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Abstract. The Polish breeding population (3,200-3,250 males) of the globally threatened Aquatic Warbler Acrocephalus
paludicola represents almost 25% of the global population. Except for the relatively stable large population in the Biebrza
valley in north-east Poland less is known about population trends of peripheral populations in western, central and
south-eastern regions of the country and whether trends differ depending on region. We investigated the long-term
population dynamics in 38 small populations between 1969-2013 in the four Polish regions. Summarizing the trends of
all small populations of Aquatic Warblers showed a significant decline in total number of individuals and declining
number of populations over time. However, population trends were distinctly different in the different regions, with
stable dynamics in south-east, moderate decline in north-east and sharp decline in the central and western regions.
During the study period 19 out of 38 populations became extinct (11 populations in the western region, two in central
region, four in north-east region and none in the south-east region). Five of these populations were later recolonised
thus suggesting a pattern of metapopulation dynamics. To mitigate the negative trends and increased risk of local and
regional extinction in the western and central parts of Poland effort should be put to increasing dispersal among pop-
ulations by increasing the number of stepping stone patches between the viable large eastern populations and the
smaller central and western ones.

Key words: conservation, dynamics, extinction, metapopulation, threatened species, Aquatic Warbler, Acrocephalus
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INTRODUCTION

Populations of endangered species are often spa-
tially subdivided between networks of separate
habitat patches surrounded by unsuitable habitat
matrix. Because such local populations are usually
small they are prone to extinction due to demo-
graphic and environmental stochasticity and
reduced genetic variability (Hanski 1989).
However, when dispersal of individuals occurs
among habitat patches local populations close
to extinction may be rescued and patches with
extinct populations may be recolonized, forming
a network of local populations, i.e. a meta-
population displaying dynamics in local extinc-
tions and recolonisations (Hanski 1989). Thus, in a
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metapopulation some suitable habitat patches will
be unoccupied at any time step. In a metapopula-
tion where habitat patches differ in quality and
size, furthermore, one expects source-sink
dynamics with a surplus from sources dispersing
to sink patches (Pulliam 1988, Dias 1996). In such
source-sink metapopulations, the dynamics of
sink populations may reflect both local population
demography and productivity of the neighboring
source populations. The dynamics of small popu-
lations may be therefore an indicator of the over-
all status of the metapopulation (Dias 1996).

The Aquatic Warbler Acrocephalus paludicola is a
wetland species breeding in a network of spatial-
ly separated patches in eastern Europe. It is a
globally threatened passerine bird, listed as
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“Vulnerable” in the IUCN Red List of Globally
Threatened Species and recent European Red List
of Birds, because of its rapid decline in the past
and the limited present breeding distribution of
< 1,500 km? (Flade & Lachman 2008, Hirschfeld et
al. 2013, BirdLife International 2015a, b). Once
widespread and numerous in fen mires and wet
meadows throughout Europe, the Aquatic
Warbler has disappeared from most of its former
range. In Western Europe its range covered whole
Germany, eastern France and north Italy (Flade &
Lachman 2008) and the species was reported to be
common in Italy, Switzerland, Germany and the
Netherlands in the late 1800s (Flade et al. 1999).
Since 1875 the species rapidly declined and
became locally extinct in at least eight European
countries (Dyrcz & Schulze-Hagen 1997, Flade &
Lachman 2008). The species has also declined rap-
idly in the central parts of the breeding distribu-
tion (at a rate equal to 40% per ten years) during
the last 30 years probably as a result of the
destruction of its breeding habitat (BirdLife
International 2015b). The total European popula-
tion is estimated at 9,000-13,800 singing males in
2000-2012  (BirdLife International 2015a).
Approximately 75% of the European populations
breeds in the river systems of upper Pripyat,
Yaselda (Belarus) and Biebrza and Narew (Poland)
(BirdLife International 2015b).

