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RELATIONSHIP BETWEEN SEED SIZE AND PLANT ABUNDANCE
IN AN ALPINE MEADOW OF THE QINGHAI-TIBETAN PLATEAU

ABSTRACT: Theoretical and field studies
on seed size and plant abundance relationship
have been conducted in various communities.
However, inconsistent patterns have emerged
from these studies, and still little is known about
alpine meadows. Here we identified four mod-
els and their predictions: the seed size/number
trade-off model (SSNTM), the succession model
(SM), the spatial competition model (SCM), and
the triangle model (TM), in order to assess the
relationship between seed size and abundance
in alpine meadows, and to elucidate underly-
ing mechanisms. The study site was situated on
the eastern Qinghai-Tibetan Plateau at 3500 m
above sea level. From 1999 through 2001, two in-
dices of plant abundance (aboveground biomass
and density) were simultaneously measured in
45 quadrates (0.25 m?). Data for 101 plant spe-
cies (mostly Cyperaceae, Poaceae, Asteraceae,
Ranunculaceae and forbs) showed that seed
size is like log normal distributed, and it slight-
ly skewed in smaller-sized seeds. The SSNTM,
the TM, the SM and the SCM models were not
supported in this alpine meadow, and the rela-
tionship between seed size and abundance was
always positive (although in some samples, the
relationship was not significant). The positive
correlation between seed size and abundance ob-
served for some grassland communities was also
demonstrated in the alpine meadow. It suggests
that seed size depends on the plant growth form,
but the biomass-density relationship is inconsis-

tent with previous studies. This suggests that the
measure of abundance used in these studies is
not the only reason for inconsistency of seed size.

KEY WORDS: abundance, alpine meadow,
aboveground biomass, density, seed size, Qinghai-
Tibetan Plateau

Seed size has been suggested to be one
of the key traits determining community
dynamics, diversity (Rees 1995, Rees et al.
2001, Coomes and Grubb 2003, Khurana
et al. 2006) and functional characteristics of
plant species (Weiher et al. 1999, Westoby
et al. 2002). Many ecologists have long been
fascinated with the relationship of seed size
and plant species abundance (Rabinowitz
1978, Mitchley and Grubb 1986, Rees
1995, Eriksson and Jakobsson 1998,
Guo et al. 2000, Bruum 2001, Leishman
and Murray 2001, Guo 2003, Murray and
Leishman 2003, Moles et al. 2004, Mur-
ray et al. 2005). Rabinowitz (1978) origi-
nally reported a positive correlation between
seed mass and plant abundance in a tall grass
prairie in the United States. However, in-
consistent patterns have been reported for
various plant communities, with different
mechanisms proposed to explain the diverse
relationships:
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1. The seed size/number trade-off model
(SSNTM). Small-seeded species produce
more propagates than do large-seeded spe-
cies (Shipley and Dion 1992, Greene and
Johnson 1993, Leishman and Murray
2001). Rees (1995) and Guo et al. (2000)
suggested that seed size/number trade-off
may account for the observed patterns of seed
size and abundance. Leishman and Mur-
ray (2001) formally showed that SSNTM pre-
dicts an overall negative correlation between
seed mass and biomass within a community.

2. The triangle model (TM). The predic-
tion of the TM as proposed by Guo et al.
(2000) is that small-seeded species may be
abundant or rare, but large-seeded species
are always rare. Spatial patterns of distribu-
tion and abundance are constrained by seed
size within triangular envelopes, i.e., small-
seeded species have a greater range of abun-
dance and occupy a greater number of sites
than large-seeded species. Temporal patterns
of abundance and distribution are similarly
correlated with seed size, i.e., small-seeded
species are generally more abundant and oc-
cur in more years than large-seeded species.

3. The succession model (SM). The SM
predicts that the relationship of seed size and
abundance depends on the time elapsed since
thelast disturbance. Leishman (2001) found
some evidence for this model, although it was
not significant. In the early stages of succes-
sion, species with small seeds appear first due
to their ease of dispersal and production of
large numbers of seeds. This creates a nega-
tive seed mass- abundance relationship. In
the late stages of succession, however, large-
seeded species, which are good competitors
in shaded environments, dominate. The seed
size-abundance relationship then becomes
positive. In the intermediate stage, there is no
significant relationship between seed size and
abundance.

