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How perennial are perennial plants?
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Trade-offs involving life span are important in the molding of plant life histories.
However, the empirical examination of such patterns has so far been limited by the
fact that information on life span is mainly available in terms of discrete categories;
annuals, semelparous perennials and iteroparous perennials. We used transition
matrix models to project continuous estimates of conditional life spans from pub-
lished information on size- or stage-structured demography for 71 perennial plant
species. The projected life span ranged from 4.3 to 988.6 years and more than half of
the species had a life span of more than 35 years. Woody plants had on average a
projected life span more than four times as long as non-woody plants. Life spans
were higher in forests than in open habitats and individuals of non-clonal species
tended to have a longer life span than ramets of clonal species. Self-incompatible
plants on average lived longer than self-compatible plants. There were no clear
relations between life span and geographical region, dispersal syndrome, pollination
mode, seed size or the presence of a seed bank. We conclude that accurate estimates
of life span are central to understand how longevity is correlated to other traits
within the group of perennial plants.
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College, P.O. Box 4101, SE-14104 Huddinge, Sweden.

Longevity is a fundamental component of life histories
(Roff 1992, Stearns 1992). The realized life span of an
organism depends on the environment, on the particu-
lar set of traits that the organism possesses, and how
these traits change with age. In plants, estimates of
maximum longevity range from a few weeks in some
annuals to over 1000 years in many conifers and clonal
plants (Molisch 1938, Schulman 1958, Wangermann
1965, Ogden 1978, Leopold 1980, Cook 1983, Noodén
1988, Bender et al. 2000). Whereas some plant species
have extreme maximum life spans (Leopold 1980,
Watkinson and White 1985, Noodén 1988, Pedersen
1999), semelparous plants constitute dramatic examples
of rapid senescence (Watkinson 1992, Pedersen 1999).
Moreover, closely related species often have different
patterns of senescence (Wangermann 1965, Roach
1993).

In the absence of any constraints, individuals should
act to increase their fitness by developing traits that

maximize their longevity, given that older plants con-
tinue to produce seeds. However, there are several
reasons why we should expect that other traits, which
are important fitness components, should decrease life
span (Williams 1957, Blarer et al. 1995). For example,
reproduction early in life may exhaust the resources of
an organism, thereby making it more prone to stress-re-
lated sources of mortality. In plants, several conse-
quences of such trade-offs have been suggested
(Eriksson 1996, Ehrlén and van Groenendael 1998).
Clonal growth and a long life span of physiological
individuals constitute alternative strategies for genet
survival. Provided that there are some costs associated
with ramet longevity, we would therefore expect ramets
of clonal species to have a shorter life span than
individuals of non-clonal species. Similarly, persistence
of genetic individuals can be achieved either by a long
life span of established individuals or by a long-lived
seed bank. Rees (1993, 1996) found that for herbaceous
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species, seed dormancy was inversely correlated to
longevity in the non-seed phase. At the gene level,
maintenance can be secured either by persistence of
established individuals or by sexual reproduction.
Short-lived species are more dependent than more long-
lived species on a reproductive system that ensures
some reproduction every year. Life-history traits that
increase the risk of reproductive failure, such as self-in-
compatibility or unpredictable pollination service sys-
tems, are therefore not expected among short-lived
plants (Frankel and Galun 1977, Sutherland 1986). In a
spatial context, persistence can be achieved either by
survival at one site or by dispersal to other sites. If
dispersal is costly we would thus expect species that
have morphological or chemical attributes that favor
dispersal to have a shorter life span. Empirical evidence
appears to be contradictory and there is support for a
negative (Grime et al. 1988), a positive (Venable and
Levin 1983) and no (Rees 1993) correlation between life
span and dispersal ability. It is important to recognize
that the trade-offs discussed above refer to the level of
genetic individuals and the arguments do not necessar-
ily apply to ramets of clonal plants.

Trade-offs between life span and other plant traits
have been examined empirically primarily by compara-
tive studies. One severe limitation with such studies is
that they have only considered the discrete differences
in life span between annuals, biennials (semelparous
perennials) and iteroparous perennials (Venable and
Levin 1983, Fitter 1986, Grime et al. 1988, Wilson and
Thompsson 1989, Rees 1993). This is problematic be-
cause the category ‘‘perennials’’ is likely to entail a
variation in longevity that is at least as large as the
range of variation within many animal groups, such as
birds and mammals. Similarly, we know that ‘‘bienni-
als’’ include considerable variation in longevity (van der
Meijden et al. 1992). Estimates of life span in plants
that go beyond the simple classification into annuals,
biennials and perennials come primarily from trees
where counting of the number of annual growth rings is
a convenient way to determine age. For perennial herbs
evidence is limited and estimates of life spans are
usually based on counting of scars on perennial root-
stocks (Flamm 1922, Garcia and Antor 1995), long-
term studies (Inghe and Tamm 1985), and examinations
of clonal size and growth (Oinonen 1967, Cook 1983).

In contrast to the scarcity of information on plant
life spans there is an increasing body of information on
stage-structured demography, in particular for peren-
nial herbs. Demographic models usually use size cate-
gories instead of age classes as stages, since size is often
a far better predictor of the future survival and repro-
duction rates of plants than age (Menges 2000). Al-
though plant demographic studies have mainly focused
on size or reproductive stage rather than age, the
accumulating demographic data could be used to in-
crease our knowledge about the life spans of perennial

plants. This is because age is implicit in stage-structured
models (Cochran and Ellner 1992). Cochran and Ellner
suggested methods to derive age-based measures from
stage-structured models. The analysis of demographic
data would thus provide a basis for testing relationships
between life span and other traits also within perenni-
als. Franco and Silvertown (1996) used such methods to
examine the relationship between different age-based
measures derived from stage-structured models but so
far estimates of life spans derived in this way have been
presented only for a few species.

