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Abstract

Question: We hypothesised that, even within the same
plant functional group, there are specific distributions
in land-cover classes and with land-cover change that are
associated with niche breadth rather than reproductive
strategy, and that the broader the niche of the species the
better they cope with different land-cover classes and
changes over time.

Location: The Llobregat Delta (Barcelona, Spain).

Methods: We analysed the distribution pattern of
eight coexisting wetland perennial monocotyledons within
human disturbance classes (obtained from the classifica-
tion of land-cover categories in relation to their level
of human disturbance) and changes in such classes
from 1956 to 1999. We then compared species regional
abundance and distribution patterns with seed dispersal
type (wind dispersed versus non-wind dispersed species),
vegetative spread (tussock versus caespitose-running spe-
cies), and niche breadth (the number of phytosociological
alliances in which each species is found).

Results: Regional abundance of the species was positively
related to niche breadth, but was independent of re-
productive traits. Similarly, distribution in human distur-
bance classes and their changes were associated with niche
breadth rather than reproductive traits. In general, the
more specialist the species, (i) the more they are concen-
trated in natural habitats, (ii) the less land-cover changes
they are able to cope with, and (iii) the more they are
restricted to stable change types, particularly to long-
standing natural areas.

Conclusions: Ecological plasticity rather than dispersal
capacity of dominant perennial monocotyledons deter-
mines their regional abundance and their ability to cope
with recent and future land-cover changes in Mediterra-
nean wetlands. As habitat specialists are less resistant to
landscape change than generalists, floristic homogenisa-

tion may progress in these habitats with the likely scenario
of increasing land-cover turnover.

Keywords: Catalonia; Habitat Conservation; Habitat
Restoration; Human Disturbance Classes; Llobregat
Delta; Species of Conservation Concern.

Nomenclature: Tutin et al. (1980).

Introduction

Any human-modified landscape has a mixture
of different land-cover categories based on the de-
gree of anthropogenic alteration to the natural
ecosystems (Hobbs 2000). Changes in land cover
can be defined as land transformations from one
ecosystem state to another in terms of ecosystem
structure, composition and function. Furthermore,
any current land cover can be classified according to
the identity and magnitude of the change it has ex-
perienced in the past.

At the regional scale, most emphasis has been
placed on changes from natural to anthro-
pogenically modified land cover (e.g., agriculture,
pasture, rural and urban settlement) and their ef-
fects on ecosystem processes (Knops & Tilman 2000;
Paruelo et al. 2001) and biodiversity conservation.
However, changes in land cover can also be in the
opposite direction: from intensively managed states
back to semi-natural or natural states. These
changes can be achieved after restoration or re-
habilitation, especially in wetlands (Mitsch &
Gosselink 1993; Comin et al. 2001; Edwards &
Proffitt 2003). Spontaneous succession is also an
important process in accomplishing some of the
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restoration goals (Prach & Pysek 2001), but alone it
rarely yields restored sites that are ecologically
equivalent to natural reference sites on timescales
relevant to current conservation efforts. Indeed, re-
stored wetlands commonly exhibit differences in
their structure (e.g., organic matter, soil character-
istics, vegetation) and species composition
compared with longstanding natural sites (K16tzi &
Grootjans 2001; Edwards & Proffitt 2003; van Dui-
nen et al. 2003).

Changes in habitat affect plant species differ-
ently. Some species colonise, increase in abundance
and expand their area of distribution, taking ad-
vantage of the disturbance associated with
landscape change (Domeénech et al. 2005; Pino et al.
2006). In contrast, other species might not colonise
vacant sites, they might decline or even disappear
locally during or after the land-cover change, espe-
cially if populations are small and the new habitat is
not suitable for establishment and growth (Menges
1998; Maina & Howe 2000; Lindborg & Eriksson
2004; Lindborg et al. 2005).

A species’ response to landscape change is pri-
marily dependent on life-history strategies and
trade-offs. Dispersal capacity in space and time di-
rectly determines a species’ ability to colonise
recently restored habitats (Maina & Howe 2000;
Tikka et al. 2001) and is also inversely related to
sensitivity to habitat loss and fragmentation, as
reported for forests (Dupré & Ehrlén 2002; Jacque-
myn et al. 2003; Vellend 2003; Kolb & Diekmann
2004; Verheyen et al. 2004), grasslands (Lindborg
et al. 2005) and forest-crop mosaics (Geertsema
et al. 2002). Clonal growth and poor dispersal cap-
ability allow species to persist in habitat fragments,
leading to an ‘extinction debt’ (Vellend et al. 20006).
Niche breadth (i.e., ecological amplitude) is also a
key factor for explaining the current range of plant
species (Kolb et al. 2006), but it also affects species’
sensitivity to habitat loss and fragmentation (Dupré
& Ehrlén 2002; Kolb & Diekmann 2004, 2005;
Swihart et al. 2006) and even the potential response
to global environmental change (Thuillier et al.
2005; Broennimann et al. 2006).

Understanding the biological and environ-
mental determinants of a species’ gain or loss
in response to land-cover change and habitat
fragmentation is of primary importance for con-
servation, as species change can have profound
effects on ecosystem structure and function (Eviner
& Chapin 2003). A number of recent studies have
addressed this issue at multiple scales in a spatially
explicit way. There are some examples of regional to
continental approaches aimed at modelling future

distributions of plant species based on their life his-
tory, current niche and a set of global change
scenarios (Thuillier et al. 2005; Broennimann et al.
20006).