Poland plays a key role for the survival of this
endangered species, because almost 25% of the
global population occur here. The species breeds
mainly in two areas in eastern Poland (Biebrza
valley and Polesie region), but it occurs also in a
few isolated populations (i.e. relicts of the other-
wise extinct Western European population) con-
centrated mainly in Western Pomerania (Dyrcz et
al. 2007, Sikora et al. 2013). The Polish breeding
population in 2009-2012 was estimated at
3,200-3,250 males, of which 80% occurs in the
Biebrza valley (BirdLife International 2015a).
Estimates concerning the population size in the
Biebrza valley suggest that the population has
been fairly stable since 1991, although some
uncertainty exists thus potentially hiding small
trends (Grzywaczewski et al. 2012, Oppel et al.
2014). Much less is known, however, about the
long-term dynamics of the species at remaining
sites in Poland although there are reports suggest-
ing population declines at some of these localities
(Tanneberger et al. 2010, 2013). Therefore the
dynamics of these small populations could
reflect the general dynamics of the metapopula-
tion and especially the dynamics of large source
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populations producing dispersers (Howe et al.
1991, Dias 1996). Thus, for effective protection of
the overall metapopulation knowledge concern-
ing dynamics of populations occurring at small
habitat patches is also of great importance.

Here we investigate population trends of the
all known small populations of Aquatic Warblers
in Poland, i.e. 38 sites located in Western, Central,
North-east and South-east Poland. We investigate
whether population trends differ geographically,
bearing in mind that the largest known popula-
tions of the species are located in eastern Poland,
Belarus and Ukraine. Given a general population
decline, we expect populations located far from
the large populations in the east to decline most in
numbers and to suffer from a higher probability of
local extinction.

METHODS

Aquatic Warbler data

In this study we focused on all known small pop-
ulations of Aquatic Warblers in Poland (see
Appendix 1 for details). Data from the Biebrza val-
ley, which is the largest Polish population possibly
acting as a source (together with large populations
in Belarus and Ukraine), were not included, part-
ly because full inventories of this large popula-
tion, implemented until 2010, cannot detect fine-
tuned dynamics (Grzywaczewski et al. 2012,
Oppel et al. 2014). However, as this population is
expected to act as a source to neighbouring small
populations, the dynamics of these populations
may potentially reveal finer trends in the large
Biebrza population. We compiled all available
data concerning the number of males at local
breeding sites of the Aquatic Warbler in Poland
from 1930 to 2013 (Appendix 1). When population
size in a given site and year was reported as a
range we used average values. In general, at most
of these sites regular counts of singing males were
performed, which is known to reflect the number
of breeding females (Dyrcz & Zdunek 1993,
Kubacka et al. 2014). Singing males were counted
twice per season, during their highest activity
periods in their first and second breeding attempt
(20 May-10 June and 20 June-10 July). Surveys
were started about 1.5 hours before sunset and
were finished ca. 1 hour after the sunset. Surveys
were usually performed by several observers
walking simultaneously along the predefined
transects and all singing males were mapped
(Krogulec & Kloskowski 2004). Some of the sites,
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however, especially those surveyed before 1990,
were inventoried with the help of less specific
methods, aimed at surveying the full list of wet-
land species by territory mapping performed dur-
ing several repeated visits in a breeding season,
thus allowing for a reliable population size assess-
ment (detailed information is available in original
works listed in Appendix 1).

In total we analysed available population data
(including all known scientific studies and inven-
tories conducted by NGOs, but also our own field
inventories; see Appendix 1) from 38 sites in
Poland, divided into four regions: (i) western (15
sites up to 25 km from Odra river valley and sea
coast), (ii) central (8 sites in Wielkopolska lakeland
and Wielkopolska lowland, i.e. the region of rela-
tively high agriculture intensity), (iii) north-east (8
sites in areas of less intensive agriculture belong-
ing to Mazowsze and Podlasie lowlands and
Mazurian lakeland) and (iv) south-east (7 sites in
Polesie, Fig. 1). For single sites, the average num-
ber of years with population estimates was 8.2 (SD
= 7.4, range 1-34). The full list of sites with basic
count characteristics is given in Appendix 1.

