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Abstract

River corridor plants in Central Europe account for an above-average proportion of endangered spe-
cies. The main objective of this study was to examine the effects of habitat fragmentation and abiotic
conditions on the survival and changes in population size of four endangered, long-lived river corridor
plant species (Euphorbia palustris, Pseudolysimachion longifolium, Sanguisorba officinalis, and Sene-
cio paludosus) over the course of at least ten years. We sampled altogether 138 populations in the
Weser and Elbe river systems in North-western Germany.

Overall, 33% of the populations went extinct during the study period. Extinction rates and changes
in population size were related to initial population sizes, but not to population isolation and only mar-
ginally so to habitat quality. Large populations (> 100 individuals) had a much higher probability to
survive or increase in size (to > 1000 individuals) than smaller populations. There was no general
decline in population size in surviving populations, and extinction rates and changes in population size
were independent of time. We therefore conclude that the high extinction rates in small populations are
best explained by sudden short-term environmental events, such as changes in land use, rather than by
long-term negative effects of, for example, genetic deterioration. A projection matrix for the next 117
years, however, predicted that 85% of the surveyed populations will have gone extinct. Since any
establishment of new populations in the study area is unlikely owing to the lack of potential habitats
and dispersal limitation, river corridor plants will probably continue to decline. Apart from preventing
further habitat deterioration it will be crucial to maintain or establish an appropriate management, and
to avoid sudden and adverse changes in land use.
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1. Introduction

In Central Europe, more than 100 vascular plant species are exclusively or predominant-
ly confined to the basins of large rivers. These so-called river corridor plants share a similar
distribution pattern (e.g., ZACHARIAS & GARVE 1996), but otherwise show very different
habitat preferences (KORSCH 1999, BURKART 2001). About 23% of the species are of high
conservation priority, a proportion nearly twice as high as compared with the entire vascular
plant flora in Central Europe (SCHNITTLER & GUNTHER 1999). The main reason for the threat
to these species is the destruction and deterioration of near-natural habitats along the rivers,
caused by the regulation of water courses, land reclamation and agricultural intensification.
At present, most populations are completely cut off from the natural river dynamics caused
by the construction of dikes, and populations are therefore often small and highly isolated
from each other. Especially for the North German lowlands, a large body of literature about
the ecology, dynamics and restoration of riverine flood meadows has accumulated (e.g.,
ROSENTHAL 1992, JENSEN & SCHRAUTZER 1999). Particular attention has often been directed
to the processes of seed germination and seedling establishment (JENSEN & GUTEKUNST
2003, DONATH et al. 2003, 2007, LEYER & PROSS 2009).

Habitat fragmentation in terms of decreasing population size and increasing population
isolation has been shown to have negative effects on plant performance and reproduction
(e.g., KERY et al. 2000, JACQUEMYN et al. 2002, KOLB 2005), although the selection of spe-
cies used to study the effects of habitat fragmentation has been biased towards groups likely
to be particularly vulnerable (HEINKEN & WEBER 2013). In a general conceptual model,
GILPIN & SOULE (1986) suggested that populations reaching a minimum threshold number of
individuals may enter into a so-called extinction vortex, a circular process in which ever
decreasing plant fitness leads to a decline in population size and eventually to extinction.
The increased risk of extinction for small populations is caused by a number of factors,
including demographic stochasticity (LANDE 1993, KERY et al. 2003), environmental sto-
chasticity (LANDE 1993), loss of genetic variation (ELLSTRAND & ELAM 1993, YOUNG et al.
1996), and the disruption of biotic interactions with pollinators and seed dispersers (JENNER-
STEN 1988, AGREN 1996, KOLB 2005).

