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Summary

Belarus has about 57% of the European population of Aquatic Warbler. 9 habitats of the species with overall number 6,790-12,780 of singing males have been recorded. Most important are three large mires: Zvanets, Sporovo, Dikoie, which hose about 90% of Belarusian and 50% of the world’s population of Aquatic Warbler. Monitoring of the species at these key habitats is going on since 1996. The work was supported by the Darwin Initiative for Survival of Species, Royal Society for the Protection of Birds (both UK), Michael Otto Foundation (Germany), Ministry of Natural Resources and Environmental Protection of Belarus. The monitoring enabled study of the density and number dynamics of the species, identification of key factors influencing the population. The findings reveal that the key factors defining significant fluctuations of the species number between years are floods and fires. Unstable breeding conditions at key mire habitats puts the species under threat. 

Introduction

The Aquatic Warbler is a habitat specialist which breeds on open sedge fen mires. Large-scale drainage of wetlands in the XX century resulted in disappearance of this species from most of its known range; its numbers shrunk many-fold. It is classified as Vulnerable at a global level (Collar et al. 1994) and is listed as Insufficiently Known in the IUCN Red List of Threatened Animals (Groombridge 1993). The species is a globally threatened in Europe and is attributed to the SPEC 1 Category (Tucker, Heath, 1994). It is also included in Annex I of the EU Wild Birds Directive, in Appendix II of the Bern Convention and in Appendix I and Appendix II of the Bonn Convention.

Within a short time-period in late XIX – early XX centuries Aquatic Warbler disappeared from at least eight European countries. The contemporary breeding range of the species is much smaller than the original one, and is intermittent. Recent studies have revealed that the core of the contemporary breeding range of the species is located in the Polesie region. The European population of the species amounts to 13,000-21,000 of singing males, with key populations found in Belarus, Ukraine and Poland (Flade et al., 1999). Numbers of the species in Europe continue to fall and fluctuate significantly between years. 

The number of the species in Belarus has, over the last three decades, shrunk by more than 90 percent, mainly as a result of drainage and economic exploitation of fen mires. Currently the Belarusian population of Aquatic Warbler amounts to some 6,000-12,000 of singing males (about 50 percent of the world population). It strongly fluctuates year from year depending on various factors. (Kozulin, Flade, 1999). 

Taking into account the threatened condition of the species and importance of Belarus for its preservation, a need for a National Action Plan for Conservation of Aquatic Warbler was identified. In order to enable its compilation a profound theoretical base had to be developed for conservation measures and management of its habitats. Towards this objective in 1996 monitoring of Aquatic Warbler number and density started, which also covered monitoring of key ecological parameters at three main fen mires of Polesie: Sporovo, Zvanets, and Dikoie which altogether host about 50% of the world’s population of the species. 

Methods

Changes in the density and numbers of Aquatic Warbler were recorded at permanent monitoring plots in the three key habitats of the species: typical fen mires Dikoie, Sporovo, and Zvanets. Brief description of the mires and monitoring plots are given in Table 1. Estimate of the number of singing males was carried out on the basis of data on their density on monitoring plots and the area suitable for breeding of the species at each mire. Changes in the proportions of key biotopes at the mires in question were analyzed based on comparison of aerial photos dated 1950s and 1990s, in order to derive the long-term trend in the species number dynamics. 

Table 1.

Key parameters of mires and monitoring plots

	Name of mire
	Area, ha
	Area suitable for breeding, ha
	Name of monitoring plot
	Area of monitoring plot, ha
	Size of monitoring plot, m

	Dikoie
	15,206
	2,400
	Dikoie
	80
	1,000х800

	Zvanets
	15,873
	8,000
	Zvanets
	60
	1,500х400

	Sporovo
	19,384
	2,650
	Peschanka
	60
	1,500х400

	
	
	
	Kostiuki
	40
	1,000х400

	
	
	
	Kokoritsa
	40
	1,000х400

	Prostyr
	3,000
	1,000
	Prostyr
	40
	1,000х400


Each monitoring plot was broken into rectangles of 100x200 m by size using marks. When marked, the plot was mapped. The width of each counting strip was 200 m. Each count was performed by 2-4 persons at the same time depending on the amount of transects. 