The model allowing for spatial variation in time
trends

We investigate long-term changes in the abun-
dance of the Aquatic Warbler in 38 small popula-
tions using generalized additive mixed model
(GAMM) with Poisson error distribution and loga-
rithmic link. The abundance of a given population
in a given year was used as a response variable
but we excluded two counts made before 1969
(1930 and 1960) as during this period counts were
separated too much in time and thus provided no
information on local population dynamics. In
total 310 local abundance estimates were used in
the models.

We assumed that the numbers of birds may
change continuously over time but the change
may be different in different parts of species distri-
bution range. This might be the case if different
regions show different population changes. In
such a case fitting single trend curve for the whole
distribution range may be inappropriate and a
more flexible statistical method is needed. On the
other hand, it is reasonable to assume that adja-
cent populations show more similar trend than
spatially separated populations (i.e. trend is spa-
tially autocorrelated). To take these assumptions
into account, we applied a modeling approach
(Harrison et al. 2014) where number of the
Aquatic Warbler is a function of 3-way interaction
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of penalized thin plate regression splines between
longitude, latitude (controlling for spatial autocor-
relation) and time (i.e. year). We set the upper
limit at 30 for the effective degrees of freedom in
the interaction to control the complexity of the
model. Splines allow for possible non-linear fit
(i.e. non-linear time trend reflecting declines and
increases in population size) and appropriate
smoothness is chosen by generalized cross-valida-
tion criterion as a trade-off between the percent-
age of variance explained and the amount of wig-
gliness of the smoother. The geographical location
of each population is included in the fitting of
temporal dynamics and nonlinear temporal
trends are allowed to vary across space.
Consequently, populations placed close to each
other have more similar trends as compared to
more distant populations, which is not taken into
account when population identity is introduced
as fixed effect. The area of each site (log-trans-
formed) was used as an offset and site ID was
used as a random factor in the models. Moreover,
we also performed an alternative model with ran-
dom year effect and fixed effective degrees of free-
dom, but due to little difference we used the for-
mer one. All analyses were conducted in "mgcv"
package (Wood 2006) in R (R Core Team 2015).

RESULTS

Several relatively large populations of the Aquatic
Warbler were known from the South-east region
(e.g. up to 340 males at site 37 in 1986) but in the
Western and Central region some of the popula-
tions were also large, but mainly in the past (at site
11: 150 males in 1930, site 17: 300 males in 1972,
Appendix 1). Populations never exceeding 10
singing males were observed in all studied regions
(15 populations in total, Fig. 1, Appendix 1).
Several populations displayed a steep decline
as e.g. at sites 16, 17 in central and at sites 1, 2, 11,
15 in western region (Appendix 1). Among the
studied populations 19 (50%) became extinct dur-
ing the study period: 12 in western region (80%),
two in central region (25%), five in north-east
region (63%) but none in the south-east region.
Many of these populations were initially small (10
never exceeded 10 individuals), but four initially
larger populations (= 50 individuals) also went
extinct after a period of population decline (sites 1,
2, 16, 17, Appendix 1). However, five of the sites
with populations going extinct were again recolo-
nized (sites 2, 4, 7, 15 in western region and site 33
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Fig. 1. Location of 38 sites of the Aquatic Warbler in Poland analysed in this study and the Biebrza valley (the largest circle, not
included in the modeling, see methods). Area of the symbols is a linear function of mean population size of the species at the site.

Four regions were distinguished.

in north-east region) but three of them again
became extinct (Appendix 1).

The population trends differed between the
four regions of Poland (GAMM, intercept: -0.94,
SE = 0.26, t = 3.64, p < 0.001; longitude, latitude
and time interaction: estimated degrees of free-
dom = 283, F = 749, p < 0.001). The model
explained 24.9% of the variance in the response
variable. The numbers of the Aquatic Warbler
declined distinctly in the western region (at least
since 1990) and possibly also in the central region
(although the population shows a slight possible
recovery with a peak year in 2008; Fig. 2). Also in
the north-east region the trend was negative
although less distinctly so due to a great variabili-
ty in numbers among years (Fig. 2, 3). In this
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region estimates from the Biebrza valley (popula-
tion not included in our model) between 1995 and
2012 suggest a fairly stable population size (e.g.
Grzywaczewski et al. 2012). In contrast, the popu-
lation trend in the South-east region was either
stable or even slightly increasing across years (Fig.
2, 3).