There is, however, little empirical evidence that small population size causes a further
decline in population size and eventually leads to extinction, because long-term data on the
dynamics of plant populations are scarce. Only a few studies have compared current with
historical population sizes to examine extinction rates of plants and the factors causing their
local disappearance (OUBORG 1993, FISCHER & STOCKLIN 1997, ENDELS et al. 2002,
LIENERT et al. 2002, MATTHIES et al. 2004, HONNAY et al. 2009, SUTTON & MORGAN 2009).
The monitoring of perennial species is of particular interest, because habitat fragmentation
may affect the population turnover of long-lived species only with a certain delay (FISCHER
& STOCKLIN 1997, VELLEND et al. 2006, VAN CALSTER et al. 2008, SCHLEUNING & MAT-
THIES 2009).

In an assessment program for endangered plant species in Niedersachsen, a federal state
in North-western Germany with a high proportion (54%) of endangered river corridor plants
(ZACHARIAS & GARVE 1996), the location and size of populations of these plant species has
been recorded since the mid 1980s. We used these monitoring data to revisit 207 populations
of four threatened species to examine the effects of habitat fragmentation and abiotic condi-
tions on changes in population size over the course of at least 10 years. For the selected
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species, a previous study had shown that plant fitness was generally negatively affected by
decreasing population size and / or increasing isolation, but also influenced by habitat quali-
ty (WINTER et al. 2008).

Our intention was to test (1) whether small populations were more prone to extinction
than large ones, and (2) whether the changes in population size of surviving populations
were related to initial population size, isolation and environmental conditions. We aimed to
provide evidence for the negative effects of reduced plant fitness (as shown in a previous
study by WINTER et al. 2008) on population survival of long-lived species and to give advice
for the conservation of endangered river-corridor plants.

2. Methods

2.1 Study area and species

Fieldwork was carried out in 2005 and 2006 in floodplains of the Weser and Elbe river systems in
North-western Germany (Fig. 1). In this area, 85 plant species are classified as river corridor plants
(ZACHARIAS & GARVE 1996), of which four endangered taxa (GARVE 2004) were selected: Euphorbia
palustris L. (Euphorbiaceae), Pseudolysimachion longifolium (L.) Opiz (Plantaginaceae), Sanguisorba
officinalis L. (Rosaceae), and Senecio paludosus L. (Asteraceae).
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Fig. 1. Location of surveyed populations of Euphorbia palustris, Pseudolysimachion longifolium,
Sanguisorba officinalis, and Senecio paludosus in the floodplains of the river systems Weser and Elbe
in North-western Germany.

Abb. 1. Lage der untersuchten Populationen von Euphorbia palustris, Pseudolysimachion longifolium,
Sanguisorba officinalis und Senecio paludosus in den Stromtilern von Weser und Elbe im nordwestli-
chen Deutschland.
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All species represent perennial herbs that reproduce sexually via seeds and vegetatively by means of
short underground rhizomes. Natural habitats in the study area include wet meadows and the edges of
nutrient-rich lakes and rivers. As a result of habitat loss, the species are at present mostly found in
abandoned grasslands and ditch banks. All species have over the past decades shown a decline both in
the Weser-Elbe region (CORDES et al. 2006) and in the area of Hamburg (POPPENDIECK et al. 2010,
here P. longifolium is lacking).

2.2 Selection and revisitation of study sites

Within the framework of the assessment program for endangered plants in North-western Germany,
data about the location (marks on a map 1 : 50000) and rough estimates of population sizes (in eight
classes: 1, 2-5, 6-25, 26-50, 51-100, 101-1000, 1001-10000, >10000 flowering individuals) were
collected by different voluntary botanists normally once-only between 1982 and to date. We were
allowed to use these official data and found a total of 383 records of the four species in the study area,
but used only those records that referred to estimates of population size until 1996 as the year of the
first record. Furthermore, some records were omitted from the analysis because several marks on the
maps were too imprecise to locate the populations in the field. In total 207 populations were selected
and revisited during peak flowering of the species. Two observers searched each site for the occurrence
of the studied species for up to 2 hours. All species were relatively easy to detect in the field owing to
their tall stature and conspicuous inflorescence. If this search remained unsuccessful, we considered the
population to have gone extinct. Populations at sites that were difficult to access were omitted from the
analysis due to the unreasonably effort of time to arrive at them. By this, we avoided an overestimation
of extinction events, which has been shown to be a crucial factor for the calculation of incorrect extinc-
tion probabilities of species (KERY et al. 2006). Altogether 138 populations were included in the final
data analysis (Table 1).