Local approaches have commonly explored the
role of species attributes in the colonisation of habi-
tat fragments. There are a number of examples for
forests (Jacquemyn et al. 2003; Vellend 2003; Kolb
& Diekmann 2004, 2005; Verheyen et al. 2004) and
semi-natural grasslands (Lindborg & Eriksson 2004;
Lindborg et al. 2005) but, as far as we know, none
for wetlands. The majority of these studies have
compared current species’ distributions to habitat
extent and configuration. Only a few studies have
linked species distributions to the historical legacy
of changes in their present-day habitats (e.g.,
Jacquemyn et al. 2003; Doménech et al. 2005).

Our goal is to relate the distribution of eight
wetland monocotyledon perennial herbs with simi-
lar life-histories but contrasting reproductive
attributes and niche breadth to current land-cover
classes and their recent (1956-1999) changes in the
Llobregat Delta (Barcelona). We restricted the
study to a closely related set of species to reduce
the phylogenetic autocorrelation, which has affected
several previous studies (Thompson et al. 1999;
Kolb et al. 2006). All the selected species commonly
occur in Mediterranean marshes and other wet-
lands, but show contrasting conservation concerns.
Our hypotheses are that, (i) even for these closely
related species with the same life forms and growing
in similar habitats, species exhibit contrasting dis-
tribution patterns related to land-cover classes and
changes according to species’ biological and ecolo-
gical attributes; and (ii) niche breadth rather than
reproductive strategy is the primary correlate of a
species response to changes in land cover: the more
generalist the species are, the better able to cope with
land-cover changes.

Methods

Study site

The study was conducted in the southern hemi-
delta of the Llobregat River (Llobregat Delta here-
after), a 7000-ha area south of the city of Barcelona
(Catalonia, NE Spain), which has undergone major
land transformations in the last 50 years, including
both ecosystem degradation and natural restora-
tion. Despite the highly urbanised development of
the area, it is still dominated by agricultural habi-
tats. At present, marshlands and fixed dunes of
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variable conservation status represent only 13% of
the total land cover. The majority of the natural
areas have been protected and included in the
Spanish Natura 2000 network, but their conserva-
tion is threatened by intense land-cover change,
water pollution and degradation. About 15% of
areas occupying natural habitats exhibit moderate
to intense degrees of degradation (more detail in
Pino et al. 2006).

Study species

We selected eight perennial monocotyledons
(Table 1) that are relatively similar in their biologi-
cal traits. All colonise a range of coastal wetland
communities having contrasting salinity and flood-
ing regimes, including freshwater and brackish
marshes. These species once dominated a set of
plant communities previously widespread along
wetland areas of the Mediterranean coast, including
the majority of the study area, but have been se-
verely reduced in extent by human disturbance.
None of the study species is excessively restricted to
a given area in the delta (patches of Spartina versi-
color, the most restricted species, are scattered in an
area of 8 kmx2km). This selection criterion pre-
cluded the study of rare, highly threatened species
included in red lists.

All the species selected have a perennial life
form but differ in several attributes concerning their
growth and reproductive strategy. Phragmites aus-

tralis has a running growth habit based on long,
scarcely branched rhizomes. Juncus acutus, Sac-
charum ravennae and Cortaderia selloana have a
tussock habit based on the production of a compact,
highly branched rhizome that results in a clump-like
form. Juncus maritimus, Imperata cylindrica, Sparti-
na versicolor, and Cladium mariscus show an
intermediate, caespitose growth habit, with rela-
tively long and branched rhizomes that give rise to
dense swards. Tussock species usually reproduce by
seeds and show limited vegetative growth, whereas
the remaining species mainly have high vegetative
spread based on rhizome growth and division. No
detailed information on seeds in soil is available for
any of the species. S. versicolor seldom produces
seeds in the study area (pers. obs.).

The study species also exhibit contrasting re-
gional abundance and niche breadth. Regional
abundance, inferred from distribution area in the
delta, ranges from 6.2ha for S. versicolor to >
560 ha for P. australis according to field mapping
(see next section). The niche breadth of each study
species has been estimated in terms of the number of
phytosociological alliances in which each species is
present in Catalonia, the administrative region
(32000 km?) to which the Llobregat Delta belongs
and where there is highly variable topography, cli-
mate and land use (Pino et al. 2005). This number
was recorded from the flora module of the Catalo-
nian Database of Biodiversity (BDBC) project
(Font & Ninot 1995), which is the product of the
gathering, organisation and online exploitation of

Table 1. Main attributes of the study species in the Llobregat delta. ! = Tussock: perennial plants developing short,
branched rhizomes giving compact tufts; Running: plants having a long, thin, less branched rhizome, extending indefinitely
underground; Caespitose: intermediate between Tussock and Running types. 2 = number of phytosociological alliances in
which the species is present (based on BDBC relevés; http://biodiver.bio.ub.es/biocat/homepage.html).® = following the
sigmatist phytosociological system of Braun-Blanquet (1932), developed in Bolos et al. (2005).

