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1. Introduction 

The conservation of rare plant species is an important part of global biodiversity protection 
(Falk 1990, Bevill & Louda 1999), but in many cases these species and the reasons why they 
are rare are only poorly understood. Thus, we need to urgently analyze possible reasons for 
their rarity and factors threatening them (Edwards & Weakley 2001, Murray et al. 2002). 
Sound information is a vital prerequisite for developing effective conservation strategies and 
guidelines for these rare and endangered plants (Schemske et al. 1994). However, even the 
term ‘rarity’ itself is controversial and debated, with several concepts and definitions being 
proposed in the literature. A frequently used criterion for rarity is the geographical 
distribution of the species, which is among other things included in the International Union 
for Conservation of Nature (IUCN) Red List criteria in the form of extent of occurrence and 
area of occupancy (International Union for Conservation of Nature 2001). A more detailed 
classification has been suggested by Rabinowitz (1981), who determines seven forms of rarity 
according to geographical distribution, habitat specificity and local population size. Another 
classification scheme has been proposed by Huenneke (1991), who distinguishes between 
‘new rare species’ (those that used to be widespread and common, but then became rare 
because of human influences) and ‘old rare species’ (those that naturally occur only in 
isolated and/or small populations).  

Apium repens (Jacq.) Lag. Is generally regarded as a rare species all over its European range 
(e.g. Mooij & Weed 1985; Sýkora & Westhoff 1985; Vogel & Büscher 1988; Hauke 2003), 
usually without reference to any particular definition of rarity. The species is listed in the 
national Red Lists of all the countries where it occurs and in annexes II and IV of the ECs 
Habitats Directive. Accordingly, A. repens is considered to be of great conservation concern. 

In this conservation guideline, we summarize the knowledge about the ecology of A. repens 
(see Burmeier & Jensen 2008, 2009) and we highlight possibilities for its management 
including recommendations for established populations and for the introduction of the species 
at well-suited sites. 

 

2. Study Species 

2.1. Morphology, Taxonomy 

Apium repens is a small perennial umbellifer which reaches a height of 10-30 cm and flowers 
from July to September. Its fruits are double achenes consisting of two round to oval shaped 
fruits (called seeds from here on) that weigh 0.27 ± 0.04 mg (n = 50). The species proliferates 
either generatively by seeds or vegetative by stolons. Both modes of proliferation may occur 
simultaneously. In a regeneration experiment, 86 ± 15% (n = 50) of artificially fragmented 
runners rooted and resprouted within four weeks after fragmentation (pers. Obs.). 
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Fig. 1: Flowers (A) and fruits of Apium repens with immature (B) and mature seeds (C) 

 

2.2. Distribution in Northern Germany 

Apium repens occurs in large parts of Europe and has isolated populations in Morocco and the 
Canary Islands (McDonald and Lambrick 2006). Northern Germany is regarded as one of four 
centers of occurrence in Germany. Here, it mostly occurs in Mecklenburg-Pomerania, but is 
also known from Lower Saxony and from Schleswig-Holstein (see Fig. 1, compare Hauke 
2000, 2003; Burmester 2006). The only known natural population in Schleswig-Holstein is 
located on the island of Fehmarn. 

 
Fig. 2: Investigated populations of Apium repens in Northern Germany. 

 

2.3. Threats to population persistence and conservation status 

Apium repens is generally regarded as a rare species all over its European range (Mooij and 
Weeda 1985; Sýkora and Westhoff 1985; Vogel and Büscher 1988; Hauke 2003), and has 
apparently been rare ever since humans started to map the distribution of plants some 150 
years ago. Christiansen (1913), for example, already mentions A. repens as one of the rarest 
species of Northern Germany. Throughout the last decades, however, the species has further 
declined in many European countries (e.g. Fukarek and Voigtländer 1982; Sýkora and 
Westhoff 1985; Lederbogen 2000; Hauke 2003). Today, A. repens is listed in the national Red 
Lists of all the countries where it occurs (Schnittler and Günther 1999) as well as in annexes 

C B A 
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II and IV of the European Council Directive 92/43/EEC on the conservation of natural 
habitats and of wild fauna and flora of the European Community (EC Habitats Directive). 

The reasons for the rarity of A. repens are still poorly understood. It seems to be clear, that 
this small-growing species is a weak competitor and thus suffers from abandonment of former 
grassland sites. Further, drainage of wet grasslands might threaten the species. However, there 
seems to be still a pronounced disagreement between the widespread distribution of 
apparently well-suited habitats and the rarity of the species. Thus, we used experimental and 
observational studies to elucidate possible reasons for the rarity of A. repens in our research. 

 

3. Research 

3.1. Summary 

Habitat demands and competitive ability: Hydrology, Nutrient availability, Disturbance 

 

First, information was gathered about the extant populations of Apium repens throughout 
northern Germany. Of the indentified 28 populations, for 24 populations located in 
Schleswig-Holstein and Mecklenburg-Western Pomerania site characteristics were examined 
in this study: 

Plant species inventories were used to calculate cover weighted means of the Ellenberg 
indicator values. The indicator values derived from these species inventories denote the sites 
as well-lit, fairly warm, oceanic to sub-oceanic, damp, weakly acidic to weakly basic, of 
average nitrogen availability and salt free.  

We exemplarily traced the ground water level throughout one year beneath one A. repens 
population on the island of Fehmarn and collected and analyzed soil samples of all 24 
populations. Furthermore, prevalent land use and disturbance regimes were estimated 
visually. The ground water level showed considerable fluctuations throughout the year with 
highest water levels in March, lowest in August and October. The mean annual water level 
was 21 cm below the soil surface. The majority of the visited populations was either situated 
in close proximity to water bodies or grew in shallow depressions of pastures. All sites were 
subjected to substantial disturbances. Soil chemistry values and nutrient concentrations 
differed widely between the sampled sites and did not show any particular patterns, apart from 
the fact that all sites had a neutral to basic pH value. 

To get a better understanding of the competitive ability we conducted an interspecific 
competition experiment combined with a disturbance treatment in which we potted A. repens 
together with Ranunculus repens as interspecific competitor. Disturbance by grazing was 
mimicked in this experiment by cutting back the plants. Both competition by Ranunculus 
repens and disturbance through regular cutting resulted in decreased growth of Apium. 

We decided to also examine the inundation and salt tolerance of A. repens. By setting up an 
experiment in which potted plants were exposed to different inundation regimes with fresh as 
well as salt water. Inundation with salt water led to a high mortality in general. Inundation 
with fresh water was tolerated by the plants, except repeated inundation which led to a higher 
mortality as well. The dry mass of Apium repens was significantly lower after inundation. 

These results indicate that the species can occur in a variety of different habitat types, 
although all sites we examined had some features in common: neutral to basic soils, high 
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disturbance frequencies and intensities, and high water table. The competitive ability of A. 
repens is relatively low. Disturbance by cutting itself also had negative effects on the growth 
of Apium repens. Still, disturbance seems to be necessary for the growth under field 
conditions, because disturbances also negatively influence competitors, thus alleviating the 
effect of competition on Apium repens. Also, A. repens does not appear to prefer regularly 
flooded sites because of any direct benefits from inundation, but is likely to derive advantages 
from inundation under field conditions as its flood tolerance is apparently higher than that of 
its competitors. 

Because the rarity of A. repens can not be sufficiently explained by specific habitat demands, 
we hypothesized, that it is the species’ restricted regeneration niche which leads to its rarity. 
We therefore conducted further experiments.  

 

Population Ecology: Germination, Dispersal, Herbivory 

 

First, the germination rate of Apium seeds under different temperatures ranging from 5 to 35 ° 
C was tested. Cold-stratified seeds of A. repens were able to germinate across the entire range 
of temperatures. 

The effects of cold stratification, light and temperature regime on germination were also 
tested. The species does require either light or cold-wet stratification to stimulate germination 
of its seeds, but there is no indication for an obligatory adaptation to fluctuating temperatures. 

As A. repens frequently occurs on sites subjected to temporary flooding, we determined the 
effect of flooding on germination of A. repens. Seeds of A. repens were able to germinate 
when they exposed to several days of flooding, although the different flooding regimes 
significantly affected the final germination percentage. 

In order to assess A. repens’ ability to disperse by hydrochory, seed buoyancy was tested. All 
seeds tested under outside conditions sank within 24 h after having been exposed to severe 
rainfall. The first seeds of those tested in the greenhouse sank after 1 day, while others 
remained afloat for more than 50 days. 

