. Glime (1982)
demonstrated that Fontinalis duriaei 1lost vigor after

extended periods Or warm temperatures and that populations
collected in June grew well at 15-20 oC, whereas populations
collected in September ceased growth after 2-3 weeks at 20 oC,
as did F. novae-angliae in this study.

Based on the above data and those from five other Fontina-
lis species (Glime, in prep.), a mathematical model was de-
veloped to predict the growth of Fontinalis novae-angliae

under differing temperature regimes. The temperature model
simulated temperatures that might occur in a warmer or a cooler
climate, and the growth of F. novae-angliae was modelled using
equations for straight lines fitted to the observed growth

rate versus temperature curves. The eastern populations and

midwestern populations were modelled separately.
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Dilks & Proctor (1975) and Longton (1981) found no cor-
relation between temperature optima and geographic distribu-
tion in mosses. Furness & Grime (1982) found that two moss
species collected above 300 elevation had the lowest tempera-
ture optima of the species they studied, but they also found
no convincing evidence of an overall relationship between tem-
perature and distribution of bryophytes. They felt that this
lack of correlation could be expected because: 1) The micro-
climate can be very different from the gross climatic char-
acteristics of a region, 2) Success in the field may depend on

factors not related to optimum temperature, such as ability to
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Fig. 2. Model simulation comparing the expected growth in mm

of the eastern and midwestern populations of Fontinalis novae-

angliae at 6.7 OC mean annual temperature in flowing water
and pool conditions. Weekly temperatures are based on tempe-
ratures measured in the New Hampshire stream where one popula-
tion was collected.
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grow rapidly at low temperatures (thus conferring a competitive
advantage), and 3) Relationships between temperature and growth
are dependent upon degree of hydration.

Based on these problems, I felt that an aquatic moss such

as Fontinalis novae-angliae should provide a better test of the

relationships between temperature and distribution because: 1)
Water has less temperature variation, and temperature simula-
tions are therefore more likely to be realistic over a broad
geographic range, 2) Few higher plants grow in the streams
where Fontinalis occurs, so competition is minimal (Slack &
Glime 1985), and 3) Submersed mosses do not have the complicat-
ing variable of hydration.

In simulations using water temperatures from Fox Pond in-
let (annual mean = 6.7 OC), the model predicted that eastern

populations should outperform midwestern populations (Fig. 2).
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Fig. 3. Model simulation comparing the expected growth in mm
of the eastern and midwestern populations of Fontinalis novae-

angliae at 7.6 °C mean annual temperature (0.9 ©c above mean)
in flowing water and pool conditions. Weekly temperatures are
based on temperatures measured in the New Hampshire stream

where one population was collected.
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When the annual mean was raised to 7.6 oC, the model predicted
that both the eastern and the midwestern populations in flow-
ing water and the eastern pool population should die due to
prolonged heat (Fig. 3). The midwestern pool populations, on
the other hand, should die only at an annual mean somewhere
between 7.6 and 8.3 °C.

Fontinalis novae—-angliae occurs in eastern North America

from Florida to Newfoundland. The simulations would suggest
that it has sufficient plasticity to expand its distribution,
especially in the north. Expansion into the hot tropics is
quite unlikely. The midwestern population seems to be stable
in lake (pool) conditions, as well as in flowing water, and
its occurrence in cold northern 1lakes is likely.
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GENETIC EVIDENCE FOR REPRODUCTIVE ISOLATION BETWEEN
TWO EUROPEAN “FORMS” OF CONOCEPHALUM CONICUM

I.J. ODRZYKOSKI

Depargment of Genetics, A. Mickiewicz University,
Poznan, Poland

Two genetically distinct kinds of Conocephalum conicum

occur in Europe: the "S-form" and the "L-form". Three enzyme
loci (GOT-1, GOT-2, GDH), which are fixed for alleles of dif-
ferent electrophoretic mobility in the two forms, were used as
genetic markers in an intensive study of one population from
northern Poland. Of 101 colonies that were sampled, only 12
contained both "S-" and "L-forms". None of the III sporophytes
sampled from such colonies displayed heterozygosity, as would
be expected from cross-fertilization between the two forms.

It appears, therefore, that there is complete reproductive

isolation between the "S-" and "L-forms" in natural populations.

Recently, many sources of evidence have demonstrated that

the common holarctic liverwort Conocephalum conicum (L.) Dum.

is genetically differentiated. Markham et al. (1976) and Por-
ter (1981) discovered that C. conicum actually consists of
several flavonoid races, with chemical differences between
them as great as usually found between species. Suire & Asa-
kawa (1982) also found significant differences in terpenoid
composition between Japanese and French populations. Never-
theless, this variation is usually considered geographic va-
riation within one polymorphic species, because of a lack of
major morphological differences associated with these chemical

races.
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Szweykowski & Krzakowa (1979) reported the occurrence of
two forms of C. conicum in Europe, which had different electro-
phoretic phenotypes for four enzymes. Subsequently, more dif-
ferences have been found between these two types of plants,
including differences in morphology (Szwykowski & Bobowicz
1979). Initially it was unclear whether these electrophoretic
variants, termed "S-" and "L-forms", represented separate spe-
cies or were merely some species case of genetic polymorphism
within one species. Szweykowski et al. (1981) found that
both types of plants can grow sympatrically, yet they do not
produce any recombinant, as we should expect in populations of
this dioecious liverwort that ﬁrequentiy reproduces sexually.
Absence of recombinants suggests the existence of some kind
of barrier to gene flow.

To test this hypothesis, it is important to analyse sporo-
phytes produced in populations where both forms and both sexes
grow within "fertilization distance". If reproductive isolation
does exist, the hybrid (i.e., heterozygous) sporophytes should
not be formed. In this report, I present results of studies
performed in one mixed population, where electrophoretic va-
riants of three enzymes were used as markers to detect any

interbreeding between the two forms.
MATERIALS AND METHODS

The population chosen for study was located in the valley
of Kumielka Creek which flows through high moraine hills in
the northern part of Poland near Elblgg. During the last gla-
ciation, this area was covered by a glacier, so that the po-
pulation is relatively young. The hills are covered now by

dense deciduous forest, dominated by Fagus sylvatica. The

valley is deep, and habitats close to the stream are humid

and protected from direct sunshine. The density of C. conicum
colonies is rather low in comparison with populations from
the Carpathian Mountains. Colonies can be found in three types
of habitats: 1) on banks of the stream close to average

water level, 2) on more dry slopes of the second terrace, and
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3) around small springs on the slopes with water flowing
over the surface of the soil.

The microhabitats occupied by colonies are unstable and
plants, especially from habitats of the first type, are fre-
quently flooded. Colonies may become divided and fragments
may be transported down the creek, resulting in movement of
plants within the population.

Sampling method

In October of 1981 I collected small samples of gametophytic
thalli. After two weeks in the refrigerator, plants were placed
on peat in the greenhouse, where they started to regenerate.
They demonstrated typical spring behaviour, producing young
carpocephala on elongate stalks. The capsules contained fully
developed, multicellular spores. Using the standard methods

of Szweykowski et al. (1981), I determined the electrophoretic
phenotype of each plant. Of 59 plants, 41 were of the "S-form"
and 18 of the "L-form".

In April of 1982, before the capsules opened, I collected
all carpocephala with sporophytes from 101 colonies. Sampling
was done from within a circular area 15 cm in diameter (about
700 cmz). I assumed that this encompassed reasonable "fertili-
zation distance" for this species. Fertilization ranges are
probably longer for this flat liverwort, than for some
species of mosses, where they were estimated as only a few
centimeters (Wyatt 1982), but the range in C. conicum is not
larger than within one colony.

Sporophytes were stored for up to seven days in the refri-
gerator, until the genotypes of sporophytes had been deter-
mined. For determination of electrophoretic phenotypes I used
the methods described by Szweykowski et al. (1981). Only one

capsule was sampled from each carpocephalum.

Enzymatic markers

The "S-" and "L-forms" of C. conicum have different elec-
trophoretic variants for more than half the 33 enzymes studied
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by starch gel electrophoresis (Odrzykoski, in prep.). I used
three enzyme loci (GOT-1, GOT-2, GDH) as markers in my analyses
of mating patterns in C. conicum. They have several favorable
properties:

1) They are probably allelic products of homologous genes,
fixed as different variants in each form. Very rare variants
of GOT-1 and GOT-2 exist in a few populations of the "S-form",
but do not occur in the population used for this study. Gene-
tic basis of these differences were not checked directly, but
similar mobility differences in three other enzymes (EST-1,
ACO, LAP-1) segregate independently in simple Mendelian ratios
in crosses involving "L-form" plants with different phenotype
(0drzykoski, in prep.).

2) Differences in mobilities of the variants are stable in
different stages of gametophyte development such as during in-
tensive vegetative growth, during production of gametangia in
both sexes, and during the resting period in winter. Further-
more, different parts of gametophytes have the same phenotype,
as would be expected of plants with the same genotype. Plants
collected from pure colonies expressed the same phenotype in
female gametophytes, stalks, carpocephala, sporophytes, spores
inside the capsule, and multicellular young gametophytes
grown from these spores.

3) Extraction and analysis are easy and can be performed
from crude extracts, obtained by simple maceration of small
fragments of gametophytes or sporophytes. Even the small (1-2
mm) sporophytes provide sufficient material for electrophoretic
analysis.

As a source of enzymes, I used sporophytes together with
their capsules and spores. This technical simplification does
not infleuce the results, because together with the sporophyte,
we are analyzing the products of a meiotic division of
spore mother cells, which in the case of a heterozygous sporo-
phyte would be a simple mixture of spores possessing both
parental enzymes. Using this procedure we avoid the time-con-
suming and technically difficult separation of sporophytes

from capsules.
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Expected electrophoretic phenotypes for hybrid sporophytes
are presented in Fig. 1. I assumed that hybrid sporophytes
should express both parental genes (codominance). This is
similar to the situation found in most intraspecific hetero-
zygotes of in Fl interpsecific hybrids (see e.g., Tanksley &
Orton 1983). Suppression of one of the parental genomes is
rare. I assumed also that apogamy does not occur and that all
sporophytes are diploid and formed by the fusion of haploid

gametes.
GoT 1 oxD
e - e - e P
S
F ¥ L vf - . =
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GOoT2
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L — w’ 3 : . —— i e il .

Fig. 1. Sporophyte electrophoretic phenotypes from a mixed
colony of "S-" and "L-forms" of Conocephalum conicum. Each of
three enzymes (GOT-1, GOT-2, GDH) have two electrophoretic va-

riants: fast (f) and slow (s). The gametophytic genotype of the
"S-form" GOT-ls, GOT-Zf, GDHf and for the "L-form" GOT—lf,
GoT-2° and GDH®. A mixture of extracts shows a simple sum of
all variants (S+L), and the expected phenotype of heterozygous
sporophytes (exp. SL) is deduced from the behavior of homolo-
gous enzymes (Gottlieb 1981). Additional isoenzymes should be
formed as a result of the dimeric (GOT) or multimeric (GDH)

structure of the active enzyme molecule (Harris & Hopkinson
1976) .
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Table 1. Number of sporophytes found in pure and mixed colonies
of Conocephalum conicum and the mean number of carpocephala

collected per colony (= number of sporophytes studied).
Type of colony Ncol Nsp %sp mean Sees
pure "S-form" 56 451 62 T3 0.+9
pure "L-form" 33 166 23 4.9 0.8
mixed 12 3111 15 9.3 a7
total 101 728 100

RESULTS AND DISCUSSION

Of over 700 sporophytes, 62% occurred in samples from pure
colonies of the "S-form" (where only SS sporophytes were
found) and 23% occurred in pure colonies of the "L-form"

(only LL sporophytes). I also found 12 colonies in which SS

or LIL sporophytes occurred together, suggesting that both fe-
male and male plants of the "S-" and "L-form" were present
within "fertilization distance". Of 128 sporophytes, 15% cause
such mixed colonies (Table 1). Sporophytes of the "SL geno-
type", which would be expected from cross-fertilization be-
tween the "S-" and "L-forms" did not occur in any colonies
(Table 2). The lack of any hybrid sporophytes is simply ex-
plained by assuming the presence of genetic isolation that
prevents formation of heterozygotes or that leads to their
early elimination. The existence of such reproductive isolation
was proposed earlier by Szweykowski et al. (1981) as an ex-
planation for the lack of any recombinant gametophytes in
mixed populations. We have not found any recombinants in our
extensive samples of plants from nearly 300 populations in
Central and Western Europe (Odrzykoski, in prep.). The exis-
tence of reproductive isolation between the two "forms" is
therefore not only a local phenomenon, but probably occurs

throughout the range of C. conicum.Such isolation is not un-
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Table 2. Numbers of sporophytes with different electrophoretic
phenotypes found in twelve mixed colonies of Conocephalum co-

nicum.