Species Area in the Family Life-form! Reproductive Main seed dispersal Niche Main community
delta (ha) mechanisms mechanism breadth®  (phytosociological alliance)

Cortaderia 28.5 Poaceae Tussock Seed Wind 22 Diverse

selloana

Phragmites 563.2 Poaceae Running  Vegetative/Seed ~ Wind 28 Reedbeds (Phragmition

australis australis)

Juncus acutus 231.6 Juncaceae  Tussock Seed Not specific 17 Brackish rushbeds (Juncion
maritimi)

Juncus 63.7 Juncaceae  Caespitose Vegetative/Seed Not specific 12 Brackish rushbeds (Juncion

maritimus maritimi)

Imperata 19.4 Poaceae Caespitose Vegetative/Seed Wind 5 Dune rushbeds (Imperato-

cylindrica Erianthion)

Saccharum 28.7 Poaceae Tussock Seed Wind 6 Dune rushbeds (Imperato-

ravennae Erianthion)

Spartina 6.2 Poaceae Caespitose Vegetative/Seed ~ Not specific 5 Brackish rushbeds (Juncion

versicolor maritimi)

Cladium 10.0 Cyperaceae Caespitose Vegetative/Seed Not specific 4 Calcareous fens (Magno-

mariscus

Caricion elatae)
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all floristic data in Catalonia (http://biodiver.
bio.ub.es/biocat/homepage.html). This database
presently accounts for >17000 relevés, of which
> 15600 (91%) have been classified into the classical
phytosociological system (Bolos et al. 2005). The
number of alliances containing the study species
ranges from four for C. mariscus to 28 for P. aus-
tralis.

The study species also differ in their conserva-
tion concern. Stands of C. mariscus and S. versicolor
have been prioritised in the Habitats Directive
(Council of the European Communities 1992).
1. cylindrica and S. ravennae have been included
in local conservation lists. In contrast, P. australis,
J. acutus and J. maritimus are common species in
Mediterranean grasslands, with no special con-
servation concern, and C. selloana is an alien grass
with recognised negative effects on Mediterranean
marshlands (Doménech & Vila 2006). No specific
actions concerning either the introduction or con-
trol of this non-native grass have been taken in the
study area.

Plant species mapping

In 2000, a detailed map of the study species lo-
cations in the Llobregat Delta was generated,
mainly by field delineation of populations on 1:5000
orthophotomaps generated in 1999 by the Carto-
graphic Institute of Catalonia (ICC). Field mapping
was complemented by GPS tracking in order to in-
clude small populations, especially for the rarest
species. Mapped locations were either monospecific
stands or mixed stands in which the corresponding
species was dominant. Minimum mapping area and
minimum width of polygons were 100 m” and 10 m,
respectively. A digital map containing the distribu-
tion areas of each species was generated by digitising
the field cartography and adding GPS tracks using
MiraMon, an in-house-developed GIS (http://
www.creaf.uab.es/miramon).

Land-cover/change mapping

Two land-cover maps of the Llobregat Delta for
1956 and 1999 were generated independently by on-
screen photo-interpretation of orthophotomaps at a
scale of 1:5000 using MiraMon. The map for 1956
was photo-interpreted on an orthophotomap gener-
ated ad hoc from black and white aerial photographs
that were previously ortho-corrected, geo-refer-
enced and assembled. The map for 1999 was directly
photo-interpreted on colour orthophotomaps gen-
erated by the ICC. Both orthophotomaps were used

to generate land-cover maps of different levels of
thematic resolution because of the contrasting col-
our and quality of images, and the availability of
ancillary information on vegetation types in 1999
but not in 1956. In order to homogenise the results
of photo-interpretation, to facilitate the comparison
of maps and to reduce the number of categories to
be analysed, the land-cover classes were reclassified
into five human disturbance classes (hereafter, ‘HD
classes’; Fig. 1): (1) very low, corresponding to well-
preserved marshlands and forests; (2) low, com-
posed of marshlands and forests showing evident
signs of disturbance (i.e., rubbish accumulation,
high density of tracks, bare soil areas of human ori-
gin); (3) medium, corresponding to recently mowed
agricultural fields still showing secondary grassland
communities; (4) high, corresponding to croplands
and bare soil areas; and (5) very high, including in-
dustrial areas, roads and railways. Grid versions
(1 m pixel size) of the 1956 and 1999 HD class maps
were generated and combined to produce an HD
class change map with 25 (5x5) possible changes
from 1956 to 1999. Changes were classified into
three types: degradative, when the direction was to a
more human disturbed class; restorative, when the
direction was in the opposite direction; and stable,
when the HD class did not change.

Species distribution according to HD classes/changes

The polygon coverages containing the current
distribution of the study species were combined with
(1) the grid version of the HD class map for 1999 and
(i1) the grid with the HD class change map from 1956
to 1999. All combinations were performed using
MiraMon. We used these maps to statistically test
whether the observed distributions of the study spe-
cies within HD classes and change types were
significantly different among species. We also tested
their departure from random, comparing them with
the relative frequency of HD classes and change
types in the whole study area (expected value).
Comparisons were restricted to areas with very low,
low and medium levels of disturbance in 1999, which
were expected to concentrate the majority of the
1999 distribution area of the species. Since we lim-
ited the study to the deltaic plain, we can assume
that all areas included in these HD classes are sui-
table for the wetland species (e.g., there are localities
of freshwater and brackish marsh plants spread
throughout the delta).

The distribution of HD classes, changes and
change types (restorative, degradative and stable)
were compared (1) among species (28 comparisons)
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Human disturbance classes

- 1. Very low
- 2. Low
[ 3. Medium

[] 4-5. High-very high

Fig. 1. Maps of human disturbance classes (obtained from the classification of land cover categories) for 1956 and 1999 in

the Llobregat Delta (see text for more details).

and (ii) with those of the Llobregat Delta (eight
comparisons) using the x> test of goodness of fit.
P-value was adjusted using the Bonferroni general
method, considering the total number of compar-
isons (n = 36).