To get a better estimation about the soil seed bank of A. repens, samples were taken in the 
surroundings of a population of A. repens on Fehmarn and emerging seedlings of A. repens 
were counted. Seedlings of A. repens could be identified from six samples of the upper soil 
layer (10 seedlings in total) and from two samples of the lower soil layer (three seedlings in 
total), all originating from the direct vicinity of the extant population of A. repens. 

We carried out a trial transplantation of A. repens to test for the effects of microhabitat and 
grazing on the establishment of A. repens and to find out whether seedlings raised in the 
greenhouse could serve as founder propagules for a contemplated reintroduction scheme. 
Some plants were planted into artificially created gaps of 6 x 6 cm, while the others were 
planted directly into the turf. Half of the plants were covered with wire baskets (30 x 40 x 18 
cm) preventing herbivore access, while the others were left exposed to herbivores. During the 
first 14 days of the experiment the groups exposed to grazing showed a higher mortality than 
the non-grazed ones. Later, those plants that had been planted directly into the turf and had 
been excluded from grazing had the lowest proportion of surviving plants (28%), and those 
plants that had been planted directly into the turf and had been exposed to grazing had the 
highest proportion of survivors (56%). 

 



 7

From these experiments we draw the conclusion, that it is not the species’ restricted 
regeneration niche which leads to its rarity. 

The species showed high germination success under a variety of abiotic conditions.  

Although the total number of seedlings emerging from the soil samples was relatively low, 
there is a chance that the seed bank could make a contribution to the regeneration of the 
population after soil disturbances, as we found a relatively high density of viable seeds in the 
soil. Our first experiment already pointed out, that reintroduction may also be a suitable tool 
for preventing local extinctions of the species. The effect of grazing on the survival of 
transplanted individuals changed during the experiment. This indicates, that grazing – 
although apparently an initial hazard for newly transplanted individuals – seems to be a 
necessary prerequisite for an eventually successful establishment of A. repens.  

 

Re-introduction 

 

Based on the described results, we therefore conducted a larger re-introduction experiment 
during a period of four years. Seeds gathered from the population on Fehmarn were used to 
obtain mother plants which in turn were being propagated by runner fragments.  

We decided to engage the following criteria for the selection of sites for a re-introduction  

� An intermediate disturbance frequency and intensity (e.g. by large-scale cattle 
grazing), 

� Moist to wet soil conditions with a fluctuating water table, 

� A neutral soil pH 

� Fresh to oligohaline soils with a comparatively high nutrient status 

 

Four locations were finally selected as possible re-introduction sites for Apium repens. A 
small pond close to Hohwacht/Sehlendorfer Binnensee and a newly created small pond at 
Eichholzniederung were used for the re-introduction in April 2007. In spring 2008 at another 
re-introduction site, a newly created small pond close to Neustädter Binnenwasser, Apium 
repens was re-introduced. 

At all selected locations one exclosure was established to exclude cattle grazing from half of 
area to study the effects of grazing on establishment. Both within these exclosures and beside 
the exclosures three transects perpendicular to the pond shore were chosen and Apium repens 
was planted using different plant material (plants obtained from seedlings, plants gathered by 
clonal reproduction (‘runner fragment’) and Apium turf). 

The three reintroduced populations were visited monthly during the vegetation period to 
record the planting success. 

 

In general, survival and establishment success of Apium repens was high during the first 
growing season at all three sites. In the following years, however, differences between the re-
introduction sites regarding establishment and growth of Apium were obvious. We found 
pronounced effects of hydrology and grazing on Apium cover whereas the three types of plant 
material did not differ in growth.  
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At Hohwacht, where Apium grew very vital in 2007, only small Individuals where observed in 
2008, from August 2008 on there were no Apium repens Individuals observed, that is, the 
Species disappeared completely from this re-introduction site. 

At Eichholzniederung the plants established well. In the ungrazed parts Apium plants 
disappeared from the upper parts of the transects, whereas in the grazed part the plants 
established on the whole transect. Runners of Apium plants spread out widely beyond the 
transects, forming larger stands. Also, we have observed several small Propagules of A. 
repens which established along the pond. 

At Neustädter Binnenwasser, due to the fact that the newly created pond wasn’t as wet as 
expected, only few Apium individuals could establish. In the last monitoring period in 2010 in 
the lower parts of the grazed transects, a small population of Apium repens had established, 
but in the ungrazed parts Apium nearly disappeared, only one individual was recorded. 

 

At all sites we found, that Apium grew more vitally and with higher cover values in the lower, 
and therefore wetter parts of the transects. In the course of time Apium stands grew even 
smaller in the ungrazed parts, especially in the upper parts of the transects. In the grazed parts 
the cover values of the individuals, once established, stayed on a relatively constant level. 
This lead to the confirmation of the hypothesis, that disturbance, in this case cattle grazing, is 
necessary for the long-term establishment of Apium repens. 

 

3.2. Habitat demands and competitive ability: Hydrology, Nutrient 

availability, Disturbance 

Methods 

In order to localize the extant populations of A. repens in Northern Germany, all accessible 
literature sources (including monitoring reports and other ‘grey literature’) were evaluated, 
and inquiries were made with conservation authorities and experts. Of the thus identified 28 
extant populations, four were not accessible for research and could not be included in this 
study. The remaining 24 populations are located in Schleswig-Holstein and Mecklenburg-
Western Pomerania (see Figure 2). 

 

Indicator values: Vegetation data was gathered via literature search and inquiries with experts 
involved with monitoring the species. The obtained species inventories (n = 85) were used to 
calculate cover weighted means of the Ellenberg indicator values for light (L), temperature 
(T), continentality (K), soil moisture (F), soil reaction (R), soil nitrogen (N) and salinity (S) 
(Ellenberg et al. 1991). The relationship between the indicator values and the abundance of A. 
repens was then investigated by multiple regression analysis (stepwise backward selection) 
using the software package R 2.6.0 (R Development Core Team 2007). Data were square-root 
transformed before analysis to improve normality. 

 

Site characteristics: We exemplarily traced the ground water level throughout one year 
beneath one A. repens population on the island of Fehmarn (54° 24' N, 11° 07' E). Water 
fluctuations were measured using a gauge logger (P-LOG520, Driesen + Kern, Bad 
Bramstedt, Germany). Data on site characteristics and disturbance regime were obtained 
between 27 April and 1 May 2006 by visiting the sites and visually estimating the prevalent 
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land use and disturbance regime. Soil samples were taken between 27 April and 1 May 2006 
from 24 extant populations. On each site we took ten soil cores (depth 10 cm, � 3 cm) which 
were pooled for analysis. Samples were oven-dried, sieved (mesh size 2 mm) and ground 
prior to analysis. Analyses included pH (in CaCl2), total carbon (Ctot), inorganic carbon 
(Cinorg), organic carbon (Corg), total nitrogen (N), phosphorus (P), exchangeable Ca2+, Mg2+, 
K+ and Na+, cation exchange capacity (CEC), and conductivity. 

 

Competitive ability: In order to analyze the competitive response of A. repens, we conducted 
an interspecific competition experiment combined with a disturbance treatment. The 
experiment was carried out in the greenhouse of the Biocenter Klein Flottbek in Hamburg, 
Germany. Temperature and humidity conditions in the greenhouse were regulated so as to 
correspond to outside weather conditions, and pots (height 13.2 cm, � 16.7 cm, filled with 
standard potting soil) were kept water saturated throughout the course of the experiments. We 
chose to use Ranunculus repens as interspecific competitor because this species frequently co-
occurs with A. repens (cf. relevé data in Fukarek and Voigtländer 1982; Sýkora and Westhoff 
1985; Stöhr et al. 2004; McDonald and Lambrick 2006). As other studies have found a close 
connection between competitive ability and disturbance (Suding and Goldberg 2001; Lenssen 
et al. 2004), disturbance was used as an additional factor. Since A. repens frequently occurs 
on pastures we decided to simulate a grazing treatment. The experiment ran from 23 May to 5 
August 2005. We established ten replicates for each combination of the factors interspecific 
competition (yes/no) and disturbance (yes/no). For the competition treatment one A. repens 
individual was surrounded by three individuals of R. repens (rooted runner fragments of 
approximately the same size as the A. repens seedlings). For the disturbance treatment the 
plants were cut back 4 cm above ground twice a week, starting on 6 June 2005. At the end of 
the experiment we measured the following parameters for each plant: number of leaves, 
length of longest leaf, number of leaflets of longest leaf, number of runners, length of longest 
runner, maximum amount of branching of any one runner, number of flower buds, and 
number of inflorescences. Survival was monitored throughout the experiment, but there were 
no deaths, i.e. all plants survived until the end of the experiment. After harvest, root and aerial 
biomass were dried (48 h at 70 °C) and weighed. It was not possible to determine the root 
biomass of those A. repens individuals that were grown without disturbance and in 
competition with R. repens as their roots were too closely intertwined with those of their 
competitors.  

