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or for co-existence in plant communities (Silvertown 2004;
ilvertown, Araya, & Gowing 2015). A trade-off between
ater use efficiency and relative growth rate seems to drive
iche partitioning along the hydrological gradient (Angert,
uxman, Chesson, & Venable 2009; Silvertown et al. 2015).
iche partitioning and risk-reduction are both important
echanisms for persistence, but we still do not know how

iche partitioning relates to risk-reduction (Simons 2011).
his is important because most plants grow separately in

ocal gradients (e.g. García-Baquero, Silvertown, Gowing,
 Valle 2015) and perceive varying risk levels according to

heir niche boundaries.
Soil seed banks reduce risks when rainfall is unpredictable

Cohen 1966) and this strategy can result in high abundance
f seeds in the soil (Volis & Bohrer 2013). For deserts, one
ingle global variance in rainfall is sufficient to model evo-
ution of soil seed banks (Clauss & Venable 2000; Venable
007). However, in small-scale gradients of moisture, the
esponse of plants to rainfall variability is less synchronous
García-Baquero et al. 2015; Tielbörger & Petru 2008). In this
ase of uncorrelated local variances, when adjacent patches
re different, seed dispersal is the optimal risk-reduction trait
Nathan & Muller-Landau 2000; Siewert & Tielbörger 2010;
nyder 2006; Venable & Brown 1988). This suggests a shift
f seed dispersal distances and seed bank abundances in mois-
ure gradients, which has never been detected yet. Large
eeds increase survival of seedlings under drought (Baker
972; Daws, Crabtree, Dalling, Mullins, & Burslem 2008;
eishman & Westoby 1994) and hence decrease the risk of
xtinction of a plant species. Soil seed banks may thus be
egatively correlated with seed size and positively correlated
ith moisture. Since seed size is in a well-known trade-off
ith seed number (Moles & Westoby 2006), large seeds have

ower abundance in the soil and limited dispersal (Bruun &
oschlod 2006; Saatkamp, Affre, Dutoit, & Poschlod 2009).
oreover, large seeds have been suggested a risk-reduction

rait because they store resources to survive adverse times
Cohen 1966; Leishman & Westoby 1994; Philippi & Seger
989; Siewert & Tielbörger 2010). Models revealed a neg-
tive correlation between seed size, seed banks and seed
ispersal for locally homogenous habitats (Cohen & Levin
987; Venable & Brown 1988). Altogether, large seed size
hould be associated with dry habitats and trade-off with
oil seed bank abundance and seed dispersal in the moister
abitats.

Beyond seed size, plants differ in adaptations to hydrology
eading to varying water use efficiency, e.g. by C3, C4 and
AM phytosynthesis (Keeley 1998) and in this way enable

emporarily coexisting guilds (Angert et al. 2009) or coexis-
ance in spatially partitioned hydrological niches (Ellenberg
953; García-Baquero et al. 2015; Silvertown et al. 2015).
t has been shown that niche partitioning in local moisture

radients contributes importantly to plant diversity (Bauder
000; Violle et al. 2010). We therefore expect that effects
f moisture niches on risk-reduction traits are strongest for
oisture gradients on short spatial scales and when moisture
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radients interfere with the extent of seed dispersal such as
n Mediterranean temporary pools (Deil 2005). Temporary
ools are also subjected to strong year-to-year fluctuations
n rainfall, increasing the importance of risk-reduction and
hey are notoriously rich in annual plants (Deil 2005). Inter-
stingly, year-to-year changes in surface are unequal for wet
nd dry habitats in the hydrological gradient. In wet years,
igh and steep areas remain dry while many lower parts are
ooded, whereas in dry years even the lowest points remain
ry. This implies that the importance of global versus local
emporal variance experienced by plants differs according
o their moisture niche in our gradient, i.e. aquatic plants
ave no escape and build up highly abundant soil seed banks
Bauder 2005), whereas plants with intermediate moisture
iches should show higher seed dispersal.
Building on this context, we tested the following hypothe-

