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Abstract

Seed mass distribution in grassland communities of
slopes of contrasting aspect was analysed in dolomite
regions of the Pannonian Basin. Species frequencies were
obtained for four pairs of data sets, which originated from
corresponding south- and north-facing dolomite
grasslands, thus forming four independent case studies.
The data sets comprised 5–15 sample plots and 51–114
(average 85) species. The species were classified using
an eight-class system reflecting their mean seed mass
(MSM) records (class 1 being the lowest, MSM � 0.2 mg;
class 8 being the highest, MSM > 50 mg). Seed mass
class distributions derived from slopes of contrasting
aspect showed strong significant differences in chi-square
tests for trend for all the four case studies. Small-seeded
species (classes 1 and 2) showed a positive balance for
the south-facing slopes, whereas large-seeded species
(classes 5, 6, 7 and 8) were more frequent on north-facing
slopes. Species with intermediate seed mass (classes 3
and 4) were not distinctive between the slopes. These
results represent strong evidence of increased seed mass
in the vegetation of north-facing grasslands, when
compared to their south-facing counterparts. Among the
phenomena potentially responsible for the new findings,
we discuss the roles of microclimatic effects (especially
drought stress and light regime), grass litter, interspecific
competition and seed predation.

Keywords: dolomite grassland, seed size, seed weight,
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Introduction

Seed mass of species ranges across ten orders of
magnitude in the world flora, and the variation is still
seven orders of magnitude for the European

vegetation only. Surprisingly, considerable variability
may occur among coexisting plants of the same
community: average differences may be as much as
5–6 orders of magnitude (Westoby et al., 1992;
Leishman et al., 2000). This extreme variability may
explain why the effect of habitat type on seed mass
had been unrecognized for a long time. It was
Salisbury (1942) who first demonstrated the statistical
differences among seed mass distributions of a series
of habitats with increasing community maturity. The
relationship between seed mass and habitat variables
or plant traits has since become known for many
cases (Baker, 1972; Thompson and Rabinowitz, 1989;
Westoby et al., 1992; Leishman and Westoby, 1994;
Rees, 1995; Hodkinson and Thompson, 1997; Milberg
et al., 2000; Azcarate et al., 2002; Mazer and Lowry,
2003). However, the effect of slope aspect on the seed
mass spectrum of communities has not yet been
investigated. 

Our interest in this subject was motivated
principally by Critchfield (1971; cit. Parker and Kelly,
1989), who reported remarkable contrasts between
seed bank properties of vegetation types with different
aspect. Species with persistent seed banks expressed
higher proportions in the vegetation of south-facing
slopes than in that of north-facing slopes of the
California chaparral. For species with a transient seed
bank, the opposite relationship was detected: they
were more abundant on north-facing slopes.

Thompson et al. (1993) showed that species of the
British flora with persistent seed banks tend to have
small, spherical seeds, whereas those with transient
seed banks have seeds that are larger in size and less
isodiametric in shape. A further seven studies from a
wide range of geographical areas confirmed this
observation, either for size or shape, or both (e.g.
Funes et al., 1999; Cerabolini et al., 2003), although
Leishman and Westoby (1998) could not confirm these
findings for 101 species of the Australian flora. From a
recent overview of the topic (Peco et al., 2003), it is
obvious that at least the seed size–seed persistence

Seed Science Research (2004) 14, 379–385 DOI: 10.1079/SSR2004183

*Correspondence
Email: cspeter@ludens.elte.hu

https://doi.org/10.1079/SSR2004183 Published online by Cambridge University Press

https://doi.org/10.1079/SSR2004183


relationship must be accepted as a strongly supported
rule of seed ecology. 

As a logical consequence of results discussed
above, we propose that the vegetation on north-facing
slopes is formed by larger-seeded species than that on
south-facing slopes. The objective of the present
paper is to test the validity of this hypothesis on
examples from dry grassland vegetation of Hungary.