 

Inundation and salt tolerance: We decided to examine the inundation and salt tolerance of A. 
repens since literature accounts suggest that it frequently occurs on occasionally flooded sites 
(e.g. Fukarek and Voigtländer 1982; Sýkora and Westhoff 1985; Lederbogen 2000) and since 
the population on Fehmarn is located so close to the shore of the Baltic Sea that occasional 
saltwater inundation could potentially occur. We used a 2x2-experimental design with the 
factors salinity (fresh water / 172.8 mmol NaCl per liter H2O) and inundation (2 weeks of 
inundation / 4 weeks of inundation / 8 weeks of inundation / 2 x 2 weeks of inundation with a 
non-flooded period of 2 weeks in-between) and ten replicates for each combination of factors. 
Furthermore, we established a non-flooded control treatment for the fresh-water inundation. 
The experiment ran from 8 July to 5 August 2005. The two-leafed seedlings used as starting 
material had been planted into the experimental pots (9 x 9 x 10 cm, filled with standard 
potting soil) three weeks prior to the beginning of the experiment to avoid confounding 
effects of transplantation stress. At the start of the experiment the pots were transferred into 
water-filled tanks on the outside premises of the Biocenter Klein Flottbek. The pots exposed 
to inundation were placed directly on the bottom of the tank whereas the others were placed 
on empty pots turned upside down so that the water level complied with that of pots placed in 
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a saucer. Plants were monitored weekly for survival, and at the end of the experiment 
morphological parameters and biomass were determined as described for the competition 
experiment. 

 

Results 

Indicator values: The inventories contained a total of 201 different companion species, of 
which 24 had a frequency larger than 25% (Table 1) 

 

Table 1: List of the 24 most frequent companion species of Apium repens. These species occurred with a 
frequency of at least 25% in the analysed data set, which consisted of 85 vegetation relevés in northern 
Germany. 

Species Frequency (%) 

Agrostis stolonifera 93.0 

Ranunculus repens 80.2 

Potentilla anserina 74.4 

Mentha aquatica 72.1 

Juncus articulatus 68.6 

Carex hirta 60.5 

Trifolium repens 57.0 

Galium palustre 52.3 

Poa pratensis 50.0 

Lycopus europaeus 45.3 

Eleocharis palustris 45.3 

Trifolium fragiferum 44.2 

Holcus lanatus 43.0 

Equisetum palustre 43.0 

Cardamine pratensis 43.0 

Myosotis palustris 41.9 

Plantago major 39.5 

Caltha palustris 38.4 

Polygonum amphibium 34.9 

Juncus inflexus 31.4 

Carex disticha 29.1 

Ranunculus acris 26.7 

Lolium perenne 26.7 

 

Mean cover-weighted Ellenberg indicator values denote the sites of occurrence of the 
northern German A. repens populations as well-lit (L = 7.4), fairly warm (T = 5.6), oceanic to 
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sub-oceanic (K = 3.9), damp (F = 7.6), weakly acidic to weakly basic (R = 6.5), of average 
nitrogen availability (N = 5.1), and salt-free (S = 0.5) (Figure 2). Multiple regression analysis 
did not indicate a significant relationship between any of the cover-weighted mean Ellenberg 
values of the communities and the abundance of A. repens. 

 

 
Fig. 3: Cover-weighted Ellenberg indicator values derived from species inventories of north German plant 
communities containing Apium repens. The box-and-whisker-plots show median (line in the centre of the 
box), 25–75% area (box), area without outliers (whiskers), and outliers (open circles). L, light; T, 
temperature; K, continentality; F, soil moisture; R, soil reaction/ pH; N, nitrogen; S, salinity. The values 
given by Ellenberg et al. (1991) for A. repens are marked with *. 

 

Site characteristics and disturbance: The ground water level beneath the A. repens population 
on Fehmarn showed considerable fluctuations throughout the year (Figure 3). Highest water 
levels were reached in March, lowest in August and October. The amplitude was 81 cm, and 
the mean annual water level was 21 cm below the soil surface. 
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Fig. 4: Ground water level fluctuations over 1 year (early July 2005 to June 2006) beneath an Apium 
repens population on the island of Fehmarn, northern Germany. Dots give the water level relating to the 
soil surface. The individual measurements were separated by 1-hour intervals; markings on the horizontal 
axis denote the beginning of the month. 

 

The majority of the visited populations were situated in close proximity to water bodies. 
Thirteen populations occurred on lake shores, and among them eight were situated at lake 
access sites for grazing livestock (i.e. in gaps in the reed belt), two grew on young barrier 
beaches, and three were found on camping sites and/or lake shore beaches. Two populations 
occurred in the proximity of alluvial slope springs, and one was found on the bank of a ditch. 
The eight remaining populations were all situated in pastures, where it was conspicuous that 
A. repens mostly grew in shallow depressions with a certain height difference to the 
surrounding area. All sites were subjected to substantial disturbances, their causes being either 
natural (erosion, wave action, wild herbivores such as geese and rabbits) or anthropogenic 
(mowing, herbivory by livestock, trampling by bathers and camping use). 

Soil chemistry values and nutrient concentrations differed widely between the sampled sites 
(Table 2) and did not show any particular patterns, apart from the fact that all sites had a 
neutral to basic pH value. 

 

Table 2:Soil chemistry values and nutrient concentrations of sites supporting extant Apium repens 
populations in northern Germany (n = 20–24, extreme values and outliers were excluded from the 
analysis). 

 

 

Competitive ability: Both competition by Ranunculus repens and disturbance through regular 
cutting resulted in decreased average above-ground dry weight, i.e. decreased biomass (Figure 
5). Disturbance and competition had a significantly negative effect on aboveground dry mass 
(disturbance: F1, 36 = 5.2, P < 0.01, competition: F1, 36 = 2.1, P < 0.01), whereas the effect 
of the interaction between competition and disturbance was not significant. For the analysed 
morphological characters, significant differences between the experimental regimes were 
observed (Table 4). Competition alone had negative effects on all measured characters apart 
from leaf length and number of leaflets. Disturbance also had negative effects on all 
characters apart from the number of leaves. A significant interaction between the factors was 
observed for the number of leaflets and the number of runners.  
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Fig. 5: Dry mass of Apium repens in the interspecific competition experiment (mean ± SE). Treatments: 
C−, without competition; C+, with competition; D−, without disturbance; D+, with disturbance in the 
form of simulated grazing. Data for below ground dry weight of the C+, D− treatment could not be 
determined (see text). 

 

Inundation and salt tolerance: Plants exposed to salt water inundation showed a significantly 
higher mortality than those exposed to fresh water inundation (F1.6 = 26.9, P < 0.01; Figure 
6). There were also significant differences in above- and below-ground dry mass for the 
different fresh water inundation regimes (above-ground: F4.42 = 18.7, P < 0.001; below-
ground: F4.42 = 24.8, P < 0.001; Figure 7). For the analysed morphological characters, fresh-
water inundation had significant negative effects on the number of leaves, runners, buds, and 
flowers as well as maximum amount of runner branching. 
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Fig. 6: Mortality of Apium repens under different inundation regimes in fresh water and salt water 
between June and August 2005. The shaded areas indicate the flooded periods. 

 

 
Fig. 7: Dry mass of Apium repens plants exposed to different inundation regimes (mean ± SE). In the 
regime labelled ‘2 × 2’, 14 days of inundation were separated by 14 days without inundation. 

 

Discussion 

To achieve a better understanding of the factors important to the vitality of A. repens 
Populations, we posed three main questions concerning habitat demands of the species, the 
relationship between its species traits and its rarity status, and on useful management 
measures for its conservation. 
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Habitat demands of Apium repens 

Our results indicate that the species can occur in a variety of different habitat types, although 
all sites we examined had some features in common: neutral to basic soils, high disturbance 
frequencies and intensities, and high water table. 