Each year counts were performed from 25 May to 5 June (first clutch) and from 1 to 10 July (second clutch). The need for a second count was driven by the fact that summer floods often brought about re-distribution of birds within the breading season. The count started 1 hour before sunset. All singing males of Aquatic Warbler were counted. Each male would be mapped on a pre-prepared schematic map. 

Worrying females were counted in parallel to identify the nest density. The density of nests was calculated based on the number of females per 1 km of the route. 
Monitoring of vegetation was carried out at each plot using standard geobotanic methods (Stepanovich, 1990). Plants were then identified at the Institute of Botany of the National Academy of Sciences, Belarus. 

The following indicators were recorded additionally during monitoring:

· time of the last fire;

· climatic conditions;

· level of ground water relative to soil surface;

· proportions (in %) of various vegetation associations;

· water mineralization;

· anthropogenic activities (cattle pasturing, hay-cutting). 

Description of mires and monitoring plots

All monitoring was performed in Belarussian Polesie at three key fen mires with various trophic statuses. By trophic level, the three mires can be classified in the following order (moving from poor mesotrophic mires to eutrophic mires): Dikoie, Sporovo, Zvanets. However at Sporovo monitoring plots were placed in such a way as to study parts of the mire with varying trophic status. An integral indicator of the trophic status and productivity is water mineralization (Table 2). 

Table 2.

Hydrochemical parameters of fen mires

	Monitoring plots 
	pН
	Cumulative nitrogen, mg/l
	Chlorides,mg/l
	Sulfates,mg/l
	Hydro-carbons, mg/l
	Common phosphorus, mg/l
	Mineralization,

mg/l

	Zvanets
	7.39
	1.34
	21.3
	18.3
	219.6
	0.052
	347.7

	Dikoie
	6.75
	1.19
	4.2
	17.8
	58.4
	0.016
	106.6

	Peschanka
	7.03
	1.31
	34.1
	5.7
	176.3
	0.028
	289.7

	Kostiuki
	6.25
	0.99
	16.3
	23.9
	68.7
	0.040
	145.4

	Kokoritsa
	6.41
	2.36
	13.2
	33.5
	73.2
	0.066
	163.2


Dikoie Mire. The mire is located on the water divide of the two river basis: the Yaselda and the Narev. The Eastern and Central parts of the mire are close to a transition mire stage, whereas the Western and the Southern parts are more of a fen-mire type. (Kozulin et.al., 1998). The monitoring plot is located in the fen-mire part with poor trophic content (water mineralization 106.6 mg/l), which is in transition from the Hypnum-sedge stage to sedge-Sphagnum mire state. 

The overall area of the mire is 15,206 ha. Open fen mires dominate by area: 8,030 ha, followed by forests (5,404 ha) and shrubby mires (1,334 ha). Sedge fen mires cover 2,400 ha. A number of changes in the proportions of key habitats took place following natural vegetation successions and impacts of disruptions in the hydrological regime of the mire. The changes were estimated based on comparison of aerial photos from 1949 and 1992. The area of open fen mire has decreased by 10 % in the last forty years. This decrease is attributed to the drop in the groundwater table on adjacent territories and the encroachment of scrub and forests. This correlation is confirmed by the fact that over the same forty years the area of forests has increased by 5.4 %, and the area of scrub by 4.2 %. Another reason for scrub encroachment is the cessation of haymaking, which was widely practiced here some thirty years ago.