es on risk-reduction traits and moisture niches. (1)
bundance of seeds in soil banks increases towards the
et end of the moisture gradient, which is particularly pro-
ounced in aquatic plants. (2) Dispersal of seeds in local
radients is highest for species with intermediate moisture
iches, resulting in a higher spread in the soil seed bank for
ntermediate species. (3) Seed size increases for species from
ry habitats, reducing the effects of drought. (4) Seed disper-
al, seed bank abundance and seed size may be negatively
elated, since they are alternative strategies of risk reduction.

We quantified abundance and dispersal of seeds in the soil
ank as well as seed size for all vascular plant species in 15
editerranean temporary pools. We also quantified changes

f water level over short distances, which are known to vary
nter-annually with rainfall and to drive small-scale turnover
n these plant communities (Brock 2011; Deil 2005; Rhazi,
rillas, Tan Ham, & El Khyari 2001).

aterials and methods

tudy sites

We studied three temporary wetland areas in Southern
rance, Feuillane (43◦28′14′′N, 4◦52′41′′E), Evenos
43◦12′40′′N, 5◦51′10′′E) and Plaine des Maures
43◦21′12′′N, 6◦26′06′′E). At Feuillane, the mean annual
emperature is 15.2 ±  0.68 ◦C and the mean annual rainfall
s 455 ±  158 mm (2004–2013, Istres). This site has alluvial
oils with temporary pools in winter.

Evenos has a mean annual temperature of 16.4 ±  0.47 ◦C
nd a mean annual rainfall of 585 ±  168 mm (2004–2013,
oulon). A layer of tertiary basalt is the substrate for tempo-
ary pools.

Plaine des Maures has a mean annual temperature of
◦
5.4 ±  0.56 C and a mean annual rainfall of 747 ±  299 mm

2004–2013, Le Luc). Permian sandstones form shallow soils
nd temporary streamlets and pools. This site is of prime
nterest for the conservation of temporary pools in Europe
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nd harbors 27 rare or endagered plant (Grillas, Gauthier,
avercovski, & Perennou 2004).

ampling of  established vegetation

In each of the three study sites we selected five tempo-
ary pools and at each pool a transect was laid out from the
eepest point at the pool bottom to a dry point in the surround-
ng area. Along each transect, we established five sampling
lots (1–5 m apart). Each plot consisted of 20 small quadrates
10 ×  10 cm), which were arranged at right angles with the
ransect. Presence/absence of all vascular plants was recorded
n each of the small quadrates, resulting in a total census area
f 0.2 m2 per plot. For analysis, we only used a plant’s fre-
uency in the small quadrates at plot level. We gathered data
rom April to June 2012 for Feuillane and Evenos and in June
013 for Plaine des Maures. Nomenclature of plant names
ollows Tison, Jauzein, and Michaud (2014).

oil seed bank sampling

Around each plot we took 13 randomly placed soil cores.
ores had a diameter of 6 cm and a depth of 10 cm. Before

ampling, we removed vegetation and litter. We mixed soil
amples for each plot. The mixed soil samples were trans-
orted and stored at 3–5 ◦C until the emergence experiment.
e sampled soil in April and June 2012 for Feuillane and

venos and in June 2013 for Plaine des Maures. Sampling
n spring avoided recently dispersed seeds and, hence, repre-
ents the persistent soil seed bank (Walck, Baskin, Baskin, &
idayati 2005). However, some seeds of Cardamine  hirsuta,
olypogon maritimus  and Erophila  verna  dispersed before
ampling.