In this study we used size- and stage-structured popu-
lation matrix models for 71 perennial plant species to
address the following questions: (1) What are the life
spans of vascular plants as calculated from size- and
stage-based demographic data? (2) How reliable are
these values as judged by agreement with other esti-
mates of plant life span and by within-species variation
in model estimates? (3) How is life span related to other
plant traits? More specifically, we tested whether ramets
of clonal plants have a shorter life span than non-clonal
individuals and, for non-clonal species, whether species
with a seed bank have a shorter carbon-fixing life span.
Furthermore, we examined whether self-incompatible
species and wind-pollinated species have a longer life
span than self-compatible and animal-pollinated spe-
cies, respectively, and whether species with morphologi-
cal attributes that favor dispersal or with small seeds
have a shorter life span. The benefits of investments
towards an increased life span will increase with de-
creased community disturbance rates. We therefore
tested whether species in forests had a higher average
life span than species from open habitats, assuming that
disturbance frequency is higher in open habitats. We
also compared life spans between semelparous and
iteroparous species, between woody and non-woody
species and between plants from different climatic
zones.

Methods

The data set comes from studies on demography in 71
species. Most of these studies are published up to 1998,
but we also included unpublished material for 5 species
to which we had access (Appendix 1). We excluded
studies for which it was impossible to distinguish be-
tween survival and sexual reproduction, or between
survival and fission (=one individual splitting into two
or more individuals). For clonal species we examined
data for ramets (19 species) or groups of ramets (3
species). We also had to exclude two species for which
the studies reported no mortality in the largest size-
classes. As our objective was to examine life span in
perennial plants we did not include annuals.
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A population matrix model was projected using stan-
dard methods of population matrix analysis and age-
based techniques (Caswell 1989, Cochran and Ellner
1992). The model yielded the dominant eigenvalue of
each matrix, �, and the conditional total life span
(equation 6 in Cochran and Ellner 1992). This equation
actually gives life span estimates that are one year too
large, which can easily be checked by calculating life
spans of annuals or obligate biennials. We therefore
subtracted one year from the estimated life span. In a
few cases matrices were reducible (Caswell 1989) be-
cause a transition involving growth from seedlings or
the smallest stage was recorded as zero. In these cases
we added a small value (10−20) to the matrix to achieve
irreducible matrices (Appendix 1). Before calculation of
conditional life spans special care was taken to remove
all types of reproduction and fission from the matrices.
Consequently, life spans of clonal plants were clearly
referring to ramets or clonal fragments. If a matrix
included a seed stage, we checked that it referred to
seed bank. In cases where the incorporation of the seed
stage caused an incorrect one-year delay in the life
cycle, the stage was removed and the remaining vital
rates were corrected (Caswell 1989, Silvertown et al.
1993) (Appendix 1).

In a stage-structured population, an individual is
born to one of the stages. In many plant population
models, the offspring enter the stage of seedlings or
juveniles, but they can in principle enter the stage of
flowering individuals or any other of the stages in
species having rapid growth in the first year of life. The
offspring entering different stages are called different
newborn types. The conditional total life span is
defined as the average age of death for individuals that
survive to a certain stage. Hence, for each newborn
type, there are usually as many life span values as there
are stages in the matrix, and each newborn type has its
own series of life span values. For instance, in one of
the populations of Primula �eris, the newborn type of
seedlings had the following life span values: 6.9 years
(seedlings), 14.4 years (small vegetative individuals),
29.1 years (middle-sized vegetative individuals), 38.9
years (large vegetative individuals) and 33.6 years (flow-
ering individuals). This means that a randomly chosen
seedling will have an expected total life span of 6.9
years, a randomly chosen small vegetative individual
lives on average 29.1 years and so on, all of which
started their life as seedlings and were not, for example,
vegetative daughter ramets or seeds that stay in the seed
bank for the first years of their life.

Typically, the conditional total life span of individu-
als that survive to the seedling stage was low, as the
average life span of seedlings is low, although some of
the seedlings may grow up and eventually survive for
tens or hundreds of years. Conditional total life span
was higher for plants that survived to mature stages
because mortality during the seedling and juvenile

stages are not affecting these estimates. Since condi-
tional total life spans of seedlings and juveniles are
more strongly affected by juvenile mortality rate than
by potential maximal longevity of the species, we chose
to use the life span of the mature stage that had the
highest value as the longevity measure. In the Primula
veris example above, we chose the life span of large
vegetative individuals, 38.9 years, to represent the pop-
ulation. Differences in conditional life spans between
newborn types were small and we chose to use the
highest value irrespective of newborn type. Time spent
in the seed bank was not regarded as a part of the life
span. The effect of seed bank was always small, because
seed bank mortality was high.

Several of the included studies contained information
from more than one year or more than one population.
In these cases we calculated �-values and conditional
life spans for each available matrix. When there were
data for multiple years we computed the harmonic
mean of the life spans for all matrices representing
different years within one population as a measure of
the average life span for the species at that site. The
logic behind using harmonic means is that life span is
inversely related to mortality and that mortality rates
ultimately determine life spans. For example, if we have
two matrices from successive years and project a life
span of 10 years from the first matrix and 100 year
from the second matrix, the expected life span is 18
years rather than 55 years, assuming that the two years
are representative. Harmonic means enabled us to also
incorporate infinite life spans, that can emerge if there
is no mortality at all in some years. For species where
we had information from several populations we took
the arithmetic mean of all population estimates (single
values or harmonic means). In these calculations infi-
nite values were assigned the maximum value obtained
in any other population of that species. The estimated
value of the conditional life span is hereafter referred to
as the ‘‘projected life span’’.