Vegetation of the fen part is characterized by alternation of a large number of various associations, of which the sedges dominate by projective coverage, and especially Carex lasiocarpa Ehrh. And C. limosa L., to a lesser extent C. chordorrhiza Ehrh, C. diandra Schrank and C. rostrata Stokes, as well as Eriophorum polystachyon L., Calamagrostis neglecta (Ehrh.) Gaertn, Mey. et Scherb. In some places the following species are very abundant: Menyanthes trifoliata L. and Comarum palustre L. Carex lasiocarpa sometimes forms into monodominant grass stands. Its projective coverage reaches 70 % and more. Eriophorum polystachyon L., which is found in the western part of the mire (Vybrody village), is very abundant in the first half of the vegetation season. Very often this species serves the role of phytocenosis-definer, reaching some 50-55% in projective coverage. 

Moss cover is everywhere well developed. In herb-sedge-Hypnum, sedge-Hypnum and herb-sedge-Sphagnum communities it forms and uniform carpet (cumulative coverage of up to 70-90%). 

Table 3.

Proportions of key vegetation communities (in %) at monitoring plots of Sporovo, Zvanets and Dikoie mires. 

	Communities (sub-association level) 
	Fen mires

	
	Sporovo
	Zvanets
	Dikoie

	
	Peschanka
	Kostiuki
	Kokoritsa
	Rozhnoe
	Vybrody

	Caricetum elatae
	89.1
	135
	38
	58
	9.6

	Caricetum omskianae 
	0
	278
	0
	0
	0

	Caricetum appropinquatae 
	0
	81.1
	13
	37
	4.5

	Caricetum rostratae 
	4.5
	0
	2.9
	0
	0

	Caricetum diandrae
	0
	0
	0
	0
	3.9

	Caricetum lasiocarpae
	0
	5.2
	39
	0
	45

	Caricetum limosae 
	0
	6.5
	0
	0
	16.4

	Caricetum hordorrhizae 
	0
	0
	0
	0
	0

	Caricetum juncellae 
	0
	0
	0
	0
	0

	Caricetum canescentis 
	0.4
	0
	0
	0
	0.2

	Caricetum paniceae 
	0.1
	0
	2.1
	0
	0

	Betuletum humilis
	0
	0
	0
	0
	0

	Phragmitetum communis 
	4.5
	0
	0
	0.2
	5.9

	Salicetum pentandro-cinereae
	0
	0
	0
	3
	0


In 1968 the mire was assigned the status of a national hydrological reserve (zakaznik). Establishment of a reserve enabled preservation of this unique ecosystem. However, drainage of the surrounding areas and existence up till now of a canal network from the past drainage campaigns has substantially changed the hydrology of the mire.

Water recharge sources are both ground aquifers and atmospheric precipitation, contributing to maintenance of a relatively stable water level equal to soil surface. Annual water level fluctuations amount to 20 cm; during the breeding season water level fluctuated from –5 to 10 cm relative to the soil surface in each year of the monitoring period. 

The external environmental factors are surprisingly stable. The mire is practically not used for hay cutting that is why no burning of vegetation was carried out here in the last decade.

Recently, the Dikoie mire was added to the Belovezhskaia Pushcha National Park territory. 

The Zvanets mire is located in Brest region, Drogichin and Kobrin districts, to the south of the Dnieper-Bug Canal. By area this is the largest fen mire in Belarus, and probably in the whole Europe. The overall area of this fen mire is around 15,873 ha (Kozulin et.al, 1998). The area, which is suitable for breeding of the Aquatic Warbler, is around 8,000 ha.

The monitoring plot is located in typical fen mire characterized by high trophic content (mineralization of 347.7 mg/l).

The relief of the mire is typical of Brest Polesie district: these are forest, forest-free and shrubby mineral islands haphazardly scattered over huge peat lowland. 

Open fen mires absolutely dominate by area, covering some 11,150 ha (70,25%). Some changes in the shares of main biotopes have taken place here over the last several decades. The area of open fen mires shrunk by 4.55%. This is an outcome of shrub encroachment on open mires: the area of forests and shrubs within the same period increased by 6.9%. The main processes driving this situation are disruptions in the hydrological regime of the mires following drainage of adjacent areas, as well as natural vegetation successions as a consequence of complete cessation of hay-cutting on the mire, widely practiced here in the past. 