4. The spatial competition model (SCM).
The SCM was proposed by Tilman (1994),
who found that the spatial habitat allows a
potentially unlimited number of species to
coexist. In this model, spatial heterogeneity
and disturbance are not required, but there
is plant-by-plant replacement in a habitat in
which all species are limited by, and compete
for, a single resource. This model assumes
that species make a trade-off between colo-
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nisation and competitive ability (Leishman
and Murray 2001). Tilman (1994) stated
that there is no need for the relationship be-
tween competitive ability and the equilibrial
abundance of a species, and that the poorest
competitor can have the highest equilibrial
abundance. Thus no relationship would be
expected between seed size and abundance
within plant communities.

In summary, the SSNTM predicts a
negative relationship between seed size and
abundance (Rees 1995), the TM predicts a
triangular correlation between seed size and
abundance (Guo et al. 2000), the SM predicts
a positive, negative or no correlation between
seed size and abundance depending on the
elapsed time since disturbance (Leishman
and Murray 2001), and the SCM predicts
no correlation between seed size and abun-
dance (Tilman 1994, Leishman and Mur-
ray 2001).

In alpine areas, cold temperatures, short
growing seasons and frost damage can limit
pollination, pollen tube growth and seed
maturation (Forbis 2003), all resulting in a
reduction in seed output (Kudo 1991). Many
alpine species are primarily clonal and are
therefore expected to have low rates of seed-
ling establishment in stressful environments,
which are usually dominated by long-lived
perennials (Billings and Mooney 1968).
However, the mechanisms underlying the re-
lationship between seed size and abundance
in alpine meadows are not well understood.

Our aim was to assess the relationship
between plant abundance and seed size in
alpine meadows, and to elucidate possible
underlying mechanisms. Plant abundance is
critical for determining trends in the seed size
to abundance relationship; thus, two indices
of plant abundance were measured simulta-
neously: aboveground biomass and the den-
sity of individual plants.

The study site was selected in Nima of
Maqu Country (35°58’N, 101°53’E, 3 500 m
a.s.l.), a typical alpine meadow on the eastern
edge of the Tibetan Plateau in Gansu Prov-
ince, China. The average temperature there
is 1.2°C from 1999 to 2001, and there is no
apparent four seasons with only warm season
from May to October and cool season from
November to April. The average annual pre-
cipitation was 620 mm over the last 35 years,
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and 85% of that rainfall was concentrated
within the growing season from May through
September. This area has 2580 h of sunshine
and more than 270 frost days per year. The
native vegetation was typical of alpine mead-
ows, being largely dominated by a few grami-
noids, such as clonal plant Kobresia humilis
(C.A. Mey. ex Trautv) Bergiev, Poa poophagor
(Bor), Scirpus pumilus (Vahl), Roegneria nu-
tans (Keng), Elymus nutans (Griseb), Festuca
ovina (Linn), Stipa aliena (Keng), Kobresia
capillifolia (Decne.) C.B. Clarke, and Agrostis
hugoniana (Rendle), and by all kinds of forbs,
such as Anemone rivularis (Buch.-Ham). The
average above ground biomass is ranged from
70 to 100 g m™* (dry mass).

Forty-five quadrates (50 x 50 cm each)
were randomly selected in the alpine meadow
with at least 5 m between individual plots.
Data were collected in 1999, and again during
2000 and 2001, in August when the biomass
reached a maximum. Biomass, cover and den-
sity of each species were investigated in every
quadrate. Together 101 plant species were dif-
ferentiated and they are Cyperaceae, Poaceae,
Asteraceae, Ranunculaceae and forbs. Plants
within the quadrates were clipped at soil lev-
el, sorted according to species, oven-dried at
80°C for 24 h and weighed. In some cases, an

“individual” may represent the whole genet,
whereas in most perennial species it represents
ramets, operationally defined as the plant tis-
sue originating from one single position of
roots. For tussock grasses, whole tussocks were
considered as the individuals.

