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Abstract Physical soil disturbance and the hydrology
of temporary pools affect the biomass, species compo-
sition and richness of plant communities. Disturbance
liberates sites for the random recruitment of new
individuals. The addition of seeds modifies the structure
of the communities. In order to verify these hypotheses
concerning the vegetation of temporary pools, an
experiment was carried out using 72 soil samples
collected from a pool in Western Morocco and placed in
containers. Three types of laboratory treatments were
applied, each combined with control treatments: soil
disturbance (control/disturbed), hydrology (flooded,
saturated and dry) and seed addition (sowing/no
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sowing). The total biomass, the annual and perennial
species richness were calculated for each sample to test
the effects of disturbance, hydrology and seed addition
on the biomass and species richness of the various plant
communities. The results show that disturbance reduces
the total biomass, especially of perennials, but without
significantly increasing the richness of annuals. Seed
addition does not affect the total biomass and reduces
total richness only in saturated soil, where biomass
production is high. The most extreme stress conditions
(drought and flooding) limit the abundance of species
and therefore competition.

Keywords Temporary pools - Biomass -
Richness - Disturbance - Competition -
Morocco

Introduction

In aquatic ecosystems, the establishment, develop-
ment and species diversity of plant communities are
often controlled by a combination of internal and
external forces (Mitsch & Gosselink, 2000). The most
important external forces include periodic distur-
bances (fire, herbivores, etc.) and hydrological stress
(long-term drought-flooding cycles) which differen-
tially favour particular species (Keddy & Fraser,
2000; Trémolieres, 2004; Bornette et al., 2008). Stress
is defined as external constraints that limit the rate of
biomass production of some or all plant species and
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disturbance as a mechanism that limits biomass
through varying levels of destruction (Grime, 2001).
The effects of stress and disturbance are accentuated
in habitats that are deficient in resources and, conse-
quently, have a low competition capacity (Gaudet &
Keddy, 1995; Van Eck et al. 2005).

The importance of these two factors (stress and
disturbance) in the regulation of species distribution
and community dynamics is widely known (Koning,
2005; Devictor et al., 2007). Disturbance leads to a
considerable change to the structure of communities
which can in turn affect population dynamics (Elderd
& Doak, 2006). Vegetation responds to disturbance
and stress in function of their intensity (Bisigato
et al., 2008). Disturbance can act as a force for
maintaining biodiversity in aquatic systems (Lepori
& Hjerdt, 2006). However, if the disturbance
increases in intensity and frequency, it leads to local
extinction and a reduction in species richness,
whereas an increase in the frequency of stress leads
to an increase in richness due to the limitation of
competition (Tabacchi & Planty-Tabacchi, 2005).

Trampling is a form of disturbance that affects
vegetation both directly and indirectly (Liddle, 1975;
Kobayashi et al., 1997); it has a selective impact on
the abundance of species (Gallet & Rozé, 2001) and
modifies their composition and structure (Liddle,
1997) by creating regeneration patches where seeds
can germinate and become established without any
significant competition effect (Chambers, 1995; Sie-
mann & Rogers, 2003). The regeneration of plant
communities within patches can also occur by means
of the storage organs (stolons and rhizomes) from
individuals in the area of the disturbance (Barrat-
Segretain & Bornette, 2000). The mechanisms
enabling species occurrence in disturbed systems
involve a trade-off between species’ competition
capabilities and their tolerance of disturbance (Knei-
tel & Chase, 2004).

The availability of seeds is a determining factor in
the regeneration of disturbed habitats (Tilman, 1997;
Zobel et al., 2000; Foster & Tilman, 2003; Foster &
Dickson, 2004). In aquatic habitats, the presence of
durable seed stocks makes easy regeneration (Van der
Valk & Davis, 1978), nevertheless the density of seed
banks fluctuates from year to year in function of
reproduction phenology and environmental con-
straints (Leck & Simpson, 1995, Capon & Brock,
2005). After a favourable year, the seed banks of
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certain species increase in the sediment (Bonis et al.,
1995). It remains debatable how the over-abundance of
a particular species within the seed bank affects the
vegetation composition. Variable results have been
obtained in experiments involving the addition of
seeds to terrestrial habitats. The addition of seeds to
grassland communities had a positive effect on veg-
etation cover (Tilman, 1997) and biomass production
(productivity), whereas no effect was shown in other
studies (Wilsey & Polley, 2003; Mouquet et al., 2004).