Grassy and shrubby hygro-mesophillic wetland and acidiphillic mire communities of Phragmitetea, Scheuchzerio-Сaricetea and Alnetea glutinosae classes dominate the vegetation structure of the Zvanets mire (Table 3). Grassy phytocenoses are dominated by Caricetum elatae, to lesser extent Phragmitetum communis, Caricetum appropinquatae and Caricetum acutiformis communities. These cover all open mire space. 

By area grassy communities are dominated by Carex elata All. The Caricetum elatae association is not uniform. It has 8 sub-associations, which are differing one from another by the share of the dominating edificatory Carex elata, as well as co-dominating Phragmites australis (Cav.) Trin. ex Steud., Calamagrostis neglecta (Ehrh.) Gaertn., Mey. et Scherb., Carex lasiocarpa, C. appropinquata, Comarum palustre L., Eriophorum polystachyon L., Menyanthes trifoliata L.). The projective coverage of C. elata fluctuates from 50 to 92%. Herby parts are substantially impacted by floods, which in most cases mean sparse second and third grass strata. 

The moss cover is poorly developed (cumulative projective coverage of mosses rarely exceeds 30%), and the species diversity is low. 

Other sedge communities widely spread across the Zvanets mire, such as Caricetum appropinquatae, Caricetum acutiformis and Caricetum lasiocarpae associations, are similar to Caricetum elatae sub-association of the acidophillic category in terms of their floristic and edaphic features. The upper stratum almost in all formations gives space to some presence of Phragmites australis (5-20%). At some parts of the mire with elevated water level reeds form uniform reed bed stands. 

The Zvanets mire is located on the water divide between the Western Bug and Pripyat river basin in the interfluve of the Dnieper-Bug canal and its tributaries (Belooziorsk and Orekhov Canals). The main recharge source is underground water. Atmospheric precipitation plays insignificant role in recharging the mire in the fall and spring time. Water level fluctuates from +0.5 to –0.5 m. Agricultural polders and their functioning influences the hydrological regime of the territory: during floods and rainfall events excess water is pumped out of polders into the Dnieper-Bug Canal, Belooziorsk and Orekhov Canal. 

Rainfall floods in the summer and fall period occur almost every year. By water rise scale and duration rainfall floods are significantly less powerful than the spring floods, however in some years (1984 and 1993) they exceed maximum spring floodwater rise. 

In especially dry years ground water may fall to –0.5 m. However, drops in the groundwater table at Zvanets are attributed not only to droughts, but also to the operations of the surrounding polder systems. The groundwater table in May-July may fluctuate from –30 to +40 cm depending on the amount of precipitation, level of water in the Pripyat and artificial water regulation by those companies who use the drainage systems. (Kozulin ( Flade, 1999).

In 1996 66% of the mire was assigned the status of a national reserve. Economic activities on the mire are mainly hay-cutting which is carried out at 20% of the mire area at the most. The southern part of the mire was drained in 90-s, the drainage activities stopped in 1995. 

The mineral islands are plowed or hay-cut by local people. Part of the mire is also used for hay cutting. This is one of the main causes of spring burning of mire vegetation (once every two-three years on average). Burning of vegetation is normally performed in early spring in March or April. 

Sporovo Mire. The Sporovski zakaznik contains one of the least transformed fen mires in Europe. The territory of the zakaznik is a flat alluvial plain with lakes, river valleys, above-floodplain terraces and unique mineral islands. Mire of the zakaznik present a single entity (covering 75% of the area of the zakaznik) stretching along the Yaselda River for about 35 km. The territory of the zakaznik can be divided into two parts. The first part located between villages Peschanka and Mlynok is a narrow extremely waterlogged floodplain of the Yaselda River stretching for some 25 km. The Yaselda River flows though the center of the floodplain, and reveals an extremely meandering channel overgrown substantially by water plants. Reed beds some 10-100 m wide, accompany the flow on both sides of the river. The reed beds are followed by a constantly flooded valley 50-100 m wide. The rest of the floodplain 500-2000 m wide on both banks of the river is typical fen mire. 