Species attributes according to regional abundance
and HD classes/changes

Regional abundance and the percentage area of
each HD class and change type in the Llobregat
Delta were compared among species with contrast-

ing reproductive attributes using ANOVA. The
species were previously scored as having wind-dis-
persed or non-wind-dispersed seeds, and tussock or
caespitose-running vegetative spread (Table 1). The
number of total, restorative, degradative and stable
types was also compared between study species with
contrasting reproductive traits using ANOVA. To
avoid the number of change types being an artefact
of the area occupied by a given species (as a smaller
area provides less opportunity to sample the en-
vironment), we generated a coverage with points
separated by 10 m from each other and covering all
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the study area (650000 points in total), and com-
bined this layer with the HD class change map using
MiraMon. We randomly selected 600 points falling
within the distribution area of each species (covering
6ha per species, the minimum distribution area,
Table 1) and only tested the number of change types
included in these points.

The association of ecological range with regional
abundance, the number of change types, and the
percentage area of each HD class and change type
were explored using simple linear regressions. As in
the case of reproductive traits, the number of change
types was inferred from the 600-point subsample.

Results

Species distribution according to HD classes

In 1999, all study species were concentrated
(> 99% of their distribution area) in the first three
HD classes (very low, low and medium human
disturbance), which together comprised 30.9% of
the delta. The representation of species in very low
and low HD classes together, from a low to high
percentage, was as follows (Fig. 2): C. selloana
< P. australis<J. acutus < S. ravennae <I. cylindrica,
S. versicolor, J. maritimus and C. mariscus. Species
followed different distributions within these two
HD classes. Less than 10% of the total area of
C. selloana was in the very low HD class; while
values were 35-40% for P. australis and J. acutus,
55% for S. ravennae, 75% for I. cylindrica, and
95-100% for S. versicolor, J. maritimus and
C. mariscus. In contrast, the medium HD class
represented >70% of the total area for C. selloana,

M Very low
O Low
O Medium

100 A

o

80 A

Area (%)

45% for P. australis, 18% for J. acutus and 9%
for S. ravennae; the rest of species were absent from
this HD class.

Distribution in the first three HD classes was
generally species-specific and significantly different
from that of the whole delta, except for P. australis
(Fig. 2). S. versicolor, J. maritimus and C. mariscus
showed non-significant differences among their fre-
quency distributions. Overall, species distribution
was far from random in the three HD classes where
they mostly occur: all species were over-represented
in undisturbed classes, except for C. selloana, which
was under-represented in this habitat.

Species distribution according to HD class changes

Frequency distribution across all HD class
changes showed contrasting differences among spe-
cies and between species in the study area. Only
P. australis had no significant difference for the
Llobregat Delta (Fig. 3). J. acutus showed a similar
pattern to P. australis, mostly occurring in former
high HD areas (agricultural) areas transformed to
very low, low and medium HD areas (41.5%), but
also in very low HD areas (preserved natural habi-
tats) that have remained stable for this period of
time (13.1%). J. maritimus was concentrated in very
low HD areas, both stable (41.4%) and restored
from high HD lands (30.7%). C. selloana had a
distribution somewhat similar to that of P. australis.
It was mainly distributed in medium HD areas for-
merly devoted to agriculture (62.2%) and low HD
areas that had been restored to the very low HD
class (17.2%); however, it was scarce in stable very
low HD areas (6.6%).

d d d
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Llobregat Cortaderia Phragmites Juncus
delta sellona australis  acutus

Juncus  Imperata Saccharum Spartina  Cladium
maritimus cylindrica ravennae versicolor mariscus

Fig. 2. Relative frequency distribution of human disturbance (HD) classes for each study species and for the whole Llo-
bregat Delta in 1999. Different letters above columns indicate significant differences in HD class from distribution among
species or with the Llobregat Delta according to a %> goodness of fit test (P<0.05; P-values were adjusted using the Bon-

ferroni general method).
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Juncus acutus Cladium mariscus
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Juncus maritimus Spartina versicolor
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1956 1 2 3 4 5 1 2 3 4 5 1 2 3 45 1 23 45123 45123 435
1999 Very low Low Medium Very low Low Medium

Fig. 3. Percentage of HD class changes from 1956 to 1999 in the distribution area of each study species (grey bars), com-
pared with the percentages observed in the whole study area (white bars), and results of the corresponding 3 goodness of fit
test comparing these distributions. Changes of 1999 agricultural and urban land cover were not considered because the
distribution of the studied species is negligible in these land-cover classes. P-values were adjusted using the Bonferroni gen-
eral method.

Of the 15 possible changes affecting the first S. ravennae, J. maritimus and I. cylindrica were
three HD classes, P. australis, J. acutus and C. sell- found in six, five and four respectively; and S. versi-
oana were found in all, 13 and 11 respectively; color and C. mariscus were found in four and three,
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respectively. Among the 15 class changes there are
three possible degradation types, of which P. aus-
tralis, J. acutus and C. selloana were found in all;
I. cylindrica and S. ravennae in two, and J. mar-
itimus, S. versicolor and C. mariscus in none. Of the
nine possible restorative change types, P. australis
was found in all, J. acutus in seven, C. selloana in
five, J. maritimus in four, S. ravennae and S. versi-
color in three, C. mariscus in two, and 1. cylindrica in
one. Finally, of three possible stable change types,
P. australis, J. acutus and C. selloana were found in
all, and the rest of the species in one (stable very low
HD).