In the Mediterranean region, temporary pools are
wetland habitats with high biodiversity and numerous
rare species, particularly in Morocco (Grillas et al.,
2004). They are submitted to multiple pressures, both
natural and from anthropogenic origin, influencing the
structure and composition of their plant communities
(Deil, 2005). The interannual rainfall variability of the
Mediterranean climate results in considerable varia-
tions in the depth and duration of the flooding of the
pools (Thiéry, 1991; Grillas et al., 2004). The
disturbances caused by the alternating flooded and
dry phases that occur during the course of the annual
cycle lead to the destruction of many individual plants
and result in a high level of species diversity (Médail
et al., 1998). In addition, the low productivity
resulting principally from summer drought enables
the coexistence of plant species that are typically
annual, relatively uncompetitive and small in size
(Médail et al., 1998). Disturbances generally lead to a
reduction in the biomass of perennials, thus, favouring
higher species richness, especially annuals, in the
plant communities (Rhazi et al., 2005).

In temporary pools, the interannual hydrological
variations determine community composition and
seed production (Bliss & Zedler, 1998, Grillas &
Battedou, 1998). Seed banks are continually modified
by the cumulative effects of environmental pressures
that have differential impacts on the germination,
development and reproduction of species (Bonis
et al., 1993, 1995; Brock & Rogers, 1998).

The aim of this study was to test experimentally
the following hypotheses:

1. Physical disturbances of the soil affect the
structure of communities by reducing the bio-
mass of perennials and increasing the richness of
annual species;

2. The abundance of seeds in the seed bank
influences the composition of the vegetation;
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3. Hydrology (water level variation) plays an
essential role in the selection of species.

Materials and methods
Experimental design

The study was conducted on the vegetation of a
temporary pool located at Benslimane, Western
Morocco (W33°38'697”; N007°05'215"; elevation:
257 m; area: 3760 mz) in a Cork-oak forest. A set of
72 soil samples (18 cm x 18 cm; 5 cm depth) were
randomly collected in December 2006, using a
metallic frame (18 cm x 18 cm) within two distinct
belts (Rhazi, 2001), the edge and the centre (Fig. 1).
Each soil sample was carefully transferred into a
plastic container (18 cm x 18 cm x 10 cm depth),
to maintain the whole clod soil intact (avoiding
mixing). Each container was considered as containing
a representative sample of the plant community
(Grillas et al., 1992) where the dormant forms
dominated (seed bank and bulbs). The samples (72)
were placed in the laboratory, subdivided into two
sets of 36 samples which were, respectively, submit-
ted to the following treatments (Fig. 1):

Disturbed  In the top soil, 5 cm of soil was mixed
manually to disturb the vertical structure of the seed
bank and to homogenise the soil. This treatment is a
simulation of the disturbance made by herbivores by
trampling on wet soils and burrowing (wild boar).

Control  Sediment core remained intact (no mix-
ing). Each set of 36 samples was secondly separated
into three subsets of 12 samples, which were,
respectively, submitted to one of the following
treatments from early January 2006 to late June 2007:

Flooded (F)  During the whole experiment, the soil
was kept flooded with 3 cm of water above soil surface.

Wet (W)  Samples were watered daily to maintain
high humidity of soil (minimum of 95% saturation).

Dry (D)
saturation).

Soil was watered twice a week (15% of

Finally, each subset of 12 samples was separated
into two groups of six samples that were submitted,
respectively, to one of the following treatments:

Sowing (seed addition) Under a binocular micro-
scope, 100 seeds of either lllecebrum verticillatum or
Spergularia salina were carefully selected and added
into each sample. I verticillatum (an amphibious
annual species) seeds were added to the flooded and
wet treatments and S. salina seeds (a terrestrial
annual species) to the dry treatment. The seeds of
both species were collected in the previous autumn in
the same pool (September 2005) at the end of plant
life cycle.

No sowing (control) The samples were randomly
placed in the laboratory and randomized weekly
during the experiment.