The competitive ability of A. repens is relatively low, interspecific competition as well as 
intraspecific competition led to a decrease in aboveground biomass. Disturbance itself also 
had negative effects on the growth of Apium repens. Still, disturbance seems to be necessary 
for the growth under field conditions, because disturbances also negatively influence 
competitors, thus alleviating the effect of competition on Apium repens. Thus, our findings 
support the conclusion of Fukarek and Voigtländer (1982) that increased shading by other 
plants as a consequence of secondary succession after changed management was one of the 
main reasons for the disappearance of many formerly known populations of A. repens. 

Concerning the water table, our results show, that A. repens is able to tolerate longer periods 
of inundation, but that inundation had negative effects on the growth of the species. 
Accordingly, A. repens does not appear to prefer regularly flooded sites because of any direct 
benefits from inundation, but is likely to derive advantages from inundation under field 
conditions as its flood tolerance is apparently higher than that of its competitors. 

 

 

 

3.3. Population Ecology: Germination, Dispersal, Herbivory 

 

Methods 

 

Germination, dispersal and establishment: Seeds were collected on the island of Fehmarn 
(54° 24' N, 11° 07' E) on 4 September 2004. They were air-dried, cleaned and stored in paper 
bags under laboratory conditions (18-25 °C, 40-60 % relative humidity) until the beginning of 
the experiments. Seeds used in the experiment testing for the effect of fluctuating 
temperatures were harvested during autumn 2006 from an artificial population established at 
the Botanical Garden of Hamburg University and treated as described above. 

Temperature range of germination: On 28 April 2005 seeds that had been stratified in 
darkness for two months at 4 °C were placed in a thermo gradient incubator (Rubarth 
Apparatebau, Laatzen, Germany) with a photoperiod of 12 h d-1 under warm fluorescent light 
(Philips TL 20 W/29 RS). A detailed description of this type of incubator is given by Ekstam 
& Bengtsson (1993). Three replicates of 30 seeds were used per temperature regime, each in 
one separate chamber of the incubator. The seeds were sown on moistened filter paper at 
seven positions within each chamber, with the positions representing constant temperatures of 
5, 10, 15, 20, 25, 30 and 35 °C. Germinated seeds were counted on a weekly basis, and the 
experiment was continued until no more seeds had germinated in the course of one week. 
Seeds were rated as ‘germinated’ when at least 1 mm of the radicle was visible. Non-viable 
seeds were identified after the end of the experiment due to their softness and brownish color 
of the embryo and excluded from the calculation of germination percentages. 
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Effects of cold stratification, light and temperature regime on germination: A 2 x 2 x 2 
experiment with the factors pre-treatment, light regime and temperature regime was set up. 
Pre-treatments included dry storage and cold stratification in darkness. In dry storage, seeds 
were kept in paper bags as described above. In cold stratification, seeds were stored in Petri 
dishes on moist filter paper in an unlighted incubator at 4 °C for two months. From 28 April 
2005 onwards seeds were tested for germination either in light (12 h d-1 of warm fluorescent 
light, Philips TL 20 W/29 RS) or in darkness, which was achieved by wrapping the dishes in a 
double layer of aluminum foil. Temperatures were constant at either 15 °C or 20 °C. For each 
combination of factors, three replicates of 30 seeds were used. The seeds were placed on filter 
paper (Filtrak) moistened with distilled water in plastic dishes (� 9 cm), which were wrapped 
in transparent plastic bags to avoid moisture loss and then placed in incubators (Rubarth 
Apparatebau, Laatzen, Germany). Germinated seeds were counted weekly; for those seeds 
incubated in darkness this was conducted in a dark room under dimmed filtered light (‘light 
red’ and ‘bright blue’ filters; LEE filter, Andover, UK) so as to avoid wavelengths that could 
foster germination,. Germinated seeds were removed, and the position of the dishes in the 
incubators was randomized after each time they were examined. The experiment was 
continued until no further seeds had germinated in the course of one week. An additional 
experiment concerning the effect of fluctuating temperatures on germination was conducted in 
February 2007. In this experiment, dry-stored seeds were incubated either at a constant 
temperature regime of 20 °C or at fluctuating temperatures of 15 °C/25 °C (12/12 h d-1) in 
either light or darkness as described above. Six replicates of 25 seeds were used for each 
treatment. 

Effects of flooding on germination: As A. repens frequently occurs on sites subjected to 
temporary flooding, we determined the effect of flooding on germination of A. repens. We 
exposed seeds that had been stratified for two months at 4 °C to different flooding regimes. 
On 10 May 2005 the seeds were placed in small pots (Height 9 cm, � 11 cm) filled with 
standard potting soil (Floragard®, Oldenburg, Germany). The pots were randomly allocated 
to two water-filled plastic tanks with a water level of 11 cm. Two treatments were established 
within the tanks: one set of pots was flooded, i.e. placed on the bottom of the tanks. The other 
set was placed on empty pots turned upside down so that the water level complied to that of 
pots placed in a saucer. The seeds were covered with a fine layer of sand to keep them from 
floating to the surface. The following flooding regimes were applied: (1) 3.5 days of flooding, 
(2) 7 days of flooding, (3) 14 days of flooding, (4) 2 x 7 days of flooding with a non-flooded 
period of 7 days in between, (5) no flooding (control). For all regimes, three replicates of 19 
seeds each were applied. Germinated seeds were counted twice a week, with seeds classified 
as having germinated once the seedling had penetrated the sand layer and was visible to the 
observer. The position of the pots in the two tanks was randomized after each time they were 
examined. The experiment was continued until no further seedling had emerged between two 
counts.  

Hydrochorous dispersal potential: In order to assess A. repens’ ability to disperse by 
hydrochory, seed buoyancy was tested. Five replicates of 30 seeds were placed in plastic 
containers (� 20 cm, Vol. 5 l) filled with 2 l of water in two different experimental set-ups. 
The containers were equipped with two outlets 6 cm below the rim to prevent overflow. The 
experiment was started in mid-November 2006, when ripening and shedding of seeds under 
natural conditions could be expected to be completed. In the first experimental set-up the 
containers were placed outside where they were exposed to outside temperatures, wind and 
precipitation. In the second set-up the containers were placed in an unheated greenhouse with 
open windows, i.e. they were exposed to outside temperatures, but safeguarded against wind 
and especially precipitation. Following the protocol suggested by Römermann et al. (2005), 
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the number of sunken seeds was determined after 5 min, 1 h, 2 h, 6 h, 1 d, 1 w and from there 
on in weekly intervals until all seeds were either sunken or germinating. 

Soil seed bank: Soil samples were taken on 16 November 2005 in the surroundings of a 
population of A. repens on Fehmarn. The date was chosen so as to be shortly after seed 
dispersal, which, however, was very limited in that year as only very few individuals had 
flowered during the summer months (pers. obs.). A total of 78 soil cores (depth 10 cm, � 2 
cm) were taken at three sites along a 120 m long transect with the extant population in its 
center. 40 samples were taken in the direct vicinity of this population, 20 samples at one site 
further west and 18 samples at one site further east on the transect. The cores were divided 
into an upper (0-5 cm) and a lower (5-10 cm) layer. The number of seeds in the soil samples 
was determined with the seedling emergence method (Roberts 1981). Samples were placed 
into pots (height 8 cm, � 10 cm) filled with standard potting soil. Samples were first placed 
for 4 weeks in an unheated greenhouse for stratification and then incubated for 6 months at 15 
°C for germination. Emerging seedlings of A. repens were identified, counted and removed on 
a weekly basis. Seedlings of other species were removed immediately after germination. 

Herbivory during the establishment phase: We carried out a trial transplantation of A. repens 
to test for the effects of microhabitat and grazing on the establishment of A. repens and to find 
out whether seedlings raised in the greenhouse could serve as founder propagules for a 
contemplated reintroduction scheme. The experiment was carried out on Fehmarn, where an 
isolated population of A. repens exists. The site is grazed by cattle (approx. 6.5 livestock 
units) during the summer months and can be characterised as Ranunculo-Alopecuretum 
geniculati (for more details on species composition see Stuhr & Jödicke 2007). We used a 
2x2-experimental design with the factors gap site (yes/no) and grazing (yes/no), and 25 
replicates for each combination of factors. Plants in the gap treatment were planted into 
artificially created gaps of 6 x 6 cm, while the others were planted directly into the turf. Plants 
in the ungrazed treatment were covered with wire baskets (30 x 40 x 18 cm) preventing 
herbivore access, while the others were left exposed to herbivores. The experiment started on 
27 June 2005, and the plants were monitored for survival in two-weekly intervals for ten 
weeks. At that time, all baskets were destroyed by unknown persons so that data collection 
had to seize. 