DISCUSSION

Our use of additive models with time-space inter-
action made it possible to investigate whether pat-
terns of non-linear population trends of the
Aquatic Warbler population differed between geo-
graphical locations (Fig. 1). In general we believe
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Fig. 2. Population trends (accompanied with 95% CI) of the Aquatic Warbler in Poland in 1969-2013, predicted for centroids of the
four regions by the single additive mixed model fitting 3-way spline interaction of longitude, latitude and time. Note that y-axes
are of the same scale on the four subplots and thus trend estimates are directly comparable.

this type of modelling to be useful when analyz-
ing long-term dynamics of metapopulations. It
should be mentioned however, that this model
has some constraints as well, since nonparametric
spline fit is very flexible and can be relatively eas-
ily adapted to outliers or noise (Wood 2006). Thus,
the final patterns should be interpreted with cau-
tion and in some cases fixing the degrees of free-
dom and including random year effect may pro-
duce more accurate estimates of population
trends (Knape 2016).

The general decline of the Aquatic Warbler
with local extinctions at 19 out of 38 sites and the
observation of the greatest declines and the high-
est probability of local extinction in populations in
the most peripheral parts of the species distribu-
tion (western and central) is in line with the pre-
dictions set in the introduction. Similarly, popula-
tions close to large core populations in Belarus
and Ukraine in eastern Poland also showed less
negative or stable population trends. Below, we
discuss possible explanations to the regional dif-
ferences in trends observed, environmental
threats and future conservation strategies to
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increase the long-term viability of the species in
Poland and within the whole species distribution.

Habitat preferences and threats to the Aquatic
Warbler in Poland

The Aquatic Warbler occurs in very specific habi-
tats and thus is prone to habitat changes. It settles
in fen mires in the valleys and deltas of lowland
rivers in sparsely vegetated open areas with low
density of shrubs and trees (Schulze-Hagen 1991,
Grzywaczewski et al. 2014b). It occurs mainly on
the sedge-dominated fen mires, covered with
mosses, mid-tall grasses and tussocks. In the
Biebrza valley the Aquatic Warbler nests mainly in
non-flooded open marshlands covered by shallow
water pools, sedge of an average vegetation
height of 70-80 cm with high amount of mosses,
old dead sedge and small patches of reed and sin-
gle small (1-1.5 m) willows (Dyrcz & Zdunek
1993). Aquatic Warblers may also breed in wet
meadows with tall grasses and patches of sedge
(Dyrcz & Zdunek 1993). In South-east Poland the
species breeds in calcareous marshes dominated
by the Cladium mariscus with low share of



250 M. Zmihorski et al.

\\‘

T
b

\ W P
. v "‘
Z A TR \ 0’0:1 l'l 0
% N \ /5 ll’/ ""'
5 . \\\\\\\\\ \\\\...\\\\ / %‘. :,,/’ O’l
\\ \\\ 70 N 0

) >
w
' l""l llllll

Abundance
low i

\\\\\\\\\\\\\\\‘\\“ﬁ““\{ \\\\\§

Ik\\\\\i\\\\\\\\.\\\\‘}\\\ \Q\\\\\\\\\\ !
\\\\ \\\\\\\\\ “‘\\\\\\‘\‘\‘\\\\“&%\\\\\\\%

VU Il
.

\\\\‘

\\\\\\\\\\\\\\\\\\\\\\\\ \\\\\‘{{\ i
\\

Fig. 3. Visualisation of the effect of 3-way interaction of longitude, latitude and time on the abundance of the Aquatic Warbler in
Poland. Fitted trend was changing along the longitude (left-hand panel: declining in the west and stable in the east) but was fair-
ly stable along the latitude (right-hand panel). Note that the surfaces are presented to aid interpretation of the model and thus

are extrapolated to grid points far from data.