Population size was determined as the number of flowering plants and assigned to the eight size
classes previously mentioned. In E. palustris and S. paludosus, individuals were clearly separated from
each other, whereas, in the two other species, individuals in terms of genets were difficult to identify as
the shoots form dense clusters that are impossible to disentangle. Here, each ramet was treated as one
individual. Population isolation as defined as the distance to the nearest population and determined with
the help of detailed topographic maps ranged from 50 m to 62.5 km (median 788 m).

Table 1. Number of surveyed populations included in the multinomial logistic regression models 1, 2,
and 3 for each of the studied species: Euphorbia palustris, Pseudolysimachion longifolium, San-
guisorba officinalis, and Senecio paludosus.

Tabelle 1. Anzahl der untersuchten Populationen in den mit multinomialer logistischer Regression
erstellten Modellen 1, 2 und 3 fiir die vier Arten Euphorbia palustris, Pseudolysimachion longifolium,
Sanguisorba officinalis und Senecio paludosus.

Number of populations included

Species model 1 model 2 model 3
Euphorbia palustris 46 34 15
Pseudolysimachion longifolium 31 22 15
Sanguisorba officinalis 27 18 15
Senecio paludosus 34 12 -
Total number of populations 138 86 45
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2.3 Habitat quality

As it was not possible to locate the sites of extinct populations with sufficient accuracy, habitat
quality was only assessed for sites with surviving populations. For 86 populations, patch size (area
occupied by a species given in m?) and habitat type (classified in six categories: [1] ditch bank,
[2] shore of a river or lake, [3] swamp forest, [4] grassland, [5] verge and [6] fallow) were determined.
We furthermore selected 15 surviving populations of varying size of each of the species to collect data
on additional habitat factors (Table 2). However, S. paludosus was omitted from this part of the study
because only few populations of this species had survived. In each of these 45 populations, soil samples
were collected during a rainless period in July 2006 (see WINTER et al. 2008). The samples consisted of
five pooled cores (100 cm? down to a depth of 4 cm) of mineral soil. Soil moisture was measured grav-
imetrically. Prior to chemical analysis, all air-dried samples were passed through a 2 mm-sieve. We
determined pH in a solution of 10 g of soil and 25 ml of 0.01M CaCl, with a standard glass electrode.
Plant available phosphorus (P), potassium (K), calcium (Ca) and magnesium (Mg) were extracted with
ammonium lactate. P was measured photometrically by flow injection analysis (FIA; reagent: ammoni-
um molybdate) and cations by Atomic Absorption Spectroscopy (all expressed in mg per 100 g soil).
The contents of carbon (C) and nitrogen (N) were determined using an elemental analyzer (EuroEA
3000, HEKA-tech, Germany).

Mean vegetation height of a population was calculated from at least 5 measurements (dependent on
patch size) in the patch. Light intensity was measured as photosynthetic photon flux density (PPFD)
(umol s m?; LI-COR Quantum sensor, USA) at 20 regularly spaced locations directly above the
ground on days with overcast sky. Simultaneous measurements were carried out close to each site in the
open in order to calculate the relative light intensity, expressed as PPFDinside / PPFDoutside in percent.

2.4 Data analysis

To increase the power of statistical analysis, analyses were performed on data sets including infor-
mation for all of the studied species. Data were analyzed with a multinomial logistic regression model
and a forward selection procedure of variables using the statistical software SAS 9.1.3 (SAS Institute
Inc. Cary, NC, USA, 2002-2003). First, for the complete data set of 138 populations, we calculated the
transition probability of each initial population size class ranging from 1 (1 individual) to 6 (101-1000
individuals) to reach another size class from 0 (extinct) to 7 (1001-10000) against the time between

Table 2. Explanatory variables included in the multinomial logistic regression models testing for the
transition probability of each initial population size class to reach another size class, given separately
for models 1, 2, and 3.