 

 
Fig. 8: Apium repens in the greenhouse at Hamburg University 



 18

 

 

Results 

 

Temperature range of germination: Cold-stratified seeds of A. repens were able to germinate 
across the entire range of temperatures between 5 and 35°C (Fig. 9). At temperatures between 
5 and 30°C, the average final germination percentage was between 79 and 94%. At the 
transition from 30 to 35°C, a considerable decline in final germination percentage was 
observed: At an incubation temperature of 35°C only 36% of seeds germinated.  

 

 
Fig. 9: ����Final germination percentages (mean  standard error) of cold-stratified Apium repens seeds at 
different temperatures in a thermo gradient incubator with a photoperiod of 12 h per day under warm 
fluorescent light 

 

Effects of cold stratification, light and temperature regime on germination: Seeds that had 
been dry stored before incubation did not germinate at all when incubated in darkness. For 
cold-stratified seeds, incubation in light led to significantly higher germination success than 
incubation in darkness (F = 20.15, d.f. = 1.8, P < 0.025). The difference in germination 
success at different temperatures as well as the interaction between temperature and light 
conditions was not significant. For seeds incubated in light, differences in germination 
success because of different pretreatments or different incubation temperatures as well as the 
interaction between temperature and pretreatment were not significant. Temperature 
fluctuations significantly increased the germination success of seeds incubated in light (t = -
12.77, d.f. = 10, P > 0.001; Fig. 10). In this experiment, seeds incubated in darkness did not 
germinate at constant or at fluctuating temperatures. 
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Fig. 10: ����Final germination percentages (mean  standard error) of Apium repens seeds incubated in light 
at either a constant temperature regime of 20°C or under fluctuating temperatures of 15°C/25°C (12/12 h 
d-1). Seeds incubated in darkness did not germinate over the course of the experiment (data not 
presented). 

 

Effects of flooding on germination: Seeds of A. repens were able to germinate when they 
exposed to several days of flooding (Fig. 11). The different flooding regimes significantly 
affected the final germination percentage (F = 5.7, d.f. = 4,10, P < 0.05). The highest 
germination success was observed in the group exposed to 14 days of flooding and in the 
control group; the lowest germination success was observed in the group exposed to 3.5 days 
of flooding. 

 

 
Fig. 11: Final germination percentages (mean +/- standard error) of Apium repens at different flooding 
regimes. Means with different letters are significantly different (P < 0.05) using Tukey’s honestly 
significant difference tests after anova. In the 2 x 7 days flooding regime, two 7-day periods of flooding 
were interrupted by another 7-day period without flooding. 
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Hydrochorous dispersal potential: All seeds tested under outside conditions sank within 24 h 
after having been exposed to severe rainfall. The first seeds of those tested in the greenhouse 
sank after 1 day, while others remained afloat for more than 50 days (Fig. 12). The 
experiment had to be cut short at the end of January as the seeds still afloat at that time were 
all germinating. 

 

 
Fig. 12: Percentage of floating seeds (mean   standard error) of Apium repens in containers in an unheated 
greenhouse during the hydrochory experiment from November 2006 until January 2007 

 

Soil seed bank: Seedlings of A. repens could be identified from six samples of the upper soil 
layer (10 seedlings in total) and from two samples of the lower soil layer (three seedlings in 
total), all originating from the direct vicinity of the extant population of A. repens. The seed 
density of A. repens was estimated to be 530 seeds/m2 relating to the upper 10 cm of soil of 
the entire area sampled. When calculated only for the 40 samples taken in the direct vicinity 
of the extant population, the seed density was 1035 seeds/m2.  

 

Herbivory during the establishment phase: Of the 100 plants transplanted to the field, 43 
survived from the day of transplantation until the end of monitoring 70 days later. Results of 
the survival analysis showed that survival did not differ significantly among the four different 
treatments (Figure 13). During the first 14 days of the experiment, however, the groups 
exposed to grazing showed a higher mortality than the non-grazed ones (Gehan’s generalised 
Wilcoxon test, Z = −2.28, df =1, P < 0.05). Seventy days after transplantation those plants that 
had been planted directly into the turf and had been excluded from grazing had the lowest 
proportion of surviving plants (28%), and those plants that had been planted directly into the 
turf and had been exposed to grazing had the highest proportion of survivors (56%). 
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Fig. 13: Cumulative survival (%) of Apium repens individuals in the translocation experiment. Differences 
between the survival curves were tested with an extension of Gehan’s generalized Wilcoxon test (n = 25 
for all four treatments). 

 

Discussion 

 

Because the rarity of A. repens cannot be sufficiently explained by specific habitat demands, 
we hypothesized, that it is the species’ restricted regeneration niche which leads to its rarity. 
However, some results show that this is not the case with A. repens. 

The species showed high germination success under a variety of abiotic conditions, it tolerates 
a wide temperature range during germination. The species does require either light or cold-
wet stratification to stimulate germination of its seeds, but there is no indication for an 
obligatory adaptation to fluctuating temperatures. A. repens’ positive response to light during 
germination indicates, that gaps could foster germination in autumn, immediately after seed 
dispersal, when a lack of cold stratification inhibit seeds in darkness from germinating. 
Creating artificial gaps could, thus, stimulate additional autumn germination of A. repens 
populations and serve as a valuable tool for managing A. repens. Before this, further research 
on the survival rate of autumn seedlings is necessary. 

The fact, that A. repens’ seeds are able to germinate when covered with water could be 
important for the competitive ability of A. repens in recurrently flooded depressions in 
pastures, meadows and lawns. 

The ability of the seeds to float on the water surface for longer periods indicates that 
hydrochory might be an additional means of dispersal for A. repens, for example, after large-
scale flooding of the habitat after prolonged rainfall. We expect hydrochorous dispersal to be 
important only on a small local scale, as most Populations are not situated close to larger 
streams and flooding events on sites where A. repens occurs are expected to be of local 
character. Further research on the establishment of seedlings under field conditions is needed 
to estimate the effect of small-scale hydrochorous dispersal on the Populations. 
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As we found a relatively high density of viable seeds in the soil samples, the seed bank could 
make a contribution to the regeneration of the population after soil disturbances, although the 
total number of seedlings emerging was still relatively low. Populations that have disappeared 
at a given site as a result of changed management regime could then regenerate from the seed 
bank if favourable conditions were re-established at the site. Such an incident has also been 
reported from England (McDonald & Lambrick 2006). With burial experiments it would be 
possible to determine how long buried seeds of A. repens remain viable in the soil. 

 

Reintroduction seems to be a suitable tool for preventing local extinctions of the species. In 
our first experiment the effect of grazing on the survival of transplanted individuals changed 
during the experiment. This indicates, that grazing – although apparently an initial hazard for 
newly transplanted individuals – seems to be a necessary prerequisite for an eventually 
successful establishment of A. repens.  

 

 

3.4. Re-Introduction  

Methods 

 

Propagation 

The reintroduction of A. repens to two sites in Schleswig-Holstein was started in April 2007. 
For this purpose, plants obtained from seeds gathered at the Sundwiesen site were used. These 
mother plants, both from seeds gathered in 2004 (77 individuals) as well as from seed bank 
samples taken in 2005 (13 individuals), were being propagated by runner fragments as 
previous experiments have shown this to be very efficient. 

 

Site selection 

In April 2006, more than 20 populations of A. repens in Mecklenburg-Western Pomerania 
were visited and analysed in terms of location and land use structures. Furthermore, soil 
samples were taken at each site. Their pH-value was determined, and nutrient contents were 
analysed. 
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Fig. 14: Some of the investigated populations of Apium repens growing at quite different sites, ranging 
from moist depressions to lake shores. 

 

Both from the soil analyses of populations from Mecklenburg-Western Pomerania and from 
the investigations carried out at Sundwiesen, it became clear that the selected sites for a re-
introduction should fulfil the following criteria (Figure 14): 

� An intermediate disturbance frequency and intensity (e.g. by large-scale cattle 
grazing), 

� Moist to wet soil conditions with a fluctuating water table, 

� A neutral soil pH 

� Fresh to oligohaline soils with a comparatively high nutrient status 

 

 

In consultation with Hauke Drews and Britta Küper of Stiftung Naturschutz Schleswig-
Holstein and Silke Lütt of Landesamt für Naturschutz und Umwelt (LANU) Schleswig-
Holstein, several prospective re-introduction sites were selected. In December 2006, we 
visited these sites together with Silke Lütt in order to assess their suitability as A. repens 
habitat on site. By using the abovementioned criteria, four locations were finally selected 
together with Silke Lütt from LANU Schleswig-Holstein in December 2006 as possible re-
introduction sites for Apium repens: 

1. A small pond close to Hohwacht/Sehlendorfer Binnensee 

2. A newly created small pond at Eichholzniederung  

3. A rewetted area at Markelsdorfer Huk on Fehmarn 
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4. A newly created small pond close to Neustädter Binnenwasser 

We used the first two sites for the re-introduction experiment which was started in April 2007. 
In spring 2008 another re-introduction site (Neustädter Binnenwasser) was used in the same 
way as the sites used in 2007. 