We collected data on plant traits from the studies
used as a source for demographic models as well as all
other sources of information that we were able to find.
With regard to the number of reproductive events,
species were categorized as semelparous or iteroparous.
Four facultatively semelparous plants were included in
the semelparous category. Woody and non-woody
plants were used as life form categories. Distribution
was categorized as subarctic/arctic/alpine, temperate or
subtropical/tropical. Only species with distinct morpho-
logical features for clonal growth were considered
clonal. This is a potentially difficult distinction to make
and in a few difficult cases we followed the categoriza-
tion used in the demographic study on which we based
our calculations. We classified species for which seeds
have been demonstrated to survive more than one year
in the seed bank as having a seed bank and species for
which some kind of negative evidence in this respect
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have been published as not having a seed bank. For the
analysis we placed hermaphroditic and self-compatible
species in one group whereas the other group included
both self-incompatible plants and species with other
means to avoid self-fertilization or decrease the selfing
rate (7 monoecious, 5 dioecious and 2 sequentially
hermaphroditic species). We used two categories for
pollination syndrome, animal or wind, and three for
dispersal mode, animal, wind or unassisted. We fol-
lowed the categorization used in the literature although
we are aware that, especially with regards to dispersal,
assessments based on morphology may be unreliable.
The extremely small seeds of orchids were considered
wind-dispersed. Habitat was divided into forests, in-
cluding woodland, or open. All classifications are
shown in Appendix 1.

To examine how the estimates of conditional life
span calculated from stage-transition models agree with
estimates of longevity from other sources we scanned
the literature for the latter type of information. Infor-
mation was usually available as maximum recorded age
(mainly trees) or as lower limits or half-lives recorded
during demographic studies (mainly herbs). Half-lives
were transformed into average life spans by dividing
half-lives with ln 2 (Pedersen 1999).

We used ordinary one-way ANOVA to examine the
relationship between projected plant life span from
stage-transition models, two distribution parameters
(habitat and geographical distribution) and eight life-
history traits (life-form, dispersal syndrome, pollination
syndrome, parity, clonality, compatibility, presence of a
seed bank, seed size). Many of the traits under investi-
gation are correlated and the relationship between life
span and one trait may be influenced by simultaneous
correlations with other traits. Information on life form
was available for all species and we were thus able to
examine the effects of other traits also in the presence
of life form by two-way ANOVAs. We did not use
more advanced multi-way analyses, since the trait ma-
trix we were able to assemble often had missing values
for each species. For tests of dispersal syndrome, polli-
nation syndrome, compatibility, presence of a seed
bank and seed size we included only non-clonal species.
Three clonal species for which estimates of life span
were based on groups of tillers were excluded from
contrasts between single ramets of clonal plants and
individuals of non-clonal plants. Projected life spans
approximately followed a log-normal distribution (Fig.
1) and were log-transformed before statistical analyses.

Any comparative study should consider that ob-
served patterns are influenced by phylogenetic relation-
ships (Harvey 1996). Life history characteristics vary at
a relatively low phylogenetic level and in our data set
species belonged to 37 different families. Assuming that
families represent different phylogenetic branches, our
sample of species thus still represents a considerable
amount of replication. Moreover, in our data set phylo-

genetic independent contrasts (Harvey and Pagel 1991)
would have been based on a relatively weak phylogeny
as species are scattered among different families
(Donoghue and Ackerly 1996). Hence, we did not use
phylogenetic independent contrasts in our analyses but
examined the distribution of variation in life span
among different taxonomic levels.

Results

Life span estimates

The projected life spans of the 71 investigated perennial
plant species ranged from 4.3 years for Anthyllis �ulner-
aria to 988.6 years for the shrub Eremophila forrestii
(the results for all species are given in Appendix 1).
More than half of the species had a projected life span
exceeding 35 years and a quarter of the species had a
life span of more than 80 years. The distribution of
projected life span was approximately log-normal (Fig.
1). The geometric average life span for the investigated
perennial plants was 36.0 year (95% C.I.=26.9–48.1).

An examination of the across-species variance in life
span estimates showed that 54.7% of the variation
occurred at the level of genus and above but that 45.3%
of the variation occurred at the among-species, within-
genus level (nested ANOVA). Also a comparison of the
relative variation in terms of coefficients of variation
showed that the variation among species within genera
sometimes is in the same order of magnitude as the
variation for the total data set (Table 1).

Reliability and within-species variation

Values of projected life span derived from stage-transi-
tion matrices in this study agreed well with previous
estimates derived from other sources (Fig. 2). However,
for species with previously reported values that were

Fig. 1. Distribution of average conditional life spans for 71
species. Stippled sections of bars show woody plants and open
sections non-woody.
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Table 1. Coefficient of variation in life span (log-transformed
values) in different taxonomic groups.

CVLevel of analysis N

Across families
All species 1.7571
All iteroparous 63 1.64
Iteroparous woody 23 1.30
Iteroparous herbs 1.2840

Within families
Asteraceae 1.714

1.00Fabaceae 5
Liliaceae 0.327
Arecaceae 7 1.91
Pinaceae 0.184

Within genera
Calochortus 4 0.21
Pinguicula 1.013
Primula 3 0.41
Silene 1.353

positively correlated to the �-value of the matrix for all
species, and significantly so for five species (Table 2).