Seeds of each species were collected con-
tinuously when they became mature in 2000,
2001, 2002 and 2003. Seeds were kept indoors
and air-dried, and 100 seeds from each spe-
cies were randomly selected from the pooled
sample for seed mass measurements.

The seed mass, density (number of indi-
viduals per quadrate) and biomass data for
every species were analysed separately. All
statistics were performed using SPSS13.00 for
Windows (Chicago, USA). Spearman’s corre-
lation was used to test the correlations. Dif-
ferences obtained at a level of P <0.05 were
considered significant, and P <0.1 was con-
sidered marginally significant.

Frequency of seed mass classes plotted on
alogarithmic scale produced an approximately
normal distribution, but seed size was slightly
skewed toward smaller-sized seeds (Fig. 1).
The seed mass of 101 plant species spanned
four orders of magnitude from 10~ to 10> mg.

Plant species in the alpine meadow pri-
marily comprise perennial cushion and rosette
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Fig. 1. Distribution of seed size of 101 plant species in plant communities at the study alpine meadow.
Seed mass is given in g (dw) per 100 grains, and is log transformed.
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Fig. 2. The correlation between seed mass and density and above biomass in the alpine meadow for

three years.

Note: all data are log transformed. Spearman’s correlation coefficient (p) was used. All the relationships
are positive. Statistically significant are only the relations in 2000 (P <0.05) and 2001 (P <0.01).

plants, forbs and graminoids with a maximum
height of 20-40 cm. Few species are capable
of completing their entire life cycle in a sin-
gle year. Average aboveground biomass was
70-100 g m™ (dry mass) with approximately
20-30 vascular plant species per quadrate
(0.25 m?). The predominance of specific plant
groups was as follows: Cyperaceae + Poaceae>
Asteraceae + Ranunculaceae> forbs.
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The relationship between seed size and
abundance was always positive, although in
some samples it was not significant (Fig. 2).
When using biomass as a measure of abun-
dance, a significant positive correlation be-
tween seed size and biomass was found for
the years 2000 (P <0.05) and 2001 (P <0.01).
However, density values did not demonstrate
a significant relationship with seed mass
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in any of the three years, although they all
showed a positive trend.

Seed size in alpine meadow of eastern of
the Qinghai-Tibetan Plateau showed an ap-
proximately normal distribution. The seed
size of alpine plant species spanned four mag-
nitudes from 10~ to 10> mg, which was con-
sistent with a previous study conducted in this
region (Bu et al. 2007), but slightly skewed to-
ward smaller-sized seeds compared to larger-
sized seeds in temperate and tropical zones,
based on published values (Fenner and
Thompson 2005). This may be due to lower
net primary productivity (Zhang et al. 2004,
Pluess et al. 2005), or the short growing sea-
son in a harsh environment, which constrains
the upper level of seed mass by limiting the
time available for seed maturation (Bondeau
etal. 1999, Moles et al. 2007).

Among the many theories concerning
seed size and abundance, the SSNTM makes
some clear predictions regarding the relation-
ship between seed size and abundance (Moles
et al. 2004). The basis for the SSNTM is that
seed size determines the competitive ability of
seedlings, where large-seeded propagules al-
ways outcompete small-seeded ones. There is
a trade-off between seed size and the number
of seedlings within a species. Consequently,
large-seeded species can invade within sites
because of their competitive superiority, and
small-seeded species can invade because they
are more prolific and hence competitively
superior with respect to dispersal between
sites (Rees 1995, Eriksson and Jakobsson
1998, Eriksson 2005). In other words, the
SSNTM predicts an overall negative correla-
tion between seed mass and biomass within a
community. This has been suggested as a po-
tentially important mechanism for determin-
ing plant community composition.

In this study, seed mass was positively
correlated with abundance as measured in
terms of biomass, which is consistent with
many experimental studies (Mitchley and
Grubb 1986, Coomes et al. 2002, Levine
and Rees 2002). Interestingly, when abun-
dance was measured as the density of plant
individuals, the relationship between seed
mass and abundance was also positive, but
only marginally significant. This is inconsis-
tent with previous studies in which plant bio-
mass or cover was negatively related to den-

sity (Chiarucci et al. 1999, Rottgermann
et al. 2000, Guo 2003). The SSNTM was thus
not supported in this alpine meadow.