The vegetation of each sample was harvested on
three successive dates (March, April and June),
respectively, on one randomly selected third of the
surface area (3 squares 6 cm x 6 cm, selected from a
grid of nine squares). The vegetation was cut at soil
surface, separated by species and dried at 60°C for48 h
and the dry weight of each species was measured. The
biomass considered for each species was the maximum
biomass of the three dates. The total biomass and the
contribution of annuals and perennials to the total
biomass were calculated. The annual and perennial life
span was determined according to the flora of North
Africa (Maire, 1952-1987) and flora of Morocco
(Fennane et al., 1999, 2007). For each sample and each
sampling date (March, April and June), the species
richness, as well as the annual and perennial species
richness, were calculated.

Data analysis

The differences between the biomass of the ‘control’
and ‘disturbed’ treatments and between the species
richness of the different hydrological treatments were
tested using analysis of variance (ANOVA) (n = 72).
The effects of hydrology, disturbance, sowing and
there interaction on the biomass (total, annuals and
perennials) and the species richness (total, annuals and
perennials) were tested using multiple regressions
excluding the biomass and richness of the sowed
species (I. verticillatum and S. salina) (n = 72).

The effects of ‘hydrology’ and ‘sowing’ and their
interaction on species richness were tested by multi-
ple regressions. The effects of sowing on the species
richness (total, annuals and perennials) and on the
biomass production (total, annuals and perennials)
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Fig. 1 Schematic representation of the protocol; the figures given in brackets correspond to the number of replicates per treatment in

the analyses

were tested using ANOVA tests for the three
hydrological treatments together (n = 72) and also
separately (flooded, wet, dry) (n = 24). The biomass
and richness of the sowed species (I. verticillatum
and S. salina) were not included in the analysis.

The effect of the ‘disturbed’ treatment on the
abundance of each occurring species was tested using
Kruskal-Wallis non-parametric tests for each hydro-
logical treatment. The abundance per sample for each
species was calculated as the ratio of the species
biomass over the total biomass.
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Results

Biomass production

The total biomass produced (324 cm? area) was
significantly affected (multiple regression F' = 14.43;
df = 6; P < 0.01) by hydrology (F = 32.56; df = 2;
P < 0.01) and by disturbance (F = 19.5; df = 1;
P < 0.01). No significant effect, however, was found
for sowing and the interaction between the three factors
(P > 0.05). The hydrology factor explains 65% of the
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total variance and 23% of the disturbance. The
perennial species biomass was significantly affected
(multiple regression F = 18.3; df = 6; P < 0.01) by
hydrology (F = 48.3; df =2; P <0.01) and by
disturbance (F = 9.5; df = 1; P < 0.01); but no
significant effect of sowing and of the interaction
between these factors (P > 0.05). Concerning the
biomass of annuals (multiple regression F = 5.5;
df = 6; P < 0.01), a significant effect was found only
for hydrology (F = 4.17; df = 2; P < 0.01).

The total species biomass per sample was signifi-
cantly higher (25%) in the control than in the disturbed
treatment (Table 1). There was no significant differ-
ence between the biomass of annual species in the two
treatments (P > 0.05); however, the biomass of
perennials was significantly lower in the ‘disturbed’
treatment (Table 1) than in the control. No significant
correlation was found between the biomass of annual
and perennial species (P > 0.05).

No significant difference was found between the
‘sowing’ treatment and the control (no sowing) on the
biomass of annuals, of perennials and total, even
when considering each hydrological treatment sepa-
rately (Table 2).

Community richness

During the experiment, 28 species germinated, most of
them being annuals (71%) (Table 3). The characteristic
of aquatic and amphibious species represented 82% and
the terrestrial species, 18%. The total number of species
recorded in each treatment was 20 (14 annuals and 6
perennials) in the ‘control’ treatment and 25 (18
annuals and 7 perennials) in the ‘disturbed’ treatment.
Seventeen species occurred in both treatments, three
were only found in the ‘control’ samples (Agrostis

Table 1 Results of the comparison (ANOVA) between the
‘disturbed’ and ‘control’ treatments of the biomass per sample
of the annuals, the perennial species and of total biomass

