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»No water, no life. No blue, no green.«

Sylvia Earle



1. Uvodni komentar

1.1. Uvod

Poznatky ziskané na zakladé studii habitatovych preferenci riznych skupin ¢i konkrétnich
druhii zivocichl jsou pro nas dualezité ze dvou hlavnich divodid. Jednak zjistujeme jejich
naroky na prostiedi a dozvidame se tak dilezitou informaci o jejich ekologii, dale nam
umoznuji vyuzit je pii praktické ochrané, zejména k tvorbé plant péce o maloplo$na chranéna
tizemi (MCHU) ¢& dalsich managementovych opatieni (Lohmus 2003). Ptaci jsou jednou
z nejvhodnéjsich skupin pro hodnoceni kvality prostfedi (habitat), a proto studium jejich
habitatovych preferenci ptinasi zaroven informaci o stavu habitatl v ramci studovanych
ekosystému (BirdLife International / European Bird Census Council 2000). Vodni a mokiadni
druhy patii mezi nejohrozengjsi skupiny ptaki (Cizkova et. al. 2017), stejné tak jako moktady
predstavuji jedny ze svétoveé nejohrozenéjsich ekosystémi (Karakas 2017, Nergis and Durmus
2017). Detailni posouzeni kvality ekosystémi — na zaklad¢ vyskytu a po¢etnosti jednotlivych
druhii ptaka, tak mize vyznamné piispét ke zvySeni efektivity jejich ochrany.

Studijni izemi pro tuto praci tvotila CHKO Cesky raj a jeji okoli a nékolik lokalit bylo
umisténo téz v ptaci oblasti Rozd’alovické rybniky, kterd je soucasti soustavy chranénych
uzemi Natura 2000. Cilem prace bylo krom¢ stanoveni vlivu vybranych faktor na pocetnost
ptakt, také poukézat na moZnosti vyuziti ziskanych vysledkli v ochrané studovanych lokalit,
zvlasté pak na lokalit¢ Sedmihorské slatiny, kde je pfipravovano vyhlaseni tzemi za pfirodni

pamatku (PP).

1.2. Charakter studované oblasti

Ackoliv v CHKO Cesky raj dominuji vice lesni ekosystémy a fenomén piskovcovych
skalnich mést, mokiady pokryvaji vyznamnou c¢ast rozlohy uzemi a jsou jeji dulezitou
soucasti.! 1 toto tizemi vSak bylo v minulém stoleti vyznamné ovlivnéno intenzivnim
odvodnovanim. Oblast lezi v povodi Labe, pfevazujicimi dil¢imi povodimi je feka Jizera,
ktera zde tvoii hlavni fi¢ni tepnu, a ¢astecné téz feka Cidlina. Z dal$ich vodnich systému se

zde nachazi dva vyznamné toky ustici do feky Jizery — fi¢ka Libuiika a Zehrovka. Na Gizemi

! http://webgis.nature.cz/mapomat



CHKO se nachazi nékolik desitek rybnikti — v povodi Liburiky jsou to Hrudka, Rokytnicky
(Rokytiak), Bazantnik, Pilsky a Smichoustv, V povodi Zehrovky potom Patez, Dolsky,
Nebakov, Podseminsky, Vidlak, Kréak, Vézicky (Vézak), soustava rybnikti u Zehrova
(Zezulak, Lapek, Dolni a Horni rybnik), Obé&$enec a Zabakor. Ze zbyvajicich jsou na zakladé
rozlohy vyznamné Jinolické rybniky (Oborsky, Némecek a Vrazda) a Komarovsky rybnik,
mimo CHKO vramci studované oblasti pak Cervensky rybnik u Dolniho Bousova a
Ostruzenské rybniky u Ji¢ina. Kromé rybnik se v oblasti nachazeji rizné typy mokiada
situovanych Casto v zemédé€lské krajing, kde tvofi viceméné zbytky ptivodné rozsahlejsich
podmécenych tizemi vétSinou v podobé terestrickych rakosin (dvé rozlehlejsi slatiniste —
Libunecké raselinisté a Sedmihorské slatiny (Obr. 1) a rizné drobné mokiady v polich,
situované zejména v nivé Libuiiky a Zehrovky) & zarostlych odvodiovacich ptikopt (tzv.
liniové moktady), ale setkdme se zde také se slatiniSti v lesnich udolich (napf. u rybnika
Kréak). Za dulezit¢é povazuji zminit prameny, které jsou vyznamnym zdrojem vody
pro nekteré studované moktady (napi. Sedmihorské slatiny). V oblasti se nachazi také luzni
lesy, ty viak nebyly pfedmétem této studie.? Rada zminénych lokalit je soucasti MCHU a
mokftady jsou zde i pfedmétem ochrany — v ramci CHKO napiiklad PR Podtrosecka tdoli, PR
Zabakor nebo PP Libunecké raselinisté, mimo CHKO se jedna o PP Ostruzenské rybniky.®

V ptaci oblasti Rozd’alovické rybniky jsou mokiady, zejména pak rybniky, stézejnimi
ekosystémy spolu slesy pokryvajicimi pfevaznou cast tUzemi. V minulosti se
Vv regionu nachazelo rybniku vice. Dnes jich v rozsahu ptaci oblasti nalezneme zhruba tfi
desitky (napt. Pilsky, Hasina, Bucicky, Zrcadlo, Kojetin, Necasky, Komarovsky, Vrazda,
Pusty, Jakubsky).* Nékteré rybniky jsou rovnéz chranéné jako MCHU — PP Dymokursko a PP
Rybnik Kojetin.? Jedinym vyznamnéj§im tokem v oblasti je feka Mrlina.

Pro tuto studii bylo vybrano celkem 34 mokiadi rizné rozlohy a typu (rybniky, polni
mokiady (S nadrzi), slatinisté a liniové mokiady) (Tab. | a Obr. 2-6, Piilohy + ESM1 a ESM3,

viz. pfilozeny manuskript).

2 http://ceskyraj.ochranaprirody.cz/charakteristika-oblasti/vodopis
3 http://webgis.nature.cz/mapomat

4 http://www.rozdalovickerybniky.eu



1.3. Vztah prace k izemi Sedmihorskych slatin

Tato magisterskd prace vznikla v navaznosti na prechozi bakalaisky projekt na téma
,Revitalizace mokiadu u Sedmihorek v CHKO Cesky raj“ (v praci nyni uZivany nazev
Sedmihorské slatiny). Zpracovani projektu revitalizace a samotna realizace by mély
probéhnout béhem nékolika nasledujicich let, nasledné je v planu Agentury ochrany pfirody a
krajiny (AOPK) CR lokalitu vyhlasit za MCHU jako piirodni pamétku.

Lokalita je jednozna¢né vyznamna z hlediska zoologického, zvlasté bohata je zde
avifauna (Stastny 2015). V této praci bych rad na zakladé studie zaméfené na habitatové
preference ptaki na mokiadech v regionu (v€etné lokality Sedmihorskych slatin), navrhl
konkrétni managementova opatieni vedouci k dosazeni optimdlnich podminek pro hnizdéni
ptaka v celé jeji rozloze. Prace tak piedstavuje jeden z klicovych podkladovych dokumentt
jak pro pfipravovany projekt revitalizace, tak nasledny Navrh na vyhlaseni a plan péce o PP

Sedmihorské slatiny.

1.4. Vyuziti vysledkl v ochrané ptirody studované oblasti

Studované mokiady v fad¢€ ptipadli nevykazuji dle vysledkii nasi studie optimalni prostiedi
pro moktadni spoleCenstva ptakt (viz. pfilozeny manuskript). Jedna se jak o chranéné, tak
nechranéné lokality, a nabizi se proto rtizné zpusoby péce o tyto lokality, piipadné i jejich
rozsahlej§i revitalizace. Moznosti zvySeni atraktivity konkrétnich lokalit pro mokiadni
spoleCenstva ptaki jsou ramcové uvedeny v Tab. | nize. Navrhy byly provedeny na zakladé
znalosti jednotlivych lokalit z terénu a vysledkd nasi studie (viz. pfiloZeny manuskript).
Nicméné, jakymkoliv navrhovanym upravam prostiedi musi vZdy predchazet
komplexni prizkum lokality, aby nedoSlo Kk neofekavanému negativnimu vlivu

na ostatni skupiny zivo€ichu ¢i pritomnou floru.