The second part of the zakaznik (lake Sporovskoie district) is an extremely widened Yaselda river floodplain were mires of various trophic status dominate, but which also contains a lot of mineral islands. The channel of the river in this part is characterized by well-formed banks. 

The main part of the zakaznik is occupied by open fen mires (8 373 ha, 43.2 %), fen mires with mosaically placed shrubs– 3 470 ha (17.9%), shrubby mires – 795 ha, 4.1%. Forest and shrub communities in the zakaznik are poorly represented. Numerous low hills and low elevations (mineral islands) are scattered across the mire and along the opposite rim of the river floodplain.

From 1951 to 1992 the area of open fens decreased by 14%. 

Meadow and wetland vegetation is represented mainly by eutrophic mires (associations Phragmitetum communis Gams 1927, Caricetum rostratae R(bel 1912, Caricetum elatae Koch 1926), waterlogged meadows (associations Phalaridetum arundinaceae Koch 1926, Glycerietum aquaticae Hueck 1931, Caricetum gracilis So( 1927) moist meadows (associations Molinietum coeruleae Koch 1926, Caricetum paniceae (marda 1951). Grass communities of the Phragmitetea Tx. et Prsg. 1942 class are dominated by area by Сarex elata All. On monitoring plots the Caricetum elatae communities are distributed in the following way: 89.1% of the monitoring plot is covered by these communities, for Kostiuki and Kokoritsa monitoring plots these figures are 81.1% and 37.7% correspondingly. 

Distribution of grass communities at monitoring plots of the Sporovski zakaznik is shown in Table 3. 

Water level in the mire fully depends on the water level dynamics in the Yaselda River. Drainage of the river floodplain for agriculture, rectification of the channel, construction of Selets water reservoir and fishfarm in the upstream part, all resulted in changes in the Yaselda river water discharge. Since the upstream part of the river is fully under artificial regulation, spring floods in the zakaznik are almost absent, which in turn leads to encroachment of river channel by water vegetation and creation of jams of floating vegetation islands which in the past would be taken off downstream by the rapid flood water. In the summer, decreased flow-through capacity of the channel combined with gulp discharge of water from the Selets reservoir result in summer floods in this part of the river floodplain leading to killing of nests and nestlings of the Aquatic Warbler and other animals. 

Economic activities in the floodplain are limited to hand hay-cutting of a narrow grass strip 50-150 m wide, adjoining the floodplain walls. 

Results

The studies showed that the density and number of the species at key habitats in Belarus fluctuates significantly between years depending on the scale of climatic and anthropogenic factors. Scale of number fluctuations is different at different mires (Fig. 1) and is defined by the degree of influence of the same factors under varying mire conditions. The abstract that follows presents factors defining the fluctuations in the number of Aquatic Warbler and the state of its populations. 

Fig. 1. Dynamics of Aquatic Warbler numbers at key habitats in Belarus.
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Dikoie mire

The density and number of the Aquatic Warbler at the Dikoie mire are stable but not very high (Table 4). Relatively low number of the species at this mire is explained by poor trophic status of the mire: it is well known that Aquatic Warbler density correlates positively with water mineralization and other mire production indicators (Kozulin, Flade, 1999). 

Table 4.