Life span and other plant traits

Life span differed between woody and non-woody
plants (Table 3). Woody plants had on average more
than four times as long projected life span as non-
woody plants, although non-woody plants sometimes
grow very old and may even outlive woody plants. The
highest recorded value in this study, 988.6 years, was
for the shrub Eremophila forrestii. The highest value for
a herb was 337.2 years in Silene acaulis, which is very
close to the second highest value for a woody species
(346.0 years in Araucaria cunninghamii ).

Plant life spans did not differ between geographical
regions. One-way tests showed that life spans were
significantly longer in forests than in open habitats and,
expectedly, that iteroparous plants grew older than
semelparous plants (Table 3). These differences re-
mained significant also when taking differences in life
form into account (Habitat: F1,65=4.05, P=0.048,
Parity: F1,68=16.81, P�0.001, two-way ANOVA with
life form as the second main factor). However, some
semelparous plants had a projected life span of more
than 16 years whereas the most short-lived iteroparous
plant had a life span of 4.5 years. Average life span of
iteroparous woody and non-woody plants was 98.6
(N=23) and 28.3 years (N=40), respectively. Non-
clonal plant species had a longer projected life span
than ramets of clonal species (Table 3). This difference
was clearly significant when examined in a one-way test
but only marginally significant when accounting also
for life form (F1,65=3.63, P=0.061, two-way ANOVA
with life form as the second main factor).

We examined the relationship between projected life
span and dispersal syndrome, pollination syndrome,
compatibility, presence of a seed bank and seed size
only for non-clonal species. Species that lacked a per-
manent seed bank had a longer life span than species
that possessed a seed bank (Table 3) but this difference
disappeared when differences in life form were taken
into account (F1,30=1.83, P=0.186, two-way ANOVA
with life form as the second main factor). There was no
difference between species with different dispersal syn-
dromes (Table 3). Seed size and life span were posi-
tively correlated but this relation appeared to be due to
differences in seed size between woody and non-woody
plants (Seed size (covariate): F1,18=0.94, P=0.346,
ANCOVA with life form as the main factor). Self-in-
compatible plants, including dioecious and monoecious,
grew on average older than self-compatible plants and
this difference remained significant also when taking
differences in life form into account (F1,33=14.97, P�
0.001, two-way ANOVA with life form as the second
main factor). Lastly, wind-pollinated species had on

lower than 40 years matrices yielded on average higher
values. In contrast, for previous estimates of more than
40 years matrix estimates suggested lower values.

There was a considerable variation in the estimates of
projected life span also within species suggesting that
single estimates may not be sufficient to assess the
potential life span of a species. For the eleven species
for which we had information for at least two popula-
tions during at least two years, the within-species varia-
tion was of the same magnitude as between-species
differences (Table 2). Obviously, infinite values do not
mean that plants have eternal life but that study plants
did not experience any mortality in some years. Fried-
man test with exact significances for nine species (all
except Panax and Arisaema in Table 2) showed that
projected life span differed significantly between years
for only one species (Primula �ulgaris, P=0.031) and
between sites for no species. Calculated life span was

Fig. 2. Relationship between estimates of life span from size-
or stage-based matrices calculated in this study and life span
estimates derived by other means gathered from the literature.
Matrix estimate=1.71 (SE=0.32)+0.57 (SE=0.08) previous
estimate, adjusted squared multiple R=0.56, P�0.001, linear
regression on log values, N=37).
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Table 2. Variation in life span within species and correlation between estimates of conditional life span (CLS) and lambda.
Presented values for correlations are Spearman rank correlation coefficients based on both infinite and finite values. Infinite
values were given the highest rank.

Species Years Populations Matrix CLS – CorrelationRange
number Harmonic mean CLS – lambda

Arabis fecunda 6 4 18 7.2 0.179 NS3.5–�
Asarum canadense 4 5 0.754 ***20 6.4 3.6–35.3
Panax quinquefolium 2 4 6 0.429 NS22.8 13.8–�
Primula �ulgaris 2 8 14 31.8 16.1–929.1 0.916 ***
Astragalus scaphioides 5 2 0.387 NS10 15.9 7.0–�
Saxifraga cotyledon 4 0.383 NS2 8 16.6 8.2–�
Plantago media 4 2 8 24.7 14.9–226.1 0.952 **
Arisaema triphyllum 2 2 0.800 NS4 21.8 15.3–31.3
Calathea o�andensis 4 4 16 23.2 10.4–� 0.706 **
Lathyrus �ernus 3 11 0.726 ***32 44.1 21.7–�
Danthonia sericea 0.478 NS2 5 10 55.6 8.9–�

***=P�0.001, **=P�0.01, *=P�0.05, NS=P�0.05.

average a longer life span than insect-pollinated plants
(Table 3), but this effect seemed to be the result of that
many trees are wind pollinated (F1,35=0.03, P=0.886,
two-way ANOVA with life form as the second main
factor).

There was no significant relationship between the
projected life span and the variance in lambda values
(Spearman r=0.145, N=11, P�0.5) among the
eleven species for which we had information for several
populations during several years (Table 2).

Discussion

This study used stage- and size-structured matrix popu-
lation models to address the questions of how old
perennial plants grow and how life span is related to
other plant life history traits. Our analyses show that
half of the perennial vascular plants had a projected life
span exceeding 35 years and a quarter of the species
had a life span of more than 80 years. The projected life
spans among species most closely agreed with a log-
normal distribution with a geometric mean of 36 years.
This probably means that plants as a group on average
have a longer life span than all investigated animal
groups (Stearns 1992 and references therein). This con-
clusion is likely to hold true even if one takes into
account that the flora includes a proportion of annual
plants that were not incorporated in this study. The
proportion of annual species in the North American
and European flora has been estimated to 10–28%
(Hart 1977, Silvertown 1983). The results of this study
are thus in agreement with several previous studies
suggesting that plants in general have relatively long life
spans (Wangermann 1965, Inghe and Tamm 1985,
Watkinson 1992, Bender et al. 2000). The life span of
plants relative to other groups of organisms is impor-
tant. If plants and interacting organisms, such as polli-
nators and herbivores, have different life spans, it
imposes important restrictions on coevolutionary pro-

cesses, in an analogous way as generation time
(Thompson 1994).

