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Lindbergia 31: 55-64. Lund 2006 

Trends in bryophyte population dynamics 

Heinjo J. During 

During, H. J. 2006. Trends in bryophyte population dynamics. 
- 

Lindbergia 
31: 55-64. 

Rapid advances in the field of bryophyte population dynamics include the de 

velopment of non-destructive techniques to mark and monitor individual shoots, 
which allowed the construction and sophisticated use of matrix models and 

the analysis of the consequences of fine-scale dynamics and sexual reproduc 
tion for shoot survival and growth. Dissection of turfs of desert bryophytes 

yielded additional evidence, as well as more detailed knowledge on phenolog 
ical patterns and year-to-year variation in investments in reproduction. 
Studies of population dynamics at larger spatial (metapopulations) and tem 

poral (diaspore banks) scales included experimental and modelling work on 

spore dispersal and on conditions favourable to spore germination and estab 

lishment, as well as extension of current metapopulation models to explicitly 

incorporate the dynamics of the habitable patches themselves. Together with 

the rapid advance of molecular techniques allowing genet recognition and the 

analysis of parent-offspring relations, these new developments now open the 

way to study the dynamics of populations of genets, which is a necessary pre 

requisite for a more in-depth analysis of rates and directions of processes of 

natural selection and evolutionary change. 

H.J. During (h.j.during@bio.uu.nl), Dept. of Plant Ecology, Utrecht Univ., 
FA.EC. Went Building, P.O. Box 80084, NL-3508 TB Utrecht, the Nether 

lands). 

Bryophytes have complex life histories, with a promi 
nent role for clonal propagation. Add their small spore 
size, the often tremendous numbers of spores pro 

duced, of which only a tiny fraction may ever germi 
nate and establish, and their large potential for long 
range dispersal (at least compared to phanerogams), 
and it may be clear that a quantitative study of the 

processes underlying bryophyte population dynamics, 
and in fact quantification of the dynamics itself, is 
not an easy job. Major problems include 1) recogni 
tion of genets; 2) causes of shoot mortality; and 3) 
factors and processes affecting successful establish 

ment after germination (During and Van Tooren 

1987). 
Yet, in the last decades bryologists have been very 

successful in their attempts to describe the dynamics 

of shoots in colonies, of turfs, cushions and the like 
in a community context, and of populations in a frag 

mented landscape, and to unravel the mechanisms 

involved and environmental 'filters' affecting them. 
Taken together, these studies show that the field has 

strongly diversified, and now is 'viewed through 
multifocal lenses', with increasing attention for proc 
esses at different spatial and temporal scales and their 
interactions. 

Shoot dynamics 

Early studies of bryophyte dynamics employed repeat 
ed micro-charting of shoot populations (Egunyomi 
1978, During and ter Horst 1985), but did not try to 
construct actual life tables of the populations. The 

accuracy of this technique strongly depended on the 

grain of the population sampled, but even for large 
species reliable estimates of mortality and especially 
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of shoot natality proved to be very hard to obtain. It 
was obvious, however, that even within species shoot 

mortality risk, for example, strongly depended on 

shoot size. An extension of this technique, based on 

estimates of species abundances in small cells of a 

grid, provided interesting data on small-scale dyna 
mics and the pattern of these dynamics (spatial auto 

correlation of growth and mortality, During and Lloret 

1996; competitive exclusion of the short-lived spe 
cies Tayloria tenuis, Lloret 1991), but did not allow 
a thorough analysis at shoot level either. 