 

 
Fig. 15: Overview of the new planting sites at Hohwacht (A) and Eichholzniederung (B). 

 

Planting 

At all selected locations one exclosure was established by fencing an area of approximately 
12*12 m along the shoreline of the pond. These exclosures were established to exclude cattle 
grazing from half of area of the Apium-reintroduction to study the effects of grazing on 
establishment. Both within these exclosures and beside the exclosures three transects 
perpendicular to the pond shore were chosen as planting sites (see Figure 16). 

 

 

Fig. 16: A: planting scheme for re-introduction, at transects 1, 3, 4 and 6 different plant material was used 
(seedlings and plants gathered from clonal reproduction) and at transects 2 and 4 ‘Apium-turfs’ were 
used; B: Picture of the fencing on the planting site at Hohwacht. 

 

We used a transect approach as water level fluctuations throughout the growing season could 
not be predicted and thus the optimal locations for an Apium introduction along the 
hydrologic gradient were uncertain. Each transect was 5 m long. At the time of planting the 
first two populations at Hohwacht and Eichholzniederung (26/27th April 2007) 1.5 m of the 
transect were flooded by the pond, whereas the remaining 3.5 m were located above the water 
level of the pond. The transects were divided in small plots of 25 x 25 cm and in the middle of 
each of these small plots one individual of Apium repens was planted. To test whether plant 
material (seedling; vegetative plant gathered by clonal reproduction (‘runner fragment’); 
Apium turf) determines the establishment success, along four transects (1, 3, 4, 6) Apium 
individuals were planted in two rows as shown in Figure 17. Here seedlings and vegetative 
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plants gathered by clonal reproduction were used. The other two transects were planted with 
Apium-turf (Figure 18). 

 

 

 

 

 

 

 

 

 

 

 

Fig. 17:  Part of the transects 1, 3, 4 and 6 along which two kinds of plant material were planted (K = 
seedling, A = vegetative plant gathered by clonal reproduction). 

 

 
Fig. 18: Apium-turf which was used for planting in transects 2 and 5 

 

  
Fig. 19: Apium repens planted at the re-introduction site Eichholzniederung in April 2007. A: ‘turfs’ along 
the water gradient, some plants submerged, B: seedlings and ‘runner fragments’,  
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Fig. 20: Apium repens planted at the re-introduction site Hohwacht in April 2007. A: ‘turfs’ along the 
water gradient, some plants submerged, B: seedlings and ‘runner fragments’, C: lower part of a transect 
with submerged plants. 

 

 

Monitoring establishment success 

The three reintroduced populations were visited each month between June and October to 
record the planting success. At each sampling date survival of each individual was recorded. 
In addition, the percentage cover of Apium in each small plot (25 * 25 cm) was estimated to 
the nearest 5%. Further, the phenological status of Apium individuals were described as 
vegetative, flowering or fruiting. It was intended to record morphometric variables (e.g. 
number and length of runners). However, caused by the high establishment success and the 
fast growth of Apium these measures were no longer useful. 

 

 
Fig. 21: Transect laid out for monitoring the small plots of 25 * 25 cm (A, Hohwacht, 2007). During the 
first year single individuals can still be distinguished, whereas later the plants have formed dense stands 
(B, Eichholzniederung, 2009) 
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Results 

 

In general, survival and establishment success of Apium repens was high during the first 
growing season at all three sites. In the following years, however, differences between the re-
introduction sites regarding establishment and growth of Apium were obvious. We found 
pronounced effects of hydrology and grazing on Apium cover whereas the three types of plant 
material did not differ in growth.  

 

At Hohwacht, where Apium repens reached cover values up to 100% in several Plots in 2007 
an grew very vital, only small Individuals where observed in the first period of 2008, from 
August 2008 on there were no Apium repens Individuals observed, that is, the Species 
disappeared completely from this re-introduction site. Maximum cover ranged from 84% 
(2007) over 3% (2008). The fact that most of the Individuals recorded where found in the 
fenced plots in early 2008 supports the hypothesis, that massive grazing by wild geese, which 
occasionally occur on this site in large numbers, might have caused the dramatic decline of 
the Population. Although different birds have been observed while feeding on Apium repens, 
this theory has nevertheless not been proven.  In 2009 no Apium repens Individuals where 
observed at this site. In 2010 no monitoring of this site was conducted. 
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Fig. 22: Mean cover development of Apium repens on the re-introduction site at Hohwacht. 
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Fig. 23: vitaly growing Apium repens stand at Hohwacht, ungrazed transect in June 2007 (A), Ducks 
feeding on newly established Apium plants at Hohwacht (B). 

 

At Eichholzniederung the mean cover values also grew smaller in each vegetation period, 
maximum cover ranged from 100% (2007) over 66.5% (2008), 37% (2009) to 24% (2010). 
Still, the population seems to be viable, as in all parts of the transects, in the grazed part even 
in the upper ones, Individuals of A. repens occur. We hypothesize that the decrease in cover is 
mainly caused by the establishment of other plant species at the site, which was mainly bare 
soil at the time of transplantation, and an increased competition between these newly 
established species and Apium repens.  
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Fig. 24: Mean cover development of Apium repens on the re-introduction site Eichholzniederung. 
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At Eichholzniederung another aspect becomes conspicuous: Here, more than on the other 
sites, Apium runners even spread widely beyond the transects, forming larger stands. In 2009 
we observed a maximum stand width of 2.75m on the grazed part and of 4m on the fenced 
part of the site. Counting the number of flowering and fruiting individuals was not possible, 
but we recorded the presence of flowers and fruits in the respective segments on both sides of 
the transect. Apart from these two parameters, these stands were no further observed. 
Nonetheless, the existence of larger stands proves the viability of the population. Also, along 
the shoreline of the little pond several runner fragments of Apium repens rooted and 
established. 

 

At Neustädter Binnenwasser we also observed a decrease in maximum cover, ranging from 
60.5% (2008) over 30% (2009) to 8.5% (2010).  In the grazed part we observed smaller stands 
of Apium repens in the lower parts of all three transects, whereas in the fenced part only few 
tiny individuals were recorded, also in the lower parts of the transects. At the last monitoring 
period in September 2010 in the fenced part only one individual was found.  
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Fig. 25: Mean cover development of Apium repens on the re-introduction site Neustädter Binnenwasser. 

 

At this site, the hydrological regime wasn’t as expected. In 2008, when Apium was planted, 
the soil was very dry, in spite of occasional watering. Except from May and June in 2010 the 
newly created pond contained no water. In turn, and contrasting to the other two sites, a dense 
vegetation consisting mainly of grasses and partly other herbs developed, which lead to a 
higher competitive pressure on the Apium plants.  
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Fig. 26: Monitoring transect at the pond near Neustädter Binnenwasser in May 2010. Low water level led 
to the development of a dense vegetation. 

 

Effects of hydrology 

We found pronounced differences in the development of cover of the planted Apium 
individuals along the hydrologic gradient. At all sites mean cover was lowest in the driest 
parts of the transect. At Hohwacht Apium cover reached a maximum (84 % cover) 1 m up 
from the lowest end of transect. In contrast to this finding, Apium reached the highest cover 
(100 %) at the lowest parts of the transect at Eichholzniederung. This difference may have 
occurred, because of the differing water levels at the different sites. At Hohwacht in June 
2007 approximately the half of the transect was submerged, whereas at Eichholzniederung the 
water just reached the lower end of the transect at the same time. At Neustädter 
Binnenwasser, where the water table was below the transects most of the time, the highest 
cover values were observed at the lowest parts of the transects. This result coincides with the 
findings from the inundation experiments, that showed, that A. repens is able to tolerate 
longer periods of inundation, but that inundation had negative effects on the growth of the 
species. In the long run, at all sites monitored, Apium reached higher cover values in the 
wetter parts of the transect. This holds true especially for the ungrazed parts of the 
populations, again showing that competitive pressure can only be endured by Apium repens 
under more favourable conditions or, seen from another point of view, that under higher 
competitive pressure by other species the relatively high tolerance to inundation is an 
advantage for Apium repens. 
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Effects of grazing 

At Hohwacht grazing had a negative effect on mean cover of Apium at the end of the first 
growing season (2007). While Apium reached a maximum cover of 93% in the fenced area, 
the maximum cover was only 59% outside of the exclosure. In May 2008, mean cover of 
Apium in the ungrazed plots was 2.5 %, in June cover had decreased to less than 0.5 %. In the 
grazed plots only few individuals were found in May and none in June. So far it is not fully 
understood, why the Apium repens population declined that drastically. In turn the results 
obtained from this study site should be discussed carefully as we can’t disqualify other 
parameters than grazing and hydrologic regime having a strong influence on the growth of 
Apium repens. We assume, that the effect of grazing did not show as clear as expected 
because competitive pressure on Apium repens was comparatively low in the first years, but 
increased in 2009 and 2010, as the results from the other two sites indicate. 
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Fig. 27: Effect of grazing on the mean cover of Apium repens at Hohwacht. 