We quantified seeds in the soil using the seedling emer-
ence method (ter Heerdt 1996). We concentrated soil
amples using sieves of 4 mm and 0.1 mm. The fine sieve
etained even the smallest expected seeds (Juncus). These
educed samples were spread as a 0.5-cm layer in trays filled
ith vermiculite and cultivated in an unheated greenhouse at
ix Marseille University. We inclined the trays in water-filled
anels with one side water-saturated and the other side 5 cm
bove the water line. We pooled all data, since we did not
etect strong differences in emergence between both sides,
nd since both aquatic and xerophytic plants germinated well
n this setting. We cultivated soil samples from Feuillane and
venos from July to September 2012 and for Plaine des Mau-

es, from November 2013 to June 2014. We counted emerged
eedlings every week and removed identified plants. Uniden-
ified seedlings were cultivated until identification.

eed size
2 We measured seed size as dry weight of three replicates
f 10 or 50 seeds of five individuals per species in 2012 and
013.
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easurement and simulation of water levels in
emporary  pools

We measured water levels (L) at five dates in spring 2013
nd spring 2014 for each of the 15 studied temporary pools.
e then compiled data on daily precipitation (P) and daily

otential evapo-transpiration (E) for the period 2011–2014
or each site. We used the simple water budget from Brooks
2004) to simulate water levels (in cm) for each pool on

 daily basis. This model uses three parameters (a, b and
), which we fitted by maximizing the R2 of the relation
[t + 1] = (L[t] + a ×  P[t + 1] −  b ×  E[t + 1]) ×  c in a repeated

inear regression. We then used the maximum water level
btained for each pool. We measured relative topographical
eights of the different plots of all temporary pools with a
ater balance. The model for water level was run for the
eepest point of each pool and we then substracted the topo-
raphical height to reach the water level value for each plot.
his yielded negative water levels for dry habitats. We used

hese water levels as a surrogate for the moisture gradient in
emporary pools and we calculated the mean and the median
ater level for each species.

tatistical analyses

We also used the position on an axis of Canonical Cor-
espondence Analysis (CCA) as an alternative measure of a
pecies’ moisture niche (Ter Braak 1986). We performed a
CA on a plot by species matrix, and transect position and

ite as environment data using the default settings of the cca
odule in vegan/R (Oksanen et al. 2007). This forced the
rst axis parallel to the moisture gradient. We then compared

 species’ mean or median position on this axis from the
stablished vegetation with its occurrence in the soil seed
ank.

For comparisons between seed bank and standing vege-
ation we used box-plots of water levels or first CCA axis
ositions (Fig. 2) and t- or U-tests for comparison of means
nd Bartlett’s test for variances.

In order to test the effect of moisture niche and seed size
n the abundance of seeds in the soil, we used a zero-inflated
egative binomial model to account for over-dispersion in our
ata (Zuur, Ieno, Walker, Saveliev, & Smith 2009). We did

 model selection based on likelihood-ratio tests and AIC-
alues as described in Zuur et al., 2009. The optimal model
or the count part was the full model with seed size, gradient
osition and their interaction. For the presence-absence part,
nly seed size was retained as predictor.
We measured spread of seeds in the soil along the gradient

n terms of water levels or CCA-axis using the interquartile

ange (IQR) of gradient positions of all seeds of a species,
QR has been proven to be independent of sample size and
an be used to compare species in our setting since number
f occurrences vary; since IQR can be sensible to outliers
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ig  1.  Abundance of a species seeds in the soil on its mean simu
ccording to a zero-inflated negative binomial model using seed s

 < 0.0001, z = −4.124). (B) Probability of false zero according to z

e also calculated Rousseeuw and Croux’s (1993) robust
easure of scale as an alternative.
We tested the relation between moisture niche and spread

y using a linear model of IQR on median seed positions
n the gradient. Additionally, we wanted to know whether

 non-linear model was more appropriate. We therefore also
sed generalized additive models (GAM) with two degrees of
reedom to compare with the linear model. We also repeated
ll analyses using CCA axis in place of simulated water levels.