Density and number dynamics of Aquatic Warbler at Dikoie mire 

	Name of monitoring plot
	
	Years

	
	
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Dikoie
	Density of males /sq. km
	50
	50
	52.5
	63
	48.3
	55
	45

	
	Years of fire 
	-
	-
	-
	-
	-
	-
	-

	
	Water level, cm
	0
	-3
	5
	5
	0
	-4
	-5

	Overall number
	
	1200
	1200
	1260
	1512
	1159
	1320
	1080


Ecological factors at the mire are stable. In the May-July breeding season of 1996-2002 the groundwater level remained quite stable and was fluctuating from –5 to +5 cm relative to the soil surface. These fluctuations did not affect directly the male density of the species (Fig.2) and the breeding success. However, at Dikoie mire we have identified positive correlation of male density with water table (r = 0.66; P<0.02). 

Fig. 2. Changing density of Aquatic Warbler males at Dikoie mire depending on water table level.
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No fires were observed at the mire over the monitoring period. Absence of fires is explained by the fact that in the last 30 year the mire is practically unused for haymaking by local people. Normally every early spring local people would burn old vegetation to improve the quality of hay-fields. 

Study of changes in the share of biotopes at the Dikoie mire has revealed a decrease of open fens by 10.2% from 1950 to 1990. Open fens area decreases gradually as a result of encroachment by shrubs and forests following almost complete cessation of hand hay cutting. It can be surmised that in this period the overall number of the species decreased and will continue decreasing following encroachment on open fens. 

Zvanets mire

Within the monitoring period of 1998 – 2002, male density at the Zvanets monitoring plot remain practically unchanged despite substantial fluctuations in the water level and fires. (Table 5). 

Table 5. 

Density and number dynamics of Aquatic Warbler at Zvanets mire 

	Name of monitoring plot
	
	Years

	
	
	1998
	1999
	2000
	2001
	2002

	Zvanets
	Density of males/sq. km
	95
	91
	96
	91.6
	103

	
	Years of fires
	-
	-
	-
	2001
	-

	
	Water level at the mire, cm
	10
	35
	5
	-15
	15

	Overall number
	
	7600
	7280
	7680
	4580
	5150


Figure 3 shows that despite the large amplitude of water fluctuations (from –15 to 35 cm) the male density on the monitoring plot did not change significantly: from 91 to 103 males per sq. km. The most favorable water level is 5-15 cm. The relative independence of the Aquatic Warbler density figures from water level at Zvanets is attributed to the presence of quite tall tussocks here (30-40 cm): their tops are rarely flooded, and this defines favorable conditions for breeding of the species even at high standing flood-water. Additionally, it turned out that the species has adjusted to breeding in flood conditions even when all tussocks are completely under water. Thus, in spring 1999 when most tussocks were under water (water level was over 35 cm), birds constructed their nests in the remains of old sedge tangles 10-25 cm above water level. Thus, the density of the species slumped insignificantly (Table 5). 

Figure 3. Changing density of Aquatic Warbler males at Zvanets mire depending on water table level.
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In spring 2001 the water level dropped to 20-30 cm below soil, which brought about fires on most of the mire lasting from March till mid-April. However, the water level was different in different mire parts, and fires consequences for vegetation and birds were also different. In the northern dryer part of the mire both vegetation and the upper peat layer were caught by the fire. On such plots sedge tussocks remained safe (there were some green leaves left), but the vegetation between the tussocks was all killed and did not develop through the subsequent summer. Not a single species was recorded at such areas. 

In the southern part, where the monitoring plot was located, the water table during fires remained some 10-30 cm above soil. As a result of fire some 70% of the upper sedge parts were destroyed. Starting from end of April the water level at all of the mire dropped significantly: at the monitoring plot it was - 35 cm. Lack of water and impact of fire impeded further development of sedges and by end of May its leave size would only rich one third of its normal length. Preliminary analysis of insect counts for that year revealed a sharp decline of number of insects whose development is related to open water spaces. Aquatic Warbler density was 91.6 males per sq. km. 

A certain part of the mire this year remained absolutely safe from fire. At such areas the Aquatic Warbler density was just 5 males per sq. km: all of the birds were found on the border with burned areas. This low density is attributed to the fact that under limited water availability grass vegetation, covered by a thick cap of old sedges, had almost no conditions for proper development, being limited in moisture and light. 