Tab. I. Charakteristika studovanych moktadi a navrhy zlepSeni jejich stavu s ohledem
na spolecenstva mokiadnich druhd ptakt. pm (n) — polni mokiad (s nadrzi), r — rybnik,
Im — liniovy mokfad, s — slatinist¢; CHKO — chranénad krajinnd oblast, PR — pfirodni
rezervace, PP — pfirodni pamatka, PO — ptaci oblast; o / O - velikost mokiadu </ > 10 ha,

¢ - trvala oteviena vodni plocha, ~ - podmacéena moktadni vegetace.

Nazev mokiadu Typ Ochrana Soucasny Navrh Specifikace navrhu
mokradu stav na zlepsSeni
prostredi prostiedi
=
g 2. 2 o
5 sZ % o
2

Doubravice pm CHKO ox A + 4+
Rybnik Hrudka r CHKO, PR oé~x A +
Pod Rokytiidkem pm CHKO o N
Rokytnice pm CHKO o A +
Valdstejnsko Im CHKO o N
Za Rokytiiakem pm CHKO o A +
Javornice Im CHKO o A +
Rybnik K¥izak r oé~ N
Libunecké raSelinisté S CHKO, PP oé N
Lis¢i Kotce pm o A +
Stépanovice pm ox A +
Sedmihorké slatiny S CHKO O= A + +
Sekerkovy Loucky pm ox A +
Maly Porak Im o N
OstruZensky rybnik r PP Oeé~ A +
Rybnik Turecka r PP Oeé~ N
Rybnik Brodek r oéx A +
Novy rybnik r Oeé~ A +
Nad Novym rybnikem pm o= A + +
Komarovsky rybnik r CHKO Oeé~ A +
Vesec u Sobotky r CHKO oé N
Vesela pm o= A +
Piestavlky r oé~x A +



Nazev mokiadu Typ Ochrana  Soucasny Navrh Specifikace navrhu

mokiadu stav na zlepseni
prostiredi prostiredi
=
é S = )
— ~ ]
O > %w‘D = %
5E 258 E S
E5 895 & £
»o P 2 >
> sZ 7 2
< BT X
Rybnik Zabakor r CHKO, PR Oeé~ A +
Vsen pmn XX N
Cervensky rybnik r Oe A +
Zamosti, Vydalov-dim pm o N
Zamosti, Vydalov-pole pm ox A + 4+
Zamosti, Blata pm CHKO o= A + 4+
Kréak S CHKO, PR o= N
Bezedna S CHKO o N
Rybnik Kojetin r PO, PP oé~x N
Rybnik Zrcadlo r PO Oeé~ A +
Lohovsky rybnik Im PO Oeé~ N

v

Zvyseni uzemni ochrany je az na jeden pripad (Komarovsky rybnik — rozsiteni 1. zony
CHKO) navrzeno vyhlagenim MCHU. Davodem je zjiiténa vysoka kvalita t&chto lokalit
b&hem studie. Upravy managementu spoéivaji zejména v zamezeni nezddouciho nadmérného
Sifeni dfevin do porostu rakosin a tim sniZujicich jejich rozlohu. Rozsifeni je navrZeno u téch
mokftadul, které nedosahuji zjisténé optimalni minimalni rozlohy 10 ha a dovoluji to okolni
podminky. Revitalizace by pak z velké ¢asti znamenala kompenzaci v soucasné dobé¢ vice
¢i méné degradovanych mokiadi vlivem melioraci (tvorba tini), pfipadné provedeni zasahti
vedoucich ke zvyseni hladiny podpovrchové vody, a tim zamokteni mokiadni vegetace.

Obecné u velké Casti studovanych moktadi chybi jejich propojeni s okolni krajinou,
respektive podobnymi habitaty (56 %). V naprosté vétsing je vSak tato situace tézko feSitelna
kvali velké vzdalenosti mezi témito habitaty a silné fragmentaci dopravou. Typickym
ptikladem je lokalita Rybnik Kojetin pfedstavujici kompletn€ izolovanou plosku (biocentrum)
Vintenzivni zeméd¢lské krajing, ktera je zaroven piirodni pamatkou, a nevyhovuje tak
principim vhodného designu rezervaci, které by mély byt propojeny (Primack 2012).
V souvislosti s uvedenymi problémy, nizkému poctu mokiadi v krajiné a velkymi
vzdalenostmi mezi nimi, by Vvramci studované oblasti mély byt podporovany projekty

zamétené také na vytvareni novych moktadu.



1.4.1. Optimalizace managementu v piipravované PP Sedmihorské slatiny

Ackoliv lokalita byla v nékterych ohledech vyhodnocena jako jedna z nejkvalitnéjSich
(nejvyssi pocet druh na mokiad, druhy nejvyssi Shannondv index diverzity), zdaleka ne
vSechny pritomné habitaty predstavuji dle naSi studie optimalni prostfedi pro typicky
mokiadni druhy — dle analyz pouze jeden z celkovych deviti s¢itacich bodi — bod ¢&. 20,
Fig. 4, viz. ptilozeny manuskript (Obr. 7 a, b, Ptilohy). Tento bod hostil rovnéz nejvyssi pocet
zvlasté chranénych druhli (n=6) a nejvyssi pocet typicky moktadnich druhl (n=8, ostatni —
rozsah 0-3). To, Ze se jedna o nejhodnotnéjsi ¢ast lokality, dokazuje i pravidelny vyskyt paru
kriticky ohrozeného jetaba popelavého (Grus grus) v hnizdnim obdobi jiz po dobu nékolika
let. Prostiedi zminéného bodu lze charakterizovat nasledovné — jediny bod v ramci lokality
s otevienou vodni plochou (pokryvajici vSak pouze 1 % zrozlohy scitaciho bodu) a
zaroven jediny s nejvys$im indexem podmaceni mokiadni vegetace (tj. rozsahla podmacena
plocha) a 5 % zapojem kef.

Na zaklad¢ vyse uvedenych vysledki ornitologického monitoringu povazuji prostredi
zminéného bodu v ramci lokality Sedmihorskych slatin za vzorové a spolu s celkovymi
vysledky studie (viz. ptilozeny manuskript) jako dobry zaklad pro stanoveni budouciho
managementu na této lokalit¢. Opét je v§ak nutné provést nejdiive komplexni prizkum

lokality (AOPK CR v sou¢asné dob& monitoringy ostatnich skupin Zivo¢ichli provadi a je

v planu i botanicky priizkum — Cejka in verb.).

Obr. 1. Lokalita Sedmihorské slatiny z pta¢i perspektivy. Foto: V. St’astny.
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V nasledujicich bodech shrnuji konkrétni navrhy na zlepSeni prostfedi lokality Sedmihorské

slatiny pro spole¢enstva mokfadnich druhti ptaku:

Provedeni revitalizace v zapadni ¢asti izemi jednak piehrazenim odvodiovacich
kanald a zajisténim nefunk¢nosti drenazniho systému (zvySeni hladiny podpovrchové
vody), jednak vytvofenim soustavy tini o ruzné velikosti a hloubce, S minimalné
jednou tani vétsi rozlohy vhodné pro hnizdéni vodnich druhti ptaka (napf. kachen).
Vice viz konkrétni navrh revitalizace — Stastny 2015 (s nékolika zdsadnimi ipravami
— a) Ve fazi revitaliza¢nich opatieni provést pouze strzeni svrchni drnové vrstvy se
zachovanim pudniho profilu a tomu nasledné pfizptsobit i hloubku budovanych tini
s dosazenim stejnych parametri jako v pfedchozim navrhu, b) nejvétsi tin nemusi byt
tak rozsdhla a miiZze byt nahrazena 1 dvéma menSimi, dilezité je vSak zajiSténi alespon
jedné ¢i dvou trvalych tini v ramci Gizemi S vodou po cely rok).

