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Streszczenie

Gtéwnymi czynnikami determinujgcymi wielkos¢ populacji wielu gatunkdw ptakéw i ich
przyszty sukces legowy sg dostepnosé odpowiednich siedlisk oraz zasobna baza pokarmowa.
Dostepnos¢ siedlisk podmoktych, czyli jednych z najbardziej zagrozonych na degradacje
obszaréw na $wiecie, sprzyja wystepowaniu réznych gatunkéw ptakéw wodno-btotnych.

W zmieniajgcym sie sSrodowisku niektore z tych gatunkdw wykazujg wiekszg plastycznos¢
Srodowiskowa, zmieniajgc swoje preferencje siedliskowe i zasiedlajgc obszary stworzone
przez cztowieka, np. stawy rybne. Prowadzenie badan naukowych nad gatunkami ptakow

w zmienionych i stworzonych przez cztowieka siedliskach przyczynia sie do ich lepszej

ochrony.

Celem rozprawy doktorskiej byto zbadanie wybranych aspektéw biologii legowej bgczka
Ixobrychus minutus, stabo poznanego gatunku czapli. Badania przeprowadzone w latach
2010-2013 na stawach rybnych potozonych w Parku Krajobrazowym Lasy Janowskie
(potudniowo-wschodnia Polska) obejmowaty zagadnienia dotyczace szczegétowych
preferencji siedliskowych, diety i czestotliwosci karmienia pisklat, miedzyptciowych réznic
w opiece nad legiem oraz aktywnosci gtosowej samca w trakcie sezonu legowego. Na
podstawie otrzymanych wynikéw stwierdzono, ze: 1) bgczek wybiera siedlisko legowe na
podstawie jakosci ptata roslinnosci szuwarowej, tj. o odpowiedniej wysokosci, szerokosci
i powierzchni; 2) parametry siedliskowe dla gniazd legowych (breeding nest) i nielegowych
(mock nest) czesciowo rdznig sie miedzy sobg; 3) baczek jest oportunistg pokarmowym
korzystajacym z najbardziej dostepnego zrédta pokarmu; 4) zaréwno samiec jak i samica
majg duzy wktad rodzicielski w opieke nad legiem; 5) samiec bgczka wykazuje najwyzszg

aktywnos¢ wokalng przed wschodem i zachodem storica.

Przeprowadzone badania przyczynity sie do poszerzenia wiedzy na temat biologii legowe]
baczka, a uzyskane wyniki majg znaczenie praktyczne i mogg by¢ wykorzystane w przysztych

badaniach naukowych, monitoringu populacji lub czynnej ochronie gatunku.



Summary

The most important factors determining the population size of many bird species and their
future breeding success are the availability of suitable habitat and an abundant food supply.
The availability of wetlands, which are among the most threatened areas in the worldwide,
influences the occurrence of various waterbirds. In a changing environment, some of these
habitat specialists show greater environmental plasticity, changing their habitat preferences
and colonising man-made areas such as fishponds. The scientific study of bird species in

modified and man-made habitats contributes to their better conservation.

The aim of the dissertation was to investigate selected aspects of the breeding biology of the
Little Bittern Ixobrychus minutus, a little-known heron species. The study was conducted
between 2010 and 2013 at fishponds located in the Lasy Janowskie Landscape Park (south-
eastern Poland). The scientific questions of this work concerned the specific habitat
preferences, diet and feeding frequency of nestlings, intersexual differences in parental care
and vocal activity of male during the breeding season. Based on the results obtained, it was
concluded that: 1) the Little Bittern selects breeding habitat based on the quality of
emergent vegetation patches of appropriate height, width and surface area; 2) habitat
parameters for breeding and non-breeding nests (mock nest) differ to some extent; 3) the
Little Bittern is a food opportunist using the most available food source; 4) both males and
females have a large parental contribution to brood care; 5) the male Little Bittern shows the

highest vocal activity before sunrise and sunset.

The study has contributed to a better knowledge of the breeding biology of the Little Bittern.
The results obtained are of practical importance and can be used for future scientific

research, population monitoring or active conservation of this species.