reeds and tall sedge (Kloskowski & Krogulec 1999)
while in Western Poland it breeds in coastal
halophilous marshes, seasonally flooded, with
sparse patches of reeds (Dyrcz & Czeraszkiewicz
1993, Tanneberger et al. 2009). The species occurs
also on the eutrophic marshes along the river val-
leys, dominated by the large sedge tussocks form-
ing tufts as well as on wet meadows, mowed once
or twice a year. On the most important site in
Western Poland (Rozwarowo Marshes, site no. 6)
the Aquatic Warbler breeds mainly in harvested
reedbeds or sedge-dominated areas with shallow
water pools (Tanneberger et al. 2010). Some of
these habitats are disturbance-driven early succes-
sion stages, originally driven by flooding thus
remaining open due to natural water conditions,
whereas others are dependent on extensive man-
agement, mainly reed-cutting and mowing, to
halt the natural succession of tall vegetation
(Kubacka et al. 2014). Also burning as a manage-
ment to control vegetation succession may be ben-
eficial for the Aquatic Warbler (Grzywaczewski et
al. 2014a).

Habitat change in breeding areas driven by
changed agricultural practices is probably the
main reason for many of the observed declines in
Polish populations (Dyrcz & Schulze-Hagen 1997,
Flade et al. 1999) although habitat quality along
migration routes and in wintering grounds
should not be neglected (e.g. Musseau et al. 2014).
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The known environmental key drivers of the
observed historical decline of the Aquatic Warbler
in Poland are: eutrophication, drainage and water
table changes, land abandonment and agriculture
intensification (Kloskowski & Krogulec 1999,
Flade & Lachmann 2008, Kloskowski et al. 2015)
and all have led to a change in vegetation struc-
ture and loss of the main habitat of the Aquatic
Warbler. Eutrophication may be a major problem
in western Poland and adjacent German popula-
tions, where agriculture has been intensified with
increased use of fertilizers (Tanneberger et al.
2010, 2013). Similar changes in the vegetation of
fens and mires of the Aquatic Warbler may also be
caused by increased drainage lowering the water
table (Kozulin et al. 2004). In Belarus the popula-
tion decreased by more than 90% over the last 30
years possibly due to habitat loss caused by
drainage and exploitation of peat (Kozulin &
Flade 1999). On the Kramskie marshes (site 17) a
large population (300 males in 1972) disappeared
within 20 years due to drainage of the main nest-
ing area (Winiecki 2000). At some other sites natu-
ral succession (encroachment of reed, birches, wil-
lows and other tall vegetation) accelerated by land
abandonment and decline of water table may con-
stitute an important threat for specific stage of
plant succession preferred by the Aquatic Warbler
(Tanneberger et al. 2009, see also Kozulin et al.
2004). In the Biebrza valley this process started a
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few decades ago, when many owners of the sedge
meadows gave up the mowing due to economic
reasons (Dyrcz & Zdunek 1993, Kubacka et al.
2014). In Miedzyodrze in Western Poland (ca. 30
km-long island between two parallel routes of
Odra river, site 10) secondary succession caused a
nearly complete overgrowth of over 4,000 ha of
suitable habitat (Lawicki et al. 2007, Marchowski
& Lawicki 2014) possibly causing the population
number to drop from 10-15 to 0 during 1995-2009.
In Swina river estuary (sites 1, 2, 3) the abandon-
ment of grazing resulted in the expansion of reed,
which resulted in a large decline of the population
— from over 220 males in 1991 (the three sites
pooled) to only four males in 2012 (Dyrcz &
Czeraszkiewicz 1993, Sikora et al. 2013).

Differences in trends between east and west:
habitat change and demography

The higher population numbers of Aquatic
Warblers in the east as compared to the west have
been observed for more than 130 years
(Taczanowski 1882) and the differences in popula-
tion trends between regions can be attributed to
two main factors; namely (i) habitat change and
(i) effects of fragmentation and small population
size.