Previous estimates of plant life span, except for trees,
have been available for relatively few species and have
been estimated from few individuals with many differ-
ent methods. Previous examinations of life history cor-
relations invoking life span have mainly used the
trichotomy annuals, biennials and perennials. By con-
trast, our study provides estimates of life span for many
species with a wide range of life histories and is based
on large number of individuals in every species. As any
investigation based on published information, our com-
parisons across species suffer from sampling errors.
However, we still believe that the continuous estimates
calculated in this study is the best information available
and that it allows better assessment of how life span is
related to other life history traits than previously used
data. The values of projected life span agreed reason-
ably well with previously published information derived
from other sources. There was a tendency that our
results were higher than previous estimates for rela-
tively short life spans, and lower for longer life spans. A
possible explanation for this pattern is that yearly
growth rings in long-lived woody plants provide a
relatively reliable estimate but that maximum life spans
of exceptionally long-lived individuals are often re-
ported whereas a typical life span will be considerably
shorter (Loehle 1987). In contrast, estimates for most
short-lived herbs previous are based on long-term ob-
servations and provide estimates of the lower range of
the potential life span.

For species where we had information from several
populations and years it was clear that demographic
parameters vary considerably. Several other studies
with plants have also demonstrated large variations in
demographic parameters (Moloney 1988, Bengtsson
1993, Horvitz and Schemske 1995, Ehrlén 1995, Ooster-
meijer et al. 1996). Our analyses suggest that projec-
tions of conditional life spans are very sensitive to such
variation in demographic parameters. In extreme cases
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simulations project an eternal life span because the
conditions at the particular site that particular year
were so favorable that mortality was zero. However,
among-year variation in life span is artificial as the
actual longevity integrates conditions over the entire
life span. This illustrates the important fact that matrix
simulations cannot say anything about what will hap-
pen if the environment changes but only projects the
expected life span during present conditions. This is
analogous with the projection of population growth
rates in stationary matrices (cf. Caswell 1989). The
observed among-population variation in life spans illus-
trates that although species-specific life histories set the
ultimate limits for life spans, they are largely the
product of the environment and not an inherent prop-
erty of the individual. The notion that the realized life
span depends on how beneficial the environment is,
gains further support from the positive correlation be-
tween population growth rate and life span within
species found in this study. Because conditions vary
and mortality may even occur only in some years,
single values may sometimes be non-representative of a
species. For example, if mortality is low except during
disturbance events then short studies that do not in-
clude such events will overestimate life span. Integrated
estimates based on information from more years (e.g.
harmonic mean values used in this study) will be more
reliable. However, the good agreement with life span
estimates derived by other means suggests that varia-
tion of estimates should not be a major concern. With
respect to the examination of across-species patterns,

within-species variance in projected life span results in a
unsystematic sampling error that may obscure, but not
bias, existing patterns.

When within-species variance was removed by using
one joint value for each species, nearly half of the
remaining variance in the calculated conditional life
span occurred at the among-species, within-genus level.
This suggests that a considerable part of the variation is
uncoupled from phylogenetic constraints. The variance
component at the highest taxonomic level can be inter-
preted both in terms of phylogenetic constraints and
niche conservatism (Lord et al. 1995). One obvious
example of variance that is most appropriately ex-
plained at high taxonomic levels is the difference be-
tween long-lived coniferous trees and short-lived
angiosperm herbs. In any case, it seems likely that
much of the variation in life span should be interpreted
at the species level.

The life span of individuals will have important
effects for population dynamics and community struc-
ture (Schoener 1983, Eriksson 1996). A basic assump-
tion in hypotheses on how life span of individuals is
correlated to population and community dynamics is
that a longer life span is associated with a smaller
variation in population growth rates and consequently
smaller probability of population extinction. Schoener
(1983) showed for terrestrial vertebrates, plants and
arthropods that the annual extinction rate of popula-
tions declined approximately linearly with the genera-
tion length of individuals. Fischer and Stöcklin (1997)
examined extinction rates of plant populations in rem-

Table 3. Summary statistics of the relationship between ten plant traits and the expected life span of species. For tests including
dispersal syndrome, pollination syndrome, compatibility, presence of a seed bank and seed size only non-clonal species were
included. Relationships were tested statistically by Spearman rank correlation (seed size) or one-way ANOVA (all other traits).
Statistical tests were carried out on log-transformed values and presented values for each category are back-transformed means
least-square means from respective ANOVA.