Materials and methods

Eroded hills of Triassic dolomite bedrock were
selected as study sites. Dolomite hills cover
considerable areas in the Pannonian Basin and, due to
the physico-chemical characteristics of dolomite,
erosion shapes these hills with steep slopes (25–35° in
most cases). As a result of the contrasting micro-
climates, well-distinguishable grassland communities
develop on the slopes (Zólyomi, 1942; Draskovits and
Kovács-Láng, 1968). The most frequent plant
association of the south-facing aspect is Seseli
leucospermi–Festucetum pallentis (Zólyomi, 1958), which
may be replaced by Poo badensis–Festucetum pallentis
(Maglocky, 1979) in the northernmost part of the
Pannonian Basin. On slopes of a north-facing aspect,
Festucetum pallentis–Brometum pannonici (Zólyomi,
1958) dominates, replaced by Seslerietum sadlerianae
(Zólyomi, 1936) in some parts of the Budai Hills. These
communities develop within a similar altitudinal

range on dolomite hills, and are all obligate
grasslands, since the shallow soils of their habitats
prevent the establishment of woody vegetation
(Zólyomi, 1942; Debreczy, 1987). The physiognomic
similarity of these communities is important, to
eliminate the potential bias that larger plants tend to
have larger seeds (Thompson and Rabinowitz, 1989).
A further reason for taking dolomite grasslands as
study objects was the availability of large field data
sets; these communities are favoured by botanists
because of their richness in relic and endemic species
(Zólyomi, 1987; Csontos and Lőkös, 1992). The data
for the present study come from four different sources
(= four examples) representing three geographical
regions (Table 1). In each example, an equal number of
sample plots (relevès) were chosen from the south-
and north-facing slopes. The two data sets of Bartha et
al. (1998) originated from five linear samples of 1200
contiguous micro-quadrats (each 5 cm × 5 cm) along
60-metre-long transects in each of the stands (for more
details on sampling, see Bartha et al., 1995). The
further six data sets were prepared according to the
method of the Central-European School of Phyto-
sociology. Quadrat sizes were: 25 m2 (or 16 m2 in some
cases) for Török and Zólyomi (1998), 8 m2 for Tamás
(1997, 2001) and 16 m2 for Podani, Tamás and Csontos
(unpublished data). In all cases, the flora lists of all
spermatophytes found in the quadrats (or linear
samples) were used. Further details are given in
Table 1.
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Table 1. Main features of the data sets from north- and south-facing grasslands of the Pannonian dolomite hills used for seed
weight spectrum analyses

Aspect Community name
Number of Total number of

Geographical region Referencequadrats species occurrences

North-facing Festucetum pallentis– 5 114 234 Transdanubian Bartha et al. (1998)
Brometum pannonici Central Range

North-facing Festucetum pallentis– 10 106 363 Transdanubian Török and Zólyomi 
Brometum pannonici Central Range (1998)

North-facing Festucetum pallentis– 5 67 211 Nagy-Szénás group, Tamás (1997, 2001)
Brometum pannonici Budai Hills

North-facing Festucetum pallentis– 15 96 680 Sas hill of Budai Hills Podani et al. 
Brometum pannonici and (unpublished)
Seslerietum sadlerianae

South-facing Seseli leucospermi– 5 75 152 Transdanubian Bartha et al. (1998)
Festucetum pallentis and Central Range
Poo badensis–Festucetum 
pallentis

South-facing Seseli leucospermi– 10 81 293 Transdanubian Török and Zólyomi 
Festucetum pallentis Central Range (1998)

South-facing Seseli leucospermi– 5 51 173 Nagy-Szénás group, Tamás (2001)
Festucetum pallentis Budai Hills

South-facing Seseli leucospermi– 15 93 615 Sas hill of Budai Hills Podani et al. 
Festucetum pallentis (unpublished)
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Data processing