Agriculture in western Poland has always been
relatively more intensive as compared to the east,
with more complex drainage systems, larger field
sizes and more use of fertilizers as was evident
already at the start of World War I (i.e. 1914;
Gorzelak 2010). For example, the share of farms
exceeding > 15 ha in the most western parts of
Poland (i.e. western region in Fig. 1) increased
from 3% in 1960 to 27% in 1997 whereas the corre-
sponding figures in the east were 3% to 6%,
respectively (Kociszewski 1999). Nowadays the
share of large farms (> 50 ha) is still about 10-
times higher in the west as compared to the south-
east of Poland (Central Statistical Office in Poland
2010). Thus, changes in important breeding wet-
lands have been more dramatic in the north-west-
ern and central parts as compared to the eastern
parts of the country. In general, more intense agri-
culture have led to stronger bird declines in west-
ern than in eastern Europe, so the trends for the
Aquatic Warbler match this pattern (Donald et al.
2001, Tryjanowski et al. 2011).

The strong decline observed in the western
region may also be exacerbated by effects of small
local population sizes and spatial isolation from
the three large populations of Eastern Poland (ca.
3,000 singing males), Ukraine (2,600-3,400 males)
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and Belarus (3,100-7,000 males, BirdLife
International 2015a). The observed recoloniza-
tions following local extinction clearly show that
Aquatic Warblers disperse between local popula-
tions at least within regions. However, scattered
ringing data suggest some degree of isolation
between eastern and western regions (i.e. no birds
have been detected moving between these
regions; bawicki et al. in prep.). Moreover,
observed differences in male song (repertoire size,
contents, song time organization, syntax and
spectral parameters) between males inhabiting
western region and the Biebrza valley probably
has a genetic basis (Glapan 2013) and also suggest
a present restricted gene flow between eastern
and western populations. Finally, analyses of six
micorsatellite markers confirm that the popula-
tion in northwest Poland is to some extent isolat-
ed from eastern populations (Giessing et al. 2006).
It is therefore possible that the central and west-
ern regional populations are isolated remnants of
the western part of the historical Eurasian popula-
tion and that these populations today suffer from
the classical demographic problems of small frag-
mented populations (Caughley 1994, Hanski
1998).

Conservation implications

All in all, the observed declines of western and
central populations are likely to be a combination
of both environmental and demographic factors.
The main challenge now is to halt the present
population trend of this iconic endemic species by
keeping and developing the present metapopula-
tion structure of the species. This should be possi-
ble by increasing the connectivity between east-
ern and western populations e.g. by increasing
the number of stepping stone habitat patches and
improving the breeding habitat in the central and
western parts e.g. by increasing the areas of suit-
able habitat (Flade & Lachmann 2008). As empty
patches may be recolonized it is important to
manage and protect also these patches as they
may promote larger overall metapopulation size
and stabilize the metapopulation dynamics by
increased rescue effects (Howe et al. 1991,
Semlitsch & Bodie 1998). Evidence from habitat
conservation actions undertaken in the Biebrza
valley suggest the Aquatic Warbler may respond
positively and quickly to such a careful habitat
management (Oppel et al. 2014). Moreover, new
patches of available habitat can emerge as a result
of agriculture extensification causing a water table
increase. It is highly recommended therefore that
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such new populations are covered with appropri-
ate management improving the suitability of the
breeding habitat.
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STRESZCZENIE

[Przestrzenna zmiennos$¢ trendéw czasowych
metapopulacji globalnie zagrozonej wodniczki
w Polsce]