Wstep

Prowadzenie badan naukowych nad gatunkami ptakow zasiedlajgcymi rézne siedliska
znaczgco zwieksza wiedze ogdlng na temat ich ekologii oraz przyczynia sie do ich lepszej
ochrony (Sutherland et al. 2004). Dostepnos¢ odpowiednich siedlisk oraz zasobna baza
pokarmowa sg jednymi z kluczowych czynnikow determinujgcych wielkos¢ populacji wielu
gatunkow ptakdw i ich przyszty sukces legowy (Newton 2013). Wystepowanie réznych
gatunkow ptakéw wodno-btotnych w duzej mierze zalezne jest od dostepnosci
odpowiednich siedlisk podmoktych, czyli jednych z najbardziej zagrozonych i wrazliwych na
degradacje obszarow na Swiecie (Semlitsch & Bodie 1998; Leibowitz 2003; Davidson 2014;
Amano et al. 2018). Obecnie niektdre z tych gatunkdw wykazujg wiekszg plastycznosé¢
sSrodowiskowg i mogg zasiedla¢ rowniez rdzne siedliska pochodzenia antropogenicznego np.
zbiorniki pokopalniane, zwirownie lub stawy rybne (Santoul et al. 2009; Kloskowski et al.
2010; Sebastian-Gonzalez et al. 2010; Ledwon et al. 2014; Pérez-Garcia et al. 2014).

W Europie Srodkowej wiele duzych komplekséw stawdéw rybnych wygladem przypomina
potnaturalny ekosystem, ktéry jest cennym i bogatym w pokarm siedliskiem dla wielu
gatunkéw ptakow rybozernych, w tym réwniez dla licznych populacji czapli (Polak

& Kasprzykowski 2009; Wilk et al. 2010; Flis 2013; Kasprzykowski & Gotawski 2014; Filipiuk
2018; Trnka 2020).

Baczek Ixobrychus minutus jest jednym z najmniejszych przedstawicieli rodziny czaplowatych
Ardeidae (Kushlan & Hancock 2005). Nominatywny podgatunek baczka I. minutus minutus
jest dalekodystansowym migrantem gniazdujgcym gtdwnie w Europie i zachodniej Azji,

a zimujacym w Afryce (Voisin 1991; EBCC 2022). Baczek, pomimo szerokiego zasiegu
wystepowania, nie jest gatunkiem licznym. Wedtug Czerwonej Ksiegi Miedzynarodowej Unii
Ochrony Przyrody (IUCN) jest gatunkiem najmniejszej troski (kategoria LC), a liczebnos¢
populacji europejskiej szacuje sie na 171 000 — 301 000 dorostych osobnikéw (BirdLife
International 2021, 2022). Wedtug Czerwonej listy ptakow Polski bagczek jest gatunkiem
niedostatecznie rozpoznanym (kategoria DD), a jego populacje szacuje sie na 2 600 dorostych
osobnikow (Wilk et. al. 2020). Gtéwnym zidentyfikowanym zagrozeniem dla baczka sg
wszelakie zmiany w naturalnym srodowisku, np. osuszanie terenéw podmoktych, ktére
skutkujg zanikiem miejsc legowych (Kushlan & Hafner 2000; Zawadzka et al. 2013). Z drugiej
strony, baczek jest gatunkiem plastycznym, wykazujgcym duzg tolerancje sSrodowiskowa

i oprécz naturalnych siedlisk, tj. zalanych dolin rzecznych czy eutroficznych jezior, réwnie
chetnie zasiedla sztuczne siedliska, takie jak: stawy rybne, glinianki lub mate zarosniete
zbiorniki wodne w poblizu osiedli ludzkich (Voisin 1991; Kushlan & Hancock 2005). Skryty

tryb zycia, kamuflujgce ubarwienie, trudne srodowisko wystepowania gatunku (trzcinowiska,
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tozowiska) oraz duze rozproszenie stanowisk legowych, na ktérych gniazduje gtéwnie
samotnie powodujg, ze monitoring baczka jest bardzo trudny, a badania naukowe nad nim
sg nielicznie prowadzone (Morin & Bommé 2006; Garcia 2009; Flis & Betleja 2015; Trnka
2020). Pomimo tych trudnosci podstawowa biologia legowa baczka jest stosunkowo dos¢
dobrze poznana (Cempulik 1994; Martinez-Abrain 1994; Marion et al. 2006; Fazili et al. 2010;
Pardo-Cervera et al. 2010; Samraoui et al. 2012; Flis 2013; Filipiuk 2018). Brakuje natomiast
szczegotowych danych dotyczgcych preferencji siedlisk zajmowanych przez ten gatunek (np.
wielkos¢ ptata szuwaru), udziatu samca i samicy w opiece nad legiem czy wzoru aktywnosci
wokalnej samca w trakcie sezonu legowego i funkcji petnionych przez gtos godowy (Kushlan
& Hancock 2005).
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Cele i hipotezy badawcze

Celem niniejszej rozprawy doktorskiej byto poszerzenie wiedzy na temat wybranych, mato
poznanych aspektéw biologii legowej bgczka w warunkach stawéw rybnych. Zakres

podjetych tematow badawczych obejmuje:

Okreslenie preferencji siedliskowych badanej populacji bgczka w srodowisku stawéw
rybnych poprzez bezposrednie poréwnanie obszaréw z i bez legowych ptakéw
[Artykut 1: Flis A., Skérka P., Krél W. (202x) Habitat preferences of Little Bitterns
Ixobrychus m. minutus breeding on fishponds in south-eastern Poland. Journal of

Ornithology: submitted]

Hipoteza badawcza I: Baczek, jako gatunek ptaka sScisle zwigzanego z roslinnoscia
szuwarowa, wybiera siedlisko legowe na podstawie jakosci ptata szuwaru, tj. o odpowiedniej

wysokosci, szerokosci i powierzchni.