Diky revitalizaci by mélo dojit k rozsifeni Gizemi s viditelnym podmacenim
mokiadni vegetace a ke zvyseni celkové rozlohy oteviené vodni plochy na mokiadu,
coz by dle vysledkii nasi studie mélo vést ke zvySeni poctu teritorii mokiadnich
(i typicky vodnich) druht ptakt. Podle Nadeau and Conway (2015) je hydrologicky
rezim mokiadu pro tyto druhy klicovy.

ZvySeni izemni ochrany mokradu jeho vyhliaSenim za prirodni pamatku v celém
jeho rozsahu a stanoveni vhodného managementu v planu péce. Management by
spocival v pravidelném prifezu okraji pfitomnych drobnych lesikli a skupin stromi,
aby se zabranilo jejich nezddoucimu nadmérnému $ifeni do porostu rakosin. Zmlazeni
V téchto porostech je rovnéz piinosné pro né€které hnizdici moktadni ptaky, napf.
slavika modracka (Luscinia svecica) (Chutny in verb.). Nicméné, ponechavani
solitérnich jedinct dfevin V rakosing, stejné tak jako udrzovani lesikii ve stavajici
rozloze, prispéje ke zvySeni druhové diverzity ptaka. Vzhledem Kk ptitomnosti
frekventované silnice a Zelezni¢ni trati v bezprostiedni blizkosti mokiadu je vhodné
udrzovat v prostoru pod trati vV soucasnosti jiz pfitomny pas naletovych dievin tvotici
ptirodni protihlukovou bariéru a alespon caste¢né tak zmirnujici negativni vliv hluku
z dopravy (Fahrig and Rytwinski 2009). Pramenisté¢ a okolni podmacené rakosiny
S otevienou vodni plochou (oblast zminovana jako vzorova pro management lokality)
by mély byt nadale ponechany pfirozené renaturaci a nové vzniklé vodni plochy
v ramci revitalizace dle potieby udrzovany tak, aby byla v ramci uzemi stale zajisténa

urcita plocha s otevienou vodni hladinou.
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Obr. 5. Lokalita Kréak — slatinisté. Foto: V. Stastny.

Obr. 6. Lokalita Maly Porak — liniovy mokiad. Foto: V. Stastny.
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Obr. 7. Lokalita Sedmihorské slatiny — s¢itaci bod reprezentujici mokfadni habitat vysoké
kvality v centralni ¢asti lokality (a) a bod reprezentujici mokfadni habitat nizké kvality

v zapadni &asti lokality (oblast s navrhovanou revitalizaci) (b). Foto: V. Stastny.
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Abstract

Comprehensive studies on habitat preferences of wetland bird communities focussing on
European reed-bed avifauna have been relatively scarce. We collected data on avian
communities from 79 observational points distributed within 34 wetlands in north of the
Czech Republic ranging in size from 0.76 to 70.42 ha, and relevant set of environmental
factors (general, protection, size and distance characteristics, landscape characteristics, water
regime and vegetation structure). We compared habitat use among wetland bird species in
relation to these factors and tested their effect on species diversity and proportion of specially
protected species. We found a significant effect of proportion of open water surface and bush
cover, distance to open water surface and vegetation wetness index on the structure of avian
communities. Shannon diversity index positively correlated with increasing proportion of
bush cover, presence of neighbouring open water surface and with increasing area of wetland
vegetation. The proportion of specially protected species increased with 1) decreased
proportion of tree cover and number of timber species, 2) increased distance to road and
3) vegetation wetness index, 4) absence of neighbouring forest habitat or woodland landscape,
5) presence of open water surface and 6) absence of connection with other wetlands,
7) absence of the protected landscape area by the law and 8) increasing area of wetland.
Results suggest that wetland quality is largely determined by water regime, vegetation
structure as well as location and size of wetland. We suggest use of the results in regional

practical nature conservation and recommend use in wider context.
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Introduction

Wetlands represent an important ecosystem providing many functions or ecosystem services,
e.g. supporting the balanced hydrological regime within landscape (Campbell and Ogden
1999). Around 20% of the world’s bird species depend on wetlands as habitats for feeding,
breeding, resting or overwintering (Rannestad et al. 2015). Wetlands are also most often
considered as areas of conservation interest mainly due to high conservation value of their
bird communities (Jenkins and Ormerod 2002). According to Tucker and Evans (1997) the
inland wetlands host high numbers of bird species with conservation priority.

However, more than 90% of wetlands in Europe has been already lost (Mitsch and
Gosselink 2000). They have disappeared even faster than most other landscape types
(Rannestad et al. 2015) and they are one of the most endangered ecosystems around the world
(Karakas 2017, Nergis and Durmus 2017). Inland wetlands are potentially threatened mostly
by drainage and land-claim, inappropriate vegetation management and introducing of non-
native species (Tucker and Evans 1997). Fragmentation of natural habitats caused that
wetlands are often like islands surrounded by croplands or urbanized areas (Celada and
Bogliani 1993). These remaining patches may be too isolated, too small, and too influenced
by edge effects to provide environment for viable populations of breeding birds (Johnson
2001). Drainage also very often led to disappearance of many temporary wetlands within
agricultural landscapes in the past (Tews et al. 2004). They can also easily disappear due to
droughts as a response to climate change (Piarce-Higgins and Grant 2006).

Increasing intensity of human utilization of the environment (e.g. wetland destruction)
and losses of wetlands have caused declines of particular bird species (BirdLife
International/European Bird Census Council 2000, Cooper and Moore 2003, Nergis and
Durmus 2017). It has negatively affected also waterbirds depending on wetland habitats (Ma
et al. 2010). Temporary wetlands within agricultural landscapes were, however, recognised as
example of keystone structure and their conservation would help to maintain a high level of
biodiversity (Tews et al. 2004). According to this study they are useful during integration of

biodiversity conservation of conventional land use.
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Birds are good indicators of the environmental stress (Buckton and Ormerod 1997,
Tucker and Evans 1997, Fuller et al. 2005) and due to their widespread distribution, they can
be used as indicators of change in the wider environment (BirdLife International/European
Bird Census Council 2000). A key for understanding the presence of breeding birds in
particular habitat is the knowledge of relative importance of different factors, such as
variables at habitat and landscape scale (Baldi 2006) as well as the relationships of birds to
vegetation cover (Pearce-Higgins and Grant 2006).

Comprehensive studies on habitat preferences (for definition see Morrison et al. 2006)
of wetland bird communities and researches focused specifically on European reed-bed
(Fragmites sp.) avifauna are still scarce. Tews et al. (2004) reviewed studies based on the
relationship between habitat heterogeneity and animal species diversity and although he found
high proportion of papers about avian fauna, in the proportion of ecosystems, the papers about
wetlands were also scarce. Studies have been focused on habitat preferences on the landscape
level studying the preferences among different habitats (e.g. Fuller et al. 2005), on the habitat
level there have been published studies related to wetlands, however, many of them dealt with
the influence of fragmentation on birds (e.g. Celada and Bogliani 1993, Johnson 2001) or for
instance were focused on waterbird populations as a specific species group of wetland birds
(e.g. Bolduc and Afton 2008) or other type of wetlands (e.g. Buckton and Ormerod 1997 -
upland rivers, Pearce-Higgins and Grant 2006 — moorlands). Some studies have dealt with
reed-nesting passerine birds, but in focus on influence of reed-bed edges (Baldi and
Kisbenedek 1999) or reed archipelago (Baldi 2006).