Tabelle 2. Erkldrende Variablen in den multinomialen logistischen Regressionen, mit denen die Wahr-
scheinlichkeiten, von einer anfénglichen Populationsgréen-Klasse in eine andere Klasse iiberzugehen,
fiir die Modelle 1, 2 und 3 berechnet wurden.

Included in model

(O8]

Predictor variable 1 2

Time between surveys X
Isolation X
Patch size

X X X X

Habitat type

Vegetation height [m]

Light availability [%]

Soil variables (moisture, pH, C, N, C/N ratio,
P, Ca, Mg and K)

X X X X X X X
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surveys. Subsequently, we analyzed whether these probabilities were affected by population isolation
(model 1; Table 2). To test for differences between transition probabilities and for significant effects of
the predicting variables, an Exact Likelihood Ratio Chi-Square Test was applied. Model 2, consisting of
all 86 surviving populations, served to analyze - additional to the impact of time between surveys and
isolation - the effects of patch size and habitat type on the transition probabilities (Table 2). In a last
step, the model was extended by the soil variables and vegetation height for the sub-set of 45 popula-
tions (model 3; Table 2).

Based on a Leslie matrix (PIELOU 1977) we finally constructed a projection matrix to predict the
development of sizes of all surveyed populations using the statistical program R (version 2.12.1). For
this purpose, the proportion of each initial population size class was entered into the model and related
to the calculated transition probabilities.

3. Results

In Pseudolysimachion longifolium, Sanguisorba officinalis and Euphorbia palustris, the
majority of populations were encountered on ditch banks (Table 3). In the latter species, also
swamp forests and fallows served as important habitats. Sanguisorba officinalis was the only
species where populations were found in managed grasslands. Senecio paludosus showed
a deviating behaviour in that the species was mainly confined to the shore of rivers.

Initial population size classes ranged from 1 to 6, while populations at the time of the
second survey varied in size between class 0 and 7. Overall, 55% of the populations included
in the data analysis were smaller than 100 flowering individuals, and 33% of the populations
had become extinct. The proportion of surviving populations varied among the four species
from 88% in E. palustris to only 47% in S. paludosus (Fig. 2). In S. officinalis 7% of the
populations had decreased and 44% increased in size, whereas in S. paludosus 17% had
declined and only 3% increased. The proportion of populations keeping their initial size
class ranged from 48% in E. palustris to 15% in S. officinalis.

Pooled over all species (model 1), the transition probabilities of reaching another size
class varied considerably among the six initial size classes (Fig. 3, Table 4). Large popula-
tions (> 100 individuals) had a much higher probability of survival, of staying in their initial
size class or of reaching size class 7 compared to smaller populations (< 25 individuals).
Size classes 4 and 5 mostly showed non-significant differences to other size classes, most

Table 3. Habitat types in which the 86 populations used in model 2 were found. In the classification,
six categories were distinguished: ditch bank, shore of a river or lake, swamp forest, grassland, verge
and fallow.

Tabelle 3. Habitattypen der in Modell 2 benutzten 86 Populationen. Sechs verschiedene Klassen wur-
den unterschieden: Grabenrand, Fluss- oder Seeufer, Bruchwald, Griinland, Griinland-Saum und Bra-
che.

Number of populations

. Ditch Swamp  Grass-
Species bank Shore forest Jand Verge  Fallow
Euphorbia palustris 15 2 6 0 2 9
Pseudolysimachion longifolium 12 0 0 4 0
Sanguisorba officinalis 10 0 0 4 4 0
Senecio paludosus 0 11 0 0 0 1
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Fig. 2. Changes in population size (over the course of an average of 14.7 years) of all surveyed popula-
tions of the four study species Euphorbia palustris, Pseudolysimachion longifolium, Sanguisorba
officinalis, and Senecio paludosus. The bars show the proportions of populations that went extinct,
decreased in size, remained unchanged or increased in size.