Stable, degradative and restorative change types
corresponded, respectively, to 20, 19 and 61% of the
area in the Llobregat Delta occupied by the first
three HD classes in 1999 (Fig. 4). The frequency
distribution of these change types was significantly
different from those of each species, except for P.
australis, C. sellona and J. acutus. Differences
among species were significant (P <0.05), except for
P. australis-J. acutus and S. versicolor-C. mariscus.
Stable change types were predominant for S. ra-
vennae, S. versicolor, C. mariscus and 1. cylindrica. In
contrast, restorative change types, which are the
most common in natural and seminatural habitats
of the Llobregat Delta, were dominant in the other
species.

Species attributes versus regional abundance and HD
classes/changes

Regional abundance, the percentage area of HD
classes, and number of change types showed no sig-
nificant relationship to seed dispersal type, but
species having wind-dispersed seeds had a greater

100 - B Restorative
O Degradative
O Stable

80
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percentage area in degradative change types than
did species with no specific dispersal mode. Vegeta-
tive spread had a stronger relationship to current
distribution. Caespitose or running species had a
significantly higher percentage area in the very low
HD class than did tussock species, but the opposite
was true in the low HD class. There were no sig-
nificant relationships between vegetative spread and
any variable concerning the number and percentage
area of change types (Table 2).

Niche breadth (i.e., the number of phytosociolo-
gical alliances) showed significant linear relation-
ships with regional abundance and the percentage of
very low and medium HD classes (Table 3). The
broader the niche of a species, the higher was the re-
gional abundance of that species and its percentage
area in the medium HD class, and the lower the per-
centage area in the very low HD areas. Niche breadth
was also linearly and significantly related to the num-
ber and percentage area of all change types, except for
those involving degradation (the association was
marginally significant for the number of degradative
change types). Slopes of all regressions were positive,
except for the percentage of stable change types.

Discussion

Our results indicate that, despite similarities in
life-cycle strategy, the perennial monocotyledons
studied in Mediterranean wetlands exhibit major
differences in their (i) regional abundance, (ii) dis-
tribution in HD classes, and (iii) response to land-
cover change in the Llobregat Delta. These differ-
ences are more strongly related to the niche breadth
of the species than to the dispersal capacity, as

-
—n

(=9

Llobregat Cortaderia Phragmites Juncus
delta sellona australis  acutus

T T T 1

Juncus  Imperata Saccharum Spartina  Cladium
maritimus cylindrica ravennae versicolor mariscus

Fig. 4. Relative frequency distribution of HD class change types from 1956 to 1999 for each study species and for the whole
Llobregat Delta. Different letters above columns indicate significant differences between species or within the Llobregat
Delta according to a x? goodness of fit test (P<0.05; P-values were adjusted using the Bonferroni general method).
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Table 2. Mean values ( = SD) of HD classes and change types when comparing species with contrasting seed dispersal and
vegetative spread attributes, and results of the corresponding ANOVA tests.

Wind Main seed dispersal mechanism Vegetative spread
Non-specific F P Tussock Caespitose-Running  F P

Regional abundance (ha)  77.87 £ 105.79 159.95 + 268.87 0.323  0.591 96.27 £ 117.20 132.50 + 241.86 0.056  0.820
Area (%) of HD classes

Very low 42.5 +27.6 83.5 + 33.0 3.621  0.106 31.3 £22.6 82.0 £ 27.8 7.029  0.038

Low 259 +£8.2 11.7 £23.3 1.334 0292 349 + 132 9.1 £12.6 7.616  0.033

Medium 30.6 + 32.9 43 £ 8.7 2388  0.173 32.6 £ 342 8.4 +18.8 1.752  0.234
Number of change types

Total 9.0+ 5.0 6.3+ 4.6 0.664  0.446 10.0 £+ 3.6 6.2+ 5.0 1.302  0.297

Restorative 45+34 40 £22 0.061  0.813 5.0+ 20 3.8 £3.1 0.346  0.578

Degradative 2.5+0.6 08 £1.5 4742 0.072 2.7 +£0.6 1.0+ 1.4 3.606  0.106

Stable 20+ 1.2 1.5+ 1.0 0429  0.537 23+12 1.4 £0.9 1.670  0.244
Area (%) of change types

Restorative 42.3 + 31.8 33.4 + 349 0.141  0.720 56.4 + 18.9 26.7 £ 33.5 1.908  0.216

Degradative 189 £ 7.4 2.5+5.0 13396  0.011 16.4 £ 7.4 74 +114 1.443  0.275

Stable 38.8 £29.0 64.1 £ 38.4 1.104 0334 273 £21.4 65.9 £ 33.6 3.099  0.129

Table 3. Parameters of the linear regressions performed
on niche breadth (number of alliances) versus HD classes
and change types.