Thus, in 2001 fires and droughts withdrew some 30 sq. km out of the potential breeding area for the species. As a result the number of the species at this mire dropped almost two times (Table 5).

In 2002 conditions for breeding of Aquatic Warbler at the Zvanets mire monitoring plot were optimal. That year the density of males of the species was the highest. However the density of males remained low on those areas where the vegetation cover was on fire the year before (25-40 per sq. km). 

Sporovski zakaznik

The Aquatic Warbler population in the Yaselda river floodplain’s Sporovski zakaznik is subject to significant fluctuations in density and number, especially at Peschanka and Kostiuki monitoring plots. 

Table 6.

Density and number dynamics of Aquatic Warbler, and key factors defining the condition of the species at Sporovski zakaznik
	Name of monitoring plot
	
	Years 

	
	
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Peschanka
	Density/sq. km
	135
	 25
	70.5
	0 
	75.5
	21.4
	 33

	
	Years of fire
	-
	1997
	-
	-
	-
	2001-
	-

	
	Water level, cm 
	5
	0
	-5
	40
	3
	-30
	-10

	Kostiuki
	Density/sq. km
	
	135
	35
	0 
	90
	10
	50

	
	Years of fire
	-
	
	1997
	-
	-
	2001
	-

	
	Water level, cm 
	
	
	-10
	35
	0
	-30
	-10

	Kokoritsa 
	Density/sq. km
	
	
	40
	0 
	115
	85
	100

	
	Years of fire
	-
	-
	-
	-
	-
	-
	-

	
	Water level, cm 
	20
	5
	15
	25
	0
	-10
	-5

	Overall number
	
	2500
	1500
	1270
	0
	2515
	1109
	1684


The key factors defining changes in the density of males in the zakaznik are fires and water level fluctuations. 

In spring of 1997 and 2001 the fen mires of the zakaznik were under fire. The water level at that time was below soil. As a result the number of the Aquatic Warbler fell dramatically. The birds were occupying burned areas but with very low density: 25 and 21.4 males per sq. km respectively. Restoration of the Aquatic Warbler density began next year following the fire: 70.5 males per sq. km in 1998. In 2002 the density was 33 males per sq. km.

Droughts, even in absence of fires, are just as damaging to the state of Aquatic Warbler populations as floods and fires. Thus, in 2001 and 2002 the water level at the mire (Peschanka and Kostiuki plots) was significantly lower than normal. This was the main reason why the number of the Aquatic Warbler in those years was low. 

The key factor defining the density of males is the level of groundwater at the mire during the breeding season. Research indicates that male density is closely related to water level at the mire (curvilinear correlation coefficient is 0.9). This relationship is the following (Fig.4): optimal water level is 0 to +10 cm; under such conditions the density is the highest; as the water rises male density is falling. Water rise over 20 cm above soil leads to inundation of breeding spots and birds don’t occupy such areas at all. This is explained by absolutely flat relief of the area and absence of tussocks. 

Fig.4 Changing density of Aquatic Warbler males at mires of the Sporovski zakaznik depending on water table level.
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The situation of this kind was observed in 1999 when summer rainfall floods resulted in inundation of the whole floodplain before the breeding season. Birds were absent from the monitoring plots up to 26 June. In late June water level dropped and first Aquatic Warblers appeared, however male density remained very low (10 males per sq. km). 

In two years (1998, 2000) summer rainfall floods started in late June – early July. The rising water inundated all clutches in 1998; in 2000 only late second clutches were inundated. 

When the water level declines, the number of the species is falling too, the reason being the decline in the overall mire production, as well as poorer species composition and biomass of insects. 

Thus, the ecologically potential density of the Aquatic Warbler in Sporovski zakaznik is 135 males per sq. km, but the density cannot reach its maximum owing to extremely unstable environmental conditions. 