P

Life form �0.001F=33.5Woody (N=23)Non-woody (N=48)
22.2 years 98.6 years

0.089F=2.5(Sub-)Tropical (N=14)Temperate (N=48)(Sub-)Arctic/alpine (N=8)Distribution
61.6 years34.4 years19.0 years

�0.001Habitat Open (N=39) Forest/Woodland (N=29) F=14.6
22.2 years 63.6 years

F=22.4 �0.001Itero (N=63)Parity Semel (N=8)
6.6 years44.6 years

0.003Clonality Clonal (N=19) Non-clonal (N=49) F=9.8
17.3 years 46.2 years
(ramets)

F=5.3Absent (N=11) 0.029Present (N=22)Seed bank
24.8 years 73.2 years

F=1.72 0.195Animal (N=10)Dispersal syndrome Wind (N=8) Unassisted (N=17)
41.8 years 69.0 years 28.3 years

Seed size r=0.502 0.020
(N=21)

�0.001F=26.3Self-incompatible (N=16)Self-compatible (N=20)Compatibility
16.4 years 91.7 years

Pollination syndrome Animal (N=31) Wind (N=7) F=5.4 0.026
33.7 years 110.7 years
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nant sites of nutrient poor calcareous grasslands in the
Swiss Jura mountains and found that populations that
went extinct from 1950 to 1985 tended to be small in
1950 and to represent habitat specialist species with a
short life cycle. However, our study provided no direct
evidence of that a longer life span of individuals is
translated into a more stable population dynamics.
There was no significant relationship between the con-
ditional life span and the variance in � values among
species. This suggests that the causal link from individ-
ual life spans to stable population dynamics may not be
straightforward. On the other hand, we found that
species in forests had a higher average life span than
species in more open habitats. If disturbances occur
with a lower frequency in forests than in open habitats,
this may indicate that disturbances select for shorter life
spans.

Our results also agree with the common notion that
woody plants have a longer life span than non-woody
plants. However, several authors have previously
pointed out that also herbs sometimes can have very
long life spans (Inghe and Tamm 1985, Bender et al.
2000). In support of this view, our results suggest that
non-woody plant species may reach considerable ages
and outlive the surrounding trees. Not surprisingly, we
found higher estimates of life span in iteroparous than
semelparous plants, but there was a considerable over-
lap. In contrast, Franco and Silvertown (1996) using
stage-structured models found no relationship between
longevity and age at first reproduction.

We found support for some, but not all, of previ-
ously suggested trade-offs between life span of estab-
lished plant individuals, and clonality, seed longevity,
self-compatibility and dispersal ability. Tanner (2001)
found that expected remaining life span increased with
size in clonal species whereas it was highest at interme-
diate sizes in aclonal species. He suggested that this
indicates that whereas aclonal species experience senes-
cence, it is less common for clonal species even at the
ramet level. In contrast, we found that ramets of clonal
plant individuals have a shorter expected life span
compared with non-clonal individuals, suggesting in-
stead that ramification and longevity of physiological
individuals constitute alternative strategies for genet
survival. However, this relationship was only mar-
ginally significant when correcting for life form.

In contrast to Rees (1993, 1996) we found no evi-
dence that seed dormancy in perennials is associated
with a shorter life span in the vegetative phase when
differences in life form are taken into account. We
examined variation among perennial plants whereas
Rees based his study only on the trichotomy of annu-
als, biennials and perennials. Hence, the differences in
seed longevity demonstrated between the discrete cate-
gories of annuals, biennials and perennials, is not evi-
dent when considering continuous estimates of life span
within the biennial-perennial group. This suggests that

at some threshold a decrease in seed longevity cannot
be balanced by increased adult life span.

Self-incompatibility, including monoecy and dioecy,
was associated with a longer life span than self-compat-
ibility. Other studies have found that self-compatibility
is very common in annual plants (Frankel and Galun
1977, Sutherland 1986). These results support the no-
tion that short-lived species are more dependent on a
reproductive system that decreases the risk of reproduc-
tive failure, such as self-compatibility.

Similar to Rees (1993) we found no support for a
trade-off between dispersal syndrome and longevity.
Although empirical evidence of the hypothesized trade-
off between longevity and dispersability still seems to be
lacking, it is not clear whether this relates to the basic
hypothesis or whether it has to do with the relation
between dispersal syndrome and seed size, and the
actual dispersal distance of seeds (Eriksson and Jakob-
sson 1999). In any case, we found a positive correlation
between life span and seed size but this relation appar-
ently was the result of that woody plants grew older
and had larger seeds than non-woody.

This study provides support for the notion that im-
portant trade-offs between plant life span and other
means of persistence, such as clonal propagation and a
predictable sexual reproduction, exist also among
perennial plants. Thus trade-offs involving life span are
important in the molding of plant life histories. To
further our understanding of plant evolution, as well as
population and community dynamics, accurate esti-
mates of life spans for perennial plants will be
indispensable.
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Appendix 1. Life-history traits and projected conditional life spans for 71 perennial species. The reference for the demographic data on which projections of conditional life span
were based are given with the species name. Other references refer to respective traits. Classification of pollination and dispersal syndrome was in some cases based on the authors’
general knowledge of flower and fruit morphology, or on personal communication with colleagues. Lambda are arithmetic means. Distribution: AA=alpine, arctic or subarctic,
TE= temperate, ST=subtropical or tropical; Habitat: O=open, F= forest or woodland; Life form: W=woody, NW=non-woody; Parity: I= iteroparous, S=semelparous;
Clonality: C=clonal, NC=non-clonal; Compatibility: SC=self-compatible, SI=self-incompatible or else with other means to avoid self-fertilization or decrease selfing-rate
(monoecy, dioecy or sequential hermaphroditism); Pollination: W=wind, A=animal; Dispersal syndrome: W=wind, A=animal, U=unassisted (including one species with
ballistic seed dispersal); Seed bank: P=present, A=absent; and Conditional life span: (A)=A small value (10−20) added to the original matrix to achieve irreducible matrices,
(B)=Error in the original matrix corrected.

