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ABSTRACT

Aldrovanda vesiculosa L. is a critically endangered aquatic carnivorous plant, rapidly vanishing from Europe. Both positive and negative reasons (problems and risks) for its introduction are discussed in general. Ten-year experience in Aldrovanda introduction to the Czech Republic (1994-2000) shows that Aldrovanda can grow successfully in abundant populations at new sites also in an intensively agricultural landscape, where it had never been documented. These newly established populations in the Trebon basin, S Bohemia, Czech Republic, belong to most abundant ones in Central Europe; two of them extend 6,000 shoot apices. The sites are usually reed- or sedge-dominated shallow dystrophic wetlands as remainders of former fens or peat-bogs close to hypertrophic fishponds. Great water level fluctuations have been found to occur at these sites. Very low water level in summer and low CO2 concentration below cca. 0.1 mM have been found as the main limiting factors for Aldrovanda growth. Most sites have been gradually eutrophicated which has led to its decline or extinction. Summarily, out of 11 microsites to which Aldrovanda was introduced within 1994-2000, only one can been considered as very good and sustainable. It contains 50,000-100,000 shoot apices every summer. 
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INTRODUCTION

Aldrovanda vesiculosa L. is a critically endangered aquatic carnivorous plant, rapidly vanishing from Europe (Adamec, 1995). In the Czech Republic, this species has an official status of extinct species as the only site in N Moravia vanished in the 1950’s (Adamec, 1995; Adamec & Lev, 1999). Free introduction of Aldrovanda to the Czech Republic was performed several times within 1994-2000 (Adamec & Lev, 1999; see Tab. 1). It was advantageous and useful for the success of  the introductions that they were preceded by (i) studying ecological requirements of Aldrovanda from literature sources (in 1993-1994; Adamec, 1995),  (ii) studying water chemistry factors at both prolific and poor natural sites of Aldrovanda in Poland (in 1993-1994; Adamec, 1997a), (iii) an establishment of a reliable outdoor culture which provided hundreds of plants for free introductions (in 1993-1994; Adamec, 1997b; www.bestcarnivorousplants.com/aldrovanda/), (iv) experimental selection of potential sites using field growth experiments (in 1994-1995; Adamec, 1999), and (v) studying basic ecophysiological processes (photosynthesis, respiration, mineral and sugar economy, plant polarity, importance of prey, turion overwintering)  in Aldrovanda (in 1993-1997; Adamec, 1997a; 2000; 2003).
In 1994-1995, I tested experimentally using nylon enclosures the suitability of six selected dystrophic sites in the Czech Republic for both seasonal growth and overwintering of Aldrovanda plants (population from E Poland). Very positive results at three of these sites (Adamec, 1999) became the basis for officially approved, free introduction of Aldrovanda to these and other sites in 1994, 1995, or later, to strengthen its European populations as an active and effective measure for its all-European conservation (see www.bestcarnivorousplants.com/aldrovanda/). In this paper, detailed results of Aldrovanda introduction to the Czech Republic are shown and many pieces of experience are discussed. As Aldrovanda introduction represents and touches many general problems and questions these topics are discussed in the introduction.

Why to introduce Aldrovanda?

POSITIVE REASONS:

· Dramatic reduction of shallow lowland dystrophic oligotrophic waters as typical habitats for Aldrovanda occurred in Europe, Africa, and Asia in the last 150 years (Adamec, 1995).

· Dramatic decline of existing Aldrovanda sites in Europe, Africa, and Asia occurred in the last 150 years (in Europe except the former USSR about tenfold, on other continents probably more); the trend still continues in the last decades (Adamec, 1995). In many cases, the reasons for its decline are unknown and may relate to native lake succession. 

· Recent European distribution is based on frequent and spontaneous spread of the plants (“jumping species“) by water birds to new native as well as man-made sites (fishponds, peat-holes, sand-pits, water reservoirs). Thus, man-made and purposeful Aldrovanda introduction has the same consequence as its spontaneous transfer by water birds. After creation of an artificial Aldrovanda site, this site may function as a centre and source of plants for its further spontaneous spreading by water birds in the area given.