Discussion

The long-term dynamics of the density and number of the Aquatic Warbler on natural fen mires is defined by succession processes resulting in encroachment of shrubs (willows) and trees (birch, alder) on open spaces. Thus, the overall number of the Aquatic Warbler in the last 40 years was falling at Sporovski and Dikoie most probably as a result of diminishing area of open fens. Successions are brought about both by natural processes, and man-caused processes such as hydrological changes and abandonment of traditional unintensive forms of mire use. 

Thus, the studies have indicated that the main factors defining the present-day changes in the number of Aquatic Warbler at key habitats in Belarus are extreme fluctuations of the water table at mires leading to floods or droughts, as well as fires. In most cases floods, droughts and fires on mires are linked to hydrological changes brought about by anthropogenic factors. 

Impact of floods on numbers of Aquatic Warbler depends on the scale of water rise, timing of the flood and local mire relief. For example, the relief of the Zvanets mire allows for some of the more elevated areas to remain safe even during extreme floods, in which case floods only lead to shifting breeding times and density redistribution at the mire itself. When water rise is high in the beginning of the breeding season birds can construct nests in the remains of old sedge tangles as high as 50 cm above water. In such cases the density of the population may not necessarily change, but nests mortality can increase dramatically. 

A different picture is observed at mires in the Yaselda floodplain. The relief here is low-lying and very flat, which means that the whole floodplain is easily flooded when water in the Yaselda River rises by 20-50 cm. In effect birds fully abandon the flooded areas and move to other mires (Kozulin, Flade, Grichik, 1999). Here water rise in the river and in the floodplain is brought about by prolonged rainfalls and use of the Selets water reservoir constructed upstream of the monitoring site. 

Impact of drought on the populations of the species has been insufficiently studied. If the dry year follows a normal one (with no fires), than the density of males and the breeding success do not change substantially. However, if two dry years follow each other in a row, than the number of males in the second year decreases slightly, but the density of nesting drops by more than 50% (from 25 nests per 1 sq. km in normal years to 10 nests in the second dry year, which was the case at the Peschanka and Kostiuki monitoring plots in 2001 and 2002). Declining bird numbers under dry conditions are attributed to the overall decline in vegetation production, poorer species composition and biomass of insects, especially those whose development is linked to presence of open water. Additionally, severe droughts frequently contribute to start and spread of fires. 

Within the study period only Dikoie mire retained stable hydrological regime, which subsequently defined stable density and numbers of the species. 

Impact of fires on the numbers of breeding birds depends on the timing of the fire and the groundwater level at the time of the fire.

When the water table of the mire drops substantially, which is often the outcome of operation of water using facilities in a manner, which violates the established protection regime at the zakaznik, fires can spread over significant areas. The upper peat layer burns out and vegetation does not develop at all, which means that large mire areas become absolutely inappropriate for breeding. Additionally, restoration of density on formerly burned areas is occurring gradually: the density can reach 50% of its potential over one year and only two years after the fire the density can be restored fully. This is explained by the fact that fires bring significant damage to the feeding base and the sheltering conditions: fire destroys insects and old sedge where birds mask their nests. 

If the water level during the fire is some 20-30 cm above soil (as in Zvanets monitoring plot), only reeds and upper parts of dry sedges get destroyed: this only improves the breeding conditions of the Aquatic Warbler because fire destroys substantial amount of dry reed stalks. 

Thus, the main part of the Belarusian population of Aquatic Warbler is concentrated only at a limited number of mires and the population numbers fluctuate significantly between years, this being the outcome of various factors. Unstable condition of breeding places at key mires puts the species at risk. In the past suitable habitat area for the species was very large and when unfavorable conditions occurred at one of the mire the overall population was supported by other mires. Today, loss or prolonged unfavorable conditions retained over several subsequent years even at one of the key habitats of the species may result in dramatic consequences. In view of the above, the present-day strategy for species conservation should be based on active management of those fen mires that managed to remain natural. 
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