W przypadku wielu gatunkéw ptakéw wodno-btotnych powierzchnia ptatéw szuwaru oraz
zageszczenie roslinnosci szuwarowej decyduje o tym, ktore siedliska bedg wykorzystywane
do rozrodu lub zerowania (Pezzo & Benocci 2001; Martinez-Vilalta et al. 2002; Polak 2007b;
Paracuellos 2008; Polak et al. 2008). Gatunki te, w tym baczek, sg bardzo wrazliwe na rézne
zmiany w siedlisku ich wystepowania, np. koszenie trzcinowisk (Szlivka 1958; Tscharntke
1992; Benassi et al. 2009; Flis & Betleja 2015). Ogdlny trend liczebnosci populacji bgczka

w catym zasiegu jego wystepowania jest malejacy, gtdwnie ze wzgledu na zmiany lub utrate
naturalnych siedlisk (BirdLife International 2022). Szczegétowa wiedza na temat struktury
przestrzennej preferowanych siedlisk przez bgczka w okresie legowym jest bardzo
ograniczona (Pezzo & Benocci 2001; Scheckenhofer 2013), dlatego prowadzenie badan
wielkoskalowych zwigzanych z wybidrczoscia siedliskowg w zmienionych lub stworzonych
przez cztowieka siedliskach (np. stawach rybnych) moze istotnie przyczynic sie do jego

czynnej ochrony (Amano et al. 2018).

Okreslenie parametréw siedliskowych dwdch rodzajow gniazd baczka: gniazdo legowe
(breeding nest) vs gniazdo nielegowe (mock nest) [Artykut 2: Flis A. (2016) Nest types and
nest-site selection of the Little Bittern Ixobrychus minutus breeding in fishpond habitat in
south-eastern Poland. Polish Journal of Ecology 64 (2): 268-276]
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Hipoteza badawcza Il: Parametry siedliskowe w miejscu potozenia gniazda baczka réznig sie

w zaleznosci od jego rodzaju.

Baczek posiada niezwyktg i stabo poznang strategie rozrodczg, ktéra wyrdznia go sposréd
wszystkich gatunkéw czapli (Kushlan & Hancock 2005). Po przybyciu na tereny legowe
samiec w wybranym miejscu na zajetym terytorium zaczyna samotnie budowac gniazdo,
jednoczes$nie wydajgc cyklicznie gtos godowy, ktérego jedng z funkcji jest wabienie samicy.
Jezeli samcowi uda sie zwabi¢ samice, obie pfcie koriczg wspdlnie budowe gniazda, ktére
bedzie wykorzystane do odbycia legu (gniazdo legowe - breeding nest). Jezeli jednak
samcowi nie uda sie zwabi¢ samicy, budowane gniazdo zostaje opuszczone (gniazdo
nielegowe - mock nest), a samiec zaczyna budowac kolejne gniazdo w innym miejscu,
jednoczesnie ciggle wydajgc gtos godowy. Samiec nie powraca juz do wczesniej
opuszczonego gniazda (Cramp & Simmons 1977; Voisin 1991). W zwigzku z powyzszym
nasuwaja sie nastepujace pytania: 1) czy rodzaj gniazda zalezy tylko od zdolnos$ci wabigcych

samca?; 2) czy rodzaj gniazda zalezy réwniez od miejsca, w ktérym jest ono potozone?

Okreslenie diety i czestotliwosci karmienia pisklgt bgczka w warunkach stawdéw rybnych
[Artykut 3: Flis A., Gwiazda R. (2018) Diet and feeding of nestling Little Bitterns Ixobrychus
minutus at fishponds: testing a new method for studying a difficult-to-monitor species.
Bird Study 65 (2): 257-260]

Hipoteza badawcza lll: Bgczek, podobnie jak inne gatunki czapli, jest oportunistg
pokarmowym korzystajgcym z najbardziej dostepnego zrddta pokarmu, ktérym na badanych

stawach rybnych byt karp.