To study the relationship between seed size and moisture
iche, we fitted a linear regression of log-transformed seed
ize against the median and mean of water levels for each
pecies and of positions on the first CCA axis and alterna-
ively compared it to a generalized additive model (GAM).

All analyses were performed in R (R-Core-Team 2014)
sing the packages vegan  for CCA; pscl  and lmtest  for zero-
nflated models and mcgv  for GAM.

esults

The abundance of seeds in the soil seed bank was posi-
ively related to increasing moisture in the habitats of a plant
linear model of log-transformed abundances only, t = 2.2,

 = 0.0285). This relation was even clearer when absences
ere included in a zero-inflated model with seed size as a

ovariate (Fig. 1). This indicates that species occurring in
oist areas have higher abundances of seeds in the soil,

ndependently of seed size (Fig. 1A). In this model, there
as a weak interaction between seed size and gradient posi-

ion, indicating that the effect of moisture niche was stronger
or large than for small seeds. The correlation between
lant position along the gradient and abundance in soil seed
ank remained significant when median (z = 2.6, p = 0.0092)
nstead of mean positions were used or when its maximum

bundance (z = 2.040, p = 0.0413) instead of total counts was
sed.

Moreover, the probability of an adult plant to be detected in
he soil seed bank decreases with increasing seed size as illus-

r
(
o

ater level. (A) Observed (dots, stars for zeros) and fitted counts
covariate (abundance, straight line, p = 0.0060, z = 2.74; seed size
flated model (seed size, p = 0.0487, z = 1.972). See text for details.

rated by the increase of false absences in the zero-inflated
odel (Fig. 1B). This relation between absence from seed

ank and seed size was also found in a logistic regression on
resence–absence data only (z = 3.174, p = 0.0015).
For 46 species, we had at least three occurrences in both

ata sets, so we compared their positions along the moisture
radient between standing vegetation and soil seed bank visu-
lly using box plots (Fig. 2). This revealed that most species
ere restricted to a particular range of water levels as adult
lants. When sorted by the median position of adult plants
Fig. 2), the soil seed bank of a plant tended to be on drier
arts at the moist gradient end and on moister parts at the dry
radient end compared to adults.
Using data on mean niche position and spread (inter-

uartile range) in the soil seed bank of 78 species, we
ound a non-linear relationship (GAM analysis with seed
ize and abundance in the soil seed bank as (non-significant)
ovariates), with spread being larger at intermediate gradient
ositions (n = 78, F = 3.374, p = 0.0398, Fig. 3). This was con-
rmed when we used the Rosseuw–Croux index instead of

he inter-quartile range (GAM, n = 78, F = 4.024, p = 0.0221)
r when we used median positions instead of mean positions
GAM, n = 78, F = 3.509, p = 0.0352) and neither abundances
f seeds in the soil (F = 0.661, p = 0.5195) nor seed size
F = 0.022, p = 0.9782) had an effect on spread. A linear
odel on the same data did not show any trend (df = 74,

 = −0.465, p = 0.644).
We also analyzed niche spread for each species in the stand-

ng vegetation with at least three occurrences, measured by
he inter-quartile range in water levels (Fig. 3). We found
hat it did not change with mean position in a linear model
df = 96, t = 0.1, p = 0.92), nor in a GAM (n = 98, F = 0.01,

 = 0.92).
When we compared inter-quartile ranges between standing

egetation and soil seed bank, we found no overall sig-
ificant difference (t-test, t = 1.6, p = 0.1022, N = 80). This

esult did not change when a robust measure of spread
Rosseuw–Croux index) was used or when only species
ccurring in both data sets were used in a paired t-test
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egative values of simulated maximum water levels indicate dry co

t = −0.4, df = 40, p-value = 0.6727). The non-linear effect of
 higher spread at intermediate gradient positions was even
tronger when the moisture related CCA-axis 1 was used
nstead of water levels (analysis not shown).
When we compared water levels for seeds from the soil
ompared to adult plants within species, only two species,
anunculus paludosus  (t = −2.3, df = 8, p = 0.0572) and

t
f
v

ite) growing along transects ranging from the bottom of temporary
owing conditions of adult plants, with wet conditions at the top.
ns.

ythrum hyssopifolia  (t = −2.0, df = 15, p = 0.0524) tended
o have adults in significantly moister conditions than seeds
n the soil seed bank.