Mean seed mass (MSM) data of species were taken
from the SEED database (Csontos, 1998) and then
converted into eight seed mass classes as follows: 1,
�0.20 mg; 2, 0.21–0.50 mg; 3, 0.51–1.00 mg; 4,
1.01–2.00 mg; 5, 2.01–4.00 mg; 6, 4.01–10.00 mg; 7,
10.01–50.00 mg; 8, >50.00 mg. By merging classes 5
and 6, and also classes 7 and 8, this categorization
becomes identical to the six-class system of Hodgson
et al. (1995). The percentage of species with no
information on seed mass reached 6–8% in the
different data sets. For these species, scores were
estimated as follows. If a given species had at least
two congeners with direct data in the SEED database,
and if their data fell into the same seed mass class,
and if the three species had the same life-form and
similar fruit morphology, then the same class was
assigned to the species in question. If the congeners
with known data belonged to different seed mass
classes, or obvious morphological differences
prevailed, then no estimation was made. In summary,
0–1.97% (mean 0.51%) of species of the data sets were
thus excluded from the analyses. For calculating seed
mass spectra, species were weighted with their
numbers of occurrences in the given data set. Seed
mass spectra of the corresponding pairs of south- and
north-facing data sets were evaluated statistically by
the chi-square test for trend (InStat, 1997).

Results

The frequency distributions of species in the eight
seed mass categories are summarized in Table 2, and
the distributions of percentage frequencies are shown

in Fig. 1a–d. Very similar seed mass spectra and major
trends emerged in the four examples.

In all cases, a positive balance occurred for the
south-facing vegetation samples in the first two seed
mass categories (MSM lighter than or equal to 0.5 mg).
In contrast, heavier seed mass classes (classes 5, 6 and 7;
MSM between 2.01 mg and 50.00 mg) reached higher
quantities for the north-facing vegetation samples. Seed
mass classes 3 and 4 proved to be transitional, showing
unpredictable proportions in the four examples.

The largest seed mass category was represented
only in four of the eight data sets. Species falling into
this class (e.g. Acer campestre L., A. platanoides L. and
Tilia platyphyllos Scop.) are not regular constituents of
the studied communities, but instead they were
represented by seedlings only, attempting to colonize
the grasslands from neighbouring woods. Sometimes
these trees are temporarily successful and can survive
in the grasslands for a short period of time, and then
they disappear due to the severe abiotic stress (mainly
drought) of the habitat (Debreczy, 1987). However,
they should not be excluded from the analyses,
because their presence (or absence) could also be
distinctive to the contrasting aspects. Indeed, tree
seedlings were found more frequently in data sets
from the north-facing slopes (Fig. 1a, b and c).

The difference between corresponding seed mass
distributions proved highly significant for all the
examples studied (Table 2).

Discussion

The results demonstrate clearly that the grassland
vegetation of north-facing slopes is formed by
somewhat heavier-seeded species when compared to
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Table 2. Number of species occurrences per seed weight class in the dolomite grassland vegetation samples, and the results of
the trend analysis regarding pairs of north- and south-facing vegetation

Number of species occurrences

Seed weight

Hungarian Central Range Hungarian Central Range Nagy-Szénás group, Sas hill of
(Bartha et al.) (Török and Zólyomi) Budai Hills Budai Hills

class (mg) North South North South North South North South

�0.20 21 29 47 50 32 36 86 121
0.21–0.50 34 33 50 62 25 37 116 113
0.51–1.00 37 25 56 45 47 31 129 85
1.01–2.00 44 23 59 46 29 24 99 106
2.01–4.00 51 21 71 46 33 21 123 99
4.01–10.00 29 12 54 32 27 15 70 63

10.01–50.00 12 6 21 10 15 9 57 28
>50.00 3 0 2 2 3 0 0 0

n.c. 3 3 3 0 0 0 0 0
cal. �2 15.243 10.055 8.210 10.099

l.s. P < 0.0001 P < 0.002 P < 0.005 P < 0.002

Abbreviations: n.c., unclassified data; cal. �2, calculated chi-squared for trend; l.s., level of significance.
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that of south-facing slopes of the same geographic
area. If we seek to identify background phenomena
responsible for the seed mass spectrum differences,
the following effects should be considered.