 

At Eichholzniederung in 2007, maximum cover was slightly higher in ungrazed (88%) than in 
grazed (77%) plots. In 2008, cover was much higher in the ungrazed plots (95%) compared to 
the grazed plots (23%), whereas in 2009 a more even distribution of cover values had 
developed in the grazed plots (29%) compared to the ungrazed plots (43%). In 2010 cover 
reached similar values in the grazed plots (24%), in the ungrazed plots (29%) cover further 
declined compared to 2009. It is important to note, that in the ungrazed plots these maximum 
values are only reached in the lower parts of the transects, in the grazed plots, on the other 
hand side, similar cover values are reached throughout the whole length of the transects. Thus, 
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initially, grazing leads to a decreased growth of Apium, but in the long run has a positive 
effect on the growth of the Population. 
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Fig. 28: Effect of grazing on the mean cover of Apium repens at Eichholzniederung. 

 

 

 
Fig. 29: Differences between the surrounding vegetation:  Ungrazed (A) and grazed parts (B) of the 
Population at Eichholzniederung. 

 

Also, the cattle frequently used the area around the exclosure as a path between different 
feeding sites, thus disturbance by trampling was a lot higher than expected. 

 

A B 
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Fig. 30: Lower part of the transects 2 and 3 (marked with wood plugs) and Exclosure at 
Eichholzniederung. By migrating directly along the fence, the cattle caused heavy trampling at the grazed 
transects. 

 

At Neustadt neither in 2008 nor in 2009, pronounced differences between mean cover on 
ungrazed (maximum 37%) nor grazed (maximum 33%) plots were observed. However, from 
2009 on Apium individuals more successfully established in dryer parts of the transect in the 
grazed plots compared with the ungrazed plots. In 2010 the ungrazed part of the population 
decreased nearly to the point of extinction (3%), whereas in the grazed part (9.5%), mean 
cover decreased too, but was clearly higher compared to the fenced part. This pattern – overall 
decline in cover, but higher cover values in the grazed part and a wider range along the 
transects - is similar to the one found at Eichholzniederung, although the population is a lot 
smaller, which we assume is due to the drought situation at this site. 

B A 
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Location: Neustädter Binnenwasser
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Fig. 31: Effect of grazing on the mean cover of Apium repens at Neustädter Binnenwasser. 

 

What was already figured out after the competition experiments can now be confirmed by the 
results of the re-establishment experiment: Obviously, grazing diminishes the negative effect 
of hydrology. In 2010 in all parts of the grazed transects valuable cover values were reached, 
showing that Apium repens can establish under a range of humidity conditions if moderately 
grazed. In the ungrazed plots only in the lowest two meters of the transects appreciable cover 
values were reached in 2010, indicating that just a small area along the water body can be 
successfully colonised by Apium repens without grazing. As we observed, that the area in 
which Apium grew vitally by time narrowed, it can be assumed that Apium populations would 
still decline in cover in the future - maybe even disappear - if left ungrazed. 

 

Effects of plant material 

We did not find any pronounced differences between the cover of the planted Apium 
individuals differing in ‘plant type’. At Hohwacht, both seedlings and vegetative plants 
gathered from clonal reproduction reached a mean cover of 45% at the end of the growing 
season 2007 whereas the Apium turfs covered only 42 % on average. At Eichholzniederung a 
mean cover of 66 % was recorded for all three different ‘plant types’ at the end of the growing 
season 2007. Also for the following years, as for the re-introduced population at Neustädter 
Binnenwasser, we found similar cover values for all three plant types. 
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Fig. 32: Effects of plant material on the mean cover of Apium repens for the three re-introduction sites.  

 

Sexual reproduction 

At Hohwacht, we found a large effect of grazing on the percentage of flowering individuals in 
July 2007. Here, almost 55 % of the planted individuals flowered on the grazed plots while 
flowering percentage reached only 35 % on the fenced plots. However, these differences in 
flowering percentage did not lead to differences in fruit set: Both in fenced and in the 
unfenced area approximately 35 % of Apium individuals reached the fruiting stage in August 
2007. As only few living Apium individuals were found in 2008 the monitoring of the fruiting 
stage was no longer useful at this site. 

 

At Eicholzniederung in 2007 grazing had also a pronounced effect on the phenological status 
of the Apium individuals (shown for August 2007, 2008 and 2009 in Fig. 33). In the year of 
planting (2007), a high proportion of the Apium individuals remained in the vegetative stage. 
The percentage of flowering individuals in July (20 and 25 %) and the percentage of fruiting 
individuals in August (10 and 15 %) was app. 5 % higher in the fenced plots compared to the 
unfenced plots. In 2008, fruit production was reached by much more individuals in the 
ungrazed plots than in the grazed plots. In 2009, however, this pattern was no longer evident. 
Here, the number of individuals producing fruits was similar between the grazed and the 
ungrazed plots. 
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Fig. 33: Effects of grazing regime (moderate cattle grazing versus no grazing), year and position along the 
planting transect on number of Apium repens individuals in different phenological stages (registered in 
August; v: vegetative; b: flowering; f: fruiting) a t location Eichholzniederung. 

 

At Neustädter Binnenwasser in 2008, grazing had a pronounced effect on the phenological 
status of the Apium individuals (shown for August 2008 and 2009 in Fig. 34): Almost no 
Apium individuals reached the fruiting stage in the grazed plots while most of the individuals 
produced fruits in the ungrazed plots. In 2009, however, this pattern was no longer evident. 
Here, the number of individuals producing fruits was similar between the grazed and the 
ungrazed plots. 
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Location: Neustädter Binnenwasser

Phenological Stage

N
um

be
r 

of
 In

di
vi

du
al

s
G

ra
zi

ng

0

10

20

30

40

50

60

70

80

2008

N
o 

G
ra

zi
ng

v b f
0

10

20

30

40

50

60

70

80

2009

v b f

 

Fig. 34: Effects of grazing regime (moderate cattle grazing versus no grazing), year and position along the 
planting transect on number of Apium repens individuals in different phenological stages (registered in 
August; v: vegetative; b: flowering; f: fruiting) a t location Neustädter Binnenwasser. 

 

 

At Eicholzniederung as well as at Neustadt, we found several Apium-seedlings along the 
transect in 2009 and 2010. As the intervals between the monitoring visits were relatively long 
we could not estimate the proportion of seedlings establishing to adult plants and their 
contribution to the cover development.  

 
Fig. 35: Apium-seedlings found at Eichholzniederung (A,B) and Neustädter Binnenwasser (C). 

 

Vegetative reproduction 

We have observed several small Propagules of A. repens which established along the pond at 
Eichholzniederung. In 2010 These Individuals were rather small, but nevertheless showed, 

A B C 
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that, based on the transplantation on the transect, a dispersal of A. repens from the 
reintroduced Population takes place. 

 

Discussion 

With regard to the special situation in Hohwacht, we conclude, that Apium repens benefits 
from moderate grazing, as mean cover values are higher and the plants grow in a larger range 
along the hydrologic gradient in the grazed parts compared to the ungrazed parts. Grazing 
levels out the differences in cover caused by different hydrological conditions. Also, from 
2008 on, the mean cover of all Apium plants in Eichholz and Neustadt together, stay more or 
less on a stable level. In contrast, in the ungrazed plots cover of Apium continues decreasing 
in time, showing the effect of increasing competitive pressure on the Apium repens 
population, which is mitigated by grazing. 