Using a combination of photographic and strati 

graphic techniques to monitor shoot populations of 

Polytrichum alpestre in the Antarctic, Collins (1976) 
was able to estimate rates of natality and mortality, 

and describe shoot density/biomass relations. 
In their study of the shoot dynamics of Polytrichum 

piliferum, Hobbs and Pritchard (1987) similarly used 

sequential photographs to obtain 'dynamic life table' 

data (Begon et al. 2005), and produced 'static life 
table' data by reconstructing the history of excavated 
clone parts using innate markers based on leaf size 

variation. Long-term monitoring proved to be proble 
matic, however, as it lead to increasing shoot morta 

lity. Vitt (1991) used photographic techniques to 

monitor growth of Racomitrium microcarpon, and 

was able to get accurate data on shoot growth, but 

demographic analysis was restricted to an estimate 
of the age distribution of the Racomitrium patches 
present on the rock. Apparently, the spatial resolu 
tion and repeatability of these techniques was insuf 

ficient to accurately monitor the fate of large num 

bers of individual shoots, and thus to provide data on 

the rates of shoot mortality and persistence and the 

establishment of new shoots. 
Use of small, coloured plastic rings (Rydgren and 

0kland 2002a) allowed 0kland and co-workers (0k 
land 1995, 2000, 0kland and 0kland 1996, Rydgren 
and 0kland 2001, 2002b, 2002c, 2003) for the first 
time to monitor all individuals o? Hylocomium splen 
dens in permanent plots, and thus obtain estimates 
of the vital rates of such populations. This approach 
allowed the authors to construct dynamic life tables 
and matrix projection models for these populations. 
Based on the dominant eigenvalues of the matrices 
and the elasticities of the individual matrix entries 
the authors concluded, that population maintenance 

heavily relied on survival and continuation of ma 

ture shoots, rather than recruitment of additional 

growing points (0kland 1995, 1997). Further analy 
ses on the fates of shoots of different size classes in 

conjunction with their vertical position in the moss 

canopy and the local shoot density showed, that shoot 

growth was positively correlated with density, while 

size-correlated shoot mortality was not related to den 

sity and recruitment from new growing points de 

clined with increasing density (0kland and 0kland 

1996, 0kland 2000). The largest shoots had the high 
est probability to produce sporophytes, while sporo 

phyte production itself negatively affected next-year 
shoot growth and branching (Rydgren and 0kland 

2001). 
The shoot-marking technique used in these studies 

has been used for other large pleurocarps, but it may 
be less easily applicable to small liverworts and ac 

rocarpous mosses growing in dense turfs (Weibull 
2000, Rydgren and 0kland 2002a). However, as 

shown by the detailed study of Crossidium crassinerve 

by Stark and Delgadillo (2003), in some cases it is 

possible to make use of innate growth markers to iden 

tify annual segments and so provide data to construct 
a static life table. Whether this will allow estimates 
of vital rates such as provided by the actual monitor 

ing of shoots through time remains to be seen, but at 

least it has already drastically changed our intuitive 
view of the potential life span of these plants 

- the 
shoots of this Crossidium, usually considered as an 

nual or pauciennial, may actually reach ages of 50 

75 years! 

Genet dynamics 

Although the analysis of shoot dynamics is an im 

portant tool in understanding, e.g. the control of shoot 

growth and the mechanisms behind competitive ex 

clusion and the consequent microsuccession, from an 

evolutionary viewpoint population dynamics should 
deal with genets. Data on this level are essential for 
estimates of generation times, rates of selection proc 

esses, etc. For this purpose, molecular methods are 

essential. For species with plants that are large enough 
to allow extraction from individual shoots, allozymes 
already open possibilities in this direction, as was 

shown, e.g. in the exemplary study of Cronberg (2002) 
on the population dynamics of Hylocomium splen 
dens on ten island of various ages in a Baltic land 

uplift area. Cronberg convincingly demonstrated, that 
there was a slow but steady increase of the number of 

genotypes per island with age, with an average rate 
of 15 clones per 200 years, showing that the species 
should behave in the same way as RSR (repeated seed 

ling recruitment) species among phanerogams do 

(Eriksson 1993). The genetic analyses did not reveal 

any isolation by distance among the populations, 
which suggested that recruitment primarily occurred 

by spores originating from mainland populations at 
some distance from the islands rather than by spores 

produced locally. Local distribution of genets gra 

dually expanded by asexual propagation with increas 

ing colony age, leading to spatial extension of genets 
over distances of up to 6.4 m. Simultaneously, the 
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degree of mixing of genets within colonies also in 
creased with age, and on the oldest islands (over 300 

years old) sporophytes started to be produced, indi 

cating close intermingling of male and female genets 
and successful gamete production of both sexes. 