Dostepnos¢ odpowiednich zasobdw pokarmowych przez caty sezon legowy jest jednym

z gtéwnych czynnikéw decydujgcych o przysztym sukcesie legowym wielu populacji tego
samego gatunku gniazdujgcych w réznych siedliskach (Sutherland et al. 2004; Newton 2013).
Czaple specjalizujg sie w zerowaniu na réznorodnych ofiarach: rybach, ptazach,
bezkregowcach czy ssakach (Voisin 1991; Kushlan & Hancock 2005). Dieta bgczka zostata
dobrze zbadana na naturalnych zbiornikach, terenach bagiennych i w deltach rzek
(Dementiev & Gladkov 1951; Holmes & Hatchwell 1991; Martinez-Abrain 1994; Kayser 2010;
Pardo-Cervera et al. 2010; Samraoui et al. 2012), natomiast w sztucznych siedliskach, np. na
stawach rybnych, takie badania byty nielicznie prowadzone (Melikyan 2008; Filipiuk 2018;
Trnka 2020).
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Okreslenie miedzyptciowych réznic w opiece nad legiem u bgczka [Artykut 4: Flis A.,
Gwiazda R., Krzton W. (2020) Sex differences in Little Bittern Ixobrychus m. minutus
parental care: a pilot study. Bird Study 67 (3): 393-397]

Hipoteza badawcza IV: Baczek, jako gatunek terytorialny i monogamiczny, wykazuje
mniejszy udziat samca w opiece nad legiem z uwagi na wieksze zaangazowanie czasowe

w obrone terytorium i pilnowanie samicy.

U wiekszosci monogamicznych gatunkow czapli wystepuje ogdlny wzorzec opieki
rodzicielskiej: obie pfcie uczestniczg w budowaniu gniazda, wysiadywaniu jaj, opiece

i karmieniu pisklat (Kushlan & Hancock 2005). Miedzyptciowe réznice w tych podstawowych
czynnosciach rodzicielskich zalezg gtéwnie od strategii rozrodu poszczegdlnych gatunkow,

a jesli istniejg, mogg réznic¢ sie w zaleznosci od pory dnia i réznych faz legu (Voisin 1991).
Sposrdd ponad 60 gatunkow czapli rézne aspekty miedzyptciowych réznic w opiece
rodzicielskiej zostaty zbadane jedynie u kilku gatunkow (Weller 1961; Werschkul 1982; van
Vessem & Draulans 1986; Fujioka 1989; McKilligan 1991; Kushlan & Hancock 2005), w tym,

w bardzo niewielkim zakresie, u baczka (Groebbels 1935).

Vv

Okreslenie wzordw aktywnosci glosowej samca bgczka w trakcie sezonu legowego [Artykut
5: Flis A. (202x) Vocal Activity of Little Bittern (Ixobrychus m. minutus) during the Breeding

Season. Waterbirds: artykut zaakceptowany do druku]

Hipoteza badawcza V: Samiec baczka, podobnie jak wiele gatunkdw ptakéw, wykazuje

okotodobowag aktywnos¢ wokalng ze szczytami o swicie i zmierzchu.

Gtos godowy samca w okresie legowym petni kilka funkcji, takich jak obrona terytorium czy
wabienie samicy i jest to jedna z gtéwnych strategii doboru pfciowego u wielu gatunkéw
ptakow (Emlen & Oring 1977; Kroodsma & Byers 1991; Clutton-Brock 2007; Catchpole

& Slater 2008). Jednym z najstabiej zbadanych aspektow biologii czapli jest aktywnos¢
wokalna i jej funkcje behawioralne (Kushlan & Hancock 2005), ktére zostaty zbadane tylko
dla kilku gatunkow, np. dla baka Botaurus stellaris (Puglisi et al. 1997; Polak 2006).

W przypadku baczka takie badania nie byty nigdy prowadzone.
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Teren badan

Badania byty prowadzone w trakcie sezonu legowego (maj—sierpien) w latach 2010-2013

na stawach rybnych potozonych w Parku Krajobrazowym Lasy Janowskie w potudniowo-
wschodniej Polsce (50°40° N 22°20' E; ryc. 1). taczny obszar osmiu komplekséw stawdw
rybnych wynosit 1 380 ha: Stawy Mate 60 ha, Stawy Duze 140 ha, Pienki 90 ha, Imielty tug
110 ha, Brzeziny 150 ha, Maliniec 220 ha, Oséwek 240 ha, Swidry 370 ha. Powierzchnia
stawow na badanych kompleksach wahata sie od 0,5 do 90 ha. Gtebokos$¢ wody w stawach
wynosita od 90 do 180 cm. Stawy byty czesciowo lub catkowicie porosniete roslinnoscia
wynurzong (szuwarowg), w ktérej dominowata trzcina pospolita Phragmites australis, patki
Typha spp., oczerety Schoenoplectus spp. i turzyce Carex spp. Gtebokos¢ wody

w roslinnosci szuwarowej wahata sie w przedziale 0—-150 cm. Karp Cyprinus carpio byt
najliczniejszym gatunkiem hodowlanym, stanowigc 95% biomasy wszystkich ryb (dane
uzyskane od wiascicieli i pracownikéw stawdw). Na wiekszosci kompleksdw prowadzona jest
potintensywna hodowla karpia w trzyletnim cyklu produkcyjnym. Karpie hodowane sg

w odrebnych kategoriach stawdw w trzech klasach wiekowych: narybek — ryby w pierwszym
roku zycia (0+), kroczek — ryby dwuletnie (1+) oraz ryby handlowe — ryby w trzecim roku zycia
(2+) (Dobrowolski 1995).