Additionally, comparing presence in the soil seed bank to

he standing vegetation in the distribution along the gradient
or each species separately, a Bartlett test of homogeneity of
ariances revealed that Lythrum  borysthenicum  (K2 = 4.441,
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 = 0.0351), Juncus  tenageia  (K2 = 8.5911, p = 0.0034) and
oenchia erecta  (K2 = 4.5512, p = 0.0329) had significantly

reater variance in the soil seed bank and only Mentha
ulegium (K2 = 3.8831, p = 0.0488) had greater spread in the
tanding vegetation.

Using CCA axis coordinates instead of water levels to
tudy positions of seeds from the soil compared to adults
evealed that R.  paludosus  seeds (t = −4.3, df = 8, p = 0.0023)
ere found in drier conditions than the adult plants in the veg-

tation. A similar difference was found for Tuberaria  guttata
t = 2.4, df = 12, p = 0.0354).

Using the CCA-axis, nine species (Callitriche  brutia,
solepis setacea,  Juncus  articulatus,  Juncus  bufonius,  Jun-
us tenageia,  Lythrum  borysthenicum,  Poa  annua,  Polypogon
aritimus, Ranunculus  peltatus,  Sagina  subulata) showed a

arger spread in the soil seed bank compared to the stand-
ng vegetation (Bartlett’s test of homogeneity of variances,

2 = 4.2–23.4, p < 0.05). Only Juncus  pygmaeus  (K2 = 4.2,
 = 0.0348) and Plantago  coronopus  (K2 = 3.1, p = 0.0796)
ad higher spread in the standing vegetation.
Seed size of a species decreased significantly (Fig. 4) with

ncreasingly moist niches of adults as measured by their
edian position in the gradient. Analyzing the data set with

on-linear regression methods (GAM R2 = 0.14, F = 8.699,
 = 0.0003) only slightly increased R2 compared to the lin-
ar model and revealed again a generally decreasing seed
ize with increasing moisture. The species position on the
oisture-related CCA-axis was also linearily related to seed

2
ize (p < 0.0001, t = 4.3, R = 0.17). Analyzing this data as
ommunity-weighted means of seed size yielded a much
eaker relationship (p = 0.049, marginal R2 = 0.02).

t
d
a

ncluded. See Materials and methods section for details of water
evel simulation.

There was a significant negative relation between log-
ransformed seed size and log-transformed abundance in
he soil seed bank with a slope of −0.3 ±  0.1 (t = −2.480,

 = 0.0154). With gradient position as a covariate, there was
o relation between seed size or seed abundance and mea-
ures of seed spread in the soil.

iscussion

Seed bank abundance and probability of detection of
lant species in the seed bank by the seedling emergence
ethod increased continuously with increasingly moist habi-

ats, extending previous studies that reported generally high
evels of seed bank for ephemeral wetlands (Brock 2011;
ross et al. 2015; Faist & Collinge 2015; Leck & Brock
000; Rhazi et al. 2001). The effect of moisture niche on
eed bank is statistically independent from seed size in our
ata and is thus not triggered by increasing seed size due to
rought adaptation (Leishman & Westoby 1994). The high
evel of risk of aquatic species suggested by their abundant
oil seed banks underlines previous studies showing that these
pecies rely heavily on soil seed banks (Bonis, Lepart, &
rillas 1995; Brock 2011). Increasing soil seed banks with
igher moisture might be interpreted as a consequence of
ravitational movement of seeds in vernal pools. However,
oisture is the main factor that changes consistently in our
ransects even in flat or very rugged areas. Moreover, abun-
ance of soil seed bank has been analyzed for position of
dult plants, not for seed positions, and species show spe-