· Aldrovanda is a weak competitor and, presumably, cannot outcompete any plant species even in its dense stands. Its vigorous and sustainable growth and reliable overwintering at a site give evidence for high-quality habitat and increases the biological value of the site.

· All European populations are genetically almost identical (Maldonado San Martín et al., 2003).  There is (almost) lack of sexual reproduction: hybridization is (almost) impossible. Ecophysiological differences even among distant European Aldrovanda populations are slight (Maldonado San Martín et al., 2003).
· Introduced populations to new sites represent a valuable gene bank (safety) for the source plant population in the case when this source population declines. This situation has occurred in the Lake Constance (Bodensee) in S Germany where the local population declined in the 1970‘s. However, thanks to a successful introduction to a Swiss site in 1908, this population still exists at two Swiss sites (Adamec, 1995).  

· Introduced populations and/or plants may be used easily and conveniently for research (Adamec & Lev, 1999; Adamec, 2003). 

NEGATIVE REASONS: Problems and risks
· Tedious legislation (bureaucracy), especially in the case of new non-native areas. It may last a few years to obtain an official permission for an introduction of Aldrovanda.
· It is very difficult to select a potential suitable site for Aldrovanda introduction, especially to new areas. To increase the chance for a selection of a suitable site, it is necessary to know the site for several years and especially to know its ecological character in very dry and wet seasons and its long-term trophic status (see Adamec & Lev, 1999). In all European countries, there is generally only a very limited potential of suitable sites for Aldrovanda in intensively agricultural landscapes.  

· Newly introduced small populations of Aldrovanda are very vulnerable to unpredictable stress ecological factors (e.g., grazing by herbivores, decline in water level, flood, drifting away by wind, etc.). Therefore, if possible, a minimum number of plants being introduced to any site should extend some 30. 

· People who perform any introduction should report each introduction of Aldrovanda to national botanical public. Otherwise, it can be very confusing for everybody.

· It is necessary to know and publish the exact origin of the introduced population (although Aldrovanda is now being introduced to many lakes near the east coast of the USA the exact origin of the plants is unknown). In one region, introduced plants should not be mixed from different populations.

· The natural plant population used for introduction to a selected site should originate as near to this site as possible.

· To assess the size and status of introduced populations, it shows to be very useful to monitor the populations yearly as the population size may fluctuate markedly every year.

· According to national legislation, introduced populations are usually not under any official state protection (e.g., in the Czech Republic). However, this situation may not be harmful. 

RESULTS AND DISCUSSION

Ten-year experience in Aldrovanda introduction to the Czech Republic shows convincingly that Aldrovanda can grow successfully in abundant populations at new sites also in an intensively agricultural landscape, where it had never been documented. These newly established populations in the Trebon basin, S Bohemia, Czech Republic, belong to most abundant ones in Central Europe (Tab. 1; cf. Adamec, 1995). The sites are usually reed- or sedge-dominated shallow dystrophic wetlands as remainders of former fens or peat-bogs close to hypertrophic fishponds (see Figs. 1, 2). Great water level fluctuations have been found to occur at these sites as most of these wetlands do not have a regular water inflow and are more or less dependent on a seasonal quantity of precipitations. Moreover, the adjacent fishponds (Ptaci blato, Vytopa, Brehynsky; Tab. 1) are usually emptied for fishing out every other year in October and, thus, Aldrovanda habitats can have a very low water level over winter. Very low water level in summer has been found as the limiting factor for growth and propagation of Aldrovanda as in dry seasons, its niche is greatly restricted. Five-cm water level has been reported as a minimum requirement for its rapid  growth and propagation (Adamec, 1999; Adamec & Lev, 1999). Although the plants can survive reliably lying on very wet substrates for months they stop their growth. On the other hand, high water level in itself is favourable for its fast propagation but it causes the inflow of nutrient-rich water from adjacent hypertrophic fishponds to these oligo- mesotrophic sites. This leads to their gradual eutrophication and infilling (Tab. 1: Ptaci blato pools 1, 2, and 9). 