Early microclimatic measurements carried out in
the dolomite vegetation of the Budai Hills revealed
that daily fluctuations of air temperature at the soil
surface, and the soil temperatures at 10 cm depth (the
rooting zone) are higher on the south-facing slopes
than on the north-facing ones (Draskovits and
Kovács-Láng, 1968). Therefore, the south-facing
slopes offer habitats of higher abiotic stress for plant
life, and of low temporal predictability of en-
vironmental conditions. Earlier findings disagree on
the effect of such habitats on the seed size of species.
(1) In some cases, higher seed mass was detected for
species inhabiting drought-prone habitats (Baker,
1972; Salisbury, 1974), allowing the interpretation that
larger seed size facilitates seedlings to establish larger
root systems early, with a better chance of surviving

drought. (2) However, Mazer (1989) did not find a
significant relationship between seed size and water
availability in the habitat; and, in glasshouse
experiments, Jurado and Westoby (1992) could not
support the hypothesis that in drying soil large-
seeded species would tend to allocate relatively more
to roots than small-seeded species. (3) In a British
calcareous grassland, a considerably higher pro-
portion of persistent seed bank species was found on
the south-facing slope than on the neighbouring
north-facing slope. This was claimed to be a general
feature in skeletal habitats, where environment rather
than management is the primary influence on
vegetation (Grime and Hillier, 2000). Because there is
a strong negative correlation between seed per-
sistence in soil and seed size (Thompson, 2000;
Csontos and Tamás, 2003; Peco et al., 2003), Grime and
Hillier’s finding can be considered as evidence for
smaller seed size on south-facing slopes. The present
results are compatible with the third case.
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Figure 1. Relative frequencies of species occurrence according to seed mass categories. The corresponding pairs of data sets of
rock grassland vegetation originated from south- and north-facing slopes of dolomite hills in various regions of the Pannonian
Basin. (a) Transdanubian Central Range (data from Bartha et al., 1998); (b) Transdanubian Central Range (data from Török and
Zólyomi, 1998); (c) Nagy-Szénás group, Budai Hills; (d) Sas hill of Budai Hills.
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In hilly landscapes, the light regime strongly
depends on the angle and the aspect of slopes.
Considering south-facing slopes of Budai Hills
(latitude: 47°30�N) with a slope angle of 24° (the
average slope for the region), at noon on the day of
the summer solstice (21 June), sunlight reaches the
surface at a right angle, as on the level ground at the
Tropic of Cancer. However, a similar slope facing to
the north at the same latitude has a sunshine
inclination angle of 48° on the same day at noon,
which corresponds to the level ground near
Nordkapp, Lapland. During the vegetation period,
clear sky days with direct sunshine are very frequent
in the studied region, thus – considering the increased
extinction when light reaches the vegetation at a low
angle – north-facing slopes receive much less light. 

Additionally, on the north-facing dolomite slopes
– where microclimatic conditions are less extreme –
vegetation cover is higher than on the south-facing
slopes (85–100% with average 93%, and 50–80% with
average 62%, respectively). This also causes a higher
extinction in the canopy, especially if light arrives at a
low angle, thus resulting in a further reduction of the
relative irradiation at the ground layer. It is known
that species adapted to shady habitats tend to have
larger (heavier) seeds than species of sunny habitats
(Salisbury, 1942; Hodgson and Mackey, 1986;
Metcalfe and Grubb, 1995; Hodkinson et al., 1998),
and the major factor responsible for this could be the
higher chance of successful germination of larger
seeds in the shade (Grime and Jeffrey, 1965; Milberg
et al., 2000). 

For germination success, the increased amount of
grass litter on the north slopes should also be
considered, as litter quantity is known to have a
remarkable effect on species composition in a wide
variety of vegetation types (Xiong and Nilsson, 1999). 