Abb. 2. Veranderungen der PopulationsgroB3e (iiber einen durchschnittlichen Zeitraum von 14,7 Jahren)
aller untersuchten Populationen von Euphorbia palustris, Pseudolysimachion longifolium, Sanguisorba
officinalis und Senecio paludosus. Die Balken geben die jeweiligen Anteile der Populationen wieder,
die ausgestorben oder in der GroBe unverdndert geblieben sind bzw. zu- oder abgenommen haben.

Transition prabability [%]

Fig. 3. Transition probabilities of initial population size classes (1 to 6) to reach another size class from
0 to 7, calculated for populations of Euphorbia palustris, Pseudolysimachion longifolium, Sanguisorba
officinalis, and Senecio paludosus. Transition probabilities were independent of the time between
surveys (mean value: 14.7 years).

Abb. 3. Wahrscheinlichkeiten, von einer anféanglichen PopulationsgroBen-Klasse (1-6) in eine andere
Klasse (0-7) tiberzugehen, fiir die Populationen von Euphorbia palustris, Pseudolysimachion longifoli-

um, Sanguisorba officinalis und Senecio paludosus. Die Ubergangswahrscheinlichkeiten sind unabhin-
gig vom Zeitraum zwischen den Untersuchungen (Mittelwert 14,7 Jahre).
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Table 4. Results of Exact Likelihood Ratio Chi-Square Tests for differences in transition probabilities
between the six studied initial population size classes; p values are given, with significant values in
bold.

Tabelle 4. Ergebnisse der Exact Likelihood Ratio Chi-Square-Tests auf Unterschiede in den Uber-
gangswahrscheinlichkeiten zwischen den verschiedenen Populationsgrofen-Klassen. Dargestellt sind
die p-Werte (signifikante Werte fett).

Size class 1 2 3 4 5 6
1 — 0.154 0.039 0.016 0.059 <0.001
2 — — 0.075 0.052 0.176 <0.001
3 — — — 0.454 0.047 <0.001
4 — — — — 0.500 0.183
5 — — — — — 0.133
6 _ _ _ _ _ _

likely owing to low sample sizes (for both n = 11). The time between surveys did not affect
model performance, and therefore the transition probabilities were applied for an average
time between surveys of 14.7 years (range from 10 to 23 years). Including further predictor
variables did not or only marginally improve the model. In model 2, patch size was found to
have a significantly positive effect on the transition probabilities of the initial population size
class 2 (chi’=4.26, df = 1, p = 0.039). For model 3, transition probabilities of initial popula-
tion size classes 1 and 4 were weakly positively affected by soil moisture (chi?=4.25, df =1,
p=0.039, and chi?=3.99, df =1, p = 0.046, respectively).

The construction of a projection matrix for the average time between surveys of 14.7
years resulted in the extinction of 85% of the populations in all six initial size classes after
eight time intervals (about 117 years). 15% of the populations, however, developed into size
class 7, but the matrix could not give any information on the fate of these populations be-
cause of the lack of populations with initial size class 7 in the data set.

4. Discussion

Small populations of the four studied, long-lived river corridor plants were more prone to
become extinct than larger ones. Similar findings were also reported for seven short-lived,
threatened plant species in a revisitation study in northern Germany (MATTHIES et al. 2004).

This result can be explained by various mechanisms. If population sizes are generally
declining because of, for example, habitat deterioration, small populations are more likely to
go extinct (faster) than larger ones (THOMAS 1994). Moreover, initial population sizes may
have been small because the populations in question occurred in already deteriorated habi-
tats. These explanations, however, were not corroborated by our study because: (i) Mean
initial population size was even lower than mean current size of surviving populations,
which contradicts a general decline in population size, (ii) deteriorated or deteriorating habi-
tat quality cannot in all cases be the reason for small populations to decrease in size or go
extinct, as many of these populations stayed in their initial size class or even developed into
larger ones, and (iii) the measured environmental factors had hardly any effect on changes in
population size, indicating that habitat quality is no main underlying cause for the extinction
process or decline of populations. Despite the similar life histories of the studied river corri-
dor plants, their responses to environmental conditions differ (WINTER et al. 2008), which is
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why the effects of the measured habitat factors on changes in population size in a composite
model of all studied species needs to be interpreted with caution. Still, the relative im-
portance of soil quality on the reproductive success of the four studied species was shown to
be much lower than the relative importance of population size (WINTER et al. 2008).