Colony Electrophoretic

phenotype
SS SL

Number

B
=

=
NN WNHFERFESUIH 0N

~

'—J

N
FPWHENMDNNMNUORFRFHFOOHNSS

o folofefocfiofeolsRofolielioNa]

wn
—
v
(o]

Totals

expected. Odrzykoski (in prep.) has shown that the "S-" and the
"L-forms" are very different genetically as shown by the large
values for genetic distance calculated on the basis of allo-
zymic differences. These distances are as large as are usually
found between well-defined species of flowering plants (Gott-
lied 1977, Crawford 1983). The accumulation of so many allelic
differences probably required at least a few million years of
isolation.

A second hypothesis to explain the lack of recombinant
gametophytes was proposed by Szweykowski et al. (1981). They
suggested the selective recombination of all recombinants; how-
ever, the lack of heterozygous sporophytes casts doubt on the
validity of their explanation.

The discovery of complete reproductive isolation suggests
that the two "forms" are probably two independent biological
species which are morphologically similar (i.e., sibling spe-
cies). Classical morphological analysis of herbarium specimens
has overlooked the differences between these plants.Because

583



many key characters studied in the field or in herbarium
specimens seem to intergrade, it may be very difficult to find
morphological markers for the forms. Some differences, however,
can be found between plants grown in cultivation (Szweykowski

& Bobowicz 1979). Such plants are easily assigned to "S-" or
"L-forms" without recourse to electrophoretic analysis.

The existence of such hidden genetic differentiation
(sibling species) has rarely been found in bryophytes and
flowering plants (see e.g., Grant 1971, Zielinski 1985),
possibly because of technical problems connected with their
detection. This is especially difficult for thallose liver-
worts, which are organisms with relatively simple morphology
and high phenotypic plasticity. They have more commonly been
discovered within well-studied animal groups (e.g., Rosen
1978) «

The relative rarity of mixed colonies in populations of
C. conicum suggests that the "S-" and "L-forms" to occur as
unspecific colonies. Estimation of the frequency of mixed
colony formation based on counts of female plants with sporo-
phytes, haowever, may underestimate their actual frequency. From
other studies based on counts of sterile gametophytes (Odrzy-
koski, in prep.), it is known that these are more frequently
formed when frequencies of the two forms are similar and co-
lonies are very dense. In such dense populations, where stable
colonies grow for many years and intensively propagate vege-
tatively, mixed colonies form when one form overgrows previous-
ly isolated pure colonists of the other form.

The spatial distributions of pure colonies in the popula-
tion studied formed a mosaic without any noticeable clustering
(Fig. 2). Nevertheless, it is possible that this mosaic dis-
tribution follows an underlying mosaic pattern of habitat
differences. In culture the "S-" and "L-forms" exhibit dif-
ferences on tolerance to homogeneous cultivation medium
(slightly acidic peat), with "S-forms" being less tolerant but
surviving better under desiccation stress. "S-forms" also tend
to produce smaller, narrower thalli and more compact colonies,

which may protect plants from immediate desiccation. "S-forms"
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Fig. 2. Spatial distribution of pure and mixed colonies of Conocephalum conicum in the
population studied.
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have been collected only from the lowlands of Poland, which

are characterized by lower precipitation and a more continental
climate than in the mountains, where both species occur sym-
patrically. It is therefore likely that both species may show

habitat preferences.
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Horizontal starch gel electrophoresis was used to measure
variability of 14 enzyme loci from 13 natural populations of

the dioecious moss Plagiomnium ciliare. Overall levels of

genetic polymorphism were extremely high. Using a 1% frequency
criterion, 71% of the loci surveyed were polymorphic, a value
typically observed only in highly outcrossed plants such as
pines. Even using the more stringent 5% frequency criterion,
polymorphism in P. ciliare was 36%, a reasonably high value
for diploid flowering plants. Genetic distances between
populations ranged from 0.0003 to 0.2004, and intensive
sampling revealed heterogeneity even within small (5 x 5 cm)
clumps. Gene diversity was much greater for populations from
primary forests in the Appalachian Mountains (0.1l £ 0.01;
mean i standard error) than for those from secondary forests
in the Piedmont (0.04 % 0.02) of the southeastern United
States.

The traditional view of the genetic structure of bryophyte
populations is that mosses and liverworts are genetically de-
pauperate organisms that underwent adaptive radiation long ago
and now play only a modest role in nature. The view that bryo-
phytes evolve more slowly than flowering plants and that they
have remained relatively unchanged for millions of years has
been expressed by many authors (Gemmell 1950, Steere 1954,
Anderson 1963, 1980, Schuster 1966, Crum 1972). Such thinking
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is based on the fact that most bryophytes are functionally
haploid and the genotype is therefore subjected directly to
natural selection. Also significant are the widespread occur-
rence of asexual reproduction and the presumably high levels
of self-fertilization in bryophyte populations. Slow rates of
evolution are assumed because fossil bryophytes usually closely
resemble extant taxa. Some workers, noting the great wealth

of biochemical, physiological, and ecological variation in the
group have suggested that genetic variation in bryophyte po-
pulations may be greater than supposed. Among others, Khanna
(1964), Longton (1976), Giannasi (1978), Smith (1978), and
Wyatt (1982) have supported this view.

There have been surprisingly few studies of bryophytes
that have attempted a direct assessment of levels of genetic
variability in natural populations by the technique most
commonly used in similar studies of other plants and animals:
electrophoresis of proteins. Wyatt (1985) explained some of
the limitations of this approach, noting that it is somewhat
problematical to what extent the enzymes studied by electro-
phoresis are representative of the entire genome. Nevertheless,
electrophoreric analyses of bryophyte populations suggest
that levels of genetic variation are greater than expected
under the traditional view. This has been shown for all mosses
studied to date (Cummins & Wyatt 1981, Daniels 1982, Vries
et al. 1983) and for most liverworts (Krzakowa 1977, Krzakowa
& Szweykowski 1977b, 1979, Szweykowski & Krzakowa 1979,
Szweykowski et al. 1981b).

As part of a larger study of the evolution of haploid-
autodiploid species pairs in the Mniaceae, we assessed levels
of genetic variability in natural populations of the dioecious
moss Plagiomnium ciliare (C. Mill.) Kop. The gametophytes of
this species are haploid (n=6) and occur in colonies consist-

ing of plagiotropic sterile shoots and erect fertile shoots
0.5-2 cm tall. An endemic North American species, P. ciliare
occurs abundantly in mesic woods in the eastern United States
and adjacent Canada, with its center of distribution in the

Appalachian Mountains (Koponen 1971).
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MATERIALS AND METHODS

We sampled a total of 13 populations from throughout the

range of Plagiomnium ciliare in the southeastern United States

(Fig. 1). These populations were located in several different

physiographic provinces. At each site we collected 5 x 5 cm

N

Fig. 1. Locations of the 13 populations of Plagiomnium ciliare
sampled in the southeastern United States. Abbreviations for
populations (indicated by dots) are given in Table 2. Abbrevia-
tions” for physiographic provinces are: AP, Appalachian Plateaus;
VR, Valley and Ridge; BR, Blue Ridge; P, Piedmont; and CP,
Coastal Plain. Scale at lower right indicates 100 km.
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clumps from within discrete colonies, placing these samples
into small plastic pots. Usually, we collected along a stream
until we had sampled a total of 36 clumps or until we had
covered a distance of approximately 1 km. Samples were returned
to the lab, and a single shoot from each pot was selected for
electrophoresis. Thereafter, pots were maintained in a green-
house. After four months, a single shoot was again chosen from
each pot and subjected to electrophoresis. Aside from occasion-
al variation between shoots within clumps (which is reported
below), there was no evidence that electrophoretic patterns

of any enzymes changed as a result of growing conditions. In
this regard, plants from the Botanical Garden (BG) population,
which were monomorphic at nearly all loci, were most useful.
Plants from this population also were used as "standards" for
comparing enzyme mobilities.

To test for the possibility of microscale genetic varia-
tion, we sampled the 36 5 x 5 cm clumps from the Morning Star
(MS) populations intensively. We removed five erect shoots
from each clump, one from the center and one from each corner
of the square pots, and subjected these to electrophoresis.

We then tabulated the percentage of clumps within which two or
more phenotypes occurred.

Electrophoretic procedures were similar to those described
by Odrzykoski & Gottlieb (1984). Single shoots were homogenized
in 50-100 ml of extraction buffer (0.1 M Tris HC1l, pH 7.5,
containing 10mM KC1l, 10 mM MgCl2 %6 H,0, 1 mM EDTA (Na2 sale) .,
0.1% Triton X-100, and (added just before extraction) 42 mM
2-mercaptoethanol) . The extract was then filtered through a
small strip of Miracloth onto 4 x 8 mm Beckman paper wicks.

All steps of homogenization were done over crushed ice.

Saturated wicks were placed into a vertical slot (the ori-
gin) cut across a 10% starch gel, and enzymes were separated
in one of three buffer systems. Buffer M, which resolved MDH,
TPI, and PGM (for enzyme codes, see footnote in Table 1),
consisted of 40 mM citric acid, titrated to pH 6.1 with
N- (3-aminopropyl) morpholine. The gel buffer was prepared by
diluting 36 ml of electrode buffer with 964 ml of water.
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These three enzymes also can be separated using buffer H (43

mM sodium citrate ° 2 H2O, titrated to pH 7.0 with citric acid).
The gel buffer for this system consisted of 5 mM DL-histidine
HC1l titrated to pH 7.0 with NaOH. This buffer gave similar
phenotypes to buffer M, but yielded slightly better resolution
of PGM. Buffer S was used to separate GOT, ALD, EST, PGI, and
PEP. The electrode buffer for this system was 190 mM boric

acid and 40 mM LiOH - H20, pH 8.3. The gel buffer was a mixture
of 50 mM Tris, 6 mM citric acid, pH 8.3, and 10% of the electro-
de buffer. After mixing, the final pH of the gel buffer drop=-
ped to 8.2.

Electrophoresis was performed in a refrigerated chamber at
4°c. Gels were run for 4 hr in buffers M and H at a constant
amperage of 35 mA and for 5 hr in buffer S at a constant am-
perage of 45 mA. By this time in buffers M and H, the bromo-
phenol blue marker had migrated 90 mm. In buffer S, the brown
"borate front" had migrated 80 mm. After separation, enzymes
were visualized using standard colorimetric methods of stain-
ing (Shaw & Prasad 1970, Harris & Hopkinson 1976) with slight
modifications. Except for EST, which was stained in liquid
assay, all enzymes were stained for 1-3 hr using the agar-
overlay method. Staining was carried out in an incubator at a
temperature of 37-40°c.

RESULTS

Of the 14 enzymes screened electrophoretically, only 3
(GOT-1, ALD, and PGI-1) were strictly monomorphic (Table 1).
Using a 1% frequency criterion, 71% of the loci surveyed
were polymorphic. Even using the more stringent 5% frequency
criterion, polymorphism in P. ciliare was 36%. The mean num-
ber of alleles per polymorphic locus was 2.82+ 0.34 (mean %
standard error). Calculations of gene diversity (sensu Nei
1972) for these 13 populations ranged from 0.01 to 0.14,
averaging 0.08 + 0.0l. Generally, gene diversity was greater
for populations from the Appalachian Mountains (0.11] + 0.01)
than for those from the Piedmont (0.04 £ 0.02) Physiographic
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Table 1. Allele frequencies for 14 enzyme loci sampled in 13 populations of Plagiomnium
ciliare in the southeastern United States. Abbreviations for populations are given in Table 2.