Another consequence of the increased vegetation
cover on the north-facing slopes could be the
increased level of interspecific competition, and this
implies a moderate shift of the species’ reproductive
strategy towards the ‘K-end’ of the r–K continuum on
the north-facing slopes. Since K-strategists are
generally known to produce fewer offspring with
more parental care, i.e. a larger amount of endosperm
in our case, this may lead, again, to an increase in the
average seed mass of species coexisting in the north-
facing closed dolomite grasslands.

On south-facing slopes (with more open vege-
tation), small-seededness could also be advantageous
in avoidance of seed predation. With reduced ground
cover, the number of seedlings of large-seeded species
increased significantly in a caged environment
(ensuring exclusion of seed predators), whereas
small-seeded species were unaffected (Reader, 1993).

It is reasonable to suppose that one or more of the
phenomena listed above plays a role in determining

seed mass spectra of grasslands on steep slopes with
contrasting aspect.

Finally, we would like to emphasize that our new
observations come from grasslands occurring
intrazonally, due to orographic reasons, in the
temperate broadleaved forest belt. However, the same
situation could apply to a wider range of vegetation
types within this belt. For example, comparable
woody vegetation stands may also have this
relationship, because (1) evidence suggests the
importance of slope aspect in determining the species
composition of woody vegetation (Attorre et al., 2003);
and (2) there are reports of higher proportions of
small-seeded species in the herb-layer of forests
where the stands were subjected to increased stress
(Kenderes and Standovár, 2003). Beyond the
broadleaved forest belt, the existence of the same
relationship is difficult to predict, and requires a
detailed investigation. Under a cool, boreal climate,
north-facing slopes may offer very poor habitats for
plant life, and the south-facing slopes could be free
from summer drought stress; whereas in tropical
landscapes, the weakening of an effect of aspect may
prevent the manifestation of the seed size differences
between slopes.
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Csontos, P. and Lőkös, L. (1992): Védett edényes fajok
térbeli eloszlás-vizsgálata a Budai-hg. dolomitvidékén. –
Szünbotanikai alapozás, természetvédelmi területek
felméréséhez [The analysis of the spatial distribution of
protected vascular plant species on a dolomite region of
the Budai-Mts., Hungary. – Synbotanical approach to
evaluation of nature reserves] (in Hungarian, with
English summary). Botanikai Közlemények 79, 121–143.

Csontos, P. and Tamás, J. (2003) Comparisons of soil seed
bank classification systems. Seed Science Research 13,
101–111.

Debreczy, Zs. (1987) Fluctuating-dynamic equilibrium of
photophil, xerophil rupicolous plant communities and
scrub woods at the lower arid woodland limit. Annales
historico-naturales Musei nationalis hungarici 79, 89–112.

Draskovits, R. and Kovács-Láng, E. (1968) Mikro-
klimamessungen in Kalkstein- und Dolomitfelsenrasen.
Annales Universitatis Scientiarum Budapestinensis, Sectio
Biologica 9–10, 115–129.

Funes, G., Basconcelo, S., Díaz, S. and Cabido, M. (1999)
Seed size and shape are good predictors of seed
persistence in soil in temperate mountain grasslands of
Argentina. Seed Science Research 9, 341–345.

Grime, J.P. and Hillier, S.H. (2000) The contribution of
seedling regeneration to the structure and dynamics of
plant communities, ecosystems and larger units of the
landscape. pp. 361–374 in Fenner, M. (Ed.) Seeds: The
ecology of regeneration in plant communities. Wallingford,
CABI Publishing.

Grime, J.P. and Jeffrey, D.W. (1965) Seedling establishment
in vertical gradients of sunlight. Journal of Ecology 53,
621–642.

Hodgson, J.G. and Mackey, J.M.L. (1986) The ecological
specialization of dicotyledonous families within a local
flora: some factors constraining optimization of seed
size and their possible evolutionary significance. New
Phytologist 104, 497–515.