A further explanation for the high extinction rates of small populations may be that
populations that fall below a certain threshold number of individuals have entered a so-called
extinction vortex due to ever-decreasing plant fitness (GILPIN & SOULE 1986). As a conse-
quence, one would expect a high proportion of small populations to decline, which, however,
was not the case in our study where only 7% of all populations decreased in size, while 20%
showed an increase. Moreover, the transition probabilities of reaching another population
size class were not affected by the time between surveys. Our results therefore suggest that
the increased extinction of small populations is caused by short-term rather than long-term
effects. More precisely, sudden environmental events induced by human activity, such as
land reclamation, changes in land use (temporary abandonment or intensification of man-
agement), or the application of herbicides, may be more important for the extinction and
decline of small populations than decreasing plant fitness. In the long term (i.e., over a time
span longer than the mean time between surveys of 14.7 years), however, decreasing plant
fitness may have considerable negative effects on the survival of populations. We did not yet
find population isolation to have any impact on extinction rates and changes in population
size, suggesting that the negative effects of isolation, for example limited pollinator services
and reduced gene flow (see, for example, ECKSTEIN & OTTE 2005), will influence the viabil-
ity of long-lived species only over long time periods.

Even though our results show that populations above a threshold size of 100 individuals
have a much higher chance of survival, to stay in their initial size class or to reach size class
7 (> 1000 individuals), a projection matrix predicted that after 117 years most of the sur-
veyed populations will have gone extinct. The establishment of new populations is predicted
to be a rare event, since all four species are on decline in the study area (GARVE 2004). Fur-
thermore, only few suitable but empty sites are likely to be colonized, as the destruction and
deterioration of the floodplain landscapes in the study area progresses and dispersal process-
es over long distances by water are limited as most populations are cut off from the river
dynamics (see DONATH et al. 2003, 2007). In Senecio paludosus, seed germination and es-
tablishment of young individuals is a rare event even in existing populations (DIEKMANN &
BARTELS 2012). Our findings at least suggest that the studied river corridor plants will fur-
ther decline in the future.

The variation among the four study species in terms of their proportions of extinct, de-
creasing, unchanged, and increasing populations indicates that these differ in their responses
to habitat fragmentation, possibly caused by differences in specific life history traits (cf.
SUTTON & MORGAN 2009). This interpretation is supported by a previous study showing that
the relative importance of population size, isolation and soil quality for the reproduction of
the species varied considerably (WINTER et al. 2008). The populations of Euphorbia palus-
tris had the lowest extinction rate, a high proportion of them staying in their initial size class.
In a previous study of the demography of this species, however, we found that most popula-
tions were static and aged and therefore prone to extinction in the long-term (WARNER et al.
2011). Owing to its very long generation cycle, probably spanning several decades, the spe-
cies may survive under sub-optimal environmental conditions for a relatively long time.
Compared to the other study species, Pseudolysimachion longifolium and Sanguisorba offic-
inalis had relatively high proportions of populations with increasing abundance (38—44%).
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A likely explanation is their ability (also reflected in Table 3) to grow in and at the edge of
pastures and meadows (KLOTZ et al. 2002), which have been developed by nature conserva-
tion in the study area over the last years. Senecio paludosus, in contrast, is strictly confined
to reed swamps on wet, often inundated soils along the large rivers (Table 3, see also DIEK-
MANN & BARTELS 2012), and as these sites at present are less frequent than wet grasslands,
fallows and ditch banks, S. paludosus shows the highest proportion of extinct (53%) and
decreasing (18%) populations among the studied species.