Population

1
Locus Allele BG GMC WM EM BR ER cow PC ocs TC PD MS HLD
GOT-1 a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1:00 1.00 1.00 1.00 1.00
ALD a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 . 1.00 1.00 1.00 1.00 1.00 1.00
PGI=1 a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .00 1.00 1.00 1.00 1.00 1.00
EST-1 ; 1.00 0.87 1.00 1.00 1.00 1.00 0.94 1.00 1.00 1.00 1.00 1.00 0.92
0.13
c 0.08
null 0.06
MDH=- | a 1.00 1.00 1.00 0.92 1.00 0.94 0.06 0.45 0.36 0.40 0.03 97 1.00
b 0.08 0.06 0.86 0.55 0.64 0.60 0.97 0.03
c 0.08
MDH=-2 a 1.00 1.00 1.00 0.81 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.94 1.00
b 0: 19 0.06
PGM~-| a 0.93 0.31 0.07 1.00 (0] 0,75 0.32 1.00 0.80 0.81 0.42 0.29
b 0.07 0.69 0.93 1.00 0.61 0:25 0.68 0.20 0.19 0.55 0273
c 0.03
PGM-2 a 1.00 0.94 0.90 1.00 1.00 1.00 0.19 0.91 0.44 0.57 0.61 0.61 0.92
b 0.06 0.10 0.73 0.09 0.56 0.43 04T 0.35 0.08
c 0.22 0.04
d 0.08
TPV=] a 1.00 1.00 1.00 1.00 1.00 0.83 0.78 1.00 0.86 0.70 1.00 0.94 1.00
b 0.17 0.22 0.11 0.30
o 0.03 0.06
TPI-2 a 1.00 1.00 1.00 1.00 1.00 0.92 0.97 1.00 1.00 1.00 0.94 0.97 1.00
b 0.08 0.03 0.03
c 0.06
ME-1 a 1..00 1.00 1.00 1.00 1.00 1.00 1.00 0.45 0.19 1.00 0.11 0.25 0.62
b 0.55 0.81 0.89 0.175 0.38
PEP=-1 a 1.00 0.85 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.93 1.00 1.00 0.96
b 0.15 0.04
c 0.07
PEP-2 a 1.00 0.81 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.97 1.00 0.97 0.83
g b 0.19 0.03 0.03 0.17
PEP=3 : 1.00 1.00 1.00 1.00 1.00 1.00 0.97 1.00 1.00 1.00 1.00 1.00 1.00
0.03

1
Code for enzymes: GOT, glutamate oxalacetate transaminase; ALD, aldolase; PGI, phosphoglucoisomerase; EST, esterase;
MDH, malate dehydrogenase; PGM, phosphoglucomutase; TPI, triose phosphate isomerase; ME, malic enzyme; PEP, peptidase.



Table 2. Sample sizes (N), gene diversities (He), and standard
errors (se) for 14 enzyme loci surveyed in 13 populations of
Plagiomnium ciliare from the southeastern United States. The

first six populations are from the Piedmont.

Population N He + se

BG Botanical Garden, Athens, GA 72 0.01 = 0.01
GMC Goldmine Creek, Braselton, GA 32 0.10 £ 0.04
WM watson's Mill State Park, GA 29 0.02 + 0.02
EM Echol's Mill, Lexington, GA 26 0.03 £ 0.02
BR Broad River, Elberton, GA 15 0.00 + 0.00
ER Eno River, Durham, NC 36 0.07 + 0.04
COW Coweeta Hydrologic Lab, NC 36 0.13 + 0.04
PC Panther Creek, Toccoa, GA 22 0.10 £ 0.05
OCS Oconee Station Cove, SC 36 0.11 * 0.05
TC Tamassee Creek, Walhalla, SC 30 G.1 £ 0.05
PD Pond Drain, Mt. Lake, VA 36 0.09 + 0.04
MS Morning Star, Basye, VA 36 0,13 % 0,10
HLD Holt Lock and Dam, Holt, AL 24 0.1l £ 0.04
Total 430 >

Grand mean 0.08 + 0.01

Province of the southeastern United States (Table 2).

Genetic distances between pairs of populations ranged
from 0.0003 between Botanical Garden and Broad River to 0.2004
between Echol's Mill and Pond Drain (Table 3). Generally,
populations from the Piedmont showed relatively less diffe-
rentitation among themselves than did populations from the
Appalachian Mountains. Beyond this tendency for Piedmont po-
pulations to form a discrete cluster with high genetic iden-
tities, there were no obvious correlations between geographical
distances between populations and their genetic distances.
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Table 3. Nei's (1972) genetic distances (below the diagonal) and genetic identities (above the

diagonal) between 13 populations of Plagiomnium ciliare in the southeastern United States.

Abbreviations for populations are given in Table 2. Geographical locations of the populations
are shown in Fig. 1.

Population

BG GMC WM EM BR ER Cow PC ocs TC PD MS HLD
BG- baiid 0.9661 0.9456 0.9339 0.9997 0.9759 0.8865 0.9264  0.8949 0.9516 0.8607 0.9285 0.9560
GMC 0.0345 R 0.9905 0.9839  0.9595 0.9903 0.8684 0.9457 0.8503 0.9287 0.8313 0.9400 0.9865
WM 0.0559 0.0095 o 0.9958 0.9369 0.9890 0.8632 0.9500 0.8360 0.9166 0.8227 0.9412 0.9834
EM 0.0684 0.0162 0.0042 " 0.9244 0.9833 0.8511 0.9492  0.8213 0.9057 0.8184 0.9301 0.9767
BR 0.0003 0.0413  0.0652 0.0786 it 0.9703 0.8851 0.9203 0.8961 0.9511 0.8599 0.9234 0.9493
ER 0.0244 0.0097 0.0111 0.0168 0.0302 e 0.8851 0.9537 0.8677 0.9469 0.8490 0.9420 0.9816
cow 0.1205 0.1411 0.1471 0.1612 0:1221 0.1220 *nw 0.9127 0.9383 0.9806 0.9177 0.8728 0.8626
PC 0.0764 0.0558 0.0513 0.0521 0.0831 0.0474 0.0913 il 0.9377 0.9391 0.9518 0.9664 0.9703
ocs 0.1110 0.1622 0.1791 0.1969 0.1097 0.1419  0.0637 0.0643 bl 0.9389 0.9775 0.9393 0.8892
1c 0.0496 0.0740 0.0871 0.0990 0.0509 0.0546 0.0628 0.0196 0.0630 it 0.9129 0.9083 0.9181
PD 0.1500 0.1848 0.1952 0.2004 0.1509 0.1637 0.0859 0.0494 0.0228 0.0911 Lo 0.9129 0.8742
MS 0.0742 0.0619 0.0606 0.0725 0.0797 0.0597 0.1360 0.0342 0.0626 0.0962 0.0911 o 0.9774
HLD 0.0450 0.0136 0.0167 0.0236 0.0520 0.0186 0.1478 0.0301 0.1174 0.0854 0.134y 0.0229 b




Intensive sampling within the 36 5 x 5 cm clumps of Plagio-

mnium ciliare from the Morning Star population detected 5

clumps that were genetically heterogeneous. Furthermore, 3 of
these 5 clumps showed variability at more than two enzyme

locd..

DISCUSSION

Our results agree with previous electrophoretic surveys of
bryophyte populations, which have reported more gneetic varia-
tion than is predicted by the traditional model. Wyatt (1982,
1985) and Szweykowski (1982) reviewed this research, which
included both mosses and liverworts. There is presently some
doubt, however, whether one of the most thoroughly studied
series of bryophyte populations actually conforms to this ge-
neralization. Originally, it appeared that 21 Polish popula-

tions of the thallose liverwort Conocephalum conicum consisted

of three multienzyme phenotypes (Krzakowa 1977). Two of these
corresponded to minor variants of a "large" race and the third
to a "small" race (Szweykowski & Krzakowa 1979). Addition of
two more loci to the original sample of four still showed the
same restricted pattern of variation. Furthermore, it was shown
that the two races often grew intermixed, yet no crossing
occurred between them (Szweykowski et al. 198la). Besides
differing electrophoretically, the races differed in ventral
scale morphology, growth rate, and flavonoid profiles (Odrzy-
koski et al. 1981). Plants from Japan and North America were
electrophoretically distinct from the European races (Odrzy-
koski et al. 1981) and it appears that each of these races
should be regarded as separate species if consistent morpholo-
gical markers can be found.

It appears, then that Conocephalum conicum, which is gene-

rally regarded as a morphologically uniform species throughout
its wide distribution in temperate areas of the Northern Hemi-
sphere, is genetically and biochemically quite diverse. Plants
from different continents are widely divergent in flavonoid

profiles, and this is further demonstrated by the large values

for genetic distance between these races. Variability within
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the races is low, and genetic similarity is high even between
widely geographically separated populations of a given race.
There is no evidence whatsoever of any tendency toward micro-
scale differentiation within populations.

In contrast to C. conicum, genetic polymorphism in popula-

tions of Plagiomnium ciliare 1is higher than expected for a

haploid organism. Percentage of loci polymorphic, mean number
of alleles per locus, and gene diversity are on the high side of
average for diploid seed plants (Levin 1975, Hamrick et al.
1979). In fact, levels of polymorphism using a 1% frequency
criterion approach the extremely high values typical of wind-
pollinated, highly outcrossed plants such as pines (Guries
& Ledig 1982). )

Also in distinct contrast to C. conicum, intensive sampl-
ing of clumps showed microscale genetic differentiation. Simi-
larly, Cummins & Wyatt (1981) found genetic variation within

small patches of the moss Atrichum angustatum. Given the

limited range of gene flow in most bryophytes, such different-
ation is to be expected (Wyatt 1977, 1982, 1985, Wyatt & Ander-
son 1984).

Genetic distances between the 13 populations of P. ciliare
in the southeastern United States are generally within the
range observed for conspecific populations of diploid plants
(e.g., 0.0954 for Clarkia species tabulated by Ayala 1975).
This again contrasts with C. conicum. the populations of which
are remarkably uniform regardless of their geographical origin.
The populations of P. ciliare from the Piedmont were more
similar to each other than were the populations from the
Appalachian Mountains. This may be explained by the fact that
our Piedmont samples came almost entirely -from Georgia, while
the Appalachian Mountain populations were sampled from five
states and were spread over a much wider geographical area.

It is noteworthy that gene diversity was significantly
lower for Piedmont populations than those from the Appalachian
Mountains. In the Appalachian Mountains, P. ciliare occurs
in primary forest consisting of a highly diverse mixture of

hardwood trees. Most of our sampling sites were in forests
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that had been minimally, if at all, disturbed. Populations in
the Piedmont, however, occur mainly along streams in second-
growth oak-hickory-pine forests. Most of these areas were
cleared in the 1800's for cultivation of crops and have had only
about 100 years in which to recover. Therefore, although the
present abundance of P. ciliare in Piedmont forests appears
similar to that in the Appalachian Mountains, the genetic di-
versity of Piedmont populations is strikingly reduced. This
impoverishment of genetic stocks may have occurred because
of the bottlenecks in population size to which Piedmont popu-
lations were subjected. To test this prediction, we sampled
Piedmont populations of P. ciliare from two sites that his-
torical records suggested had never been cleared or heavily
logged: Gold Mine Creek in the University of Georgia Arbore-
tum and Eno River State Park in North Carolina. These sites
showed gene diversities much higher than other Piedmont
sites. In fact, their values were more similar to those for
sites from undisturbed forests in the Appalachian Mountains.

We have, therefore, two sharply contrasting pictures of
genetic population structure within bryophyte species: (1)
the "Conocephalum model", in which there are low levels of
variation within "races" (which probably represent separate
biological species), weak interpopulations differentiation,
and no microscale heterogeneity, and (2) the "Plagiomnium
model", in which there are high levels of genetic variation,
strong interpopulation differentiation, and microscale genetic
heterogeneity. Rather than viewing either model as the model
for all bryophytes, we should perhaps stand back and ask if
bryophytes might not be as diverse in terms of genetic popula-
tion structure as are angiosperms or various groups of animals.
Perhaps the two models represent endpoints of a continuum. We
might then ask whether the patterns of variation are related
to particular features of the biology of the species concerned.

Hamrick et al. (1979) concluded that species of seed plants
with wide geographical ranges, high fecundities, predominantly
outcrossed progeny, wind pollination, long generation times,
and which came from mature, stable communities possessed more
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genetic variation than did species with other sets of life
history characteristics. At present, the body of data for re-
lating life history traits to genetic variation in bryophytes
is too meager to allow any generalizations to be made. Cono-

cephalum conicum is a long-lived, dioecious thallose liverwort

of streambanks in well-developed forests. Plagiomnium ciliare,
like C. conicum, is di;ecious, probably long-lived, and occurs
in mature forests. Neither species possesses specialized means
for asexual reproduction, and both produce sporophytes regular-
ly. The reason for the great disparity in genetic population
structure between these two species is unknown. We have esti-
mates of genetic variability for only a very few species of
bryophytes. We are even more deficient in basic information
regarding survivorship and fecundity schedules for natural
populations of these organisms (Wyatt 1982). Closer study of
the population biology of C. conicum and P. ciliare may reveal

the resons for their differences in population structure.
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Little detailed knowledge of the species diversity or func-
tion of the bryophytes in rainforests in Australia,
particularly of the tropical and subtropical areas, is
available. Much of the vegetation of Australia was dominated
by warm temperate and subtropical rainforests prior to its
separation from Gondwanaland. Cooling and rying of the Austra-
lian céntinent, together with the appearance of New Guinea,
led to retreat of the warm subtropical and expansion of the
cooler temperate rainforests at the time of expansion of Eu-
caiyptus forests. Dramatic climatic changes and fire in the
last 2 million years forced the retreat of rainforests to
isolated pockets on the east coast and tablelands north to
New Guinea. The colonisation of Australia by Europeans and sub-
sequent logging has resulted in destruction of the major pro-
portion of this in the last 200 years. The complexity of rain-
forests in this continent is reflected in their classification
into many structural types (Webb 1978).