2

R df F P y- slope
intercept
Regional abundance  0.613 6 9.490 0.022 —88.03 16.73
(ha)
Area (%) of HD classes
Very low 0.548 6 7.260 0.036 98.96 —2.91
Low 0.067 6 0.430 0.535 12.47 0.51
Medium 0.672 6 12300 0.013 —11.90 2.37
Number of change types
Total . 6 39.710 0.001 1.71 0.48
Restorative 0.832 6 29.670 0.002 0.95 0.27
Degradative 0481 6 5.570 0.056 0.29 0.11
Stable 0.824 6 28.040 0.002 0.47 0.10
Area (%) of change types
Restorative 0.744 6 17.400 0.006 1.09 2.97
Degradative 0.060 6 0.380 0.560 7.22 0.28
Stable 0.743 6 17.320 0.006 91.69 —3.25

indicated by the low number of significant associa-
tions with seed dispersal type and vegetative spread.

The main seed dispersal mechanism of our
study species was related only to the colonisation of
degraded habitats (Table 2), and this probably re-
flects the widely known preference of wind-
dispersed plants for vegetation gaps (Grime et al.
1989; Thompson 1992). On the other hand, vegeta-
tive spread was only related to HD class. The fact
that running or caespitose species are more likely to
concentrate in very low HD areas than are tussock
plants reflects the tendency for undisturbed wetland
communities to be dense, monospecific stands
dominated by long-lived, large, rhizomatous, highly
competitive perennials (Mc Naughton 1975; Eriks-
son 1992; Clevering 1995).

Generally, species abundance and persistence in
changing landscapes is expected to be related to the
ability of the species to colonise new sites, which, in
turn, depends on the number of their individuals in
surrounding areas, but also to their reproductive
traits and dispersal capacity that determine their
overall vagility. However, this is far from being uni-
versally proven. In forest landscapes, which are
probably the best known case study, remnant habi-
tat patches have been found to have a strong
influence on the recovery of forest plant diversity
(Jacquemyn et al. 2003; Vellend 2003), suggesting a
significant effect of propagule pressure on the colo-
nising capacity of species. The role of reproductive
traits in species persistence and colonisation has also
been highlighted. Verheyen et al. (2004) found that
low seed production and the predominance of short-
distance seed dispersal are primary negative corre-
lates for the persistence of forest plant species in
landscapes with high rates of habitat turnover. Jac-
quemyn et al. (2003) observed that patch occupancy
was related to life-form, which, in turn, was corre-
lated to seed mass and seed dispersal. Kolb &
Dickmann (2005) also found that species having few
and heavy diaspores without dispersal structures
had low dispersability in space and time and there-
fore were more negatively affected by forest
isolation. In contrast, other studies (Geertsema et al.
2002; Kolb et al. 2006) have found little association
of life-history traits with forest species frequency at
a variety of spatial scales, from local to national.

In the case of wetland monocotyledonous spe-
cies of the Llobregat Delta, historical propagule
pressure (i.e., abundance of target species in sur-
rounding areas in 1956) and other non-studied
dispersal mechanisms might have a significant
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relationship with species regional abundance and
persistence over time. There is no information on
the pre-study distribution and abundance of the
target species. However, this might not be relevant
because many wetland species can be dispersed over
large distances by birds (Santamaria & Klaassen
2002). This phenomenon would also obscure any
association of the short-distance mechanisms stu-
died in relation to species distribution in land-cover
classes and changes. Nevertheless, we cannot expect
a large effect of dispersal in time through persistent
seed banks, since wetland perennial species com-
monly lack seeds with long-term dormancy
mechanisms (Martinez-Sanchez et al. 2006). How-
ever, all these statements are quite speculative as
no detailed information is available for the study
species.

In contrast to reproductive attributes, regional
abundance and responses to land-cover classes and
changes were strongly related to niche breadth in
our study species. Indeed, species found in more
phytosociological alliances have higher regional
abundance, and are able to cope with more land-
cover changes. Nevertheless, these results can be af-
fected by how we define niche breadth, because
phytosociological alliances summarise a range of
environmental factors (i.e., temperature, moisture,
soil depth, bedrock), including human disturbance
level. However, the risk of circularity in our analysis
is reasonably limited by the fact that (i) species niche
breadth has been determined independently of the
Llobregat data, using the much larger geographical
context — and environmental gradient — of the
BDBC project, and that (ii) phytosociological re-
levés are traditionally focused on natural, quite well
preserved habitats, and reflect the variation in en-
vironmental factors rather than in human
disturbance levels. In fact, 90% of BDBC syntaxa
with recorded presence of our study species can be
classified as non-anthropogenic habitats (i.e., not
belonging to the Ruderali-Secalietea phytosocio-
logical class). Therefore, the number of phytosocio-
logical alliances is, in our case, more an indicator of
the range of environmental conditions than a mea-
sure of the variation in human disturbance level.

The role of niche breadth in determining species
abundance and resistance to habitat degradation
has been reported in a number of recent studies. In
the herbaceous flora of Central England, species re-
gional abundance was inversely related to a
specialism index describing the niche breadth
achieved (Thompson et al. 1999). Kolb et al. (2006)
also found that forest plant specialists are generally
less distributed than generalists in German decid-

uous forests. Jacquemyn et al. (2003) observed that
species with more habitat requirements are, in turn,
more sensitive to forest fragmentation, generally
showing less capacity to colonise new habitat pat-
ches. Occupancy rates of forest fragments were also
found to be positively related to niche breadth of
vertebrates living in forest-crop mosaics (Swihart
et al. 2000).