W Polsce gniazduje 3200-3250 par wodniczki,
gatunku globalnie zagrozonego, co stanowi ok.
25% Swiatowej populacji. Stosunkowo najwiecej
wiadomo o trendach liczebnosci najwiekszej pol-
skiej populacji w dolinie Biebrzy, natomiast
bardzo stabo poznane sa zmiany liczebnosci
mniejszych i rozdrobnionych populacji w zachod-
niej, centralnej i potudniowo-wschodniej czesci
kraju. W niniejszej pracy badano trendy liczeb-
nosci wodniczki w latach 1969-2013 w 38 matych
populacjach zlokalizowanych w czterech regio-
nach Polski (Fig. 1, Appendix 1). Ogdélna liczeb-
no$¢ wodniczki w badanym okresie wyraZznie
spadia, jednak dynamika liczebnosci réznila sie
wyraznie miedzy regionami: stwierdzono stabilne
populacje w poludniowo-wschodniej czesci kraju,
umiarkowany spadek w poéocno-wschodniej
czesci oraz silny spadek na zachodzie i w centrum
(Fig. 2, 3). W okresie objetym badaniami 19 z 38
populacji wymarto (11 na zachodzie, dwie w
centrum i cztery w péinocno-wschodniej Polsce),
jednak pie¢ z tych lokalizacji zostato zrekolonizo-
wanych w pézniejszych latach, co wskazuje na
dynamike o charakterze metapopulacji. By zla-
godzi¢ negatywne trendy i zminimalizowad
wymieranie lokalnych populacji w zachodniej i
centralnej czedci kraju, konieczne jest popra-
wienie dyspersji miedzy duzymi populacjami na
wschodzie a matymi w centralnej i zachodniej
Polsce.
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Appendix 1. Characteristics of 38 sites occupied by the Aquatic Warbler populations in Poland, used in the modelling.

Site Region Ycoord, N counts Years Abund. Dynamics Source
Xcoord min, max
1. Karsiborska Kepa w 53.867; 14 1991- 0, 100 Extinct 6,7,9, 12,13, 14, 16, 18,19,
14.333 2012 20, 21,22, 26, 27, 28, 34, 35,
37, 38, 39, 40, 43, 44, 45
2. Zajecze tegi, Karsibor w 53.850; 14 1991- 0, 100 Extinct, 6,7,9, 12,13, 14, 16, 18,
14.417 2012 recolonized, 19, 20, 21, 22, 26, 27, 28,34,
extinct 35, 37, 38, 39, 40,43, 44, 45
3. Wolinski Park Narodowy w 53.900; 14 1989- 0, 83 - 6,7,9, 12,13, 14, 16, 18, 19,
14.350 2013 20, 21, 22, 26, 27, 28, 34, 35,
37, 38, 39, 40, 43, 44, 45
4. kaki Skoszewskie w 53.750; 4 1991- 0,10 Extinct, 6,7,9, 13,19, 20, 21, 26,
14.583 2000 recolonized 38, 44
5. Pélwysep Row 53.817; 7 1989- 0, 20 Extinct 6,7,9, 13,19, 20, 21, 26, 27,
14.583 2009 28, 38, 44
6. Bagna Rozwarowskie 53.917; 1991- 4,60 - 6,7,8,9, 12, 13, 14, 16, 18,
14.750 2013 19, 20, 22, 26, 27, 28, 29, 35,
38, 39, 40, 41, 43, 44, 45
7. Bagna Struskie w 53.617; 5 1991- 0,7 Extinct, 6,7,9, 13, 14, 19, 20, 21, 26,
14.617 1999 recolonized, 43, 44, 53
extinct
8. Lubnica, k. Daleszewa w 53.317; 3 1991- 0,2 Extinct 6,7,9, 13, 20, 23, 25, 26, 42
14.517 1997
9. Zabnica w 53.267; 3 1991- 0,1 Extinct 6,7,9, 13, 20, 23, 25, 26, 42
14.483 1997
10. Miedzyodrze k. Gryfina w 53.267; 13 1991- 0,15 Extinct 6,7,9, 13, 20, 24, 25, 26, 30,
14.417 2009 44
11. Krajnik w 53.250; 15 1930- 0, 150 - 6,7,9, 13, 20, 24, 25, 26, 30,
14.450 2013 44
12. Jez. Miedwie, Turze W 53.200; 15 1969— 0,17 Extinct 6,7,9, 13, 14, 15, 16, 18, 20,
14.917 2012 21, 26, 27, 28, 35, 38, 40, 42,
43, 44, 45
13. Dol. Regi k. Wiodarki 54.100; 5 1991- 0,6 Extinct 6,7,9, 13, 20, 44
15.233 2004
14. Miedzywodzie 54.000; 4 1990- 0,3 Extinct 6,7,9, 13, 20, 44
14.700 1997
15. Ujscie Warty w 52.550; 26 1969- 0, 45 Extinct, 1,9, 13, 16, 17, 20, 21, 26, 27,
14.750 2013 recolonized, 28, 33, 35, 38, 39, 42, 43, 45
extinct
16. Dol. Srodkowej Warty C 52.183; 34 1960- 0, 50 Extinct 3, 26, 47
17.900 2013
17. Bagna Kramskie C 52.267; 27 1972—- 0, 300 Extinct 3, 26, 46
18.367 2013
18. Dol. Noteci k. Krostkowa C 53.083; 3 2010- 1,6 - 26, 50
17.183 2013
19. Dol. Noteci k. Trzebicza (¢} 52.817; 2 1982- 1,2 - 3, 26, 51
15.733 2011
20. Dol. Rowu Wysko¢ C 52.017; 1 1988 1 - 3
16.883
21. Zbiornik Jeziorsko-cofka C 51.717; 1 1990 1 - 3
18.650
22. Dol. Neru (¢} 52.083; 8 1996— 1,18 - 31
18.883 2009
23. Dol. Bzury C 52.100; 1 1975 15 - 48
19.400