Studies on habitat preferences are essential for establishing proper management for
animal populations (Léhmus 2003). According to this study, effective management should
also consider in habitat studies often overlooked aspects of spatial and temporal patterns of
habitat relationships and use the ecosystem-based approach. Complex habitat quality of
wetland can be enhanced only when assessing particular priorities and trade-offs among
different species and groups of conservation concern. Due to differences among regions,
previous research is needed to create a specific guidance (Ma et al. 2010). Overall,
biodiversity conservation is one of the main aims of wetlands management (Bobbink et al.
2006).

The aims of our study were: (1) to assess species diversity and bird community
structure of wetland bird communities of different size, type, quality and in specific locations

within landscape of northeastern Bohemia, (2) to compare habitat use among wetland bird
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species in relation to set of environmental factors (general, nature conservation, size and
distance characteristics and landscape, landscape water and vegetation factors), (3) to test the
effect of environmental factors on species diversity and proportion of specially protected
species on wetlands and (4) based on our results to point out their usability in nature

conservation, both in studied region and also in wider context.

Materials and methods

Study area

The research was performed in 34 wetlands of the northeast Bohemia in the Czech Republic
(Fig. 1). The study area reached approximately 378.1 km?. However, the studied wetlands
represented only 4.2 km? (1.1%) of the whole surface and the area of all observational points
covered 56.75 ha (13.6%) from these wetlands.

Wetlands were mostly situated in the Bohemian Paradise, Protected Landscape Area
(PLA) and within its surrounding. Three wetlands were situated approximately 15 km apart
from the others in the Rozd’alovice Ponds, Special Protection Area - Important Bird and
Biodiversity Area (IBA) that is part of the NATURA 2000 network. Basically, the Bohemian
Paradise PLA is formed by harmonically created cultural hilly landscape with typical
sandstone rock towns and significant representation of forests. In comparison, the
Rozd’alovice Ponds IBA is situated within a flat landscape with very low human population
density that is essentially formed by complex of forests and ponds. The area of wetlands
within the study area is nowadays smaller than in the past mainly due to the influence of
amelioration in 20th century as well as in other parts of Czech Republic and Europe or in the
world (Dugan 1993, Mitsch and Gosselink 2000, Millennium ecosystem assessment 2005).
Therefore, the wetlands within the study area represent leftovers within fragmented the
woodland-agricultural landscape.

Wetland localities included in the research were chosen based on aerial map and
knowledge of the area. Wetlands of different types and sizes were selected. The proportion in
types of wetlands was: fish-ponds (n=13) or others containing a reservoir (n=1), wetlands
formed by isolated reed-beds situated along watercourse, within forest or as residues within

the agricultural landscape (n=16) and peatlands (n=4) (ESM3). The wetland vegetation
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consisted predominantly of terrestrial reed (Phragmites sp.) - reed cover within observational
point reached median 70% (range 0—100). Areas of the chosen wetlands differed greatly from
0.76 hato 70.42 ha (median: 3.88 ha; 25 wetlands had lower size than 10 ha).

Altitude of the study area ranged between 210 to 341 meters above the sea level. The
study area falls into the zone with total year amount of precipitation between 600-1000 mm

and the mean year temperature 7-9 °C (743 mm and 7.7 °C in Turnov town).

Field work

In each wetland we put observational points (radius 50 meters, area 7854 m?) with buffer the
same size 50 meters. Around each wetland we placed also buffer 500 meters (Fig. 2). The
shortest distance between the edges of two observational points was also 50 meters to
eliminate the possibility of pseudo-replications, because most passerines nesting in wetlands
have a relatively small territory (Baldi and Kisbenedek 1999). In total we collected data from
79 observational points. Number of points per a wetland depended on its size (median:
2, range 1-5 and once 9). In general, each hectare of wetland vegetation in particular wetland
comprised one observational point, but in case of larger wetlands only several representative
points were placed (n=6). The concrete location of points was selected with respect to capture
the most representative parts of the wetlands.

The data of avian communities were collected during the two years 2016 (n=40
observational points) and 2017 (n=39 observational points). Each point was visited only in the
first or second year and three times per breeding season (between 20" and 30" April, 10" and
20" May and 1% and 10" June). Birds were observed from the centre of each observational
point. Every individual, which had been listened or watched within observational point during
the 15 minutes observational period, was immediately written down to a printed aerial shot of
the observational point with its approximate position. Bird observations were performed
between dawn and 10:30 a.m. The sequence of visits the certain wetlands and also
observational points within particular wetland was changed during three observations to
intercept activity of different bird species and count the wetland community as widely as
possible.

On every species at each observational point we collected two values - presence of
species (0/1) and number of territories, which was stated based on activity of individuals of

particular species (showed up interest for the area - e.g. sing, presence of pair or was observed
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with behaviour demonstrably showing the nesting - e.g. individual with food carrying to the
nest).

During each observation the data on maximal cloudiness (0-3), precipitation (0/1),
mean temperature (°C) and maximal wind (0-4) were collected. Maximal cloudiness greatly
varied (median: 2, range 0-3), observations were mostly without precipitations (86.1%), mean
temperature differed within the observation periods (medians and ranges: April: 2°C, 0-5°C;
May: 12°C, 5-14°C; June: 13°C, 11-17°C) and maximal wind reached mostly level 0 (none)
or level 1 (breeze) (in total 69.2%).

Assessment of environmental factors

In total 50 factors were collected or measured - factors related to the area of whole wetland
and to observational point, some factors were also related to the wetland buffer (500 meters)
or to the observational point buffer (50 meters). For simplification two superior groups of the
environmental factors were defined - wetland dataset (w) and observational point dataset (op).
Except for the group of general information as date, time and weather there were six different
groups of environmental factors being processed. Some of them were expressed as binomial
values (0/1) or as categorical levels (e.g. 0-2).
The complete list of the environmental factors consisted of:

(1) general: (w) name of wetland, x-coordinate and y-coordinate (S-JTSK Krovak) of
wetland, number of observational points, (op) name of observational point, x-coordinate and
y-coordinate (S-JTSK Krovak) and elevation of observational point; (2) protection: (w)
protection as PLA / IBA / small-scale PLA (0/1) as three separated factors and the protection
generally (presence of minimally one of these), (op) management (0-2); (3) size and distance
characteristics: (w) area of whole wetland (ha), area of open water surface (% and ha), area of
wetland vegetation (% and ha), distance to the nearest wetland (m), (op) distance to open
water surface / watercourse / road / railway / buildings (m); (4) landscape characteristics: (w)
woodland / agricultural landscape (0/1), hilliness (0-2), connection with other wetlands (0/1),
human population density (1-7), the largest settlement within the wetland buffer (0-3), (op)
number of natural fragments within observational point and its buffer, number of
neighbouring habitats within the observational point buffer (1-7), neighbouring forest habitat
(arable land / meadow / pasture) within the observational point buffer (0/1); (5) water regime:

(op) vegetation wetness (0/1) and vegetation wetness index (1-3), presence of watercourse /
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channel, open water surface (0/1 and %), neighbouring wetland / watercourse / open water
surface within the observational point buffer (0/1); (6) vegetation structure: (op) tree / bush /
herb cover (%), timber distribution (0-3), reed cover (m?), wetland vegetation cover (%),
number of timber species and non-wetland area (%).

Data for most of the environmental factors were gathered using a geographic
information system (software ArcGIS), rest of them were assessed in the field. Values for
most of factors were gathered once. Two factors (presence and level of the vegetation
wetness) were changing during breeding season and their values were gathered during each
particular visit of observational point. In general, each observational point as well as each
wetland were formed by two main parts - wetland vegetation cover and open water surface,
giving together 100% of the observational point area or the wetland area, respectively.
Eventually some parts of observational point were classified as non-wetland area, especially
in the cases of narrow or small wetlands when observational point had larger radius than the
width or size of wetland. Then all the other factors related to an observational point were
calculated only to wetland part of the observational point (e.g. if non-wetland area covered
20% of an observational point and half of the rest area of the observational point was covered
by open water surface or tree cover, it was calculated as 50% of area). In case of wetlands,
there was just one exception when wetland contained in addition also area with no vegetation
neither water surface - the locality Rybnik Turecka - a fishpond with very low level of water
surface. The distance factors related to observational point were measured from the centre of
observational point to the nearest point (edge) of relevant object, distance to the nearest
wetland was measured from the centroid of particular studied wetland to the edge of the
nearest wetland in landscape.