Summer growth of Aldrovanda has been found as rather tolerant to water chemistry as shown in Tab. 2 for the couple of most prolific sites. The very high NH4-N concentration within the range of 534-1016 (g.l-1 and the occurrence of water bloom of blue-green algae (Microcystis sp.) in water in Ptaci blato 1st pool gives clearly evidence on advanced eutrophication at this microsite in 2001. Very fast and marked eutrophication at this microsite clearly follows from the comparison with very low NH4-N concentrations within 3-14 (g.l-1  in the 1995 summer season when Aldrovanda was introduced (Adamec & Lev, 1999).  However, summer growth of Aldrovanda may be even faster under mildly eutrophic than oligotrophic conditions but eutrophic conditions could reduce overwintering rate of turions. Generally, its seasonal population growth (propagation) can be 2-25 times in suitable habitats (Adamec & Lev, 1999). However, eutrophication symptoms cummulate in time and finally lead to unfavourable conditions as occurrence of water blooms and/or filamentous algae, high pH (i.e., low [CO2]), deep anoxia in nutrient-rich organic bottom sediments, or overgrowing by aquatic weeds or robust emergent vegetation, leading gradually to Aldrovanda decline. This situation has taken place in Ptaci blato pools since 1997-1998 (Tab. 1). Water chemistry in all aspects in Karstejn fen pool (Tab. 2) may be considered as typical for a suitable oligo-mesotrophic habitat of Aldrovanda (cf. Adamec, 1999; Adamec & Lev, 1999).

Summarily, out of 11 microsites to which Aldrovanda was introduced within 1994-2001 (Tab. 1), only one (Karstejn) can been considered as very good (Figs. 2, 3). Only at this site, the number of shoot apices extended by guess 10,000 in 2004; the other micropopulations were smaller. Trophic conditions at Karstejn are quite sustainable and Aldrovanda has a long-term capacity to carry an abundant stable population over 100,000 shoot apices for many decades. The observed transient decrease of the population size at Karstejn was due to an enormous flood in 2002, while to an enormous drought in 2003. Beginning from 2001, prolific flowering occurred at Karstejn every August but the seed set was usually very low (Fig. 3). In the 2002 and 2004 seasons, unusually robust Aldrovanda plants occurred at some pools with dark brown water at Karstejn. They were up to 28 cm long with 6 mm long traps. 

The population of Aldrovanda in Ptaci blato 1st pool reached its peak in 2000-2001 and has been declining since (Tab. 1). A further marked decline or even extinction is expectable. The same holds for Ptaci blato 9th pool the population of which is declining. Aldrovanda was extinct completely due to infilling in Ptaci blato 2nd pool in 2003 though an abundant population (cca. 6,000-12,000 apices) had occurred there in 1998-2000 (Adamec & Lev, 1999). On the other hand, the population in Ptaci blato 3rd pool slightly expands as this pool is not influenced by eutrophication. Since 2002, the population size in a pool at Vytopa fishpond (on an area of about 60 m2) is decreasing due to overgrowing by invasive reeds and sedges. The successful growth of Aldrovanda in a shallow miniature Branna sand-pit (area of about 50 m2) surrounded by a forest has proven that even this type of water body can be suitable for Aldrovanda growth. 

The recent situation in Doksy region in N Bohemia is more unclear as to the suitability for Aldrovanda growth (Tab. 1). Though its seasonal growth in nylon enclosures was very fast in Mariansky fishpond (see Adamec, 1999) the introduced population was presumably grazed in the form of turions by ducks and was extinct as early as in 1994. However, in 1994, some plants were presumably spread by water birds to the National Nature Reserve and Ramsar site Brehynsky fishpond (cca. 4 km) where a small population was found in a fishpond littoral in a large shallow reed stand in 2001. As shown in 2001-2003, this population has been expanding about twice a season. Here, a suitable habitat for Aldrovanda growth can extend to 10-20 ha in a reed-belt zone and represents a potential huge site of Aldrovanda. The transient occurrence of cca. 200 plants in a eutrophic Srni Potok pool in N Bohemia in 2003 (Tab. 1) was probably due to an introduction of these plants from S Bohemia by local carnivorous plant growers. However, the plants were extinct as early as in the spring 2004. It was confirmed clearly that this site was unsuitable for Aldrovanda growth (cf. Adamec, 1999)