Qualitatively similar results have been found for 

Plagiomnium affine in planted Swedish forests of 

varying age, again using allozymes (Cronberg et al. 

2003): number of genotypes per population, degree 
of clone mixing and frequency of sporophyte produc 
tion gradually increased with forest age. In this spe 
cies, an additional factor leading to more intermin 

gling of genotypes and higher frequency of sporo 
phytes appeared to be frequent disturbance by badg 
ers, presumably by increasing clone fragmentation 
and local dispersal of these fragments, and perhaps 
increased growth rates of the plants as a consequence 
of reduced competition and enhanced nutrient sup 
ply due to the disturbance. 

With the current rapidly increasing availability and 
ease of PCR-based techniques, studies of genet dyna 

mics and associated aspects of bryophyte population 
ecology (e.g. phylogeography, Chiang and Schaal 

1999) may be expected to boom (Goffinet 2003). As 
an example, the determination of paternity of sporo 
phytes of Polytrichum formosum provided accurate 
estimates of the distance of male gamete dispersal in 
this splash-cup-forming species (Van der Velde et al. 

2001). 

Matrix models for complex life cycles 
Matrix models based on shoot dynamics can be quite 
helpful in analyzing consequences of competition and 
other density-dependent processes. But more evolu 

tionarily oriented investigations such as invasibility 
of populations by rare genotypes, consequences of 

genetic drift or the importance of outcrossing events 
in monoecious species need an analysis of data at the 

genet level. This concerns not only the rate of estab 
lishment of new genotypes in a population, but also 
the probability of genet mortality and genet growth 
rates, well-known problems in clonal-plant popula 
tion ecology (Eriksson 1994). In principle, matrix 

models involving only numbers of genets in different 
size classes would already be helpful. But by leaving 
out any explicit treatment of the physical interactions 
between the ramets and the consequences of genetic 
variation in ramet morphology, anatomy and/or phys 
iology, such models are not very suitable to analyze 
the mechanistic consequences of the introduction of 
new genotypes or other aspects of genetic variation. 
To some extent inclusion of such aspects is possible 
in a range of models, from very simple to fairly com 

plex, which have recently been proposed for species 

with biphasic life cycles (Thornber and Gaines 2004), 
i.e. for species with alternating, free-living haploid 
and diploid phases. Predictions of the models were 
tested using data of three isomorphic algae, Mazza 
ella spp. 

All models shared the following assumptions: the 

populations are characterized by an obligate alterna 
tion of independent, free-living, haploid and diploid 

phases; demographic rates do not vary in time; male 

gametes are non-limiting; and the sex ratio of the 

haploid spores is 50:50. If vital rates (mortality, fe 

cundity, etcetera) would be the same for haploids and 

diploids, all models predict a stable distribution with 
a ratio of 2 : 1 (about 60% haploids, 40% diploids). 
In some Mazzaella species, however, both mortality 
rates and fecundity of diploids were higher than those 
of haploids, both of which contributed to a stronger 
dominance of haploids in the populations 

- increased 

diploid mortality leads to a lower frequency of dip 
loids, and increased diploid fecundity leads to the 

production of more haploids. Furthermore, the models 
contributed to the understanding of the consequenc 
es of differences in dispersal of the gametes, c.q. 
spores, produced by both stages (and consequently, 
of lifting the assumption that male gametes are non 

limiting and all egg cells on the female thalli are 

fertilized), and of density dependence of the vital 
rates. 