By mean, the ratio among the area of open water surface and the area of wetland
vegetation (w) in wetland was 1:4. The surrounding landscape of a wetland was mostly
slightly hilliness (n=15) or flat (n=12). 91% of the wetlands were situated only in agricultural
landscape and 38% in woodland landscape, 29% of these wetlands were situated in mixed
landscapes. Distance to nearest wetland in landscape was by mean (£ s.d.) 580 + 464 m (range
120-1948 m). Only 44% of studied wetlands were directly connected with surrounding
landscape. Most of the wetlands were situated in countryside with low population density, no
civilization in the 500 meters buffer was present only in 6 cases. 59% of the wetlands were
preserved as PLA, small-scale PLA or IBA.
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Medians for tree / bush / herb covers (op) reached 5, 5, and 95% respectively.
Representation of timber species greatly varied — timbers as solitaires (1) were present at 30
points, timbers in small groups (2) were present at 26 points, one group of timbers (3) was
present at 14 points (9 observational points were without timbers). Three the most dominant
timber species were willow (Salix sp.) (n=59), alder (Alnus sp.) (n=40) and ash (Fraxinus sp.)
(n=19). Median of wetland vegetation cover within an observational point reached 92%
(range 35-100%), open water surface was present within an observational point in 43% and
watercourse or channel in 58% of cases. No management was applied in 72% of cases.
Number of natural fragments within observational point and its buffer had median 5 (range
2-16) and the mean number of neighbouring habitats was 4 from total 7 habitats (forest was
present in 47%, wetland in 99%, watercourse in 59%, arable land in 51%, meadow in 63%,
pasture in 13% and open water surface in 43% of cases). The vegetation wetness was present
in 63% (water only in depressions: 23% - level 2, large waterlogged area: 41% - level 3), the

soil of the rest of observational points was dry or only wet (level 1).

Data analyses

Firstly, the original birds’ dataset based on three visits of the observational points (n=237
rows) was transformed into the observational point dataset (n=79 rows) that consisted of data
merged from three observations to get maximal number of territories per observational point.
Then we created the wetland dataset (n=34 rows) that consisted of data merged from the
previous dataset by pooling data from all points within one particular wetland by similar
manner as described above.

Subsequently, for both the datasets, we calculated three additional variables - number
of bird species, proportion of specially protected species according to the Czech law (the Act
No. 114/1992 Coll.) and Shannon diversity index after (Shannon 1948). In addition, we
calculated one more variable for wetland dataset — number of typical wetland species. Lastly,
we excluded from both these datasets (wetland dataset and observational point dataset)
species that had no territory (n=38) and rare species with only one territory (n=9) in whole
dataset (for typical wetland species, e.g. Eurasian Penduline Tit Remiz pendulinus, Gadwall
Anas strepera, Black-headed Gull Chroicocephalus ridibundus and Garganey Anas

querquedula with no territories and Common Snipe Gallinago gallinago and Bearded
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Reedling Panurus biarmicus with a single territory). Then we performed regression between
number of bird species and also only typical wetland species and area of whole wetland.
Multivariate data on the effect of environmental factors on composition of bird
community at observational points were calculated using variance partitioning by principal
coordinate analysis of neighbour matrices (PCNM) in Canoco 5 software (ter Braak and
Smilauer 2012), the method recently recommended by Marrot et al. (2015). This multivariate
analysis enabled us to separate the effect of space predictors (i.e., geographical position of
nest box) from the effect of primary predictors, further so-called environmental factors
(Legendre and Legendre 2012). The analysis included nine steps: 1) primary predictor test
(i.e., preliminary test of the overall effect of primary predictors on the dataset), 2) primary
predictor selection by partial redundancy analysis (RDA) using forward selection based on
partial Monte-Carlo permutation tests, 3) principal coordinate analysis (PCoA) based on
Euclidean distances (i.e., finding the main space predictors based on coordinates), 4) PCNM
for all predictors (i.e., preliminary test of the overall effect of space predictors on the dataset),
5) PCNM selection (i.e., the choice of space predictors based on coordinates using forward
selection and partial Monte-Carlo permutation tests), 6) spatial effects analysis (i.e., assessing
the amount of variability explained by space predictors), 7) primary predictor effects analysis
(i.e., assessing the amount of variability explained by primary predictors), 8) joint effects
analysis (i.e., assessing the amount of variability explained by both predictor types) and
9) removal of spatial effects (Smilauer and Leps 2014). The data unit was represented by each
observational point. Response variables were represented as numbers of territories of each
bird species within observational point (ESM2). As a covariate we used area of whole wetland
and percentage of non-wetland area at particular observational point. The x- and y-coordinates
(S-JTSK Krovak) of centres of observational points were used as the variables representing
spatial coordinates. The following factors were used as explanatory variables: elevation,
management, distance to open water surface, distance to watercourse, distance to road,
distance to railway, distance to buildings, number of natural fragments, number of
neighbouring habitats, neighbouring forest habitat, neighbouring arable land, neighbouring
meadow, neighbouring pasture, vegetation wetness, vegetation wetness index, presence of
watercourse / channel, presence and percentage of open water surface, neighbouring wetland,
neighbouring watercourse, neighbouring open water surface, tree cover, bush cover, herb

cover, timber distribution, reed cover, wetland vegetation cover, number of timber species and
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number of bird species. Statistical significance was obtained by Monte-Carlo permutation
tests under 499 permutations.

The effect of factors on Shannon diversity index and proportion of specially protected
species (dependent variables) was analysed for both datasets (observational point and wetland
dataset) using generalized linear mixed models (GLMM) in R 2.14 software (R Core Team
2013) using Imer function in package LME4. Because distribution of Shannon diversity
indices did not significantly differ from Gaussian distribution (Kolmogorov-Smirnov test,
maximal P=0.356), we used identity link function in these analyses. Distribution of
proportions of specially protected species differed in both cases from Gaussian distribution
(Kolmogorov-Smirnov test, P at least 0.002) and thus we used quasi models. In graphs we
used means + s.d. in cases, when the dependent variable did not differ from Gaussian
distribution. In other cases, we used medians and related parameters (25-75% of data, non-
outlier range). In the analyses with dataset from observational points, we used random factor
name of wetland and covariate percentage of non-wetland area within observational point. We
used following independent variables: area of whole wetland, presence of watercourse /
channel, distance to open water surface, distance to watercourse, distance to road, distance to
railway, distance to buildings, number of timber species, tree cover, bush cover, herb cover,
reed cover, wetland vegetation cover, presence and percentage of open water surface, number
of natural fragments, number of neighbouring habitats, neighbouring forest habitat,
neighbouring wetland, neighbouring watercourse, neighbouring arable land, neighbouring
meadow, neighbouring pasture, neighbouring open water surface, vegetation wetness index,
management and timber distribution.

In the analyses with dataset from wetlands, we used number of observational points as
a covariate. We used following independent variables: area of wetland, area of open water
surface, area of wetland vegetation, protection as small-scale PLA, protection as IBA,
protection as PLA, protection generally, presence of woodland landscape, presence of
agricultural landscape, distance to the nearest wetland, connection with other wetlands,
hilliness, the largest settlement within the wetland buffer and human population density.