In summary, small population size was identified as the most likely cause for the high
extinction rates of populations of the four long-lived species. Small populations are mainly
aresult of habitat fragmentation caused by extensive river regulation and land reclamation,
and this in turn can explain the high proportion of endangered river corridor plants. Howev-
er, there was no indirect evidence for medium-term effects of reduced reproductive success
in small and / or isolated populations on the survival of the studied species, even though this
was found in a previous study (WINTER et al. 2008), indicating an extinction debt (cf. ROG-
ERS et al. 2009). Contrary to the hypothesis that the drawbacks of small population size act
slower in long-lived species (VELLEND et al. 2006, SCHLEUNING & MATTHIES 2009), the
small populations of the species in this study were already affected after 15 years assumedly
by sudden human activities.

Our results predict that river corridor plants will continue to decrease in the study area.
To counteract this decline it will be crucial to prevent further habitat deterioration and to
maintain or establish an appropriate management, avoiding sudden, adverse changes in land
use, such as temporary abandonment or land intensification. The restoration of river valleys
and the creation of retention areas as a result of increasing flooding events might, however,
provide new suitable habitat areas for these species. On the other hand, a re-colonization of
restored floodplains is unlikely because most species have already disappeared from the
regional or local species pool. Re-colonization has been shown to be successful only in the
vicinity of remnant stands (DONATH et al. 2003, 2007). The breeding of progeny from seeds
for the reintroduction of species into restored floodplain areas offers a suitable management
measure, as recently shown for E. palustris (C. Wérner, data not published) and S. paludosus
(M. Diekmann et al., data not published).

Erweiterte deutsche Zusammenfassung

Einleitung — Stromtalpflanzen stellen im Vergleich zur gesamten GefdB3pflanzenflora Mitteleuropas
einen iiberproportional grolen Anteil gefahrdeter Arten. Die Hauptgriinde fiir die Bedrohung und den
Riickgang dieser Arten liegen in der Zerstérung und Beeintréchtigung der natiirlichen Habitate entlang
der groBen Fliisse, verursacht vor allem durch Eindeichung und landwirtschaftliche Intensivierung.
Heute sind die meisten Populationen von der natiirlichen Dynamik der FlieBgewisser weitgehend
abgeschnitten, weisen nur geringe Individuenzahlen auf und liegen oft stark isoliert voneinander. Viele
Untersuchungen haben gezeigt, dass eine solche Habitatfragmentierung oftmals negative Auswirkungen
auf das Wachstum und die Reproduktion der Pflanzen haben. Es gibt bisher jedoch nur wenige Belege
dafiir, dass kleine Populationen auch weiterhin abnehmen und mit groBer Wahrscheinlichkeit frithzeitig
aussterben. Eine Ursache dafiir liegt in dem Fehlen zuverldssiger Langzeitdaten zur Dynamik von
Pflanzenpopulationen. Ziel dieser Untersuchung war es, den Einfluss von Habitatfragmentierung und
abiotischen Umweltfaktoren auf das Uberleben und die Verinderung der PopulationsgroBe einiger
langlebiger Stromtalpflanzen zu quantifizieren und Vorhersagen zum zukiinftigen Uberleben der Popu-
lationen zu machen.
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Material und Methoden — Die Geldndeuntersuchungen wurden in den Jahren 2005 und 2006 in
den Flusssystemen von Weser und Elbe in Nordwest-Deutschland durchgefiihrt. Vier Arten mit typi-
schem Stromtal-Verbreitungsmuster wurden ausgewdhlt: Euphorbia palustris L. (Euphorbiaceae),
Pseudolysimachion longifolium (L.) Opiz (Plantaginaceae), Sanguisorba officinalis L. (Rosaceae) und
Senecio paludosus L. (Asteraceae). Alle Arten sind ausdauernd und vermehren sich sexuell iiber Samen
sowie vegetativ mit Hilfe kurzer Rhizome. In naturnahen Landschaften kommen sie meist in Feucht-
wiesen und entlang néhrstoffreicher Fliisse und Seen vor, sind aber heute vor allem in Sekundérbioto-
pen wie Brachen, Randbereichen von Griinlandflichen und Grabenrdndern zu finden. Regional haben
die vier Arten iiber die letzten Jahrzehnte hinweg in ihrer Haufigkeit abgenommen. Im Rahmen eines
Pflanzenarten-Erfassungsprogramms des Landes Niedersachsen wurden die Populationen dieser Arten
mit ihren ungefdhren GréBen (in acht Klassen: 1, 2-5, 6-25, 26-50, 51-100, 101-1000, 1001-10000,
>10000 blithende Individuen) seit 1982 kartiert. Fiir insgesamt 138, bis spdtestens 1996 erfasste Popu-
lationen wurden in den beiden Untersuchungsjahren wiederholte Zahlungen der Populationsgrofien
vorgenommen sowie in einer Auswahl von Populationen Habitattypen bestimmt und Umweltbedingun-
gen (Boden, Licht) gemessen. Mithilfe von multinomialen logistischen Regressionen wurden fiir jede
Art Wahrscheinlichkeiten des Ubergangs von einer anfiinglichen PopulationsgroBen-Klasse zu einer
anderen Klasse bei der Wiederholungs-Kartierung berechnet. In einem weiteren Schritt wurde analy-
siert, ob diese Ubergangswahrscheinlichkeiten von der Isolation, dem Typ und der GréBe des Habitats
oder den Umweltbedingungen abhingen. SchlieBlich erstellten wir auf der Grundlage der Ubergangs-
wahrscheinlichkeiten Vorhersagen zum zukiinftigen Uberleben der Populationen.