There are distinct differences in brophyte diversity and
distribution in different rainforest types. Some preliminary
investigations show that hepatics predominate in the lowland
vine forests whereas mosses occur in greatest profusion in
wet, higher altitude or valley forests. Species distribution
within the forests,:  e.g., at soil level or on fallen logs, on
tree trunks or as canopy species is discussed. Some compari-
sons between North Queensland and New Guinea, Australian and

New Zealand rainforests bryoflora are made.
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INTRODUCTION

Although rainforests in Australia occupy a tiny proportion
(estimated at 0.3%) of the continent, they are ecosystems of
great biological diversity, perhaps supporting about half the
total terrestrial flora. In New Zealand and New Guinea, much
younger land surfaces in terms of geology, rainforests occupy
a much larger proportion of the land area (Fig. 1).

A revolution in our thinking about the importance of rain-
forest is taking place here as fears grow that it will soon be
lost as an ecosystem, even before we know what plants are
there, unless quick action is taken. In spite of much reserach
in Australia in the last decade, many of the trees, e.qg.,
about 15% of the taxa in North Queensland, are still unnamed
and knowledge of mosses, lichens, fungi, and even inverteb-

rates and small vertebrates is very poor. Over the last 200
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years about three quarters of the rainforest in Australia has
been destroyed by clearing and the 'Big Scrub' in northern New
South Wales - one of the largest stands of lowland subtropical
rainforest in the world - has virtually disappeared. Only now
when the great value of rainforest has beenrecognised are se-
rious measures to conserve the remaining fragments being made.
Similar problems occur in New Guinea and New Zealand as land
is cleared for agriculture, etc. Until recently it was consi-
dered that the majority of organisms in the tropical and sub-
tropical rainforests in Australia were relatively recent in-
vaders from the Indo-Malaysian region. New palaeobotanical
evidence on vegetation history, particularly of Gondwanaland,
strongly suggests that rainforest was the dominant vegetation
over Australia for much of the Tertiary, declining under

drier conditions at the end of the Tertiary.

DEFINING RAINFOREST

The concept of rainforest in the Australasian region, par-
ticularly Australia, has been undergoing a marked revision as
a result of recent research and the employment of new approach-
es such as numerical analyses of structure and floristic com-
position (Webb et al. 1984). Definitions differ in the North-
ern and Southern Hemispheres and between tropical and tempe-
rate latitudes. In New Guinea, for example, montane forests

containing gymnosperms such as Dacrydium, Podocarpus and

Phyllocladus are not necessarily regarded as rainforests, nor
are the monsoonal semideciduous vine forests of northern Aus-
tralia. We have taken a rather broad view, and have used the
terms tropical, subtropical and temperate rainforests.

Our discussion will concentrate most on mosses in Austra-
lia, the situation known best to us, but reference to New Gui-
nea and New Zealand will be made. Most recent classifications
consider rainforests as typically having a closed canopy (70%
light intercepted by the canopy; Webb 1978, Specht 1981), with
an environment at ground level more constant, sheltered by

wind, cooler and more humid, and with a lower light intensity

607



than other forests. Other criteria of importance are life
forms present (epiphytes, lianes, palm-like plants, absence

of annual herbs, presence of buttressed roots, etc.) and many
layered stratification (tall trees sometimes with emergents,
smaller trees, shrubs but no ground herbs). Angiosperm diver-
sity is high in the tropical areas and low in the cooler rain-
forests.

The present distribution of rainforests (Fig. 1) indicates
the discontinuity of their occurrence in Australia, from coast-
al lowlands to highlands along the eastern region, rarely ex-
tending further than 150 km inland (Hitchcock 1977). In New
Guinea,rainforest (closed forest) occurs in lowland areas and
extends from the foothills to treeline. At high altitudes
conifers are an important element (Richards 1979), while in
Australia and New Guinea some conifers, e.g., Agathis and Ara-
ucaria are emergents. In New Zealand and New Guinea, Nothofagus
and Podocarpus forests are important. In mountainous areas
Podocarpus is confined to the lowlands, while Nothofagus ex-
tends up to the treeline. The types of rainforest present in
the Australasian region are quite diverse in species composi-
tion and physiognomy.

In comparison of rainforest sites in New Zealand, south-
eastern Australia, and New Guinea, Webb (1978) concluded that
in New Zealand, rainforests are warm or cool temperate, with a
marginally cool subtropical type in the area north of Auckland. +; _
The degree of affinity of these New Zealand forests with tro-
pical rainforests is low. The cool temperate rainforests of
New Zealand and Australia are comparable, and New Zealand's
warm temperate rainforests are closer to Australia's high
altitude forests.

At high elevations in tropical areas of New Guinea and
North Queensland, the occurrence of frost and the small range
of mean monthly temperature produces a climate more similar to
cool subantarctic than any northern temperate climate (Richards
1979), thus explaining the larger representation of southern
than northern temperate floras in the tropical mountains.

These montane forests of the tropics show similarities to the
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rainforest of New Zealand and southern Chile (Troll 1960).

Webb & Tracey (1981) classified rainforests in Australia
into four main floristic elements that are geographically and
ecologically discontinuous - hot/dry in the north; hot/moist
in the northeast; warmymoist and cool/moist in the southeast.
Within these they recognise a larger number of different ca-
tegories (Webb et al. 1984). Williams et al. (1984) delimited
four main structural types of rainforest in New South Wales,

1) subtropical (STRE), 2) warm-temperate (WTRF), 3) cool-tempe-
rate (CTRF), and 4) dry rainforest (DRF). Other categories

have also been recognised (cf. Tracey 1982): tropical rain-
forest (TRF) in northern Queensland, littoral rainforest (LRF)
representing coastal communities, gallery (riverine) rainfo-
rest, palm rainforest, and vine thickets. Jarman & Brown (1983)
have given a detailed analysis of cool temperate rainforest in
Tasmania based on floristic composition, regeneration process-
es and phytogeography. Except in Tasmania and parts of Victo-

ria analogues of the New Zealand Podocarpus - Dacrydium - Notho-

fagus temperate forests do not occur. The tropical lowland
forests in north Queensland and New Guinea are poor in epi-
phytes of all kinds including bryophytes, while the montane
forests are often rich in all forms of epiphytes.

Rainforest is mostly absent from Western Australia in spite
of favourable climatic conditions at present, but fossil evi-
dence of Nothofagus suggests that warm-temperate rainforest

may have occurred in northern Australia in the past.

BRYOPHYTES IN RAINFORESTS

Within rainforests a large diversity of microhabitats and
microclimates suitable for bryophytes is available. Inside the
forest gradients of light and humidity determine the number
and type of species present. The growth forms and complexity
of the bryophyte communities within the forest are dependent
on the forest structure, especially the height and spacing of
trees. PS&cs (1982) and Richards (1984) provide the most recent
summaries of tropical rainforest bryoecology. All the growth

forms of tropical rainforest bryophytes (Richards 1984) can be
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found in the various rainforest types in Australasia. Pécs
(1982) demonstrated a positive correlation between biomass of
epiphytes, including bryophytes, and surplus rainfall in rain-
forest climates in Africa. The capacity of the bryophytes with-
in rainforests to absorb minute quantities of nutrients from
rainwater, exudates from forest leaves, excrement of insect
larvae and to release these as leachates over time gives bryo-
phytes a vital role in the maintenance of the forest. The bryo-
phyte covering makes these rainforests important catchments,
reducing the detrimental effects of torrential rains, keeping
the environment moist during dry periods and regulating release
to water courses. Bryophytes contribute to humus accumulation
increasing the nutrient reserves in the soil through release

of organic and inorganic substances during decay.
BRYOPHYTES OF AUSTRALASIAN RAINFORESTS

Although those involved in research on rainforests in the
region are fully aware of the presence of bryophytes, attention
has been concentrated on the vascular plant species. Research
on the role of bryophytes in rainforests in Australia is scant,
even in New Zealand where the study of bryophytes has a long
and continuous history.

Scott (1971) suggests that the importance and role of bryo-
phytes in the New Zealand rainforests is probably greater than
in realised. Some methods suitable for field studies are de-
scribed by Scott (1969) who points out the physical difficul-
ties of studying higher level epiphytes, and of estimating
recycling time of logs which may take hundreds of years to
decay. The relationship of epiphyte to phorophyte has recently
been studied for some tree fern species in the North Island of
New Zealand by Beever (1984), who was able to demonstrate dis-
tinct preferences for some epiphytic species (Beever, Fig. 1).

Scott (1971) notes that Orthorrhynchium elegans and Ephemero-

psis trentepohlioides may occur in restricted habitats such

as on specific phorophytes in some regions but may occupy
more varied habitats in other areas. Some bryophytes may be
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important in pruning upper or dead branches by weight of sod-

den mantles, e.g., Chandonanthus, Dicnemon and Leptostomum.

Considerable effort has been put into analyses of Austra-
lian rainforest angiosperms particularly in recent years by
Bauer (1957), Floyd (1960-1982), Webb (1959, 1978), Webb &
Tracey (198la,b), Webb et al. (1984), and Williams et al. (1984),
but bryophytes have not been included. Chapman & King (1983)
presented an interesting paper on the bryophytes of a rainfo-
rest 25 years after logging, revisiting a site for which spe-
cies lists, including bryophytes, had been published by Bur-
ges & Johnston (1953). Helman (1983) lists bryophytes for one
area, Mt Dromedary, in her study of the rainforests on the
south coast of New South Wales. Ashton & McCrea (1970) have
presented the only detailed analysis of rainforest bryophytes
for Australia. They investigated the vertical distribution of
epiphytes on trees and shrubs and their ability to withstand
desiccation, as well as succession. Butt, trunk, crown and
twig communities were examined. The rate and extent of deve-
lopment of each species was found to be affected by microcli-
mate. In the crown succession of species from prostrate or
small upright to large cushion mosses, e.g., Leptostomum in-
clinans, occurred only on the upper surfaces of branches. In-
stability of cushion mosses with age opened up new habitats
as they fell. Furrowing of bark with age also provided new
niches. Ability to withstand desiccation graded from highly
tolerant crown species to least tolerant on the butt. De-
siccation at 17% RH discriminated between species. Length of
exposure was important between 3-12 hrs while little further
damage occurred after that. Resistance to desiccation 1is an
important feature of the ecology of epiphytes which are often,
therefore, sensitive indicators of microclimate.

Stone (1982) and Hicks in Hattori (1984) and in Yamada
(1984) have recently added new species of bryophytes for the
rainforests of northern Queensland but there are many taxa in
herbaria, some probably new species, awaiting study and many
still uncollected. Stone has illustrated this well in her
many publications.
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No ecological data have been available on New Guinea rain-
forest bryophytes until recently but work by Koponen, Norris
and Piippo is currently recording information of value. Some
mosses of wet forests in Australia are listed in Scott & Stone
(1976) . We have summarised the families and genera of mosses
commonly present in the rainforests of the Australasian region
in Table 1 together with their ecological preferences and
general distribution in the area.

A total of 29 families of mosses are listed in Table 1.
Out of the total of 91 genera, 70 occur in Australia, 53 in
New Guinea and 41 in New Zealand. Of the 53 in New Guinea,

20 do not occur in Australia. Some taxa in, for example, the

Polytrichaceae and in genera Dawsonia, Ditrichum, Bryum and

Campylopus often occur in disturbed sites. Some small families
and genera are often represented by a few or only a single

species, e.g., Buxbaumia, Echinodium, Ephemerum, Erpodium, Ca-

lyptrochaeta. Some families, e.g., Sematophyllaceae and Hypna-

Cceae are poorly understood and may be more widely represented
than indicated at present. In New South Wales 30% of the moss
families (Ramsay 1984) and many of the genera present there
occur almost exclusively in rainforests. In tropical rainfo-
rests 28 genera not found in other types of rainforest occur
(Table 1). Seven genera are confined to cool temperate rain-
forest. The seven genera found in all the major rainforest

types are: Macromitrium, Racopilum, Hymenodon, Pyrrhobryum,

Rhizogonium, Sematophyllum, Thuidium. Hepatics are not includ-

ed in Table 1, but the major hepatic genera in New Guinea
rainforests are listed below, based on Streimann collections

and data from Piippo and Grolle (pers. comm.) :

Acrolejeunea, Acroscyphella, Anastrophyllum, Andrewsi-

anthus, Aneura, Anthoceros, Archilejeunea, Asterella,

Balantiopsis, Bazzania, Caudalejeunea, Cheilolejeunea,

Diplophyllum, Drepanolejeunea, Dumortia, Folioceros,

Frullania, Gottschelia, Gymnomitrion, Heteroscyphus,

Isotachis, Jackiella, Jungermannia, Kurzia, Lejeunea,

Lepidolejeunea, Lepidozia, Lopholejeunea, Lophocolea,

Marsupella, Marchantia, Mastigolejeunea, Mastigophora,
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Metahytrobiella, Plagiochila, Plagiochilion, Pleurozia,

Porella, Pseudolepicolea, Ptychanthus, Radula, Reboulia,

Riccardia, Riccia, Scapania, Schistochila, Spruceanthus,

Teleranea, Thysananthus, Weisnerella.