 

c
t
t
m
t
d
r
a
n
a
2
M
(
l
m
p
s
e
s
s
s
b
2
t
u
r
o

a
r
o
p
d
s
s
s
d
f
s
d
s
t
m
s
p
w
c
a
d

n
y
d
a
a
w

s
1
t
R
p
f
p

s
s
m
i
f
i
i
s
a
s
i
i

h
T
e
W
s
P
t
s
m
d
p
b
a
t

a
I
f
b
d
l
i
(

w
t
i
1
i
t
t

      

ific lower limits of seed distributions (Figs. 1 A and 2). We
herefore think that moisture niches of adult plants trigger
his change in the soil seed bank more than gravitational
ovement. Higher seed densities for the bottom compared

o the margins of Californian vernal pools confirm this ten-
ency for other regions (Faist & Collinge 2015) and point to a
elation between moisture niche and seed banking. Plants can
chieve high abundance of seeds in the soil by producing high
umbers of small seeds, increased levels of dormancy, light
nd fluctuating temperature requirements (Saatkamp et al.
009; Saatkamp, Poschlod, & Venable 2014). For plants of
editerranean temporary pools detailed laboratory studies

Carta 2016; Carta, Bedini, Müller, & Probert 2013) indicate
ight and diurnally fluctuating temperature requirements as

echanisms for the build up of soil seed banks and that anoxia
revents germination. Experimental studies trying to exhaust
eed banks of Australian temporary pools showed that many
ffective watering cycles or more than twelve years of succes-
ive exposure to germination seasons are needed to deplete
oil seed banks to a low level, indicating that dormancy and
pecific germination conditions maintain an ungerminated
ut viable seed reservoir in the soil of temporary pools (Brock
011; Cross et al. 2015). Together with data presented here
his suggests that a gradient of increasing seed banking built
pon adaptive traits such as germination requirements and
educed seed size exists from the surroundings to the interior
f temporary pools.
Seeds recorded in the soil seed bank showed higher spread

long the gradient for species with intermediate moisture
equirements. This was independent of soil seed abundance
r seed size, which confirms that spread measures were inde-
endent of sample size. We acknowledge that small-scale
ispersal for individual plants can only be quantified by using
eed traps around isolated individuals during the dispersal
eason (Bonis, Lepart, & Grillas 1995), but we think that
pread of seeds trapped by soil is an indicator of small-scale
ispersal. Higher spread of the seeds in the soil seed bank
or intermediate species can also result from year-to-year
hifting of above ground plant populations. However, it is
ifficult to quantify how much this shifting contributes to
eed spread in our data compared to different dispersal dis-
ances. Nevertheless, when populations move according to

oving environmental conditions, all species should have
imilar spreads of seeds in the soil including aquatic or xero-
hytic species, but this is not the case in our data, where
e detected a higher spread of intermediate species, while

ontrolling for seed production. We suggest that a modelling
pproach and in situ dispersal data are needed to quantify
ispersal in moisture gradients.
Evidently, species on the moist or dry gradient end can-

ot move to better patches on a local scale, since in extreme
ears there are no moister or drier sites and adult plants would

ie from drought or flooding. Plants must thus have other
daptations for local persistence without movement such as

 seed bank or a large seed size. These might be combined
ith adaptations for long distance dispersal instead of local

g
S
(
p

     

cale dispersal such as hooks (Fischer, Poschlod, & Beinlich
996; Römermann, Tackenberg, & Poschlod 2005) or adap-
ations for long distance dispersal by wind (Cheptou, Carrue,
ouifed, & Cantarel 2008). The effective long distance dis-
ersal for aquatic species by water and birds is a long known
act (Darwin 1859; Figuerola 2002). But, short distance dis-
ersal of these species is very difficult to assess.
Species shifted their mean gradient positions between soil