ANOVA Means (g.) £ standard

error

F df P Control Disturbed

10.04 1 <0.01 0.87 £0.05 0.64 £ 0.04
443 1 <0.05 0.76 £ 0.05 0.6 £ 0.04

Total biomass

Perennial
biomass

Annual biomass 197 1 ns 0.4 +£0.27 0.2 =+0.08

ns Not significant

salmantica, Sagina apetala and Scilla autumnalis) and
eight were solely present in the ‘disturbed’ samples
(Lotus hispidus, Mpyosotis sicula, Apium inundatum,
Baldellia ranunculoides, Pilularia minuta, Eleochar-
is palustris, Daucus carota and Chara sp.).

The hydrology factor had a significant effect on total
species richness, as well as on the perennial and annual
species richness. No significant effect on species rich-
ness was found for the ‘disturbed’ and ‘sowing’
treatment or their interaction with the hydrology factor
(Table 4). Hydrology explains 78 % of the total variance.
Total, annual and perennial species richness were
significantly higher in the ‘wet’ treatment when com-
pared to the ‘flooded’ and ‘dry’ treatments (Fig. 2).

Species response to disturbance

Within the ‘wet’ treatment, the disturbance had a
significant effect only on the abundance of Pulicar-
ia arabica ()(2 =4.02; df = 1; P = 0.04) and Gly-
ceria fluitans (* = 4.66; df = 1; P < 0.05), both
species being less abundant in the ‘disturbed’ treat-
ment than in the ‘control’ (Table 5). Within the
‘flooded’ treatment, Bolboschoenus maritimus was
the only one species with a significantly lower
abundance in the disturbed treatment than in the
control (y* = 6.43; df = 1; P = 0.01). The distur-
bance factor had no significant effect on the abun-
dance of any species of the ‘dry’ treatment (Table 5).

Effect of sowing on community richness

The total richness was not significantly affected by
sowing (F=1.23; df=1; P > 0.05), whereas
hydrology significantly affected total richness
(F =4.87, df =2; P=0.01) as did the interaction
of hydrology and sowing (F = 4.30; df = 2;
P < 0.05). Within the ‘wet’ treatment, the species
richness of the annuals, perennials and total was
significantly lower in the ‘sowing’ treatment (I. ver-
ticillatum) (Table 2) than in the control (no sowing).
The addition of I. verticillatum seeds in the ‘flooded’
treatment did not have a significant effect on the total,
perennial and annual species richness (Table 2). There
was no effect on the species richness with the addition
of S. salina in the ‘dry’ treatment also (Table 2).

The abundance of 1. verticillatum was significantly
higher in the ‘wet’ treatment (3> = 7.97; df = I;
P < 0.01) when compared to the ‘flooded’ treatment.
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Table 2 Results of the comparison (variance analysis) of the

‘flooded’ and ‘dry’); seeds added were Illecebrum for the ‘wet’

differences in the biomass (gr) and species richness of annuals, and ‘flooded’ treatments and Spergularia for the ‘dry’
perennials and total between sowing (S) and no sowing (Ns) treatment
treatments in each of the hydrological treatments (‘wet’,

Wet Flooded Dry

F P Comparison F P Comparison F P Comparison
Total biomass 0.3 >0.05 ns 0.33 >0.05 ns 0.12 >0.05 ns
Annual biomass 2.9 >0.05 ns 0.33 >0.05 ns 2.12 >0.05 ns
Perennial biomass 1.12 >0.05 ns 0.09 >0.05 ns 0.53 >0.05 ns
Total richness 5.69 0.01 (Ns)“(S)b 0.88 >0.05 ns 1.43 >0.05 ns
Annual richness 4.47 <0.05 (Ns)”‘(S)b 2.58 >0.05 ns 1.9 >0.05 ns
Perennial richness 4.59 <0.05 (Ns)"‘(S)b 0.22 >0.05 ns 1.41 >0.05 ns

Different letters in the comparison column indicate a significant difference between the treatments; for each analyse df = 1

ns Not significant

No significant difference was found in the abundance
of Illecebrum between the disturbed and control
treatments (;{2 = 1.59; df = 1; P> 0.05). I verti-
cillatum abundance was significantly higher within
the sowed samples (y* = 17.12; df = 1; P < 0.01).
The abundance of I verticillatum in the disturbed
samples was not significantly different between the
‘wet’ and ‘flooded’ treatments (12 =0.94; df = 1;
P = 0.33). In the control samples, the abundance of
L verticillatum was significantly higher in the ‘wet’
treatment than in the ‘flooded’ treatment (> = 8.93;
df = 1; P<0.05).