Of these 51 genera the largest proportion occur in low-
land rainforests and fewest in montane forests.

General observations on bryophytes in rainforests of
Australia suggest that species richness varies between rain-
forests in the region. Lowland tropical vine forests are poor
in epiphytic bryophytes, particularly mosses, having more he-
patics. Montane and cool temperate forests have greater bryo-
phyte diversity where the climate is cooler. The mass of epi-
phytic bryophytes increases with altitude. Quantifiable data

or lists are not yet available to support these observations.

MACROMITRIUM AND AUSTRALASIAN RAINFORESTS

Studies on the genus Macromitrium in Australasia (Vitt &
Ramsay 1985) provide information on the relationship between
distribution of this moss and its habitat for Australia and
New Zealand. New Guinean species have not yet been analysed.

At present, species of Macromitrium are mostly confined to
rainforest habitats scattered along the eastern and northern
coast of the Australian continent where rainforests occur in
small, remnant patches, "the patches resembling an archipelago
of refugia" (Webb & Tracey 1981). Represented among these
remnant patches are several different types of rainforest
that vary considerably in the species composition, physiognomy,
and geographic distribution.

The greatest Macromitrium species diversity is found in
the lower elevation ravine rainforests where six of the species
occur most frequently. Four of the endemic Australian (or
Australian - New Caledonian) species occur most frequently in

Nothofagus moorei dominated, higher elevation, rainforests.

The montane tropical rainforests are sites for three endemic
species, all of these with restricted distributions, M. per-

aristatum, M. dielsii, and M. funiforme.
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Table 1. Families and genera commonly present in Australasian
rainforests. Regions: A = Australia, Z = New Zealand, N = New
Guinea. Rainforest types (3 general types used): TR = Tropical,
CT = Temperate, ST = Subtropical. Ecological preferences: S =
mostly on shrubs, palms or tree ferns, T = butt or lower tree
trunk, C = upper tree trunk, branch or canopy species, L =
fallen logs, G = ground, including earth banks, R = rocks and

stones including near streams and waterfalls, E = epiphylls.

RAINFOREST ECOLOGICAL
FAMILY GENERA REGION* TYPE? PREFERENCES?®
BARTRAMIACEAE Breutelia A Zi CT,ST R
Philonotis A,Z,N CT,ST
BRACHYTHECIACEAE thnchostegium N TR Tl
BRYACEAE Bracthenium N TR L
Bryum A,Z,N CT,ST,TR G,L
Rhodobryum N TR G,L
BUXBAUMIACEAE Buxbaumia AL Z CT,ST L,R
CALOMNIACEAE Calomnion N.Z €T S
CALYMPERACEAE Arthrocormus N TR T
Calymperes A,N TR T
Exodictyon N TR C
Leucophanes N TR c
Mitthyridium A,N TR (9
Syrrhopodon A,N TR C
Octoblepharum N TR T;Lk
CRYPHAEACEAE Cryphaea A,Z ST g
CRYTOPODACEAE Bescherellia A,N ST i
DALTONIACEAE Daltonia A,Z CT S
DAWSONIACEAE Dawsonia A,Z,N €T, ST, TR G
DICNEMONACEAE Dicnemon A,Z CT C,L
Eucamgtodon A,Z ST C;L
DICRANACEAE Campylopus A, Z;N CT,ST,TR G,R
Dicranoloma A,Z,N CT ;ST TR Tl
Leucobryum A,Z,N CT,ST,TR T;L
DIPHYSCIACEAE Dighxscium A ST G
DITRICHACEAE Ditrichum A,N CT G
ECHINODIACEAE Echinodium A,N CT G
——
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Table 1. (continued)

RAINFOREST ECOLOGICAL
FAMILY GENERA REGION® TYPE? PREFERENCES?
ENTODONTACEAE Entodon AN TR T
EPHEMERACEAE Ephemerum A,N CT C
PHYLLOGONIACEAE Calyptrochaeta A CT K
POLYTRICHACEAE Atrichum A,Z CT G
Dendroligotrichum A CT G
Pogonatum A,N CT,ST G
Polytrichadelphus A,Z CT G
Polytrichum A,2Z Cr,ST G
PTEROBRYACEAE CalZBtothecium N TR T
Euptychium A TR ik
Garovaglia A,N ST,TR T
Muellerobryum A ST, TR T
Pterobryella N TR T
Symphysodon N TR C,T
Trachyloma A ST T
PTYCHOMNIACEAE Glzghothecium A,Z CT
Ptychomnion A,Z CT L,G
RACOPILACEAE Racopilum A,Z,N CT, ST, TR G,L
RHIZOGONIACEAE Goniobryum A CT G,L
Hymenodon A,Z,N CT,ST,TR L,T
Mesochaete A CT G
Pyrrhobryum A,Z,N CT, ST, TR { F%
Rhizogonium A,Z,N CT,ST,TR G,L
SEMATOPHYLLACEAE Sematophyllum A,Z,N CT,ST,;TR L;T
Taxithelium N TR LT
Trichosteleum N TR | Py g
Warburgiella A ST,TR L;T
Wijkia A,Z CT,ST L,T
SPIRIDENTACEAE Spiridens N TR ST
THUIDIACEAE Pelekium N TR L,T
Thuidium A,Z,N CY,5T.TR L,T
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Table 1. (continued)

RAINFOREST ECOLOGICAL
FAMILY GENERA REGION? TYPE? PREFERENCES®
ERPODIACEAE Erpodium A ST T
FABRONIACEAE Fabronia A (o T
FISSIDENTACEAE Fissidens A,Z,N GE, ST ,TR G
HOOKERIACEAE Achrophyllum A GT G,R
Chaetomitrium N TR G,R
Distichophyllum A CT G,R
HYPNACEAE Ctenidium N ST,TR T, L
Hypnum GF, 8T ;L
HYPNODENDRACEAE Braithwaitea A ST i
Hypnodendron A,Z,N CT,ST,TR G,L,R
LEMBOPHYLLACEAE Camptochaete A,Z,N €T, ST T, TR
Lembthyllum A,Z CT T L
LEPTOSTOMATACEAE Leptostomum A,Z GT c
METEORIACEAE Aerobryidium AN TR (&
Aerobryopsis A,N TR G
Floribundaria A,N TR C
Meteoriopsis A,N TR G
Meterorium AN CT, ST, TR G, T
Papillaria A,Z,N CT,ST,TR C,T
Pinnatella A,N TR G
MITTENIACEAE Mittenia A CT G
MNIACEAE Mnium N TR
Orthomnium A,N ST,TR G
Plagiomnium Z,N €T, TR G
NECKERACEAE Homaliodendron N TR T
Neckeropsis N TR T
Himantocladium N TR i
Neckera A, Z 6T T
ORTHOTRICHACEAE Macrocoma A2 CT c
Macromitrium A,Z,N CT,ST,TR Gk
Orthotrichum A,Z CT C
Schlotheimia A,Z,N ST C.b
Zygodon A,Z CT c
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While Macromitrium species occur more commonly as epiphytes

on certain tree species (e.g., Nothofagus, Ceratopetalum, Ara-

ucaria, Doryphora, Eucryphia, and Casuarina) there seems no

specificity between epiphyte and phorophyte.

Species groups (Vitt & Ramsay 1985) are not confined to
individual rainforest types, rather, species of each group
occur in two to several of the habitat types. Sister species
are often ecologically or geographically separated. Four of the
six taxa most frequent in Nothofagus dominated habitats (M.

exsertum, M. leratii, M. microstomum, and M. stoneae) are the

plesiotypic sister groups of more derived species or sister
groups.

Macromitrium occurs infrequently in gallery forests as a
trunk epiphyte. Along the sea coast, on both rocks and tree
trunks, Macromitrium is sometimes an abundant member of the
littoral rainforest communities. Only in Tasmania are habitats
for Macromitrium similar to those in New Zealand, with Dacry-

dium-Podocarpus-Nothofagus temperate rainforest present in both

areas. Thus, in Australia, Macromitrium is mostly restricted
to rainforest habitats and has evolved along with the rainfo-
rests in response to climatic changes (Vitt & Ramsay 1985).
This suggests that an understanding of the palaeogeography of
the area is essential for any understanding of the distribu-

tion of bryophytes within the Australasian rainforests.

CONCLUSIONS

Longton (1984) provides ample evidence in support of the
concept that bryophytes have a substantial and distinctive
influence on the functioning of ecosystems where they are
abundant. Bryophytes may have a greater input in nutrient
cycling, soil temperature, moisture regimes, and provision of
microhabitats for other organisms than is generally recog-
nised in ecosystem studies. A true assessment of their role
cannot be made until detailed studies are carried out.

In the Australasian region all types of studies on rain-

forest bryophytes are urgently needed while there are still
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rainforests to study. Research on bryophytes is most likely to

receive support if interdependence of the total rainforest

environment and its bryoflora can be demonstrated.

Richards (1984) made a plea for studies on African bryo-
phytes. We would add another plea to that of Scott (1982) for
studies on the role of bryophytes in rainforests of the Aus-
tralasian region, indeed all rainforests, as habitats under
threat of extinction.

Areas for investigation should include:

1. Identification of taxa present. Collectors should record
more specific ecological data on herbarium labels.

2. Studies on distribution of species in relation to types of
rainforest, and within each rainforest type.

3. Analysis of phytogeographical relationships of species
present.

4. Studies on the ecological contribution of bryophytes to
the rainforest biomass, water carrying capacity, nutrient
levels, and recycling capacity.

5. Analysis of substrate specificity and likely changes in
the bryoflora if forests are damaged.

6. Determination of the extent of interdependence of micro-
flora and microfauna on presence of bryophytes including
any specificity of these as hosts or for protection.

7. Determination of the extent to which bryophytes are ecolo-
gical and biogeographical indicators of rainforest.

8. Studies on reproductive biology and dispersal mechanisms
to determine requirements for survival of the bryophyte

community.

REFERENCES

Ashton, D. H. & R. F. McCrea. 1970. Distribution of epiphytes
on beech (Nothofagus cunninghami) trees at Mt. Donna
Buang, Victoria. Victorian Naturalist 87:253-261.

Bauer, G. N. 1957. Nature and distribution of rainforests in
New South Wales. 5:191-233.

Beever, J. E. Moss epiphytes of tree-ferns in a warm-temperate
forest, New Zealand. J. Hattori Bot. Lab. 56:89-96.

Burges, A. & R. D. Johnston. 1953. The structure of a New

618



South Wales subtropical rainforest. J. Ecol. 41:72-83.

Chapman, W. S. & G. C. King. 1983. Floristic composition and
structure of a rainforest area 25 years after logging.
Aust. J. Ecol. 8:415=423.

Floyd, A. G. 1960-1982. N.S.W. Rainforest trees. Parts I -
XIII. Forestry Commission of NSW. Res. Note Ser.

Hattori, S. 1984. Dr. Marie L. Hicks Frullania collection
made in northern Queensland. Crypt. Bryol. Lichen. 5:177-
189.

Helman, C. 1983. Inventory analysis of Southern New South Wales
Rainforest Vegetation. M.Sc. Thesis, Armidale.

Hitchcock, P. 1977. Rainforest types. In: W. Goldstein (ed.),
Rainforests. Parks & Wildlife 2:32-46.

Jarman, S. J. & M. J. Brown. 1983. A definition of cool tem-
perate rainforest in Tasmania. Search 11:81-87.

Longton, R. 1984. The role of bryophytes in terrestrial eco-
systems. J. Hattori Bot. Lab. 55:147-163.

PScs, T. 1982. Tropical forest bryophytes. In: A.J.E. Smith
(ed.), Bryophyte Ecology. Chapman & Hall, London. pp.
59-104. :

Ramsay, H. 1984. Phytogeography of the mosses of New South
Wales. Telopea 2:535-548.

Richards, P. W. 1979. The Tropical Rainforest (reprint with
corrections of the 1952 edition). Cambridge Univ. Press,
Cambridge.