 

4. Conservation Management 

The question, why Apium repens is rare, has not been answered fully yet. The habitat 
requirements are being fulfilled on a number of sites and even the requirements for 
germination and establishment are not as specific as to explain the species’ rarity. The weak 
ability to large-scale dispersal, as well as weak competitive ability could be two of the 
species’ crucial constraints. 

However, some measures for the conservation of natural populations as well as for the 
establishment of new Populations can be made. Apium repens is a light demanding species 
that has only a weak competitive ability, but high disturbance tolerance and indeed seems to 
be dependent on disturbances for its survival under competitive pressure. The species’ habitat 
requirements – moist to wet sites on basic to neutral soil, high water table and a high 
frequency of disturbance – should be taken into account when designing management 
measures for the protection of this species.  

 

4.1. Conservation of natural populations 

It is of vital importance to maintain disturbance regimes and hydrological conditions on sites 
where extant populations of A. repen occur. Disturbances of different character have been 
observed, containing grazing, flooding and, in one case, even the use of one growing site as 
bathing-beach by humans. The crucial point seems to be that Apium can tolerate a higher 
frequency and intensity of disturbances as the competing species of the surrounding 
vegetation, which, without these disturbances, would out compete Apium repens, for example 
by means of higher growth and in turn shading. 

 

Our results show, that in general seeds had a high germination success under a range of 
conditions. For the conservation of recent populations, creating artificial gaps, especially in 
autumn could thus enhance germination and in turn stimulate the population dynamics. Even 
on sites where Apium repens already has disappeared; restoration by creating soil disturbances 
can be possible. We found a relatively high density of viable seeds in the ground of recent 
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populations. Still, further research on the survival of seeds in the ground and the 
establishment of small seedlings is needed.  

 

The amount of seedlings establishing to adult plants is also important for the success of 
hydrochorous dispersal along water bodies. The maintenance of favourable conditions, first of 
all the hydrological regime, or the restoration of such conditions respectively can make a 
significant contribution to the conservation of Apium repens populations. 

 

 

4.2. Establishment of new populations 

Propagation 

 

Concerning the different plant material we could not find any differences between plants 
obtained from seedlings or from runner fragments. In the long run it may be of advantage to 
use plant material obtained from seeds that were collected from different sites within the same 
bioregion, which will augment the genetic diversity of the population. This is generally 
regarded as a good measure against problems of small populations. 

 

As one important factor for germination of the seeds we found, that either light or cold/wet 
stratification is required. We obtained good results with storing the seeds in Petri dishes on 
moist filter paper in an unlighted incubator at 4 °C for two months. Seed can then be sown on 
standard potting soil, and kept humid under greenhouse conditions. 
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Fig. 36: Seedlings (A,B), juvenile (C,D) and adult plants (E) at the greenhouse. 

 

Due to the large numbers of required plantlets it is nevertheless useful to propagate the 
emerging plants vegetative by fragmented runners. As a very efficient method the stolons of 
Apium can be cut into pieces, containing at least one nodium each, which will readily start 
rooting on humid potting soil (Fig. 27). 

A B 

C D 

E 
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Fig. 37: Vegetative propagation: Stolons of Apium repens individuals grown at the greenhouse of the 
Biocenter Klein Flottbek (A,B); cut leaves (C, left side) and stolons (C, right side); rooted runner 
fragments obtained from cut solons (D, right side). 

 

 

Site selection 

In the experiments concerning habitat demands and competitive ability we found, that Apium 
repens can grow in a variety of habitat types. Common features we found on the growing sites 
where: 

• Neutral to basic soil 

• Intermediate to high disturbance frequencies and intensities 

• High water table 

• A comparatively high nutrient status. 

These characteristics should also be fulfilled on sites chosen for the re-establishment of new 
Populations. Our results show, that a re-introduction can be successful, unless there are some 
setbacks concerning single sites. 

Competition as well as disturbances (grazing, cutting, inundation) lead to decreased biomass 
of Apium but the negative effects of disturbances showed to be even more severe on the 
competing species. Thus, these disturbances are needed for a successful re-establishment to 
avoid increased shading as a consequence of secondary succession. Unless it can be useful to 
fence the newly planted Apium population to keep cattle and other “landscapers” from grazing 

A 

B 

C D 
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on Apium and hereby pulling out individuals that have not yet sufficiently rooted themselves. 
For reasons already mentioned, fencing should only be applied in the first period of re-
introduction. 

 

 
Fig. 38: Fencing can be helpful in the first period of re-introduction: Newly planted Apium individuals 
pulled out by cattle (A) and grazed by ducks (B)  at Eichholzniederung. 

 

A high water table is important for a vital development and quick establishment of Apium as 
well as for inhibiting competitive species. The most appropriate would be to choose sites 
which are known to be sufficiently wet and occasionally inundated for more than one growing 
season. Another approach can be to determine the Ellenberg-values for humidity of all plants 
of the putative planting site. For the recent populations a mean cover-weighted Ellenberg 
indicator value of 7.6 was found, denoting the sites of occurrence of the northern German A. 
repens populations as damp. 

 

Another detail is that the grazing intensity is known to be varying within one pasture. To 
prevent massive trampling and thus damage to the new population, or on the other hand a 
dense surrounding vegetation, within the pasture parts with an intermediate disturbance 
frequency must be chosen. 

 

Planting 

 

The establishment of propagated plantlets was best on the re-introduction sites were the 
ground consisted of bare soil, as there competition by other plants is low and runners of 
Apium can spread easily. Where this is not the case, a strip of soil along the planted 
individuals should be freed of other plants. 

A B 
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Fig. 39: a strip of bare soil along the pond is a good niche for establishing. Fenced plants at Hohwacht in 
April and in June 2007. 

 

As we observed a decline of mean cover in the first years after the transplantation we 
recommend to plant rather large numbers of Individuals on one site. This also leads to the 
formation of larger Populations, which in general are more likely to survive in the long run. 

Within the sensitive phase of establishment a high humidity level of the soil is crucial for the 
survival of the planted individuals. A lack of humidity led to a decreased proportion of 
successfully established Individuals at Neustädter Binnenwasser during the first growing 
season. The planting should therefore take place during a period of humid weather. It could be 
useful to try planting in early autumn, to avoid longer dry periods end thus enhance 
establishment success. Further testing on this point should be carried out. 

 

In general it showed to be very useful to engage the transect planting method, that is, planting 
rows of individuals following the hydrological gradient from the wettest part of the site to the 
drier parts. By this, a much higher probability can be reached, that a part of the individuals 
will meet favourable conditions even though the local climate and weather development and 
thus the water table and soil humidity on a given site varies from what was expected. The 
importance of the exact distance to an open water body, respectively the exact water table 
seems to be of lesser importance as long as the grazing regime – or that of other disturbances 
– is constantly keeping other species from outcompeting Apium. 

 

As we found runners spreading out several meters from the initially planted individuals, 
forming larger stands of Apium, we assume that it should be sufficient to plant one row every 
10 meters.  

 

 

5. Outlook: Further research 

• First, further monitoring of newly established populations would be of major interest, 
as to prove their long-term establishment. Another interesting question is, whether the 
ungrazed parts of the population survive in the long run or further decline in cover, 
maybe even go extinct. This would serve as a last proof for the hypothesis, that 
grazing is a necessary prerequisite for the well-being of Apium repens. 
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• Further re-establishment sites would be needed to elucidate the best methods. With 
three replicates only, differences in soil characteristics, humidity and grazing regime 
or special situations on a given site have a large influence on the overall data. 

• Also, the reasons for unexpectedly high mortality and thus extinction of the re-
established Population at Hohwacht could give interesting insights into parameters 
influencing the population dynamics other than grazing and hydrology. 

• Does Establishment of Individuals planted in autumn (in expectation of higher 
humidity) lead to a higher establishment success? 

• As artificial gaps are supposed to enhance autumn germination the survival rate of 
autumn seedlings should be determined in order to estimate the value of creating 
artificial gaps as a useful tool for the conservation of recent populations. 

• The establishment of seedlings under field conditions in general would be helpful to 
understand with regard to the population dynamics of Apium repens. 

• With burial experiments it would be possible to determine how long buried seeds of A. 
repens remain viable in the soil and could thus serve as a regeneration potential at sites 
on which Apium has disappeared recently. 

• Apium repens is regarded to have limited dispersal abilities on a larger scale. It should 
be determined, whether different types of dispersal (e.g. hydrochory along larger river 
streams, zoochory) could contribute to the re-occupation of favourable habitats. 
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