Wszystkie powyzsze kompleksy stawdw rybnych stanowig wazng ostoje ptakoéw wodno-
btotnych IBA (Important Bird Area), w tym rowniez dla baczka, oraz znajdujg sie na obszarze

chronionym wtgczonym do sieci Natura 2000 (Wilk et al. 2010).

e

-
: -

[ ] terenyotwarte [ ] lasy I tereny zabudowane 0 E kit

stawy rybne o rzeki I__| park krajobrazowy —

Ryc. 1. Stawy rybne na obszarze Parku Krajobrazowego Lasy Janowskie (SE Polska),

na ktorych prowadzono badania terenowe nad biologiq legowg bgczka
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Metody

Okreslenie preferencji siedliskowych badanej populacji bgczka w srodowisku stawéw
rybnych poprzez bezposrednie poréwnanie obszaréw z i bez legowych ptakéw
[Artykut 1: Flis A., Skérka P., Krél W. (202x) Habitat preferences of Little Bitterns
Ixobrychus m. minutus breeding on fishponds in south-eastern Poland. Journal of

Ornithology: submitted]

Kompleksy stawow rybnych podzielono na dwie grupy: A — z legowymi ptakami; B — bez
legowych ptakéw. W kazdej grupie na 30 wylosowanych powierzchniach badawczych zostato
zmierzonych 20 parametréw siedliskowych, m.in. szerokos¢ ptata szuwaru, gteboko$é wody.

Na podstawie wykonanych pomiaréw poréwnano obszary z i bez legowych ptakow.

Okreslenie parametréw siedliskowych dwdch rodzajéw gniazd baczka: gniazdo legowe
(breeding nest) vs gniazdo nielegowe (mock nest) [Artykut 2: Flis A. (2016) Nest types and
nest-site selection of the Little Bittern Ixobrychus minutus breeding in fishpond habitat in
south-eastern Poland. Polish Journal of Ecology 64 (2): 268-276]

Dla kazdego rodzaju gniazda zmierzono siedem parametréw siedliskowych w miejscu jego
potozenia, m.in. wysokos¢ pasa trzciny pospolitej, odlegtos¢ od brzegu. Na podstawie
wykonanych pomiardow zostaty poréwnane miejsca potozenia gniazd legowych

i nielegowych.

Okreslenie diety i czestotliwosci karmienia pisklgt bgczka w warunkach stawdéw rybnych
[Artykut 3: Flis A., Gwiazda R. (2018) Diet and feeding of nestling Little Bitterns Ixobrychus
minutus at fishponds: testing a new method for studying a difficult-to-monitor species.
Bird Study 65 (2): 257-260]

Diete pisklat wielu gatunkdw czapli okresla sie na podstawie spontanicznie zwracanych
probek pokarmu (bolusy), poniewaz zwykle mtode czaple w sytuacji zaniepokojenia
wykrztuszajg wczesniej przyjety pokarm (Voisin 1991; Polak 2007a; Kim & Yoo 2012). Ze
wzgledu na to, ze podczas prowadzanych badan piskleta baczka nie zwracaty boluséw, do
zbadania ich diety zastosowano fotoputapki zainstalowane w poblizu gniazda, tym samym

testowano nowg metode w badaniu sktadu pokarmu pisklat bgczka (ryc. 2). Bgczek jest

15



najbardziej aktywny rano, wieczorem i w nocy (Kushlan & Hancock 2005). Na podstawie
filmoéw nagrywanych przez fotoputapki w trzech przedziatach dobowych: rano (05:00-10:00),
wieczorem (15:00-20:00) i w nocy (22:00-03:00), analizowano pokarm pisklgt. Dodatkowym
plusem wynikajgcym z zastosowania tej metody byta mozliwosé oceny czestotliwosci

karmienia pisklat przez ptaki doroste. tgcznie analizie poddano 129 h 36 min filmdw.