Bearing in mind that the low number of studied
species limits the scope for conclusions, our study
has identified several features relevant to conserva-
tion. First, as wetland monocotyledon specialists are
less resistant to landscape change than generalists,
our study highlights the difficulties of achieving the
ecological integrity of natural sites when restoration
relies solely on spontaneous succession. This sup-
ports the opinion, shared by most ecologists and
conservationists, that the precautionary principle
should play a pre-eminent role in any actions con-
cerning these habitats, and that management efforts
for the conservation of wetland habitats and species
need to focus on the preservation and improvement
of remnant natural sites, rather than on restoration
of degraded areas.

The results also provide evidence of a possible
mechanism for wetland plant homogenisation under
the currently accepted scenario of increasing land-
use/cover change. As McKinney & Lookwood
(1999) stated, biotic homogenisation is the process
whereby species with sensitive requirements (‘the
losers’) will continue to have high extinction rates or
will be reduced to surviving in small fragments of
undisturbed habitats, while those widespread,
broadly tolerant forms (‘the winners’) will spread
and become increasingly dominant. We have found
that wetland monocotyledon species of high con-
servation concern are more habitat-sensitive than
the rest of the species, that they are more restricted
to undisturbed areas, and that they are much less
able to colonise change types than other relatively
similar species. Consequently, an increase in
land-cover turnover will penalise the former but
benefit the latter, thus contributing to the homo-
genisation of the dominant flora in Mediterranean
wetlands.

Acknowledgements. Funding was obtained from the
Ministerio de Ciencia y Tecnologia (REN 2000-0361/
GLO and SEC2000-0836-C04-04 projects), and the
European Commission Framework 6 Integrated Project
ALARM (Assessing LArge scale environmental Risks for
Biodiversity with tested Methods, GOCE-CT-2003-
506675).



- LAND-COVER CHANGE AND DISTRIBUTION OF WETLAND MONOCOTYLEDONS - 129

References

Anon. (Council of the European Community) 1992.
Council Directive 92/43/EEC of 21 May on the
conservation of natural habitats and of wild fauna
and flora. Offical Journal of the European Community
35: 7-50.

Bolos, O., Vigo, J., Masalles, R.M. & Ninot, J.M. 2005.
Flora Manual dels Paisos Catalans. 3rd ed. Ketres,
Barcelona.

Braun-Blanquet, J. 1932. Plant sociology. McGraw-Hill,
New York.

Broennimann, O., Thuillier, W., Hughes, G., Midgley,
G.F., Alkemade, J.M.R. & Guisan, A. 2006. Do
geographic distribution, niche properties and life
form explain plants’ vulnerability to climate change?
Global Change Biology 12: 1079-1093.

Clevering, O.A. 1995. Germination and seedling
emergence of Scirpus lacustris L. and Scirpus
maritimus L. with special reference to the restoration
of wetlands. Aquatic Botany 50: 63-78.

Comin, F.A., Romero, J.A., Hernandez, O. & Menéndez,
M. 2001. Restoration of wetlands from abandoned
rice fields for nutrient removal, and biological
community and landscape diversity. Restoration
Ecology 9: 201-208.

Domeénech, R. & Vila, M. 2006. The role of successional
stage, vegetation type and soil disturbance on
Cortaderia selloana invasion. Journal of Vegetation
Science 17: 591-598.

Domeénech, R., Vila, M., Pino, J. & Gesti, J. 2005.
Historical land use legacy and Cortaderia selloana
invasion in the Mediterranean region. Global Change
Biology 11: 1054-1064.

Dupré, C. & Ehrlén, J. 2002. Habitat configuration,
species traits and plant distributions. Journal of
Ecology 90: 796-805.

Edwards, K.R. & Proffitt, C.E. 2003. Comparison of
wetland structural characteristics between created
and natural salt marshes in Southwestern Louisiana,
USA. Wetlands 23: 344-356.

Eriksson, O. 1992. Evolution of seed dispersal and
recruitment in clonal plants. Qikos 63: 439-448.

Eviner, V.T. & Chapin II1, F.S. 2003. Functional matrix: a
conceptual framework for predicting multiple plant
effects on ecosystem processes. Annual Review of
Ecology and Evolution 34: 455-485.

Font, X. & Ninot, J.M. 1995. A regional project
for drawing up inventories of flora and vegetation
in Catalonia (Spain). Annali di Botanica ( Roma) 53:
99-105.

Geertsema, W., Opdam, P. & Kropff, M.J. 2002. Plant
strategies and agricultural landscapes: survival in
spatially and temporally fragmented habitats.
Landscape Ecology 17: 263-279.

Grime, J.P., Hodgson, J.G. & Hunt, R. 1989.
Comparative plant ecology: a functional approach to
common British species. Unwin Hyman, London.

Hobbs, R.J. 2000. Land-use changes and invasions. In:
Mooney, H.A. & Hobbs, R.J. (eds.) Invasive species in
a changing world. pp. 55-64. Island Press, Washington.

Jacquemyn, H., Butaye, J. & Hermy, M. 2003. Influence
of environmental and spatial variables on regional
distribution of forest plant species in a fragmented
and changing landscape. Ecography 26: 768-776.

Kl6tzi, F. & Grootjans, A.P. 2001. Restoration of natural
and semi-natural wetland systems in Central Europe:
progress and predictability of developments.
Restoration Ecology 9: 209-219.

Knops, J.JM.H. & Tilman, D. 2000. Dynamics of soil
nitrogen and carbon accumulation for 61 years after
agricultural abandonment. Ecology 81: 88-98.