Richards, P. W. 1984. The ecology of tropical forest bryo-
phytes. In: R. M. Schuster, New Manual of Bryology. vol.
2.: 1233-1270. Hattori Bot. Lab, Nichinan.

Scott, G. A. M. 1969. A technique for writing field notes in
wet weather. Proc. N. Z. Ecol. Soc. 16:73=75.

Scott, G. A. M. 1971. Some problems in quantitative ecology of
bryophytes. N. Z. J. Bot. 9:744-749.

Scott, G. A. M. 1982. Bryofloristics in Australasia. Beiheft
Nova Hedwigia 71:483.493.

Scott, G. A. M. & I. G. Stone. 1976. The Mosses of Southern
Australia. Academic Press, London.

Specht, R. 1981. Major vegetation formations in Australia.
In: A. Keast (ed.), Ecological Biogeography of Australia.
Junk, The Hague. pp. 163-298.

Stone, I. G. 1982. Some new and noteworthy records of mosses
mostly from Queensland, Australia. Austrobaileya 1:511-520.

Tracey, J. G. 1982. The vegetation of the humid tropical
region of North Queensland. CSIRO Melbourne.

Troll, C. 196o. The relationship between climates, ecology and
plant geography of the southern cold temperate zone and of
tropical high mountains. Proc. Roy. Soc. B152:529-532.

619



Vitt, D. H. & H. P. Ramsay. 1985. The Macromitrium complex in
Australasia. II. Distribution, ecology and paleogeography.
J. Hattori Bot. Lab. (in press)

Webb, L. J. 1959. A physiognomic classification of Australian
rainforests. J. Ecol. 47:551-570.

Webb, L. J. 1978. A structural comparison of New Zealand and
southeastern Australian rainforests and their tropical
affinities. Aust; J. Ecol. 3:7=21.

Webb, L. J. & J. G. Tracey. 198la. Australian Rainforests.
In: A. Keast (ed.), Biogeography of Australia. Junk, The
Hague. pp. 607-716.

Webb, L. J. & J. G. Tracey. 198lb. The rainforests of northern
Australia. In: R. H. Graves. Australian Vegetation, Cam-
bridge Univ. Press. pp. 67-101.

Webb, L. J., J. G. Tracey and W. T. Williams, 1984. A floris-
tic framework of Australian rainforests. Aust. J. Ecol.
9:169-198.

Williams, J. B., G. J. Harden & W. J. F. McDonald. 1984. Trees
and Shrubs in Rainforests of New South Wales and Southern
Queensland. New England Univ., Armidale.

Yamada, K. 1984. A Radula collection made by Dr. M. L. Hicks
in Queensland, Australia. Crypt. Bryol. Lichen. 5:191-200.

620



Symposia Biologica Hungarica 35 (1987)
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The Koponen and Norris collection of bryophytes made in
1981 from the Huon Peninsula of Papua New Guinea is large
enought (18,000 numbers) to allow generalization as to the
habitat preferences of many tropical rainforest mosses. We
have examined the distribution of forty-three species of New
Guinea mosses as to comparative frequency in disturbed and un-
disturbed habitats. Some of these (14 species) are restricted
to undisturbed habitats; others (16) appear about equally
in both habitats; and some (13) are preferentially distributed
in disturbed areas. Terrestrial and epiphytic species dominate
the list of mosses from primeval habitats, while weedy plants
of open sites characterize the flora of disturbed habitats.

The results suggest that many mosses can find suitable
niches in tropical areas unless the destruction of the habitat
is complete, but others are eliminated by current patterns of

land use.
MATERIAL AND METHODS

In 1981 two of us (Koponen & Norris) made an expedition to
Huon Peninsula in Papua New Guinea (Koponen & Norris 1983a).
We collected about 18,000 bryophyte specimens, for taxonomic
study, mainly on the Huon Peninsula. We tried to collect all
species present at each collection site and carefully noted
the habitats and substrates of the plants. Very few of the

species were identified in the field so the collections were
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rather indiscriminate. This is advantageous in the present con-
nection, because common species were collected in large enough
numbers to indicate the outlines of their ecology. Certain spe-
cies were collected from thirty to fifty different sites and

on a wide variety of substrates. Identification of the specimens
with subsequent publication continues (Frahm et al. 1985, Kopo-
nen & Norris 1983b, 1984a, 1984, 1985a,b, Norris & Koponen 1985).
This report is based on 43 species from 10 families. These spe-
cies are represented with sufficient frequency to allow ecolo-
gical generalisations.

The collecting sites (142) were crudely divided into two
groups on the basis of amount of human disturbance. Of these
habitat groups primeval forest are closed forests without, or
with little human influence (e.g., hunting). Disturbed forests
have been cut either for lumber or firewood. Habitats described
as scrub may represent primeval high elevation associations, and
as it is uncertain how far man has influenced their formation,
only few of them are taken into account here. Savannahs and
grasslands are open, and predominantly or totally maintained
by man by burning. Some of the specimens were collected also in
gardens, on the roofs of huts and in other man-made habitats.
Altogether we have 128 collecting sites which can be classified
according to human influence: 57 of them primeval and 71 dis-
turbed.

The 43 species under consideration were divided into
groups according to their presence or absence in primeval or
disturbed habitats. No statistical methods were used and bor-
derline cases were arbitrarily assigned.

Collections were made in 16 different localities (Koponen
& Norris 1983a), each with a wide altitudinal range. Each of
these collection localities include many separate collection
sites (same geographic locality but with different ecological
parameters). Species can be tabulated according to the number
of localities in which each is found, and they can be tabulated
based upon their elevational range as shown on the Huon Pen-
insula. Thus, each species has a certain number of sites on
which it potentially could have been found. That number will
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usually be less than the 57 primeval and 71 disturbed sites
included in the Koponen & Norris collection.

For example, Macrothamnium hylocomoides (see Table 1) was

found on only 10 of the 16 collection localities, and its al-
titudinal range was 1,600-3,500 m. This geographical and al-
titudinal restriction leaves only 29 disturbed and 48 primeval
sites on which we consider it potentially capable of occurring.
Its occurrence on 10 of the 29 disturbed sites which could po-
tentially support it gives a 35% occurrence value. Its occur-
rence on 37 of 48 potential sites in the primeval forest gives
a value of 77%. The difference between the percentages is
(-42%) with the negative signature indicating a disproportion-

ate occurrence on primeval sites.

RESULTS

The species were placed in three groups according to effect
of disturbance: (1) decreasing species, (2) persisting species,

and (3) increasing species.

l. Decreasing species

The group of decreasing species can be divided into three
or four subgroups according to the most usual substrate of the

plant. Exclusively or mainly epiphytic are Meteorium buchananii,

Trachypus bicolor, T. humilis, Aerobryopsis wallichii, Papil-

laria fuscescens, and Thuidium contortulum. Campylopus clemen-

siae and Leptocladiella flagellaris may also grow on living

trees but most often they are found growing on rotten wood. The

species collected mainly on forest soil include Dawsonia gran-

dis, D. papuana, and Rhodobryum giganteum. Macrothamnium hylo-

comioides, Thuidium cymbifolium and T. glaucinum seem to be

rather indiscriminate as regards their substrate.

One can assume that all the above species demand the very
humid micro-climate of the primeval forest. Naturally there
could be many other limiting factors in disturbed habitats:
competition with faster growing, light-demanding species, too

intense sunlight, too high temperatures, etc. Accurate tests

623



¥79

Table 1. Decreasing species (14)
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Macrothamnium hylocomioides 10 1600 - 3600 29 10 35% 48 37 TT% -42% diverse
Trachypus humilis 2 2000 - 2600 9 1 1% 10 5 50% -39% epiphytic
" bicolor 7 2100 - 3500 19 2 1% 38 18 47% -36% a
Rhodobryum giganteum 8 1500 - 3000 36 4 1% 41 18 44% -33% epigeic
Leptocladiella flagellaris 6 1800 - 3000 15 3 20% 33 17 52% -32% mainly epixylic
Papillaria fuscescens 5 1200 - 2400 25 3 12% 26 1 42% -30% » epiphytic
Campylopus clemensiae 5 1200 - 3300 17 3 18% 29 12 41% -23% 1 epixylic
Dawsonia papuana 7 1900 - 3100 9 2 22% 35 14 40% -18% epigeic
" grandis 5 1450 - 2900 10 1 10% 32 9 28% -18% i
Thuidium cymbifolium 10 350 - 3570 43 19 L4% 52 30 58% -14% diverse
" glaucinum 8 300 - 2500 36 i 19% 34 11 32% -13% 5
Meteorium buchananii 12 400 - 3200 55 33 60% 53 38 2% - 12% epiphytic
Aerobryopsis wallichii 9 400 - 1500 22 13 59% 30 21 70% -11% mainly epiphytic
Thuidium contortulum T 1200 - 2850 40 7/ 18% 39 11 28% -10% L o



are needed to evaluate which factors are involved in each

case.

2. Persisting species

The largest group of species are those which are found in
undisturbed forests but persist also in habitats altered by

human activities. Bryum apiculatum and Plagiomnium integrum

are included in this group although, according to the figures,
they seem to decrease quite remarkably when the habitats are

altered. However, Bryum apiculatum was found in primeval fo-

rests on open places such as on stones by creeks and Plagio-

mnium integrum was especially abundant in some second growth

forests. Our figures indicate that Leptostomum intermedium in-

creases under human influence, but it is an epiphyte of outer
tree crowns which area extremely difficult to reach. We,
therefore, believe that the percentage recorded for in primeval
forests is smaller than in reality.

Five species are consistently or primarily epiphytic: Flo-
ribundaria floribunda, F. pseudofloribunda, Leptostomum inter-

medium, Meteoriopsis squarrosa and Thuidium sparsifolium. On a

variety of substrates (rotten wood, boulders, soil, on living
trees, etc.) grow Campylopus comosus, Meteoriopsis reclinata,

Pelekium velatum and Plagiomnium integrum. Nearly restricted

to soil and boulders are Bryum apiculatum, B. capillare, B.

clavatum, B. perdecurrens, B. russulum, Duthiella flaccida

and Thuidium plumulosum.

There is a clear difference between this and the group of
decreasing species in regard to the ecology of the terrestrial
species. The reason for their survival might be that in prime-
val forest they grow in open microhabitats. The effect of fo-
rest disturbance is less devastating for them than for more

shade-demanding species.

3. Increasing species
Almost half of the third group - species which seem to be-
nefit from human activities - grow mainly in quite open places

even in otherwise undisturbed habitats, Brachymenium nepalense,
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Bryum apiculatum 5 to 1500 m 16 7 44% 6 5 83% -39% epilithic, epiphytit
i."lagiomnium integrum 1 1000 - 3000 56 23 451% 54 32 60% -19% diverse
Bryum russulum 5 1900 - 2200 16 4 25% 15 5 33% - 8% mainly epigeic
Pelekium velatum 8  to 1450 m 18 9 50% T 4 57% - 7% diverse
Floribundaria floribunda 12 120 - 3250 55 32 58% 52 33 64% - 6% mainly epiphytic
Thuidium plumulosum i/ 100 - 1700 18 7 39% 9 4 44% - S% u U
Meteoriopsis squarrosa 4 1500 - 2400 9 3 33% 19 7 37% - 4% epiphytic
Campylosus comosus 6 1800 - 3300 29 8 28% 39 12 31% - 3% diverse
Duthiella flaccida 8 300 - 2500 41 12 29% 30 8 27% + 2% epilithic
Bryum perdecurrens 5 1500 - 3500 29 4 14% 34 3 9% + 5% epilithic, epigeic
Floribundaria pseudofloribunda 7 120 - 1800 23 1 48% 12 5 42% + 6% mainly epiphytic
Thuidium sparsifolium 4 1500 - 2800 18 4 22% 23 < 13% + 9% epiphytic
Bryum capillare 4 600 - 2600 29 6 21% 18 2 1% +10% mainly epilithic
Meteoriopsis reclinata 7 400 - 2400 33 7 21% 28 3 11% +10% diverse
Bryum clavatum 9 700 - 3300 51 15 29% 51 9 18% +11% epilithic, epigeic
Leptostomum intermedium 5 2000 - 3500 16 9 56% 3 1 36% +20% epiphytic



Table 3. Increasing species (13)
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Barbella cubensis 4 1000 - 1800 m 19 5 26% 1M 1 9% +17% epiphytic
Campylopus exasperatus 6 1700 - 3400 m 26 9 35% 34 5 15% +20% epigeic
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Campylopus umbellatus 8 1300 - 3600 m 43 13 30% 49 2 4% +26% epigeic
Pelekium bifarium 6 100 - 1000 m 9 6 67% 5 2 40% +27% diverse
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Elmeriobryum philippinense 5 1200 - 3570 m 30 12 40% 30 1 3% +37% diverse
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Rhodobryum aubertii 4 350 - 2350 m 16 9 56% 18 2 11% +45% diverse



Bryum billardieri, Campylopus exasperatus, C. umbellatus, Elme-

riobryum philippinense and Orthomnion elimbatum. Others were

never collected in undisturbed habitats, e.g., Bryum argenteum,

and B. microerythrocarpum. They can probably be classified as

weeds. The rest of the group is quite homogeneous, including
mainly or consistently epiphytic species such as Aerobryum spe-

ciousum, Barbella cubensis and Campylopus crispifolius as well

as those growing on diverse substrates, e. g., Pelekium bifa-

rium and Rhodobryum aubertii.