Although the model is not unrestrictedly applica 
ble to bryophytes, albeit only because the diploid stage 
in bryophytes is not independent and free-living, it 

may be worthwhile to think of bryophyte population 
dynamics along these lines, especially because the 

haploid and diploid phases do strongly differ in their 
vital rates. Thus, haploid genets are usually polycarpic 
and have a flexible life span due to extensive asexual 

propagation, while diploid genets (sporophytes) are 

always monocarpic ('big-bang' reproduction) and are 
characterized by a relatively fixed life span. From 
this perspective it is obvious, why sporophyte abor 
tion is so important (Stark et al. 2000, Stark 2001, 
2002). Yet, young sporophytes seem to be less well 
defended against herbivory than gametophytes 
(Davidson et al. 1990), which according to these 

models should lead to an increased haploid fraction 
in the population. The few species tested so far seem 
to differ in palatability of gametophytes and young 
sporophytes; it would be worthwhile to have a more 

systematic study of the palatability of species with 
different life strategies. Whether sporophytes and 

gametophytes also differ in their sensitivity to mi 

crofungal or other parasites is not known either. 

By far the most important practical problem, how 
ever, concerns the mortality between census dates, 

especially of offspring. Matrix models characteristi 

cally describe transitions between life-history stages 
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over discrete (say, one-year) time steps, and conse 

quently, either the fertility rates (numbers of gam 
etes, c.q. spores, produced) or the survival rates of 

'newborn' over the first time step should include their 
success rate: either successful fertilisation of an tgg, 

or successful dispersal and establishment (c.q. sur 

vival in the diaspore bank) of spores. These proba 
bilities are extremely small and probably very diffi 

cult to quantify 
- 

e.g. in the very detailed analysis of 

the population dynamics of Anastrophyllum helleri 

anum, success rate of spore germination and estab 

lishment in the field is the only obvious 'missing 
value' (Pohjamo and Laaka-Lindberg 2003, 2004; 
Table 1). Yet, there have been some encouraging de 

velopments in this area, involving, i.a. 

rates and mechanisms of dispersal of asexual prop 

agules of hepatics (Laaka-Lindberg et al. 2003, 

Pohjamo et al. 2006) and mosses (Kimmerer and 

Young 1995). 
seasonal and long-term dynamics in diaspore banks 

(During 2001, Hock et al. 2004). 

mortality of (un-)germinated spores in the field 

(Miles and Longton 1990). 

ecological conditions, position and extent of patches 
suitable for successful germination and establish 

ment (Sundberg and Rydin 2002, Wiklund 2003, 
Wiklund and Rydin 2004). 

reproductive effort and costs of reproduction for 

sporophyte-bearing female shoots (Ehrl?n et al. 

2000, Bisang and Ehrl?n 2002, Rydgren and 0k 
land 2002b, 2003) and for female and male 

gametangia production (Stark et al. 2000, Crowley 
et al. 2005). 

mate limitation of reproductive success in dioecious 

species (Bisang et al. 2004). 

Actual dispersal patterns have been studied primari 
ly over fairly short distances within communities 

(Miles and Longton 1992, Jonsson and S?derstr?m 

1988, Pohjamo et al. 2006), but models of dispersal 
processes such as that of Sundberg (2005) gradually 
are able to account for the notorious 'fat-tail' prob 

lem - the fact that dispersal over really long distan 
ces is usually underestimated by traditional spore 

deposition curves (Bullock and Clarke 2000). Yet, it 

is exactly this long-distance dispersal that is respon 
sible for rates of change in distribution area in times 

of rapid environmental change such as we witness 
now (Hassel et al. 2005), for expansion rates of inva 

sive exotics (Herben et al. 1991), and for gene flow 

between widely separated populations in a metapopu 
lation (S?derstr?m and Herben 1997). 