Discussion

Effect of disturbance and hydrology on the
community

The experiments carried out in the laboratory resulted
in the expression of 28 species, mostly annuals (71%).
The predominance of annual species in the plant
community is characteristic of temporary pools (Ze-
dler, 1987; Grillas et al., 2004; Rhazi et al., 2006; Fraga
i Arguimbau, 2008). Annual species frequently pre-
dominate in case of unpredictable periods and dura-
tions of flooding and drought (Mitchell & Rogers,
1985; Brock, 1986; Médail et al., 1998). The total
number of species expressed (28) in the experiment
was close to the number of species (31) found in the
(30 x 30 cm) quadrats used to monitor the vegetation
of the pool (Rhazi, 2001). This slight difference can be
explained by the low surface area sampled for the
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experiment (18 x 18 cm) (Grillas et al., 1992), but it
can still be assumed that the number of microcosms
used in this study give an accurate picture of the field.

The species richness of the communities in the
microcosms can be explained by hydrology alone
(78% of variance explained); this factor is often critical
for the diversity of plant communities in wetland zones
(Keddy & Reznicek, 1986). The richness of commu-
nities was higher in saturated soil, with respect to both
annuals and perennials, and low in dry or flooded soils
(Fig. 2). The alternate conditions of drought and
flooding that characterise the annual cycle of tempo-
rary pools limit potentially the growth of plants (Bonis
et al., 1993; Brewer et al., 1997; Bornette et al., 1998;
Trémolieres, 2004; Koning, 2005; Bornette et al.,
2008). Conversely, saturated conditions are temporar-
ily highly favourable to the development of a large
number of species within the communities (Koning,
2005); hence, the high species richness was found in
Mediterranean temporary pools.

Biomass production in the microcosms was explained
first by hydrology (65% of variance explained) and
second by mechanical disturbance of soil (23% of
variance explained). The biomass levels produced
remained low, in particular, with regard to annual plants,
which were predominant in the community in terms of
the number of species. The low biomass of annuals could
either be due to their small size or to light conditions in
the laboratory being lower than natural conditions.

Soil disturbance led to a significant reduction in
biomass, particularly of perennials. Physical distur-
bances are known to alter the storage organs gener-
ally responsible for high biomass production (Fahrig
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Table 3 List of the species that occurred in each of the six
treatments combining hydrological (wet/flooded/dry) and
mechanical disturbance (disturbed/control) treatments (72

samples in total); the life cycle of each species (annual or
perennial is given from literature, for more details see
Materials and methods section)

Life cycle

Disturbed Control

Wet Flooded Dry Wet Flooded Dry

Agrostis salmantica (Lag.) Kunth
Apium inundatum (L) Reichenb.Fil.
Baldellia ranunculoides Lam.
Bolboschoenus maritimus L.
Callitriche brutia Petagna.

Chara vulgaris Linnaeus.

Daucus carotta L.

Elatine brochonii Clavaud.
Eleocharis palustris (L) Roem. & Schult.
Exaculum pusillum (Lam.) Caruel.
Glyceria fluitans (L) R.Br.
Illecebrum verticillatum L.

Isoetes velata A.Braun.

Juncus pygmaeus L.C.M.Richard.
Kichxia commutata (Reichenb) Fritch
Lotus hispidus DC.

Lythrum hyssopifolia L.

Mentha pulegium L.

Myosotis sicula Guss.

Narcisus viridiflorus Schousb.
Pilularia minuta Durieu
Polypogon monspeliensis L.
Pulicaria arabica (L) Cass.
Ranunculus ophioglossifolius Vill.
Ranunculus peltatus Schrank
Sagina apelata Ard.

Scilla autumnalis L.