eed bank and standing vegetation. The two species with a
ignificant shift, R.  paludosus  and L.  hyssopifolia, have high
oisture requirements and occupied a moister niche as plants

n the vegetation than as seeds in the soil seed bank. Evidence
or a larger spread in the soil seed bank for individual species
s stronger, three of four species for which there was a signif-
cant difference in spread above and below ground had larger
pread in the soil seed bank and all of these had intermedi-
te positions. These results suggest that maintaining a high
pread of the seed bank in local gradients for annual plants
s a mechanism to enhance local population persistence at
ntermediate gradient positions.

Plant species growing in dry parts showed consistently
igher seed size than species from intermediate or moist plots.
his finding supports the adaptive value of large seeds in dry
nvironments (Baker 1972; Daws et al. 2008; Leishman &
estoby 1994). Interestingly, plants with large seeds have

maller interannual variability in survival (Metz et al., 2010;
ake & Venable 1996). Here we suggest that risk reduction

raits are related to the niche position of a species in small-
cale moisture gradients. Plants in dry parts, seem to rely
ore on conservative bet hedging via larger seed size. In our

ata, species with seeds lighter than 1 mg only occurred on
lots waterlogged during the observation year (Fig. 4). Proba-
ly, many large seeds without impermeable teguments would
lso die in prolonged periods of flooding, and thus contribute
o the size-hydrology relation.

We found no evidence for a trade-off between dispersal
nd seed bank with the indices and at the scale we studied.
ncluding seed size and gradient position, both potential con-
ounding factors with significant effect on dispersal and seed
ank abundance, did not change this picture. However, our
ata support the idea that abundance of seeds in the soil is
inked to seed size via the seed size-number trade-off, includ-
ng a higher detectability of light and more numerous seeds
Saatkamp et al. 2014; Thompson, Band, & Hodgson 1993).

Rather than being in a trade-off, seed size and seed bank
ere both positively correlated to moisture. This suggests

hat seed banks or heavy seeds are not alternative bet hedg-
ng strategies at a given moisture condition (Pake & Venable
996; Venable and Brown 1988) but that the main differences
n these traits are triggered by differences in a plant’s mois-
ure niche. Moreover, our findings do not sustain the idea of a
rade-off between dispersal and seed bank that has been sug-

ested by theoretical works (e.g. Venable & Lawlor 1980).
ince both dispersal (Bruun & Poschlod 2006) and seed banks
Saatkamp et al. 2009) depend on high seed production, seed
roduction increases the probability of a seed to reach dis-
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Fischer, S. F., Poschlod, P., & Beinlich, B. (1996). Experimental

studies on the dispersal of plants and animals on sheep in cal-
       

ant places or times. Dispersal and seed banks are therefore
ositively related instead of being in a trade-off. Moreover,

 higher productivity is known for light-seeded plants due to
he seed number-mass trade-off (Jakobsson & Eriksson 2000;

oles, Falster, Leishman, & Westoby 2004), so one way to
ncrease seed number adaptively is via decreasing seed size
Shipley & Dion 1992). Possibly, stronger spatial and tem-
oral variability in moisture both select for increased seed
umber, lowering seed size at the moist gradient end.

Probably, our results on risk-reduction may also be found
n other rainfall-related local moisture gradients since even
utside the context of temporary pools, small-scale mois-
ure gradients move from one year to another. The different
iche positions and adaptations of plants to drought and
ater-logged soils are, therefore, just one explanation for
ifferences in the temporal variance between species within
ommunities (Angert et al. 2009; Venable 2007).

Our data sustain the view of Childs et al. (2010) that diver-
ifying bet hedging should be favored in situations when
scape in space or time is possible, which is the case for
ersistent soil seed banks of aquatic species in our data.
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