Table 1. Demographic rates of the epixylic liverwort Anas 

trophy Hum hellerianum (after Pohjamo and Laaka-Lind 

berg 2003, 2004). 

gemmae per shoot 1200 

transition gemma ?> sterile shoot 0.0015 

idem -> fertile shoot 0.0002 

transition sterile ?? gemmiferous shoot 0.577 

transition sterile ?? fertile shoot 1.122 

spores per capsule 12000 

colonies with sporophytes: 3/25 0.12 

females with sporophytes in such colonies 0.076 

fertility per female: 0.12 x 0.076 x 12000 109.44 

spore germinability under laboratory conditions 0.4 

successful germination and establishment 

in the field? ? 

Scaling up in space: a metapopulation approach 
Some bryophytes seem to be very long-lived, with 
the tufa-forming Hymenostylium recurvirostre (2800 
years, Reichard 1860) as perhaps the most striking 
documented example. Obviously, populations of such 

species tend to be persistent as well. In most species, 
however, local populations are fairly short-lived, and 

species persistence depends on the balance between 

colonisation rate of new or empty habitat patches and 

local extinction. For such species, Levins (1969) 
coined the term metapopulation dynamics. 

The rate of colonization of new patches is deter 
mined by the distance between patches, the numbers 
of propagules produced, the per-diaspore establish 

ment probability (Herben and S?derstr?m 1992), and 

dispersal rates as affected by diaspore size and dis 

persal agent 
- 

e.g. directed spore dispersal by ani 

mals (Splachnaceae: Koponen 1990; Schistostega 
pennata: Ignatov and Ignatova 2001) is much more 

effective than wind dispersal. 
Local extinction may be due to biotic (e.g. compet 

itive exclusion) or abiotic factors (e.g. catastrophic 
disturbances), but it may also reflect the limited life 

span of the patch itself. While boulders in a forest 

may provide opportunities for colonisation and es 

tablishment for ages (Kimmerer and Driscoll 2001, 
Weibull and Rydin 2005), trunks and branches of liv 

ing trees (Hietz 1997, Snail et al. 2003) and rotten 

logs of fallen trees (Kruys et al. 2002) will usually 
last a lot shorter, as will the dung patches in mires 
on which Splachnum species and relatives specialize 
(Marino 1997). Even the dynamics of epiphylls on 

tree leaves may be described using metapopulations 
models (Zartman 2003). 

Metapopulation ecologists have long recognized the 

importance of patch destruction for the survival prob 
abilities of the metapopulation (Hanski 1998), but 
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the explicit consideration of the dynamics of the patch 
structure of a landscape is fairly new. One of the first 

attempts to formalize this was the matrix model of 

patch dynamics of rotten logs of Kruys et al. (2002). 
For rich-bark epiphytes in boreal forests, the dyna 
mics of the substrate operate even at two scales in 

time and space: individual trees of the best phoro 
phyte, Populus tr?mula, have a limited life span, but 

they also occur in widely separated patches in the 
forest which eventually tend to be overgrown by con 
ifers (Heden?s et al. 2003). Models explicitly taking 
the patch dynamics at these two scales as recently 
proposed by Sn?ll et al. (2005a, 2005b) look very 
promising, but also quite demanding in terms of math 
ematics. Still, it seems to be possible in this way to 
estimate with some degree of reliability, to what ex 
tent the patch structure and dynamics in this system 
allow persistence of the different epiphytes on these 

trees, with their different propagule types (spores, 
gemmae, stem fragments) and associated dispersal 
capacities. 

The metapopulation approach plays an increasingly 
important role in nature conservation 

- 
fragmenta 

tion (Pharo et al. 2004), isolation, edge effects, inva 
sive species, and many other conservation problems 

ultimately refer to a metapopulation perspective. In 
that respect, the incorporation of these different scales 
in metapopulation models is very promising, and 

eventually should allow us to assess, whether species 
are seriously threatened or just showing 'normal' dyna 

mics (During 2000, S?derstr?m and During 2005). 
Also from a more theoretical viewpoint the meta 

population approach can provide valuable insights, 
however. An interesting example is provided by a 

study of the dynamics of the dioecious hepatic March 
ant?a inflexa by D. N. McLetchie and collaborators. 