In both analyses, we used forward selection of factors based on AIC values, starting

with creating a null model only with random factors / covariates.
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Results

In total 2 153 adult individuals of 94 bird species were observed (56 species with minimum
one territory), including 30 species that were specially protected (4 critically endangered,
11 endangered and 15 vulnerable) according to the Czech law and 33 were species typical for
wetlands. In total 791 territories of birds were counted within all wetlands of which 14.7%
were territories of the specially protected species (median 6.3%, range 0.0-33.3). Number of
typical wetland bird species within wetlands reached median 5 (range 0-20). Within
observational points, we recorded median 14 bird species (range 6-23). Three the most
frequent species within observational point were Common Reed Bunting Emberiza
schoeniclus (n=66), Common Starling Sturnus vulgaris (n=55) and Reed Warbler
Acrocephalus scirpaceus (n=50) and within whole wetland they were represented by
Common Starling (n=30), Common Reed Bunting (n=29) and Eurasian Blue Tit Cyanistes
cearuleus (n=27). The first three species with highest density of territories within
observational point were Reed Warbler, Sedge Warbler Acrocephalus schoenobaenus and
Common Reed Bunting (ESM2).

Number of bird species (R?=0,45, F132=26,6, P < 0,001) as well as number of typical
wetland species (R?=0,58, F132=44,2, P < 0,001) were positively correlated with area of
whole wetland (Fig. 3).

Variance partitioning showed that environmental factors explained 10.2% of
variability, two spatial predictors (PCO 1 and 15) explained 3.2% of variability and shared
fraction was 0.3% of variability. From environmental factors, significant effect was found for
open water surface (pseudo-F=4.2, P=0.002), distance to open water surface (pseudo-F=1.7,
P=0.008), vegetation wetness index (pseudo-F=3.2, P=0.002) and bush cover (pseudo-F=3.3,
P=0.002). Open water surface was positively correlated (correlation coefficient 0.65) and
distance to open water surface was correlated negatively (-0.41) with the scores on the first
ordination axis. With increasing score on the first ordination axis, we also found increasing
vegetation wetness index at the observational point (Fig. 4a). Bush cover was significantly
positively correlated with the scores on the second ordination axis (0.68). Bird species were
clearly arranged along the first and second ordination axis. In general, typical wetland species
(e.g. Water Rail Rallus aquaticus, Great Reed Warbler Acrocephalus arundinaceus, Reed
Warbler, Savi’s Warbler Locustella luscinioides) were often recorded at observational points

with highest value of vegetation wetness index and increased proportion of open water
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surface. Typical waterbird species (e.g. Mute Swan Cygnus olor, Mallard Anas
platyrhynchos) were found at observational points with highest proportion of open water
surface. Abundance of common species increased at observational points with increased bush
cover (e.g. Eurasian Jay Garrulus glandarius, Great Spotted Woodpeck Dendrocopos major).
Some other species (e.g. Marsh Warbler Acrocephalus palustris, Common Grasshopper W.
Locustella naevia, Yellowhammer Emberiza citrinella) were found mainly at observational
points with low proportion of bush cover and with the minimal and intermediate vegetation
wetness index (Fig. 4a). When we looked at distribution of observational points of one
particular wetland in the graph, we found that in most cases the observational points had
different avifauna community composition (e.g. Sedmihorské slatiny [19-27], Cervensky
rybnik [57-61], but see Rybnik Zrcadlo [72-76], Fig. 4b, ESM3). On species score graphs,
based on dataset used for PCNM analysis, showing three couples of species the same species
family (Acrocephalidae, Emberizidae and Locustellidae) (Fig. 5), we can see that number of
territories of Reed Warbler, Common Reed Bunting and Savi’s Warbler increased with higher
vegetation wetness index in comparison to Marsh Warbler, Yellowhammer and Common
Grasshopper Warbler, of which number of territories was higher in observational points with
low vegetation wetness index.

Using GLMM analyses we tested both two datasets — observational point dataset and
wetland dataset. In the analysis using the observational point dataset and Shannon diversity
index as dependent variable two independent variables had significant effect — bush cover and
presence of neighbouring open water surface (Table 1). Bush cover was positively correlated
with Shannon diversity index (Fig. 6a) and presence of neighbouring open water surface also
led to increased Shannon diversity index (Fig. 6b). The second analysis based on the
observational point dataset and proportion of specially protected species as dependent variable
showed that six independent variables had significant effect — tree cover, distance to road,
presence of neighbouring forest, presence of open water surface, number of timber species
and vegetation wetness index (Table 1). Tree cover was negatively correlated with proportion
of specially protected species (Fig. 6¢) and distance to road was correlated positively (Fig.
6d). Presence of neighbouring forest caused lower (Fig. 6e) and presence of open water
surface within an observational point higher (Fig. 6f) proportion of specially protected species
than in case of absence. Number of timber species was negatively correlated with proportion
of specially protected species (Fig. 6g), however, positively correlated with tree cover

(rs=0.48, P=0.009). Lastly, proportion of specially protected species was increased with
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higher vegetation wetness index (Fig. 6h). In the analysis using the wetland dataset and
Shannon diversity index as dependent variable only area of wetland vegetation had significant
effect (Table 1). Area of wetland vegetation was positively correlated with Shannon diversity
index (Fig. 7a). The second analysis based on the wetland dataset and proportion of specially
protected species as dependent variable showed that four independent variables had
significant effect — presence of connection with other wetlands, area of whole wetland,
presence of protected landscape area and presence of woodland landscape (Table 1). Presence
of connection with other wetlands led to decrease of proportion of specially protected species
(Fig. 7b) and area of whole wetland was positively correlated with proportion of specially
protected species (Fig. 7c). Lastly, presence of protected landscape area as well as presence of
woodland landscape caused decreased proportion of specially protected species (Fig. 7d and
7e). Nonetheless, the percentage of explained variability in these analyses with both, the
observational point dataset and the wetland dataset, was always significantly higher with

Shannon diversity index as dependent variable (Table 1).

Discussion

High total number of bird species as well as number of specially protected species recorded
within the study wetlands is in agreement with previous findings (e.g. Tucker and Evans
1997, Tews et al. 2004). Presence of many rare species in wetlands relates to a scarcity of
these habitats (Fuller et al. 2005). Low proportion of typical wetland species was probably
caused often by small size of wetlands surrounded by landscape with non-wetland habitats
and in degraded wetlands by low habitat quality (ESM1). Great variability in number of bird
species among observational points reflected habitat quality of studied wetlands. The species
with negligible number of territories (0 or 1 territory) equalled 50% of total number of species
and contained also typical wetland species with decreasing population trend in the Czech
Republic (e.g. Common Snipe). In contrast, within the first twelve species with the highest
density of territories within observational points, three of them were specially protected
species — Water Rail, Savi’s Warbler and Bluethroat Luscinia svecica that also reflect their
increasing population trend in the Czech Republic. The most typical species (with the highest
densities or frequencies of occurrence at observational points / wetlands) were Common Reed

Bunting, Reed Warbler and Sedge Warbler, the species with increasing population trends in
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the Czech Republic (Stastny et al. 2006).

Positive correlation between area of whole wetland and number of bird species
(typical wetland species) is in accordance with previous results (e.g. Celada and Bogliani
1993). However, according to Johnson (2001), knowledge of area sensitivity of birds in
wetlands is still weak. His finding that habitat patches required by some species are many
times larger than the size of their territories could also pose a problem in case of small
wetlands as remaining patches within landscape, which can hardly offer optimal conditions
for breeding bird communities. We found stabilizing trend in number of bird species (typical
wetland species) in wetlands that’s area reached size approximately 10 ha.

In general, distribution of passerines across the reedbeds varies greatly among species
due to their different ecomorphology or habitat preferences (Baldi and Kisbenedek 1999). Our
results suggest that proportion of open water surface, bush cover and vegetation wetness
index figured as crucial factors influencing the whole wetland bird community. Typical
wetland species were abundant mostly in habitats with low proportion of bush cover, high
proportion of open water surface and with high vegetation wetness index. Therefore, avian
communities of observational points of one particular wetland often greatly differed among
each other, as a result of variability of habitat quality among observational points. For
example, the locality Sedmihorské slatiny that contained nine observational points, included
only one point that’s avian community was comparable with others high-quality observational
points of other wetlands. Based on this finding we suggest that proportion of suitable micro-
habitats within wetland may have substantial impact on shaping avian community of
wetlands. This is especially the case of water conditions that clearly showed (represented as
scores from multivariate analysis) its importance for chosen typical wetland species as Reed
Warbler, Common Reed Bunting and Savi’s Warbler.