The TM predicted that small-seeded spe-
cies can be abundant or rare and broadly or
narrowly distributed, but larger-seeded spe-
cies are always rare and distributed in fewer
sites. For annual plants in the desert, small-
seeded species may be abundant or rare, but
large-seeded species are always rare because
small-seeded species produce more seeds, are
more vagile, and persist longer in seed banks
than do large-seeded species (Guo et al
1999). This pattern may be due to a trade-off
between seed size and number, increased dis-
persibility of small seeds and increased post-
dispersal survival of small seeds and persis-
tence in the seed bank (Guo et al. 2000).
Many dominant alpine species found at our
study site are long-lived perennials, and we
found no evidence of a triangular correlation
between seed size and abundance.

The predictions of the SM were dependent
on the time elapsed since disturbance. The
positive association observed between seed
size and abundance in studies using cover as a
measure of abundance is expected in crowded
vegetation (competitive situations) in later
stages of succession (Leishman and Mur-
ray 2001). This is because over time, small-
er-seeded species are gradually replaced by
larger-seeded species, and larger-seeded spe-
cies come to dominate the existing vegetation.
Our finding does not support the SCM, as this
model predicts neither a positive nor negative
relationship between seed size and abundance.

Our results suggested that there is posi-
tive correlation between seed mass and abun-
dance, which is inconsistent with some pre-
vious studies e.g. Rabinowitz (1978) and
Mitchley and Grubb (1986) found positive
correlations between seed mass and abun-
dance in tall grass prairie in the United States
and chalk grassland communities in the
United Kingdom, respectively, and the large-
seeded species were tall and dominant while
the small-seeded species occupied the inter-
stices. Thus an alternative explanation for
positive seed size and abundance correlations
might be that both seed size and abundance
are positively correlated with large growth
forms, and abundant species tend to be those
with larger growth forms Leishman et al.
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(1995) also found consistent positive asso-
ciations between growth form/plant height
and seed mass among five temperate floras.
Leishman and Murray (2001) suggested
that both seed size and plant abundance may
be positively correlated with growth forms.
Thus the positive correlation between plant
size and seed size may contribute to the ex-
planation for the positive correlation found
between abundance and seed size in some
communities. In this study, the sequence of
dominance of the plant groups was as fol-
lows: Cyperaceae + Poaceae> Asteraceae +
Ranunculaceae> forbs. This suggested that
abundant species tend to be those with larger
growth forms, which tend to be more domi-
nant, and that seed size in an alpine meadow
may be depend on plant growth forms.

When patterns of seed size and abundance
are interpreted in terms of the models, the mea-
sure of abundance should reflect the theoreti-
cal basis of the model. In the literature, abun-
dance has generally been measured as either
density or as cover (or biomass, which is posi-
tively related to cover, Chiarucci et al. 1999),
thus plant biomass or cover should be nega-
tively related to density (Guo 2003). However,
in our study, the relationship between seed
size and abundance was always positive with
respect to both abundance indices measured
as biomass and density, respectively. This sug-
gests that the measure of abundance is not the
only reason for inconsistency with respect to
seed size. It is likely that the correlation be-
tween seed size and abundance in our alpine
meadow was affected by alpine plant species
interactions. Choler et al. (2001) and Calla-
way et al. (2002) revealed that both facilitative
and competitive interactions are operating in
alpine plant communities, and the interactions
among plants are predominantly positive in
alpine plant communities, whereas competi-
tion prevails in subalpine plant communities.
Wang et al. (2008) suggested that inter-spe-
cies facilitation (positive interactions) is pos-
sibly the dominant interaction within the al-
pine meadow plant community of the eastern
Qinghai-Tibetan Plateau.

We believe that the correlation between
seed size and abundance is not only affected
by plant growth form, but also by other pro-
cesses, such as facilitation (positive interac-
tions between plants) in the alpine meadow.
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We also believe that the relationship between
seed size and plant abundance may be the
result of both long-term ecological selective
pressures over time, and the constraints of the
established evolutionary history of taxonom-
ic affiliations in alpine meadows.
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