DISCUSSION

In this admittedly incomplete sampling of the ecology of
some New Guinea mosses which are tolerant of or actually in-
creased by disturbance. Similar observations have been made on
man-made plantations (P&cs 1982). Bryophytes can live in physi-
cally very small microhabitats, and they are even hypothesized
to persist in such sites despite extreme changes of the macro-
climate (e.g., Schuster 1979). Arctic taxa are usually cited
as examples of such relictual species, but such patterns may
also be shown in tropical floras.

Many of the species which show increased abundance in dis-
turbed areas are widespread, often weedy, taxa. As a result
the size of the flora in disturbed areas may not be reduced as
compared with primeval sites. It is obvious that evaluation
of the effects of disturbance should be done on a species-by-
species basis. Mere counting of the species in an area may
even show an increased floristic diversity to result from dis-
turbance.

The present data are quite preliminary, and the results
may be different when all our material has been identified.

It seems evident, however, that at least a part of the tropical
forest bryoflora survives under prevailing patterns of human
disturbance. If the present pattern of slash and burn agri-
culture in New Guinea were to be exchanged for large-scale
cultivation of monocultures, more drastic impacts upon the

bryophyte vegetation can be anticipated. Similarly, the present
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selective cutting within the forest for local needs may be
replaced by large scale clear-cutting for limber exports.
More drastic changes in the bryophyte vegetation would, then,
surely occur.

Even with current land-use patterns, some species are
drastically reduced, or even extirpated. This parallels
Richard's (1984) statement that some species rarely, if ever,

occur outside of the primary forests.
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ALTITUDINAL BRYOPHYTE ZONATION IN THE ANDES OF COLOMBIA:
A PRELIMINARY REPORT

G.B.A. van REENEN

Institute of Systematic Botany,
Utrecht, The Netherlands

Preliminary results of an analysis of bryophyte distribu-
tion in the forests and treeless belts of the tropical Andes
of Colombia are presented. Field work was carried out along
seven altitudinal transects, ranging from about 300 m to
4500 m altitude. Relevés taken at 200 m elevational intervals
were inventoried and percentage cover was estimated for the
bryophyte species. Zonation diagrams are being prepared show-
ing the presence and percentage cover of terrestrial and epi-
phytic bryophyte species along the transects. An attempt
has been made to determine the altitudinal bryophyte zonation
in the Colombian Andes based on cluster analysis of relevé

similarity values.

This paper deals with the altitudinal zonation of Colombian
bryophytes and form part of an intergrated ecosystem analysis
carried out in the Andes of Colombia (ECOANDES-project; van
der Hammen et al. 1983, in press). For the analysis, relevés
were made along altitudinal gradients at about 200 m intervals
in which total cover of both terrestrial and epiphytic bryo-
phytes were estimated. Detailed information onmethodology is
given in van der Hammen et al. (1983) and as far as the bryo-
phytes concerned, in van Reenen & Gradstein (1983).

Field work on seven transects has been carried out so far,
viz. on the northern slope of the Sierra Nevada de Santa Marta,

Rio Buritaca area (BUR-NORTH), on the west and east slopes of
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the Central Cordillera, Sierra Nevada de Santa Isabel area (TPN-
WEST and TPN-EAST), in the eastern Cordillera, P4ramo de Suma-
paz area (SUM-WEST and SUM-EAST) and in the western Cordillera,
Pidramo de T4dtamd area (TAT-WEST and TAT-EAST). Results of this
zonation study, which will be dealt with elsewhere in full
(van Reenen, in prep.) are briefly summarized here.

In his paper on the BRYOTROP-Peru transect (this session
of the conference), Dr. Frahm showed that the total cover of
epiphytic bryophytes increases considerably from the lowland
forest to the high-andean forest. This agrees with our studies
in which it was observed that not only the epiphytic but also
the terrestrial cover increases in relation to altitude. More-
over, it appeared that along the altitudinal gradient bryophyte
cover may change rather abruptly, thus indicating boundaries
of bryophyte zones.

In an earlier paper on altitudinal bryophyte zonation in
Colombia (van Reenen & Gradstein 1983), five bryophyte zones
along BUR-NORTH could be described which are characterized as

follows (Fig. 1):

BUR-NORTH

100%7 TERRESTRIC SPECIES

504

100 %~

.

|

|
EPIPHYTIC SPECIES

ZONES

1000 2000 3000 A000m

Fig. 1. Bryophyte zonation along the BUR-NORTH transect. Total
percentage cover diagrams are given for the terrestrial species
and epiphytic species. In black the mosses, in shade the liver-
worts.
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Zone 1I: 1In this zone a very.low cover of both epiphytic and
terrestrial bryophytes is evident and species charac-
teristic of the entire neotropical lowland region may
be found here.

Zone II: The epiphytic cover increases whereas the terrestrial
cover remains unchanged. Small creeping liverworts,
pendent and dendroid mosses are striking in this zone.

Zone III: A high epiphytic cover and an increasing cover of ter-
restrial bryophytes are notable. Pendent liverworts,
at the cost of the mosses, are predominantly respons-
ible for this high cover.

Zone IV: Both epiphytic and terrestrial bryophytes reach peak
values. In this zone, substrate preference seems to
diminish. Species which mostly occur as epiphytes
grow here also on soil, while the converse is also
true.

Zone V: 1In this zone we are dealing with the open pdramo. The
percentage cover of the terrestrial species increases
considerably while epiphytic cover, in the absence of
trees and shrubs, is lacking. '

A dendrogram technique generating clusters of samples of
various degrees of similarity was used to determine the changes
in species presence (= species turn-over) with altitude. It
appeared that the altitudinal zones based on species turn-over
are rather similar to those determined from the percentage
cover (van Reenen & Gradstein 1983).

Bryophyte cover values are presumably determined by cli-
matic conditions (cf. Richards 1984, Frahm in this session),
and high air humidity and rainfall are often regarded as the
most important factors. As local climatological data are mostly
not available in the tropics, a number of pluviometers and
thermo-hygrometers were installed along the transects for at
least one year. The sites of this apparatus are close to the
relevés, and render much information on annual, monthly and
daily precipitation, intensity of rainfall and daily variation
of temperature and air humidity. However, as the measurements

are not yet available, only data on precipitation released
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from the nearest weather stations are used here.

In BUR-NORTH, the mean annual rainfall is up to 4500 mm
(van der Hammen in press). Orographic precipitation caused by
northeastern tradewinds is partly responsible for this. But
also convective precipitation is common here, and in the tro-
pics is regarded as the most important type of precipitation
(Ayoade 1983). It is strongly diurnal in character and occurs
in the warmer hours of the day when intense solar radiation
heats the land surface resulting in a vertical motion of an
ascending mass of air forming, after condensation, cumulus
and cumuluomnibus clouds. Mostly these clouds are developed
at specific altitudes resulting in so-called "condensation-
zones" (Cleef 1981). Apparently zone IV corresponds with
such a "condensation zone" and hygrographic measurements made
during field work indicate that a constantly high air humidity
of almost 100% RH during 24 hours is one of the factors char-
acterizing this zone.

As the identification of bryophyte collections of the
other six ECOANDES-transects is not yet completed, zonation
presented here is based on total bryophyte percentage cover
only. The similarity of the zonations based on species pre-
sence or on total percentage cover along the BUR-NORTH tran-
sect, however, leads to the assumption that the diagrams
presented here may be fairly adequate to characterize the al-
titudinal bryophyte zonation along the transects.

The total percentage cover diagram of SUM-EAST strikingly
resembles that of BUR-NORTH (Fig. 2). Also the climatological
conditions along the two transects are comparable. At SUM-
EAST moist air masses coming in from the Amazon basin cause
orographic precipitation, and the mean annual rainfall in the
city of Villavicencio, located at 423 m above sea level and
about 20 km north of SUM-EAST, is 4100 mm (Miller 1982).

The total percentage cover diagram of SUM-WEST is quite
different (Fig. 3). Though a division into five zones can be
made, there is a strong shift in zone boundaries as compared
with Figs 1-2. Zone I is very long whereas zones III and IV are

relatively short, with their boundaries about 600 m higher.
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Fig. 2. Bryophyte zonation along the SUM-EAST transect.
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Fig. 3. Bryophyte zonation along the SUM-WEST transect.

Most probably this difference is due to the fact that the lee-
ward SUM-WEST slope receives less precipitation due to the rain
shadow effect. This is demonstrated by the presence of Cacta-
ceae at lower altitudes. Only in zone IV, the "condensation
zone", is the bryophyte cover value high. The different alti-
tudes at which zone boundaries are found on the east and west
sides of the Eastern Cordillera, as well as on the Central

and Western Cordilleras (transects TPN-EAST, TPN-WEST, TAT-
EAST and TAT-WEST), are also demonstrated in Fig. 4. Like
BUR-NORTH and SUM-EAST, the western sides of the Western and
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Fig. 4. Cross-section through the three Colombian Cordilleras
in the areas of the transect studies, showing the strong dif-

ferences in zone boundaries between east and west slopes.

Central Cordillera, TAT-WEST and TPN-WEST, are also influenced
by orographic precipitation, here caused by moist air currents
coming from the Pacific. These result in mean rainfall of 7000
mm, and locally even to 10,000 mm in TAT-WEST (Weischet 1969,
Miller 1982). Due to the relatively low altitude of the West-
ern Cordillera, these moist air currents may also reach the
western slopes of the much higher Central Cordillera, where
the mean annual rainfall is about 3500 mm (van der Hammen, in
press). Short zones I/II and long zones III/IV are found along
these western exposed slopes. The associated eastern exposed
slopes, TAT-EAST and TPN-EAST, lie in the rain shadow and as
might be expected the total cover percentage diagrams are in
proportion, with long zones I/II and relatively shorter zones
T E L/ TV
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WHICH FACTORS CONTROL THE GROWTH OF EPIPHYTIC BRYOPHYTES
IN TROPICAL RAINFORESTS?

J.-P. FRAHM

Department of Botany, University of Duisburg,
Duisburg, FRG

In tropical rainforests, the epiphytic bryophyte vegetation
changes considerably from lowland forests with poor bryophyte
vegetation to "mossy-forests" at higher elevations. This effect
has been explained by differences in light intensity, precipi-
tation, temperature or humidity. However, none of these hypo-
theses is completely satisfying. For this reason, the problem
was studied during the BRYOTROP-Peru expedition along a tran-
sect from the Amazon lowland to the alpine forest boundary.
Along this transect, from 200 to 3200 m altitude, the phyto-
mass of epiphytic bryophytes, light intensity on epiphyte
habitats, temperature and relative humidity were determined.
The phytomass of epiphytic bryophytes increased from the low-
land, to the forest boundary and this was correlated with the
increases in light intensity and air humidity, but no casual-
ity between these factors could be assumed. Measurements of
photosynthesis under laboratory conditions with different com-
binations of temperature and light intensity, simulating low-
land and mountain-forests conditions, revealed that a combina-
tion of high temperature and low light intensity, as occurs
in tropical lowland forests, does not allow sufficient net
photosynthesis. This shows that the altitudinal distribution
of epiphytic bryophytes is controlled by physiological fac-

tors.
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1. INTRODUCTION

One of the most surprising phenomena in the ecology of tro-
pical rain forest bryophytes is the contrast between the epi-
phytic brophyte vegetation of tropical lowland rain forests
and that of mountain forests. In spite of presumably optimal
ecological conditions such as high temperature and humidity,
the epiphytic bryophyte vegetation in lowland rain forests is
very poor, and even poorer than in some dry forests, although
it increases with elevation. The low abundance of epiphytic
bryophytes is combined with a low number of species, as has
been stated by several authors from Spruce (1908) to Richards
(1984). This effect has been the subject of various hypotheses.
Ule (1907) stated that the epiphytic bryophyte vegetation in
the Amazon lowland is less developed than in the Andes. He
supposed that the constant temperatures, lack of strong winds
and heavy rainfalls in the lowlands might be the reasons.
Giesenhagen (1910) considered the high humidity in the mountain
forests of Java as the cause for the high number of epiphytic
bryophytes there. Seifriz (1924) proposed the same, perhaps in
combination with the light factor. He interpreted the occur-
rence of different life forms and species of bryophytes as re-
sulting from variation in wind velocity and thus in rates of
evaporation. Richards (1957) explains this effect by the
cooler climate and the constant humidity at higher elevations.
Higher air humidity and precipitation are the reasons given
by Vareschi (1980) for the presence of epiphytes in general.
Also PScs (1982) believes that increasing precipitation and
the compensation of dry periods by fog is responsible for the
increase in bryophyte vegetation. Ellenberg (1975) supposes
that the low air humidity in lowland rainforests on the east
slope of the Andes might be the cause of the rareness of epi-
phytes there. Besides climatic factors, light intensity is
also an essential factor for the development of epiphytic
bryophytes (Richards 1957). The last contribution to this dis-
cussion has been made by Richards (1984), who mentions the
influence of temperature on assimilation rate. Differences in
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light, temperature, precipitation, wind and humidity or combi-
nations of these factors are thus mentioned as responsible for
the different development of epiphytic bryophyte vegetation in
rainforests. However, none of these theories seems to give a
sufficient explanation. The theory of the light factor is in-
sufficient, because there are also no epiphytes in sunny places
in tropical lowland rainforests, as along road sides or clear-
ings. The theory of precipitation seems to be insufficient, be-
cause we can show a better developed epiphytic vegetation in
vegetation types with less precipitation than in the tropical
lowland forest. The theory of temperature is insufficient, be-
cause there are certain vegetation types in the tropical low-
land, such as the campina of the Amazon lowland, which show a
rich epiphyte vegetation under more or less the same tempera-
tures as in the high, dense rain forests.