At the observational point level, we found a positive effect of proportion of bush cover
and presence of neighbouring open water surface on Shannon diversity index. We suggest that
increased diversity was a result of increased habitat heterogeneity. However, in the case of
bush cover, we do not suppose further increase of diversity above particular bush cover due to
increasing habitat homogeneity (Tews et al. 2004). In accordance with Nadeau and Conway
(2015) who considered water regime as a critical factor of wetlands for many bird species, we
found a positive effect of open water surface presence and increasing vegetation wetness
index on the proportion of specially protected species. In contrast, decreasing proportion was

recorded within observational points with higher proportion of tree cover. Because wetland
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habitats, and especially reeds, host high number of bird species with high conservation
priority (Tucker and Evans 1997), increased proportion of trees probably caused decreased
proportion of reed vegetation and other typical wetland habitats and led to lower proportion of
specially protected species. Presence of forest on a larger scale (neighbouring forest and
presence of woodland landscape) caused decrease of the proportion of these species as well.
We suggest that woodlands probably cause the isolation of wetlands and thus decrease value
of wetland for typical wetland species, especially due to habitat closure. We expect this effect
may play a key role especially in very small wetlands, where are these negative conditions
accumulated. Positive correlation between proportion of specially protected species and
distance to the nearest road is in accordance with most previous studies considering roads as
element with negative or no effects on birds, affected mainly through traffic disturbance
(Fahrig and Rytwinski 2009).

At the whole wetland level, we found that increased area of wetland vegetation
increased Shannon diversity index that agree with results of other studies (e.g. Celada and
Bogliani 1993). Similar relationship was found between area of wetland and proportion of
specially protected species. Negative influence of presence of connection between wetlands
and presence of PLA on the proportion of specially protected species were against general
awareness and it was possible that these results partly reflect distribution of wetlands within
landscape or their selection in the beginning of the study. However, potentially these results
bring a big problem from view of the landscape-ecology due to negative aspects resulting
from the isolation of patches with the high proportion of endangered species caused by
agricultural intensification and landscape fragmentation (e.g. Bastian et al. 2002, Primack
2012). The second problem may be that even high-quality wetlands are still not protected (or
just not as PLA).

Studies on habitat preferences in fact indirectly show wetland habitats optima for
particular breeding bird species and therefore pose an important background for nature
conservation. Specifically, these findings should be implemented into management plans for
particular wetland localities as well as use within wetlands restoration or creation projects.
Management plans that may improve habitat quality should, however, use holistic (whole
ecosystem-based) approach assessing particular priorities and trade-offs among different
species and groups of conservation concern due to different requirements on the environment.
Restored wetlands benefit by diverse waterbird community and artificial wetlands can provide

alternative or complementary habitats for these species (Ma et al. 2010, Karakas 2017).
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Practical use of our study for nature conservation in the northeastern Bohemia was
also one of the main purpose of our research. Based on the results we suggest several key
steps for studied wetlands: 1) restoration of some wetlands (e.g. localities Sedmihorské slatiny
or Za Rokytiidkem), 2) higher protection (as small-scale PLA) of some wetlands as their
quality is comparable with other high-quality wetlands (e.g. localities Cervensky rybnik or
Rybnik Zrcadlo), 3) applying timber cross-section in some wetlands currently protected as
small-scale PLA (e.g. localities Rybnik Hrudka or Rybnik Zabakor), 4) extension of some
very small wetlands (e.g. localities Doubravice or Zamosti, Blata) and 5) improvement the
connectivity of some wetlands with surrounding landscape via bio-corridors (e.g. localities
Rybnik Kojetin or VSen) or new wetlands creation.

To conclude, avian community structure can be a reliable indicator of the wetland
quality. Wetlands that contain micro-habitats of good quality with functioning natural water
regime pose a key landscape structures for preserving high biodiversity within the landscape.
Although achievement of such conditions in particular wetlands requires high ambitions and
support in laws, it should be essentially the main purpose of studies related to habitat

preferences.
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Table 1. The effect of factors to diversity and proportion of specially protected species based

on data from observational points and whole wetland datasets (GLMM analyses, Shannon

diversity index - Gaussian models, % of specially protected species - quasi models). PLA -

protected landscape area.

Dependent N Independent variable df Chi beta % of P
variable explained
variability
Shannon 79 Bush cover (%) 45 129 0.64 20.7 <0.001
diversity
index
Neighbouring open 44 10.9 175 <0.001
water surface (0/1)
% of 79 Tree cover (%) 45 25.6 -0.54 4.2 <0.001
specially
protected
species
Distance to road (m) 44 144 0.82 2.4 0.002
Neighbouring forest 43 10.0 1.6 0.002
habitat (0/1)
Open water surface (0/1) 42 9.6 1.6 0.002
Number of timber 41 128 -0.38 2.1 <0.001
species (n)
Vegetation wetness 39 5.2 0.8 0.073
index
(1-3)
Shannon 34 Area of wetland 32 60 071 16.4 0.014
diversity vegetation (ha)
index
% of 34 Connection with other 31 81 3.1 0.005
specially wetlands (0/1)
protected
species
Area of whole wetland 30 40 0129 1.6 0.046
(ha)
PLA (0/1) 29 4.3 1.7 0.038
Woodland landscape 28 4.0 1.6 0.045

(0/1)
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Figure 1. Map of study area.

Figure 2. Methodology of gathering areas and distances for environmental factors used in

analyses.

Figure 3: Relationship between number of bird species (all species - full dots / typical wetland
species - empty dots) and area of whole wetland (ha).

Figure 4. Projection scores for bird species number of territories (a) and wetland localities (b)
in relation to environmental factors based on observational point dataset (n=79 points).
Species that are typical for wetlands are in bold, other common species are not highlighted.
Observational points of the wetland Sedmihorské slatiny are in italic. PCNM analysis (I and 11

canonical axes explain 16.7% of variability). For localities numbers see ESM1.

Figure 5. The effect of wetness vegetation index on breeding densities for three bird species
pairs’. (a) Reed Warbler (empty boxes) and Marsh Warbler (full boxes), (b) Common Reed
Bunting (empty boxes) and Yellowhammer (full boxes) and (c) Savi’s Warbler (empty boxes)

and Common Grasshopper Warbler (full boxes).

Figure 6. The effect of bush cover (a) and presence of neighbouring open water surface (b) on
Shannon diversity index of avian wetland community. The effect of tree cover (c), distance to
nearest road (d), presence of neighbouring forest habitat (e), presence of open water surface
(F), number of timber species (g) and vegetation wetness index (h) to proportion of specially

protected species. GLMM analyses based on observational point dataset (n=79 points).

Figure 7. The effect of area of wetland vegetation (a) to Shannon diversity index of avian
community. The effect of connection with other wetlands (b), area of whole wetland (c),
presence of protected landscape area (PLA) (d) and woodland landscape (e) to proportion of

specially protected species. GLMM analyses based on wetland dataset (n=34 wetlands).
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Figure 6.