Kolb, A., Barsch, F. & Diekmann, M. 2006. Determinants
of local abundance and range size in forest vascular
plants. Global Ecology and Biogeography 15: 237-247.

Kolb, A. & Diekmann, M. 2004. Effects of environment,
habitat configuration and forest continuity on the
distribution of forest plant species. Journal of
Vegetation Science 15: 199-208.

Kolb, A. & Diekmann, M. 2005. Effects of life-history
traits on responses of plant species to forest
fragmentation. Conservation Biology 19: 929-938.

Lindborg, R., Cousins, S.A. & Eriksson, O. 2005. Plant
species response to land use change — Campanula
rotundifolia, Primula veris and Rinanthus minor.
Ecography 28: 29-36.

Lindborg, R. & Eriksson, O. 2004. Effects of restora-
tion on plant species richness and composition in
Scandinavian semi-natural grasslands. Restoration
Ecology 12: 318-336.

Maina, G. & Howe, H.F. 2000. Inherent rarity in
community restoration. Conservation Biology 14:
1335-1340.

Martinez-Sanchez, J.J., Conesa, E., Vicente, M.J.,
Jiménez, A. & Franco, J.A. 2006. Germination
responses of Juncus acutus (Juncaceae) and Schoenus
nigricans (Cyperaceae) to light and temperature.
Journal of Arid Environments 66: 187-191.

Mc Naughton, S.J. 1975. R-and k-selection in Typha. The
American Naturalist 109: 251-261.

McKinney, M.L. & Lookwood, J.L. 1999. Biotic
homogenization: a few winners replacing many losers
in the next mass extinction. Trends in Ecology and
Evolution 14: 450-453.

Menges, E.S. 1998. Population viability analyses in plants:
challenges and opportunities. Trends in Ecology and
Evolution 15: 51-56.

Mitsch, W.J. & Gosselink, J.G. 1993. Wetlands. Van
Nostrand Reinhold, New York.

Paruelo, J.M., Burke, 1.C. & Lauenroth, W.K. 2001.
Land-use impact on ecosystem functioning in eastern
Colorado, USA. Global Change Biology 7: 631-639.

Pino, J., Font, X., Carbo, J., Jové, M. & Pallarées, L.
2005. Large-scale correlates of alien plant invasion
in Catalonia (NE of Spain). Biological Conservation
122: 339-350.



130 PiNo, JOAN ET AL.

Pino, J., Segui, JM. & Alvarez, N. 2006. Invasibility
of four plant communities in the Llobregat delta
(Catalonia, NE of Spain) in relation to their historical
stability. Hydrobiologia 570: 257-263.

Prach, K. & Pysek, P. 2001. Using spontaneous succession
for restoration of human-disturbed habitats: experience
from Central Europe. Ecological Engineering 17:
55-62.

Santamaria, L. & Klaassen, M. 2002. Waterbird-mediated
dispersal of aquatic organisms: an introduction. Acta
Oecologica 23: 115-119.

Swihart, R.K., Lusk, J.J., Duchamp, J.E., Rizkalla, C.E.
& Moore, J.E. 2006. The roles of landscape context,
niche breadth, and range boundaries in predicting
species responses to habitat alteration. Diversity and
Distributions 12: 277-287.

Thompson, K. 1992. Functional ecology of seed banks.
In: Fenner, M. (ed) Seeds. The ecology of regeneration
in plant communities. pp. 231-258. CAB Inter-
national, Wallingford.

Thompson, K., Gaston, K.J. & Band, S.R. 1999. Range
size, dispersal and niche breadth in the herbaceous
flora of Central England. Journal of Ecology 87:
150-155.

Thuillier, W., Lavorel, S. & Aratjo, M.B. 2005. Niche
properties and geographical extent as predictors of
species sensitivity to climate change. Global Ecology
and Biogeography 14: 347-357.

Tikka, P.M., Heikkild, T., Heiskanen, M. & Kuitunen,
M.T. 2001. The role of competition and rarity in the

restoration of a dry grassland in Finland. Applied
Vegetation Science 4: 139-146.

Tutin, T.G., Heywood, V.H., Burges, N.A., Moore,
D.M., Valentine, D.H., Walters, S M. & Webb, D.A.
1980. Flora Europaea. (Vol. 5), Cambridge University
Press, Cambridge.

Van Duinen, G.A., Brock, A.M.T., Kuper, J.T., Leuven,
R.S.E.W., Peeters, J.G.M., Roelofs, T.M.J., van
der Velde, G., Verberk, W.C.E.P. & Esselink, H.
2003. Do restoration measures rehabilitate fauna
diversity in raised bogs? A comparative study on
aquatic macroinvertebrates. Wetlands Ecology and
Management 11: 447-459.

Vellend, M. 2003. Habitat loss inhibits recovery of plant
diversity as forests regrow. Ecology 84: 1158—1164.
Vellend, M., Verheyen, K., Jacquemyn, H., Kolb, A., Van
Calster, H., Peterken, G. & Hermy, M. 2006.
Extinction debt of forest plants persists for more than
a century following habitat fragmentation. Ecology

87: 542-548.

Verheyen, K., Vellend, M., van Calster, H., Peterken,
G.F. & Hermy, M. 2004. Metapopulation dynamics
in changing landscapes: a new spatially realistic model
for forest plants. Ecology 85: 3302-3312.

Received 20 December 2007;
Accepted 21 July 2008.
Co-ordinating Editor: A. Symstad.