Hodgson, J.G., Grime, J.P., Hunt, R. and Thompson, K.
(1995) Electronic comparative plant ecology. London,
Chapman & Hall.

Hodkinson, D.J. and Thompson, K. (1997) Plant dispersal:
the role of man. Journal of Applied Ecology 34, 1484–1496.

Hodkinson, D.J., Askew, A.P., Thompson, K., Hodgson,
J.G., Bakker, J.P. and Bekker, R.M. (1998) Ecological
correlates of seed size in the British flora. Functional
Ecology 12, 762–766. 

InStat (1997) GraphPad InStat Demo, Version 3.00 for Win
95/NT. San Diego, GraphPad Software Incl.

Jurado, E. and Westoby, M. (1992) Seedling growth in
relation to seed size among species of arid Australia.
Journal of Ecology 80, 407–416.

Kenderes, K. and Standovár, T. (2003) The impact of forest
management on forest floor vegetation evaluated by
species traits. Community Ecology 4, 51–62.

Leishman, M.R. and Westoby, M. (1994) Hypotheses on
seed size – tests using the semiarid flora of western
New-South-Wales, Australia. American Naturalist 143,
890–906.

Leishman, M.R. and Westoby, M. (1998) Seed size and
shape are not related to persistence in soil in Australia in
the same way as in Britain. Functional Ecology 12,
480–485.

Leishman, M.R., Wright, I.J., Moles, A.T. and Westoby, M.
(2000) The evolutionary ecology of seed size. pp. 31–57
in Fenner, M. (Ed.) Seeds: The ecology of regeneration in
plant communities. Wallingford, CABI Publishing.

Maglocky, S. (1979) Xerotermá vegetácia v Povazskom Inovci.
Bratislava, Veda.

Mazer, S.J. (1989) Ecological, taxonomic and life history
correlates of seed mass among Indiana dune
angiosperms. Ecological Monographs 59, 153–175.

Mazer, S.J. and Lowry, D.E. (2003) Environmental, genetic,
and seed mass effects on winged seed production in the
heteromorphic Spergularia marina (Caryophyllaceae).
Functional Ecology 17, 637–650.

Metcalfe, D.J. and Grubb, P.J. (1995) Seed mass and light
requirements for regeneration in Southeast Asian rain
forest. Canadian Journal of Botany 73, 817–826.

Milberg, P., Andersson, L. and Thompson, K. (2000) Large-
seeded species are less dependent on light for
germination than small-seeded ones. Seed Science
Research 10, 99–104.

Parker, V.T. and Kelly, V.R. (1989) Seed banks in California
chaparral and other Mediterranean climate shrublands.
pp. 231–255 in Leck, M.A.; Parker, V.T.; Simpson, R.L.
(Eds) Ecology of soil seed banks. San Diego, Academic
Press.

Peco, B., Traba, J., Levassor, C., Sánchez, A.M. and
Azcárate, F.M. (2003) Seed size, shape and persistence in
dry Mediterranean grass and scrublands. Seed Science
Research 13, 87–95. 

Reader, R.J. (1993) Control of seedling emergence by
ground cover and seed predation in relation to seed size
for some old-field species. Journal of Ecology 81, 169–175.

Rees, M. (1995) Community structure in sand dune annuals
– is seed weight a key quantity? Journal of Ecology 83,
857–863.

Salisbury, E.J. (1942) The reproductive capacity of plants.
London, G. Bell and Sons.

Salisbury, E.J. (1974) Seed size and mass in relation to
environment. Proceedings of the Royal Society of London B
186, 83–88.

Tamás, J. (1997) A növényzet regenerálódása leégett
feketefenyvesek helyén, dolomiton [Regeneration of
dolomite grasslands after burning of Austrian pine
plantations] (in Hungarian). MSc thesis, ELTE,
Budapest.
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