Male and female thalli differed slightly in their rates 
of thallus growth, production of new thallus apices 
and gemmae, with females being more competitive 
and producing more thallus apices and less gemmae, 
while local (i.e. within-boulder) recolonisation of 

empty patches almost exclusively took place via ex 

pansion of existing thalli or establishment of asexual 

diaspores (McLetchie and Puterbaugh 2000). In the 
habitat under study, a river valley on Trinidad, the 

species occupied boulders along the river. A popula 
tion model suggested, that coexistence of males and 
females on individual boulders would not last indef 

initely, and that females would outcompete males on 
all but the most frequently disturbed boulders 

(McLetchie et al. 2002). Occasionally, however, boul 
ders would be completely cleared of vegetation by 
thunderstorms or other local disasters, and then rec 

olonisation was mainly by spores 
- 

and since the sex 

ratio of spores of this species is 50:50, as in most 
dioecious bryophytes, and there was no obvious dif 

ference in establishment rate between the sexes, new 

populations thus would start with equal numbers of 
males and females! So, a metapopulation perspec 
tive contributed to a better understanding of the mech 
anisms stabilising the sex ratio of the population and 

thus, maintaining a high frequency of sexual repro 
duction (see also Crowley et al. 2005). 

Population dynamics in a community context: 

consequences of positive density dependence 
The theorical framework behind population dynamics 
strongly relies on feed back mechanisms involving 
negative density dependence (Yodzis 1989). Positive 

density dependence (e.g. better growth at higher den 

sities) has occasionally been recognized as an option 
(Goldberg and Werner 1983), and increasingly found 
to actually occur in nature, but only recently ecolo 

gists realized themselves how pervasive the conse 

quences of this phenomenon are for much of ecolog 
ical theory, including population dynamics (Bruno 
et al. 2003). 

In bryophytes, negative relations between shoot size 
and density have been found repeatedly (Clymo 1970, 
Collins 1976, Pohjamo and Laaka-Lindberg 2004) 
and were usually interpreted as the logical conse 

quence of an increase of competition for light at high 
er densities (Clymo and Hayward 1982). 0kland and 
0kland (1996), however, found a positive relation 
between shoot size and density in Hylocomium splen 
dens. Bates (1988) was one of the first to experimen 
tally demonstrate positive density-dependence in 

Rhytidiadelphus triquetrus, and to show the under 

lying mechanism: although a higher density leads to 

stronger competition for light, the positive effect on 
the length of periods during which the water content 
of the shoots is adequate for a positive carbon balance 

apparently dominated the effect of density on growth. 
Similar results were obtained by Van der Hoeven and 

During (1997). In an experiment with Dicranum 

majus and Rhytidiadelphus loreus Hanslin et al. 

(2001) showed, that the relation of the RGR (relative 
growth rate) and shoot density was unimodal, and 
that the density at which growth was highest depen 
ded on air humidity. Using a combination of a phe 
nomenological model and a multifactorial experiment 
in which the same two species plus Plagiochila as 

plenioides and Ptilium crista-castrensis were grown 
at different densities, light intensities and air humi 

dities, Pedersen et al. (2001) confirmed that an in 
crease in shoot density has both positive and nega 
tive effects on shoot growth (related to shoot mois 
ture content and light penetration into the canopy, 
respectively), although their results suggest, that un 
der the boreal forest floor conditions at which these 

species occur in the field, the negative effects of com 
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petition for light would predominate. The rapid re 

covery of Hylocomium splendens after fine-scale dis 

turbances observed by Rydgren et al. (2001) would 
also point in this direction. 