Thus, "the reason why the number of species in lowland fo-
rests is less than in tropical montane or temperate forests
must be a matter of speculation" (Richards 1984). To clarify
this problem, studies were undertaken during the BRYOTROP-Peru
Expedition 1982, to elucidate the factors responsible for the
different epiphytic bryomass at different elevations of the
tropical rain forests.

2. METHODS

Along a transect from 200 to 3200 m altitude on the east
slope of the Andes of northeastern Peru, measurements of the
phytomass of epiphytic bryophytes ("bryomass"), of light in-
tensity, temperature and air humidity were undertaken at 200 m
intervals. The "bryomass" was determined in grams of dry weight
per 0.5 m2 on the trunks of trees between 0.5 and 1.5 m high.
Light intensity was measured in epiphyte habitats with a lux-
meter and calculated as percent of the light intensity in the
open. Temperature and relative humidity were measured with an
electronic psychrometer between 6 a.m. and 9 p.m. at 1-2 hours

intervals.
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In addition, measurements of the CO2 gas exchange were
performed under laboratory conditions with different combina-
tions of temperature and light intensity. Photosynthesis was
measured with URAS 2a infrared gas analyser (Hartmann & Braun,
Frankfurt/M.), with which the CO2 uptake or release of the

plants is measured with reference to the CO, content of air in

2
an open system. For the test, bryophyte specimens collected
in Colombia in October 1984 in a montane rain forest at 2300 m
elevation were used. These 150 cm2 specimens of Neckera sp.,

Heterophyllium affine, Porotrichum sp. and Metzgeria sp. were

treated with a fungicide to avoid errors due to fungal respi-
ration. The mosses were removed from their substrates, soaked
in nutrient solution, and stored moist in climatic chambers
within plastic boxes connected to the URAS. They were kept

and measured during several days under conditions of a lowland
rain forest (300 Lux/30 OC) and a montane forest (1500 Lux/

10 oC), and a light/dark phase of 12 hours. Supplementary
measurements were made with 1500 Lux/30 oC and 300 Lux/10 OC.

3. RESULTS

3.1 Determination of the epiphytic bryomass

Dry weight of the epiphytic bryophytes per 0.5 m2 is shown
in Fig. 1. The weight increases from 5-6 g at 200-900 m to 70 g
at 3200 m. These measurements give a first impression of the
altitudinal change in epiphytic bryophytes, and show a weight
ten times higher at the forest line as compared with the low-

land forest.

3.2 Measurements of light intensity

The measurements of light intensity show a strong correla-
tion with the bryomass (Fig. 1). The light intensity in epi-
phyte habitats of the lowland forest is 1% of full daylight
(corresponding with data published by Richards 1957) and in-
creases to 44% at 3200 m. The increase in light intensity is

probably due to the decrease of the height of the trees, which
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is 40-50 m at 200 m and 8-10 m at the forest line. This is sug-
gested by the fact that light intensity is higher in a low fo-
rest at 1900 m as compared with the plots at 1700 and 2100 m,
where the trees were taller. Although the measurements are
varying from plot to plot, there is a strong correlation be-
tween light intensity and epiphytic phytomass.

3.8 Measurements of temperature and air humidity

In Figs 2-5, the daily curves of temperature and air hu-
midity are shown for 300, 900, 1300 and 2700 m elevation. A
comparison of these curves shows that the air humidity in-
creases with elevation and has a definite decrease at noon.

These data reveal that at low altitudes uptake of water vapour
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Fig. 1. Altitudinal variation in phytomass of epiphytic bryo-
phytes on stem surfaces (g dry weight/o.5 m2) and light inten-
sity (minimum and maximum values) at the stem surface as per-

centage of the daylight.
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at relative humidity less than 70% (hatched part of the curves)
is more or less impossible during the day, but does occur at
higher elevations. Similar measurements have been published by
Ellenberg (1975) for the eastern slope of the Andes. From these
curves it becomes apparent that the bryophytes can dry up for

a longer daily period with less than 70% relative humidity

in the lowland forest, whereas they remain turgid nearly the

whole day at higher elevations.

3.4 Measurements of gas exchange

Although correlations could be found in the field between
the epiphytic bryomass and light, as well as temperaure and
relative humidity, these factors give no perfect explanation.
Especially the fact that epiphytic bryophytes are lacking in
lowland rain forests in open sites with sufficient light, and
an air humidity low for a certain period per day but far from
a lethal level, suggests that other factors or combinations of
factors are responsible. Recently, Richards (1984) has publish-
ed another theory, combining the factors temperature and light
intensity: "The lack of tolerance of high temperatures might
be because of high rates of respiration and because bryophytes
are unable to maintain sufficiently high values of net assimi-
lation at high temperatures and relatively low light intensity.
Studies of photosynthesis, respiration and net assimilation
rates in lowland and montane forest bryophytes might be of
great interest in this connection."

Therefore, measurements of the assimilation rate under dif-
ferent combinations of temperature and light intensity have
been performed under laboratory conditions. Under montane rain
forest conditions (10 oC/lSOO Lux), the plants showed a normal
diurnal change between positive net assimilation and respira-
tion, the rates depending on the species (Figs 6-8). Under
lowland conditions (30 oC/300 Lux), all these montane mosses
showed only negative net assimilation as respiration exceeded
gross photosynthesis even during the light period. The only
hepatic studied was damaged, apparently by the high temperature

(Fig. 7), which it could not tolerate in the wet state. How-
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ever, plants exposed to high temperatures and high light in-
tensity (30 oC/lSOO Lux, as realized in "heath forests" in tro-

pical lowlands), showed positive net assimilation during the

day at a rate considerably higher than the respiration during

the night and thus showed overall a positive carbon balance.

ppm 002

Net assimilation

10°C/1500 Lux

tiye | positive

|
nega
|
|
|
\
\
.l
|
i
i
i
[
|
|
\
|
;
§
5

Time of day

Fig. 6. Net assimilation rate (mg CO2/9'-l dry weight/hr—l) in

Neckeropsis sp. at 10 °c/1500 lux and 30 °C/300 Lux, with

darkness from 18.00 h to 06.00 h.
8
= 4
e
e
+
'(3 10°C/1500 Lux
g =——x
- ﬁ?—-——
(/)] 6 12 18 24
@
P P TR
9 B - S S

; —_— : =t]. . =
Fig. 7. Net assimilation rate (mg C02/g dry weight/hr

Time of day 1
)

of Metzgeria sp. under different combinations of temperature
and light intensity with darkness from 18.00 h te 0600 h;

10°C/1500 Lux

5

e

CE

;gh

+

2
Fig. 8. Net

Time of day
assimilation rate (mg Coz/g_l dry weight/hr~1) of

Heterophyllium affine under different combinations of tempera-

ture and light intensity with darkness from 18.00 h to 06.00 h.

647



A control test with low temperature and low light intensity
(10 oC/300 Lux) revealed again a low net assimilation rate.
This shows that photosynthesis is inhibited not only by low
light intensity, but by the combination of low light intensity
and high temperatures.

These tests using bryophytes from montane forest demonstrate
that these species cannot descend to lower elevations for phy-
siological reasons and that the increasing bryomass with higher
altitudes is a result of a high net photosynthesis caused by
light intensity combined with low temperatures, Thus, the tro-
pical lowland rain forest, which seems to be a very fertile
habitat, is limited for epiphytic bryophytes, being tolerated
by only a few specialists, predominantly flat crusty hepatics.
It would be interesting to know whether these hepatics have
special adaptations or physiological strategies, which allow

them to tolerate these conditions.
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THE LIMESTONE MOSS FLORA OF MALAYA
M.A. H. MOHAMED

Botany Department, University Malaya,
Kaula Lumpur, Malaysia

Limestone habitats in Malaya support a moss flora of about
73 species in 40 genera and 18 families, representing 15.2% of
the species, 33.2% of the genera and 52.9% of the families
from a total of 481 species, 124 genera and 34 families re-

corded from Malaya. Species of Pottiaceae, Meteoriaceae, Nec-

keraceae, Thuidiaceae and Hypnaceae predominate the limestone

flora. Some limestone mosses are found elsewhere in Malaya
only at considerably higher altitudes. Some limestone mosses
only fruit when they occur on non-limestone habitats at

higher altitudes.

The limestone landscape in Malaya is dominated by tower-
like, craggy limestone formations with sheer rock walls. As a
result of erosion and weathering of calcareous rock, the lime-
stone hills are typically steep, and jagged summits jut
prominently out of the surrounding landscape (Figs 1-2). The
hills occur as isolated crags throughout most of the northern
half of Malaya. According to Paton (1961), simple sub-aerial
denudation, modified in certain cases by marine erosion, has
probably caused the formation of the spectacular karst-tower
hills. Erosion has also caused the formation of solution caves
in many of the hills. Archaeological evidence shows that these
caves were used as human dwellings in prehistoric times. Apart
from the archaeological aspect, the caves have been given pro-

minence by the Hindus who used them as temples of worship. The
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Fig. 1. Bukit Takun limestone hill, Selangor.
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caves have recently been found to be important for the produc-

tion of the Malayan national fruit, the durian (Durio zibethi-

nus). The durian flower is only pollinated by bats of the spe-

cies Eonycteris spelea which roost principally in limestone

caves. A recent decrease in the annual production of durian
fruit was found to have been caused by wholesale quarrying of
limestone hills for road construction, which destroyed the
roosting places of the bats. Thus, the preservation of the
limestone hills became a national issue and a mass signature
campaign in 1981 forced the government to close down a large
limestone quarry.

The total area of limestone in Malaya is about 260 km?
(estimate based on Scrivenor 1931, in Burkill 1935), a small
area when compared to the total area of Malaya which is
131,588 km2. The mean elevation of the limestone is 244 m and
the highest limestone hill is only 713 m, while non-limestone
hills commonly attain altitudes of 1000 m, the highest reach-
ing 2187 m. Their age is estimated to be between Ordovician
and Triassic. Malayan limestones are very pure with about
2.5% insoluble residue. Hutchinson (1968) notes that 81% of
samples he had studied consisted of CaCO3 and dolomite
(CaMg(CO3)2). The limestone soils in Malaya are not rich in
aluminium.

Figure 4 shows the distribution of the main limestone out-
crops. These outcrops are mainly found in the northern half
of the country, especially in the states of Kedah and Perlis,
in Kinta Valley, near Kuala Lumpur, in southwest Kelantan and
northwest Pahang. The Langkawi group of islands are mostly
made up of limestone.

The vegetation over limestone in Malaya is unique and many
studies on the flora have been carried out (Henderson 1939,
Corner 1960, Chin 1977). According to Chin (1977), the lime-
stone habitat can be divided into various subdivisions based
on the geology, topography, and physiognomy of the vegetation
and the floristic composition of the hill. The same subdivi-
sions are used here for purposes of classifying the habitats

of the limestone moss flora. All the mosses mentioned in this
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