Species Family Distribution Habitat Life Seed sizeParity Clonality LambdaCompatibility Pollination Dispersal Seed Life span, Conditional
bank(mg) previous life span –syndromeform (arit.

estimate mean) mean (yrs)
(yrs)

Abies homolepis1 Pinaceae TE1 F1 W1 I1 NC1 SI2 W2 P2 83.92
Abies sachalinensis3 Pinaceae TE3 F3 W3 I3 NC3 SI2 W2 10.44 W P2 2455 84.37
Allium tricoccum6 Liliaceae TE6 F6 NW6 I6 C6 SC6 A6 U P6 1.091 41.46
Alnus incana ssp rugosa7 Betulaceae TE7 O7 W7 I7 C7 SC2 W2 W 668 0.961 22.36
Andropogon semiberbis9 Poaceae TE9 O9 NW9 I9 C9 W 1.346 35.28
Anthyllis �ulneraria10 Fabaceae TE10 O10 NW10 S10 NC10 SC10 A 3.3111 U12 P10, 13 412 0.699 4.34
Arabis fecunda14 Brassicaceae AA15 O15, 16 NW15 S15 NC15 SC15, 16 A16 0.2416 P14 1.311 8.67
Araucaria cunninghamii17 Araucariaceae ST17 F17 W17 I17 NC17 40017 0.989 345.70 (B)

Ardisia escallonioides18 Myrsinaceae ST18 F18 W18 I18 NC18 SC19 A19 50.319 A18 1.500 62.51
Arisaema serratum20 Araceae TE20 F20 NW20 I20 C20 SI20 A20 A20 0.991 22.92
Arisaema triphyllum21 Araceae TE21 F21 NW21 I21 C21 SI21 A21 A21 A21 2521 1.105 22.02
Asarum canadense22 Aristolochiaceae TE22 F22 NW22 I22 C22 SC22 A2 13.723 A23 A22 0.910 6.67
Astragalus cremnophylax 21.04Fabaceae TE24 O24 NW24 I24 NC24 SC25 A25 U24 A24

var. cremonophylax24

Astragalus scaphoides26 Fabaceae TE26 O26 NW26 I26 NC26 A27 U27 P26 1026 1.414 20.78
Calathea o�andensis28 Marantaceae ST28 F28 NW28 I28 NC28 SC29 A28 A28 P28 1.003 24.36
Callitris intratropica30 Cupressaceae ST30 W30 I30 NC30 A30 0.824 53.86
Calochortus albus31 Liliaceae TE31 O31 NW31 I31 C31 SC31 A31 1.8131 U31 A31 1031 1.527 32.54
Calochortus obispoensis31 Liliaceae TE31 O31 NW31 I31 C31 SC31 A31 1.5431 U31 A31 1031 0.995 50.19
Calochortus pullchellus31 Liliaceae TE31 F31 NW31 I31 C31 SC31 A31 3.9031 U31 A31 1031 1.035 49.17 (A)

Calochortus 58.48Liliaceae TE31 O31 NW31 I31 C31 SC31 A31 3.3831 U31 A31 1031 1.147
tiburnonensis31

Carex distans32 Cyperaceae AA32 O32 NW32 I32 C32 W 1.061 6.14
Carex membranacea32 Cyperaceae AA32 O32 NW32 I32 C32 SI33 W 1.059 6.16
Carlina �ulgaris34 Asteracae TE35 O34 NW34 S34 NC34 SC36 A36 1.5336 U34 P34 437 0.869 5.25
Cecropia obtusifolia38 Cercropiaceae ST38 F39 W38 I38 NC38 SI38 A38 A38 P39 0.941 49.64
Chamaelirium luteum40 Liliaceae TE41 F42 NW42 I42 NC42 SI42 A 1.014 81.00
Coccothrinax readii43 Arecaceae ST43 O43 W43 I43 NC43 15043 1.055 114.80
Cypripedium acaule44 Orchidaceae TE44 F44 NW44 I44 NC44 SI45 A45 W P44 5046 1.113 25.80 (A)

Danthonia sericea47 Poaceae TE47 NW47 I47 C47 SC47 W47 P47 1.084 158.52 (A)

Daucus carota37 Apiaceae TE35 O37 NW37 S37 NC37 SC36 A36 0.8836 A36 P37 437 0.923 4.61 B

Dipsacus syl�estris48 Dipsacaceae TE48 O48 NW48 S48 NC48 A2 U48 P48 548 1.932 4.96
Epilobium latifolium49 Onagraceae TE50 O50 NW49 I49 C49 A2 W51 3549 44.17
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Appendix 1 (Continued).

Species Family Distribution Habitat Life ConditionalParity Clonality Compatibility Pollination Seed size Dispersal Seed LambdaLife span,
(mg) syndromeform bank (arit.previous life span –

estimate mean (yrs)mean)
(yrs)

Eremophila forrestii52 Myoporaceae TE52 O52 W52 I52 NC53 1.002 988.65
Eremophila maitlandii52 Myoporaceae TE52 O52 W52 I52 NC53 0.984 84.49
Erigeron kachinensis54 Asteraceae TE54 O54 NW54 I54 NC54 SI55 A55 W55 P55 2054 138.28
Eriophorum triste32 Cyperaceae AA32 O32 NW32 I32 C32 1.052 6.06
Erythronium japonicum56 Liliaceae TE56 F56 NW56 I56 NC56 SI56 A56 U A56 2056 1.055 80.56
Eupatorium perfoliatum57 Asteraceae TE57 O57 NW57 I57 C57 SI57 A58 16059 W57 0.881 4.52
Eupatorium resinosum57 Asteraceae TE57 O57 NW57 I57 C57 SI57 A58 22059 W57 1.172 7.37
Fagus crenata1 Fagaceae TE1 F1 W1 I1 NC1 SI60 W61 10162 U63 115.64
Fagus grandifolia64 Fagaceae TE64 F64 W64 I64 NC64 SI2 W A 30065 1.001 270.66
Fumana procumbens66 Cistaceae TE66 O66 W66 I66 NC66 SC66 A66 3.466 A66 18.666 0.987 18.90
Gentiana pneumonanthe67 Gentianaceae TE67 O67 NW67 I67 NC67 SC68 A68 0.0569 U A67, 69 1569 1.039 11.00
Iriartea deltoidea70 Arecaceae ST70 F70 W70 I70 NC70 8870 0.946 62.05
Lathyrus �ernus71 Fabaceae TE71 F71 NW71 I71 NC71 SC71 A71 12.071 U71 P71 0.995 57.69 (A)