1200

. : — - —
_ | 8 S _ _ 5
] a B
| | z5 _ 2
w —_ < Q
[ o m O
) Q ©
= @ — =
o o
2 g @
[ et [
D o Q
o — -
& g2 E
o 3 =
c c c
E g3 8
S .2
3 ° <0 = (@]
_ _ 85 _ . | |8
_ _ =0 8 _ _ %
z o m _ o
I |
o] o Y =
o
8
8
T T T T T T T T T o r T r T
R 3 8 8 &8 2 ° 88 8 8 & 2 ° B8 % 8 & 2 °
Xapul AJISI9AIp uouueys salnads pajosjoid Ajjeioads Jo 9, sal0ads pajoejoid Ajeads Jo 9, sal0ads pajoaloud Ajjeroads Jjo %,
3 3
8 ° 3
— o _ m © [ o
£
0
L2 a
\M.I = h o o
e < B
[ @
P e —
L m aVu 4 _.m coo o
O
3 s g
oG & 5 o o o
R = o
m -
_ w QMU.U o @ Of0 WO ©0 0O o
L © _ o I_ w-w =z
o o 00000 o o
o
(8] ['H] (=)
°e [ ° co ow
© <) =) o ) S o =) <) o =) ) o =) [S)
Y ~ — - — T3] [Te] < ] N — o <t ] ~N —
Xapul AJIsiaAIp uouueys sol09ds pajoojold Ajjenads o o, sai0ads pojosjold Ajjeoads Jo %, sol08ds pajosjoud Ajjeads jo 9,

2
Vegetation wetness index

3 4 5 6

2
Number of timber species

40



Figure 7.
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ESML. List of studied wetlands and their coordinates and characteristics. OP — observational
points; FW — field wetland, FP — fishpond, LW — line wetland, PL — peatland, FWR — field
wetland with reservoir; PLA — protected landscape area, NR/NM — Nature reserve/Nature

monument (small-scale PLAS), IBA - Important Bird and Biodiversity Area.

Name of wetland X- Y- Typeof Areaof Areaof Area Area of Protection Bird
(name of OP) coordinate coordinate wetland  whole  wetland ofopen  wetland species (n)
(S-JTSK (S-JTSK wetland counted  water  vegetation | Typical
Krovak) Krovak) (ha) by OP  surface (%) wetland
(%) (%) species (n)
Doubravice (1) 680109 -999609 FW 1,46 53 0 100 PLA 18/1
Rybnik Hrudka (2) 679926  -1001737 FP 553 14 60 40 PLA, NR 17/4
Pod Rokytiiikem (3) 679513 -1001416  FW 1,09 51 0 100 PLA 1472
Rokytnice (4) 679994  -1000791  FW 11 61 0 100 PLA 13/0
Valdstejnsko (5-6) 682204 -997077 LW 2,48 35 0 100 PLA 18/3
Za Rokytiidkem (7-8) 679337 -1001676  FW 2,47 54 0 100 PLA 24/5
Javornice (9-10) -674369 -1007610 LW 2,67 50 0 100 PLA 19/1
Rybnik KiZik (11-12) 681166  -996570 FP 3,79 27 49 51 20/5
g“li;’_‘;‘gcké raSeliniSte 676124 -1006487  PL 8,81 18 16 84 PLANM 1472
Lisi Kotce (15-17) 676157 -1002896  FW 3,97 59 0 100 23/2
Stépanovice (18) 678549 -999679 FW 1,38 57 0 100 11/0
?f;‘;g“"ké slatiny 681676 -997688 PL 23,67 29 0 100 PLA 40/10
Sekerkovy Loutky (28) -680256  -996327 FW 0,85 69 0 100 13/1
Maly Porik (29-32) 674688 -1012444 LW 5,61 47 0 100 25/10
8;%?)”5“? rybnik 675223 -1012054 PP 3847 8 66 34 NM 35/14
Rybnik Tureckd (37-40)  -674604  -1012086 FP 10,55 29 3 94 NM 37/12
Rybnik Brodek (41-42) 692761 -1006255 FP 8,18 17 32 68 20/14
Novy rybnik (43) 693893 -1006210 FP 15,14 5 56 44 10/6
m‘_’;;)"vy'm rybnikem 693309  -1006136 ~ FW 594 26 1 99 2019
g‘é‘_‘)‘g"“ky’ rybnik 600158 -1003081  FP 46,37 5 78 22 PLA 25/12
Vesec U Sobotky (49) 685149 -1006041 FP 2,14 30 3 64 PLA 15/3
Veseld (50) 697519 -1002007  FW 2,07 38 0 100 15/5
Piestaviky (51) 694963 -1001366 FP 2,86 27 25 75 18/12
Rybnik Zabakor (52-54)  -691263  -998249 FP 70,42 3 7 29 PLANNR  29/15
Ve (55-56) 687461  -998362  FWR 13 58 16 84 18/6
Cervensky rybnik (57-61)  -687428  -1009334 FP 52,35 7 72 28 30/15
(ZB*"Z')“"S“" Vydalov-dim 70965 1008155  Fw 0,99 71 0 100 1412
(ZB%')“"“‘" Vydalov-pole 479174 1008413  Fw 0,93 46 0 100 12/4
Zamosti, Blata (64) 678172 -1008912  FW 1,94 40 0 100 PLA 10/4
Kréak (65-67) 681074  -1002975  PL 4,77 49 0 100 PLA, NR 1173
Bezedni (68) 680818  -998285 PL 0,76 73 0 100 PLA 16/1
Rybnik Kojetin (69-71) 679572 -1026218 FP 7,86 30 21 79 IBANM  24/12
Rybnik Zreadlo (72-76) 682165  -1026249 FP 63,07 6 78 22 IBA 3720
Lohovsky rybnik (77-79)  -684187  -1025794 LW 16,19 15 6 94 IBA 24/11

42



ESM2. List of typical wetland bird species recorded during our research and main

characteristics of their frequency.

Species name in Latin Number of Number of Frequency of Category of
territories / territories / species in conservation according
OP (mean = OP (range) wetlands to the Czech law

SD)

Acrocephalus arundinaceus 02+04 0-1 6 endangered

Acrocephalus schoenobaenus 1.1£1.2 0-4 17

Acrocephalus scirpaceus 1.1£1.0 0-4 20

Anas crecca 0.0+0.2 0-2 1 vulnerable

Anas platyrhynchos 0.1+0.5 0-3 16

Anas querquedula 0.0+0.0 1 endangered

Anas strepera 0.0+ 0.0 3 vulnerable

Anser anser 0.1+0.2 0-1 2

Ardea cinerea 0.0£0.0 7

Aythya ferina 0.1+0.5 0-4 6

Charadrius dubius 0.0£0.0 1

Chroicocephalus ridibundus 0.0+ 0.0 2

Circus aeruginosus 0.0+0.2 0-1 13 vulnerable

Cygnus olor 0.0+0.2 0-1 11

Emberiza schoeniclus 1.0+0.7 0-3 29

Fulica atra 02+04 0-1 9

Gallinago gallinago 0.0+0.1 0-1 3 endangered

Gallinula chloropus 0.1+0.3 0-1 6

Grus grus 0.0+0.2 0-1 5 critically endangered

Locustella fluviatilis 0.1£0.3 0-1 6

Locustella luscinioides 04+0.6 0-2 9 vulnerable

Luscinia svecica 0.2+04 0-1 12 endangered

Lymnocryptes minimus 0.0£0.0 1

Motacilla alba 0.0+0.0 14

Motacilla cinerea 0.0£0.0 1

Pandion haliaetus 0.0+ 0.0 1 critically endangered

Panurus biarmicus 0.0+0.1 0-1 1 endangered

Rallus aquaticus 04+0.7 0-3 12 endangered

Remiz pendulinus 0.0+0.0 3 vulnerable

Riparia riparia 0.0+0.0 1 vulnerable

Tachybaptus ruficollis 0.0+0.2 0-1 2 vulnerable

Tringa nebularia 0.0£0.0 1

Vanellus vanellus 0.0+0.2 0-1 4
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ESM3. (a) Small fishpond (wetland locality Vesec u Sobotky, 2.14 ha) in contrast to (b)
large fishpond (wetland locality Cervensky rybnik, 52.35 ha) illustrating wetlands containing
reservoir with open water surface and (c) small field wetland (wetland locality Zamosti,
Vydalov - pole, 0.93 ha) in contrast to (d) large peatlands (wetland locality Sedmihorské
slatiny, 23.67 ha) illustrating wetlands as remaining patches within landscape. Photo:

Vojtéch Stastny.
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