Ergebnisse — Insgesamt starben 33 % der Populationen im Untersuchungszeitraum aus. Die Wahr-
scheinlichkeit, auszusterben bzw. deutlich ab- oder zuzunehmen, hing von der urspriinglichen Populati-
onsgrofe, nicht jedoch von der Isolation und nur wenig von der Habitatqualitéit ab. Grofle Populationen
von > 100 Individuen iiberlebten signifikant dfter und nahmen héufiger zu als kleine Populationen von
< 25 Individuen. Unter den vier Arten zeigte Senecio paludosus die negativste Bestandsentwicklung,
Euphorbia palustris die relativ gesehen beste. Die Populationen, die bis 2005/06 iiberlebt hatten, wie-
sen generell keine abnehmende Populationsgrofe auf, und die Verdnderungen in der Bestandsgrofe
waren unabhingig vom Zeitraum zwischen erster und wiederholter Erfassung. Die Projektion der er-
rechneten Ubergangswahrscheinlichkeiten erlaubt die Vorhersage, dass fast alle Populationen innerhalb
der ndchsten 117 Jahre aussterben werden.

Diskussion — Der geringe Einfluss der Habitatqualitdt in den Modellen und die Unabhéngigkeit der
Verdnderung der Populationsgrofe von der Zeit in den iiberlebenden Populationen legen nahe, dass das
Aussterben der Populationen nicht in erster Linie auf eine allmédhliche Verschlechterung der Umwelt-
bedingungen oder der genetischen Voraussetzungen zuriickzufiihren ist. Vielmehr spielen vermutlich
plotzliche starke Verdnderungen eine grofBere Rolle, vor allem kurzfristige Verdnderungen in der Griin-
landbewirtschaftung oder sonstigen Nutzung (z. B. haufigere Mahd, Verbrachung, Entwésserung).
Aufgrund des Mangels an geeigneten Habitaten, der oft starken Isolation der noch bestehenden Popula-
tionen und des schlechten Ausbreitungsvermogens der Arten sind Neu-Etablierungen, die Aussterbeer-
eignisse kompensieren konnten, unwahrscheinlich. Um ein weiteres Aussterben vieler Populationen zu
verhindern wird es wichtig sein, ein fiir die Arten jeweils geeignetes Management zu etablieren bzw.
aufrecht zu erhalten und kurzfristige, nachteilige Verdnderungen im Management zu verhindern.
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