This contribution has been prepared as a clue to stimulate an effort to re-introduce Aldrovanda to France, Germany, and Italy.
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Tab. 1. Summary of Aldrovanda introduction to Trebon region, S Bohemia (upper part), and Doksy region, N Bohemia (bottom; separated by dashed line), Czech Rep. Some data were obtained from Adamec & Lev (1999). E, extinction; site quality: zero, site destroyed; *, bad; **, mediocre; ***, very good (=optimum); ≈, guess. 
	Site
	Year of introd.
	No. intr. Apices
	Total number of shoot apices in
	Site
	Remark

	
	
	
	2001
	2002
	2003
	2004
	qual.
	

	Ptaci blato-1st pool
	1995
	90
	≈20,000
	≈15,000
	≈12,000
	≈6,000
	**
	Gradual eutrophication

	Ptaci blato-2nd pool
	1995
	42
	≈2,000
	≈200
	0 E
	0 E
	Zero
	Infilling of the pool

	Ptaci blato-3rd pool
	2000
	≈50
	≈1,000
	≈4,000
	≈4,000
	≈5,000
	**
	Sustainable state

	Ptaci blato-9th pool
	1995
	39
	≈2,000
	≈2,000
	≈500
	≈500
	*
	Infilling of the pool

	Domaninsky fishp.
	1995
	32
	≈50
	≈30
	0 E
	0 E
	Zero
	Dredging of the habitat

	Vytopa fishp.
	1997
	≈50
	≈4,000
	≈5,000
	≈3,000
	≈2,000
	**
	Overgrowing by sedges

	Karstejn fen pool
	1998
	≈60
	≈100,000
	≈20,000
	≈20,000
	≈50,000
	***
	Depends on water level

	Branna sand-pit
	2000
	≈30
	≈200
	≈1,000
	≈200
	≈200
	**
	Depends on water level

	Mariansky fishp.
	1994
	60
	0 E
	0 E
	0 E
	0 E
	*
	Plants grazed by ducks

	Srni Potok pool
	1994
	60
	0
	0
	≈200
	0 E
	Zero
	Unknown stock in 2003

	Brehynsky fishp.
	1994??
	??
	50-60
	≈100
	160-180
	??
	**
	Transport by water birds?


Tab. 2. Water chemistry at artificial Aldrovanda sites at Ptaci blato and Karstejn fen pools in June-July 2001 (Adamec, unpubl). Means +SE with the range of values are shown for three microsites. TA, total alkalinity; PAR, % of incident irradiance penetrating 1 cm below the water surface. Statistically significant difference between the both sites; ***, P<0.002; **, P<0.01; *, P<0.05; ns, non-significant at P=0.05.

	O2
	pH
	TA
	CO2
	NO3-N
	NH4-N
	PO4-P
	PAR

	mg.l-1
	
	meq.l-1
	mmol.l-1
	  (g.l-1
	%

	         Ptaci blato 1st pool

	6.0±0.6

2.2-11.5
	7.07

6.93-7.28
	1.54±0.05

1.41-1.74
	0.31±0.01

0.19-0.42
	0.0
	692±114

534-1016
	22±0.3

19-23
	34±6

25-43

	         Karstejn fen pool

	10.8±0.4

7.2-12.9
	6.99

6.65-7.30
	0.84±0.06

0.61-1.02
	0.20±0.02

0.05-0.43
	0.0
	84±5

62-121
	11±3

0-17
	23±4

16-26

	**
	ns
	***
	**
	ns
	**
	*
	ns


LEGENDS TO FIGURES

Fig. 1. Centre of Aldrovanda introduction to Ptaci blato 1st pool dominated by the sedge Carex acuta; 21 June 1997. 

Fig. 2. Typical microhabitat of Aldrovanda in a shallow Carex rostrata-dominated stand at Karstejn; 6 July 2001.

Fig. 3. Prolific flowering of Aldrovanda in a shallow Carex rostrata-dominated stand at Karstejn; 18 August 2001. All visible capsules are sterile. All photos shot by L. Adamec. 
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