Spergularia salina J. Presl & C. Presl
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Table 4 Multiple regressions testing the effect of hydrology, disturbance, sowing and their interactions on the species richness in

annuals, perennials and total

Total richness Annual richness Perennial richness

F df P F df P F df P
Hydrology 4.30 2 <0.01 3.65 2 <0.05 3.77 2 <0.05
Disturbance 0.47 1 ns 0.61 1 ns 0.19 1 ns
Sowing 0.06 1 ns 0.14 1 ns 2.34 1 ns
Hydro*Disturb*Sow 0.93 2 ns 0.50 2 ns 243 2 ns

ns Not significant
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Fig. 2 Effects of the hydrological treatments on the total
species richness and the numbers of annuals and perennials; the
differences are tested by ANOV As and different letters indicate
significant differences between treatments

et al., 1994; Winkler & Fischer, 2001). The species
negatively affected by disturbance were the perenni-
als B. maritimus and P. arabica, together with the
annual G. fluitans. The expected result was an
increase in the species richness of annuals following
the reduction in the biomass of perennials. However,
no significant effect of soil disturbance on the species
richness of annuals was revealed (Table 4). This
could be due to:

1. The burying of seeds after mixing of the
sediment. Burial considerably reduces the ger-
mination of seeds not only because of the lack of
light but also by raising to the surface older seeds
with lower germinating power (Bonis et al.,
1993; Devictor et al., 2007).

2. The biomass of perennials was too low to induce
competition between species (production too low
and experiment duration too short).

Effect of seed addition on community structure

Adding seeds of lllecebrum and Spergularia did not
affect the total biomass produced in the microcosms
but, in the case of saturated soil only, it did have a
significant effect on the total richness of the com-
munity. The total biomass of Illecebrum was signif-
icantly higher in saturated soil and lower in flooded
and dry soils. The addition of Illecebrum seeds
combined with the saturated soil treatment led to a
reduction in total species richness due to the high
growth rate of the Illecebrum competing with the
community species. This finding is in agreement with
the results of Brewer et al. (1997) and Lenssen et al.
(1999), who found that competition only plays an
important role in the rarely flooded parts of wetland
habitats. Conversely, in case of flooding or drought,
the production of the community is low. Conse-
quently, the growth of seed-added species remains
limited and does not affect total richness or compe-
tition intensity.

These results suggest that fluctuations in the
reproductive success of species in Mediterranean
temporary pools (simulated experimentally by seed
addition) only affect the richness of communities
during the course of the subsequent cycle if the
hydrological conditions are favourable (saturated).

Implications for the conservation of temporary
pools

The results obtained in this study confirm that in
Mediterranean temporary pools, as in wetland in
general, hydrology is the primordial factor that
structures and selects the species of the community.
The hydrology modifies any disturbance effects and
influences competition intensity through its impact on

Table 5 Comparison (Kruskal-Wallis) of the effects of the mechanical disturbance treatment (D disturbed; C control) in each of the
three hydrological conditions (wet, flooded and dry) on the abundance of individual species

Freq.  Wet Flooded Dry
7 P Comparison > P Comparison 2 P Comparison
Glyceria fluitans 1358 466 <005 D<C 0.17  >0.05 ns 0.38  >0.05 ns
Pulicaria arabica 14.2 402 <005 D<C 027 >0.05 ns 1.25 >0.05 ns
Bolboschoenus maritimus 201 266 >0.05 ns 6.43 001 D<C 0 >0.05 ns

Only species with significantly different abundances between treatments are presented in the table; for each analyse df = 1

ns Not significant
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primary production. Competition only plays a role in
the structuring of communities when production
conditions are favourable (saturation of the sediment
by water). Such conditions in the pools are transitory
and their duration varies considerably from year to
year, thus reducing the role of this factor in the long
term.

The results of these experiments show that local
disturbance (simulating that caused by herbivores)
does not seem to affect the richness of temporary
pool communities. This can be explained by a low
degree of seed bank stratification resulting from the
high frequency of this type of disturbance. Although
surface seeds are buried, the previously buried seeds
thus exposed still conserve high germinating power.
This result does not mean that disturbance by
herbivores, especially during the plants’ growing
season, is not likely to have a considerable impact on
the vegetation and its richness, but rather that its
impact can be modulated.
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