An important element in the explanation of the 

underlying mechanism is the effect of shoot density 
on the wind speed profile in the bryophyte canopy. 

Simple downscaling of existing models for tree can 

opies did not seem to work well (Proctor 1980), but 

using an ingenious technique Rice et al. (2001) were 

able to show how the roughness length of the bryo 
phyte canopy could be quantified and put in relation 
to the wind profile and the associated loss of water 

vapour. Later Rice et al. (2005) presented a simpler 
method using a simple laser scanner for the same 

purpose. 

The positive relation between diversity and pro 

ductivity predicted by this model also plays an im 

portant role, but from a different perspective, in the 
work of Mulder et al. (2001) and Rixen and Mulder 

(2005), who focus on the role of diversity for com 

munity performance, i.e. productivity. Mulder et al. 

(2001) found, in artificial bryophyte stands kept for 
a year at low light and continuously high air humid 

ity, that diversity enhanced productivity after a five 

days drought treatment, but did not so under "con 
trol" conditions without drought. Moreover, the spe 
cies which were least resistant to drought in monoc 

ulture increased most strongly in biomass at high 
diversity. Rixen and Mulder (2005) obtained similar 
results in artificial stands at a range of diversities ( 1 - 

11 species) in an Alaskan tundra and in a greenhouse. 
Working at two densities, which had been created by 

changing concentration of moss slurry at sowing, they 

analyzed the effects of short vs long drought treat 
ments. Also in this experiment diversity had a posi 
tive effect on biomass production, especially at low 
densities. A path analysis suggested, that this effect 

might be attributed to improved humidity conditions 
at high diversity. 

These results are certainly interesting, but many 
questions remain, e.g. 

- even if there is a direct ef 

fect of diversity on productivity, we still have no clue 
as to what mechanism maintains the high diversity. 
It would also be interesting to know, whether the re 
sults also apply to bryophytes in a vascular plant 

matrix. Preliminary observations of pleurocarps com 

pletely filling the space inside dwarf shrubs in Dutch 
dune heath do suggest, that under some conditions 
wind braking by phanerogams may be beneficial to 

bryophyte growth. Competition between bryophytes 
and vascular plants may be severe as well. 

Future perspectives 

First of all, there is a clear need for further quantifi 
cation of 'basic' population processes such as disper 

sal, conditions for successful establishment and causes 
of mortality. Thus, we still have insufficient ideas 
about what constitutes possible ('safe') sites independ 
ently of the plant growing there itself - an essential 
element of the metapopulation concept. In this re 

spect, we should not forget a simple but important 
problem: how to extend the techniques found suita 
ble in the few 'model species' used so far to a wider 

range of species with different morphologies. For 

example, most current metapopulation models refer 

to epiphytes or corticolous species, i.e. species with 

out a long-lived diaspore bank. For many soil-inhab 

iting species, however the importance of such a di 

aspore bank is obvious, but there has hardly been any 
attempt to incorporate this aspect into metapopulation 

models. 

The rapid advances in the current molecular meth 

ods will have a tremendous impact on the whole field 
of population dynamics. First of all, monitoring of 

genets and the analysis of genet dynamics will be 
come much less complicated and expensive. Conse 

quently, e.g. comparative demographic studies on 

groups of species with contrasting growth forms, life 
forms or life histories will provide a firmer basis for 
life strategy classifications. 