Ryc. 2. Fotoputapka zainstalowana w poblizu gniazda bgczka

v

Okreslenie miedzyptciowych réznic w opiece nad legiem u baczka [Artykut 4: Flis A.,
Gwiazda R., Krztonn W. (2020) Sex differences in Little Bittern Ixobrychus m. minutus
parental care: a pilot study. Bird Study 67 (3): 393-397]

Za pomocg fotoputapek zainstalowanych koto gniazda nagrywano filmy, na podstawie
ktorych analizowano nastepujgce zachowania ptakéw dorostych dotyczgce opieki nad
legiem: wysiadywanie jaj, opieka nad piskletami, poprawa konstrukcji gniazda, karmienie
pisklat. Filmy nagrywano w trzech przedziatach dobowych: rano (05:00-10:00), wieczorem
(15:00-20:00) i w nocy (22:00-03:00). tacznie analizie poddano 118 h 31 min filmdw.

Vv

Okreslenie wzordw aktywnosci glosowej samca bgczka w trakcie sezonu legowego [Artykut
5: Flis A. (202x) Vocal Activity of Little Bittern (Ixobrychus m. minutus) during the Breeding

Season. Waterbirds: artykut zaakceptowany do druku]
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Na badanych stawach rybnych prowadzono nastuch gtosu godowego samca baczka w trakcie
sezonu legowego. Okreslono sezonowg aktywnosé wokalng samca na podstawie danych
zebranych w nastepujacych przedziatach czasowych: 9—-20 maja, 21 maja — 1 czerwca, 2—-13
czerwca, 14-25 czerwca, 26 czerwca — 7 lipca, 8-19 lipca, 20-31 lipca, 1-12 sierpnia. Na
podstawie danych zebranych w poszczegdlnych godzinach w przeciggu catej doby okreslono
rowniez dobowg aktywnos¢ wokalng samca. tgcznie analizie poddano 192 h nastuchu gtosu

godowego.
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Wyniki

Okreslenie preferencji siedliskowych badanej populacji bgczka w srodowisku stawéw
rybnych poprzez bezposrednie poréwnanie obszaréw z i bez legowych ptakéw
[Artykut 1: Flis A., Skérka P., Krél W. (202x) Habitat preferences of Little Bitterns
Ixobrychus m. minutus breeding on fishponds in south-eastern Poland. Journal of

Ornithology: submitted]

Baczek gniazdowat na dwdch z osmiu badanych kompleksow stawdw rybnych (Stawy Mate
i Stawy Duze). Przeprowadzona analiza regresji czagstkowych najmniejszych kwadratéw (PLS)
wyjasniata 53% zmiennosci danych dotyczacych wystepowania bgczka. Procedura selekcji
wykazata nastepujgce parametry siedliskowe, ktére byty pozytywnie zwigzane z obecnoscia
baczka w warunkach badanych stawéw rybnych (o malejagcym znaczeniu): wysokos¢ ptata
szuwaru, gtebokosé wody, powierzchnia grobli stawowych, powierzchnia ptata szuwaru,
powierzchnia doprowadzalnikdéw i odprowadzalnikéw, szerokos¢ ptata szuwaru oraz
powierzchnia stawu. Procedura selekcji wykazata réwniez nastepujgce parametry
siedliskowe, ktdre byty negatywnie zwigzane z obecnoscig bgczka w warunkach badanych
stawow rybnych (o malejgcym znaczeniu): dtugos¢ krawedzi ptata szuwaru, wystepowanie
turzyc, powierzchnia stawu bez wody, powierzchnia otwartego lustra wody, wystepowanie
patki oraz powierzchnia terendw otwartych. Wysokos¢, szerokos¢ i powierzchnia ptatéw

szuwaru byty wyzsze dla kompleksow stawow rybnych z legowymi bgczkami (ryc. 3).

Wysokos¢ ptata Szerokos¢ ptata Powierzchnia ptata
szuwaru [cm] szuwaru [m] szuwaru [m?]
: 60 o
‘O
. 6000 -
3 40 | |
o . o o 4000 ~ $
= r 2000 A
oL % | 9= i
A B A B

Wystepowanie bgczka

Ryc. 3. Poréwnanie wartosci (punkty) wybranych parametréw siedliskowych pozytywnie
zwigzanych z obecnoscig bgczka w warunkach badanych stawow rybnych.
A — kompleksy stawdw z legowymi bgczkami; B - kompleksy stawdw bez legowych bgczkdw.
Wykresy przedstawiajq: mediane (linia pogrubiona), przedziat miedzykwartylowy (pudetko),

wartosci min-max (wqsy) oraz wartosci odstajgce (punkty za wgsami)
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Okreslenie parametréw siedliskowych dwdch rodzajéw gniazd baczka: gniazdo legowe
(breeding nest) vs gniazdo nielegowe (mock nest) [Artykut 2: Flis A. (2016) Nest types and
nest-site selection of the Little Bittern Ixobrychus minutus breeding in fishpond habitat in
south-eastern Poland. Polish Journal of Ecology 64 (2): 268-276]

Wszystkie gniazda (zaréwno legowe jak i nielegowe) zostaty zbudowane w jednolitych
ptatach trzciny pospolitej. Sposrdd siedmiu zbadanych parametréw siedliskowych istotne
roznice pomiedzy rodzajami gniazd zostaty stwierdzone jedynie dla wysokosci pasa trzciny
pospolitej oraz srednicy fodyg. Wartosci tych parametréw siedliskowych byty wyzsze dla
gniazd legowych. Wartosci pozostatych parametréw (szerokosé¢ pasa trzciny pospolite;j,
gtebokos¢ wody, wysokos¢ nad powierzchnig wody, odlegtos¢ od otwartego lustra wody,

odlegtos¢ od brzegu) dla obu rodzajow gniazd byty zblizone.