Continued the next page....
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Site Region Ycoord, N counts Years Abund. Dynamics Source
Xcoord min, max

24. Nietlickie Bagno NE 53.897,; 7 1991- 0,10 Extinct 9,12, 13, 16, 20, 21, 27, 28,
21.801 2012 35, 39, 43, 45

25. Dolna Narew NE 52.760; 7 1978— 2,35 - 5,9, 11,12, 13, 14, 16, 20,
21.774 2012 21, 22, 27, 28, 32, 35, 38, 39,

43, 45

26. Gérna Narew NE 53.181; 7 1988- 17, 126 - 9, 11,12, 13, 14, 16, 20, 21,

22.943 2012 22,27, 28, 35, 36, 38, 39, 43,
45

27. Siemianéwka NE 52.916; 5 1978— 0,11 Extinct 9, 11,12, 13, 14, 16, 20, 21,
23.887 2012 22,27, 28, 35, 38, 39, 43, 45

28. Hajnowka NE 52.740; 8 1978— 0,85 Extinct 9, 11,12, 13, 14, 16, 20, 21,
23.586 2012 22, 27, 28, 35, 38, 39, 43, 45

29. Bagno Wizna NE 53.158; 6 1989— 7,79 - 4,9, 11,12, 13, 14, 16, 20, 21,
22.451 2012 22, 27, 28, 35, 38, 39, 43, 45

30. Kampinos NE 52.326; 4 1996— 0,3 Extinct 9,12, 13, 16, 20, 21, 27, 28,
20.684 2012 35, 39, 43, 45

31. Dol. Szkwy i Omulwi NE 53.335; 6 1995— 0,85 Extinct, 9,12, 13, 16, 20, 21, 27, 28,
21.111 2012 recolonized 35, 39, 43, 45

32. Ciesacin SE 51.366; 3 1997—- 1,7 - 9,12, 13, 16, 20, 27, 28, 35,
23.119 2012 39, 43, 45, 49

33. Gotéwka SE 51.180; 4 1986— 21, 96 - 9,12, 13, 16, 20, 27, 28, 35,
23.548 2012 39, 43, 45, 49

34. Btota Serybryskie SE 51.172; 3 1986— 38,70 - 9,12, 13, 16, 20, 21, 27, 28,
23.529 2012 35, 39, 43, 45, 49

35. Brzezno SE 51.165; 4 1986— 3,22 - 9,12, 13, 16, 20, 21, 27, 28,
23.630 35, 39, 43, 45, 49

36. Roskosz SE 51.107; 4 1986— 53, 178 - 9,12, 13, 16, 20, 27, 28, 35,
23.716 2012 39, 43, 45, 49

37. Bubnéw SE 51.359; 6 1986— 38, 340 - 9,12, 13, 16, 20, 27, 28, 35,
23.298 2012 39, 43, 45, 49

38. Staw SE 51.343; 6 1986- 12,131 - 9,12, 13, 16, 20, 27, 28, 35,
23.329 2012 39, 43, 45, 49
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