Nothofagus fusca17 Fagaceae TE17 F17 W17 I17 NC17 SI72 W73 W72 P2 45017 1.004 246.92
Panax quinquefolium74 Araliaceae TE74 F74 NW75 I75 NC75 SC74 A P74 6074 1.032 30.83
Pedicularis furbishiae76 Scrophulariaceae TE76 O76 NW76 I76 NC76 A U76 A76 1.275 24.72
Phaseolus lunatus77 Fabaceae ST78 O77 NW77 S77 NC77 SC77 P77 0.707 4.55 (B)

Phytelephas seemannii79 Palmae ST79 F79 W79 I79 NC79 SI79 A79 A79 P79 8579 1.059 77.47
Picea jezoensis/glehnii3 Pinaceae TE3 F3 W3 I3 NC3 SI2 W 380 W 30081 63.23
Pinguicula alpina82 Lentibulariaceae AA84 O83 NW83 I83 NC83 SI84 A84 0,01585 U 10.883 1.062 106.12
Pinguicula �illosa82 Lentibulariaceae AA84 O83 NW83 I83 NC83 SC84 0,02985 U 2.783 1.041 13.54
Pinguicula �ulgaris82 Lentibulariaceae O83 NW83 I83 NC83 SC84 A84 0,02485 U 10.883 1.027 28.50
Pinus palustris86 Pinaceae TE86 F86 W86 I86 NC86 SI2 W W86 A86 24486 0.899 59.10
Plantago media87 Plantaginaceae TE88 O88 NW88 I88 C88 SI88 A88 0.3588 U88 P88 0.939 28.07
Podococcus barteri89 Arecaceae ST89 F89 W89 I89 C89 SI89 A89 60089 A89 6389 1.013 32.94 (B)

Potentilla anserina90 Rosaceae TE35 O90 NW90 I90 C90 SI90 A90 0.891 U P91 0.890 10.96
Primula farinosa92 Primulaceae TE92 O92 NW92 I92 NC92 SI93 A92 0.0992 U92 P92 21.75
Primula �eris91 Primulaceae TE36 O36 NW36 I36 NC36 SI91 A36 0.6936 U36 P36 9094 0.960 52.33
Primula �ulgaris95 Primulaceae TE95 F95 NW95 I95 NC95 SI96 A96 0.6396 A95 P96 2096 1.128 48.03
Pterocarpus angolensis97 Fabaceae ST97 F97 W97 I97 NC97 A98 W98 A97 13799 0.971 73.89
Rhopalostylis sapida100 Arecaceae TE100 F100 W100 I100 NC100 A100 220101 246.66
Saxifraga cotyledon102 Saxifragaceae AA102 O102 NW102 S102 C102 A102 0.01691 W102 P102 1.092 17.87
Scabiosa columbaria37 Dipsacaceae TE36 O37 NW37 I37 NC37 A36 1.3236 P37 1.076 9.88
Silene acaulis103 Caryophyllaceae AA103 O103 NW103 I103 NC103 SI104 A105 0.23105 U106 1.013 337.16
Silene douglasii var. Caryophyllaceae TE107 O107 NW107 I107 C107 SC107 A108 1.00108 0.976 15.27

oraria107

Silene regia109 Caryophyllaceae TE109 O109 NW109 I109 NC109 SC109 A109 U109 A109 1.6986 43.41
Thrinax radiata43 Palmae ST43 W43 I43 NC43 14543 1.127 92.81
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Appendix 1 (Continued).

Species Family Distribution Habitat Life Life span,Parity Clonality Compatibility Pollination Seed size ConditionalDispersal LambdaSeed
previous (arit.form (mg) life span –banksyndrome

mean (yrs)estimate mean)
(yrs)

Tolumnia �ariegata110 Orchidaceae ST110 F110 NW110 I110 NC110 SI110 A111 W110 25.03
Viola fimbriatula112 Violaceae TE113 O112 NW113 I113 NC113 SC112 A112 0.831114 A112 P115 16.4113 20.03
Vochysia ferruginea116 Vochysiaceae ST116 F116 W116 I116 NC116 A116 1.155 322.96

References: 1 – Nakashizuka 1991. 2 – Huxley et al. 1992. 3 – Kubota 1997. 4 – Sato and Hiura 1998. 5 – Suzuki et al. 1987. 6 – Nault and Gagnon 1993. 7 – Huenneke and Marks
1987. 8 – Johansson 1999. 9 – Silva et al. 1991. 10 – Bastrenta et al. 1995. 11 – Jakobsson, A., unpubl. data. 12 – Sterk 1975. 13 – Sterk et al. 1982. 14 – Lesica and Shelly 1996.
15 – Lesica and Shelly 1995. 16 – Hamilton and Mitchell-Olds 1994. 17 – Enright and Ogden 1979. 18 – Pascarella and Horvitz 1998. 19 – Pascarella 1997. 20 – Kinoshita 1987. 21

– Bierzychudek 1982. 22 – Damman and Cain 1998. 23 – Cain et al. 1998. 24 – Maschinski et al. 1996. 25 – Travis et al. 1996. 26 – Lesica 1995. 27 – Lesica, P., pers. comm. 28
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