Okreslenie diety i czestotliwosci karmienia pisklgt bgczka w warunkach stawdéw rybnych
[Artykut 3: Flis A., Gwiazda R. (2018) Diet and feeding of nestling Little Bitterns Ixobrychus
minutus at fishponds: testing a new method for studying a difficult-to-monitor species.
Bird Study 65 (2): 257-260]

Ptazy i ryby byty gtownymi sktadnikami diety pisklat baczka na badanych kompleksach
stawoéw rybnych (ryc. 4). Bezkregowce i ssaki miaty znaczgco mniejszy udziat w diecie pisklat.
Sposrdd gatunkow ptazéw pokarmem baczka byty zaba trawna Rana temporaria i gatunki
zab zielonych Pelophylax spp. Sposrod gatunkdow ryb najczestszg ofiarg w diecie pisklagt byt
karp (37,9%). Z bezkregowcow zostaty stwierdzone niezidentyfikowane gatunki wazek
(Odonata), ptywakowatych (Dytiscidae) i pijawek (Hirudinea). Gatunki ssakéw byty
reprezentowane przez jednego osobnika karczownika ziemnowodnego Arvicola amphibious.
Sposrdd trzech badanych przedziatéw czasowych, karmienie pisklgt odbywato sie tylko rano
i wieczorem. Czestotliwos¢ karmienia rano byta wieksza niz wieczorem, jednak réznice

pomiedzy przedziatami nie byty istotne.
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Ryc. 4. Sktad diety piskigt bgczka na badanych stawach rybnych.
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Okreslenie miedzyptciowych réznic w opiece nad legiem u baczka [Artykut 4: Flis A.,
Gwiazda R., Krztonn W. (2020) Sex differences in Little Bittern Ixobrychus m. minutus
parental care: a pilot study. Bird Study 67 (3): 393-397]

Obie ptcie uczestniczyty we wszystkich badanych czynnosciach opieki nad legiem. Udziat
samicy w wysiadywaniu jaj byt nizszy na poczatku okresu inkubacji, ale wzrastat blizej
terminu klucia. Odwrotna sytuacja wystgpita u samcow, gdzie na poczatku okresu inkubacji
zaangazowanie w wysiadywaniu jaj byto wyzsze a nastepnie malato. Udziat samicy w opiece
nad piskletami byt wyzszy zaraz po wykluciu i zmniejszat sie wraz ze wzrostem pisklat,
podczas gdy udziat samca w tej czynnosci zwiekszat sie wraz z uptywem czasu. Nie
stwierdzono rdznic w karmieniu pisklgt pomiedzy ptciami. Podczas wysiadywania jaj udziat
samca w poprawie konstrukcji gniazda byt wyzszy niz udziat samicy, natomiast po wykluciu
pisklat nie odnotowano réznic pomiedzy ptciami.

Obie ptcie wykazywaty podobne zaangazowanie w wysiadywanie jaj w nocy, ale rano

i wieczorem samica byta bardziej zaangazowana w te czynnos¢. Udziat samca w opiece nad
piskletami byt znacznie wyzszy w nocy niz udziat samicy. Rano i wieczorem udziat obu pfci

w opiece nad piskletami byt podobny. Karmienie pisklat stwierdzono tylko rano i wieczorem,
natomiast udziat obu pfci w tej czynnosci byt podobny. Poprawa konstrukcji gniazda
odbywata sie tylko rano i wieczorem, gdzie podczas okresu wysiadywania jaj nie stwierdzono
réznic pomiedzy ptciami, a podczas okresu opieki nad piskletami samiec byt bardziej

zaangazowany w poprawe konstrukcji gniazda.
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\Y

Okreslenie wzordow aktywnosci gtosowej samca bgczka w trakcie sezonu legowego [Artykut
5: Flis A. (202x) Vocal Activity of Little Bittern (Ixobrychus m. minutus) during the Breeding

Season. Waterbirds: artykut zaakceptowany do druku]

Samce byty aktywne wokalnie od 10 maja do 28 lipca. Wyrdzniono dwa szczyty aktywnosci
wokalnej w przedziatach: 21 maja — 1 czerwca i 14 czerwca — 7 lipca. Dobowa aktywnos¢
wokalna byta zmienna i zalezata od pory dnia (ryc. 5). Szczyty aktywnosci wokalnej
wystepowaty przed wschodem i zachodem storica. W nocy nie stwierdzono aktywnosci

wokalnej samcow.
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Ryc. 5. Wzoér dobowej aktywnosci wokalnej samcow bgczka (n=8).