Another field of rapid advances is parent-offspring 
analysis. It is now possible to identify the father of a 

sporophyte (Van der Velde et al. 2001) and to ana 

lyze kinship relations over a range of spatial scales 

(Snail et al. 2004). The results of such studies have 

already proven to be essential in tackling phylogeog 
raphy, gene-flow, long- and short-range dispersal 

problems, and will rapidly become more prominent 
in the future, and help to address questions such as: 

how important is genetic variation for long-term per 

sistence of (meta-)populations? If we also would have 
a better understanding of the processes causing morta 

lity, we might get some information concerning the 
scale of synchronous mortality events, and we could 

tackle questions such as: does risk spreading as a re 

sult of clonal propagation lead to increased genotype 
evenness and genetic diversity of a population with 
site age? This pattern has been found in Circaea lute 

tiana; simple random-walk model studies suggest, 
that this is only possible if ramet mortality somehow 
is affected by genet size, e.g. due to increased patho 
gen load on locally abundant genets or spatially clus 
tered ramets (Verb?rg et al. 2000), but there is not 

much experimental evidence of such effects of genet 
size. Yet, Cronberg's (2002) data on Hylocomium 
splendens do suggest that this may also apply to bry 
ophytes. 
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In spite of the current emphasis on 'neutral theo 

ries' and 'null models', ecological theory still relies 

heavily on interspecific interactions (herbivory, pr? 
dation, pathogens) and density-dependent processes 
such as competition and, increasingly, facilitation. 

This means that the performance of an individual 

('fitness', often fertility or growth) should not be eval 
uated in absolute terms, but relative to the perform 
ers of other individuals with which the 'target' indi 
vidual interacts - other 'players in the game' (May 
nard Smith and Price 1973). Often, the analysis will 
show a 'tragedy of the commons' (Hardin 1968) 

- 

the evolutionarily stable strategy (ESS) often implies 
a much lower performance than that suggested by 
simple optimalisation models. While this principle 

was soon embraced by many animal and theoretical 

ecologists (Maynard Smith 1982), it has only recent 

ly gained support in plant ecology, although Riechert 
and Hammerstein (1983) already showed the rele 
vance of this approach to the analysis of root alloca 
tion strategies. Recent model studies and experiments 
showed, that plants competing with neighbouring 
individuals invest much more in leaf area (in the case 
of aboveground competition, Schieving and Poorter 

1999) or roots (with belowground competition; Ger 
sani et al. 2001) and, consequently, much less in seeds, 
than they do when growing in isolation. Such a game 
theoretical framework has not yet been widely ap 
plied to bryophytes (but see Crowley and McLetchie 

2002, Crowley et al. 2005), but this may change soon. 
The remarkable plasticity in morphological and phys 
iological characteristics of bryophytes in response to 
environmental differences, in combination with ge 
netic variation in the same characteristics as well as 

in their plasticity (Cronberg 2004), provide great 
challenges, but also ample opportunities. It will be 

fascinating to see, which consequences extensive 

clonality and positive density dependence will have 
in the context of game theory, and then bryophytes 

may well be discovered to be very suitable model orga 
nisms. 

Finally, there is increasing evidence that bryophytes 
interact in many ways with other organisms in eco 

logical networks. Although their palatability for most 
animals seems to be low (Davidson et al. 1990), bry 
ophytes are eaten by a range of animals (Gerson 
1982). Moreover, bryophytes strongly affect the phys 
ical (temperature, humidity) environment of many 
small animals. Where they form a large part of the 

plant biomass, bryophytes also have much larger-scale 
effects by considerably changing albedo and thermal 
isolation characteristics of the ground surface (Berin 
ger et al. 2001). Also the chemical environment of 
associated plants and animals may be bryophyte-de 
pendent (think of the role of Sphagnum in bogs). 
Carnivorous bryophytes, however, seem to be rare 

(Barthlott et al. 2000). Bryophyte-fungus interactions 
are multifarious (Read et al. 2000), presumably even 

including mycorrhizal connections to neighbouring 
vascular plants (Bidartondo et al. 2003). Furthermore, 
bryophytes are engaged in diffuse interactions with 

algae, vascular plants and other bryophytes (During 
and van Tooren 1990). Better insight in bryophyte 
population dynamics will ultimately be required for 
a quantitative understanding of the roles that bryo 
phytes play in ecosystems. 
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