Wykres przedstawia wartosci Srednie oraz odchylenia standardowe
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Weryfikacja hipotez

Hipoteza badawcza I: Baczek, jako gatunek ptaka sScisle zwigzanego z roslinnoscia
szuwarowa, wybiera siedlisko legowe na podstawie jakosci ptata szuwaru, tj. o odpowiedniej
wysokosci, szerokosci i powierzchni [Artykut 1: Flis A., Skérka P., Krél W. (202x) Habitat
preferences of Little Bitterns Ixobrychus m. minutus breeding on fishponds in south-

eastern Poland. Journal of Ornithology: submitted].

Hipoteza zostata potwierdzona. Wysokos¢, szerokos¢ i powierzchnia ptata szuwaru wptywaja
na wystepowanie bgczka. Wartosci tych parametréw siedliskowych byty istotnie wyzsze dla

komplekséw stawdw rybnych z legowymi baczkami.

Hipoteza badawcza Il: Parametry siedliskowe w miejscu potozenia gniazda baczka rdznig sie
w zaleznosci od jego rodzaju [Artykut 2: Flis A. (2016) Nest types and nest-site selection of
the Little Bittern Ixobrychus minutus breeding in fishpond habitat in south-eastern Poland.
Polish Journal of Ecology 64 (2): 268-276].

Hipoteza zostata czesciowo potwierdzona. Jedynie w przypadku dwéch z siedmiu
parametréw siedliskowych, tj. wysokosci pasa trzciny pospolitej oraz srednicy todyg, zostaty

stwierdzone istotne réznice pomiedzy rodzajami gniazd.

Hipoteza badawcza Ill: Baczek, podobnie jak inne gatunki czapli, jest oportunista
pokarmowym korzystajgcym z najbardziej dostepnego zrddta pokarmu, ktérym na badanych
stawach rybnych byt karp [Artykut 3: Flis A., Gwiazda R. (2018) Diet and feeding of nestling
Little Bitterns Ixobrychus minutus at fishponds: testing a new method for studying

a difficult-to-monitor species. Bird Study 65 (2): 257-260].

Hipoteza zostata czesciowo potwierdzona. Na badanych stawach ptazy dominowaty w diecie
pisklat. Karp byt jednak zdecydowanie najczestszg ofiarg wsrdd ryb, co byto zwigzane

z proporcjami gatunkéw ryb hodowanych w stawach.

v

Hipoteza badawcza IV: Baczek, jako gatunek terytorialny i monogamiczny, wykazuje

mniejszy udziat samca w opiece nad legiem z uwagi na wieksze zaangazowanie czasowe
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w obrone terytorium i pilnowanie samicy [Artykut 4: Flis A., Gwiazda R., Krzton W. (2020)
Sex differences in Little Bittern Ixobrychus m. minutus parental care: a pilot study. Bird
Study 67 (3): 393-397].

Hipoteza nie zostata potwierdzona. Samiec brat udziat we wszystkich badanych czynnosciach
opieki nad legiem. Ponadto w niektdérych czynnosciach jego udziat byt wiekszy niz udziat

samicy, m.in. w opiece nad piskletami w nocy.

\Y

Hipoteza badawcza V: Samiec baczka, podobnie jak wiele gatunkdw ptakéw, wykazuje
okotodobowg aktywnos¢ wokalng ze szczytami o Swicie i zmierzchu [Artykut 5: Flis A. (202x)
Vocal Activity of Little Bittern (Ixobrychus m. minutus) during the Breeding Season.

Waterbirds: artykut zaakceptowany do druku].

Hipoteza zostata potwierdzona. Dobowy rozktad wokalizacji samca wskazuje najwyzsza
aktywnos¢ przed wschodem i zachodem storca, co mozna czesSciowo wyttumaczyé

zmierzchowg aktywnoscig baczka.
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Podsumowanie

Przeprowadzone badania przyczynity sie do poszerzenia wiedzy na temat mato poznanych
aspektow biologii legowe] bgczka. Gatunek ten posiada bardzo ciekawy i réwnie bardzo
stabo zbadany system kojarzenia, ktory nie zostat do tej pory stwierdzony u innych gatunkow
czapli, a uzyskane wyniki uzupetniajg wiedze na temat strategii rozrodczych baczka (Artykut
2). Ponadto, niektdre wyniki, np. szczegdétowe dane na temat preferencji siedliskowych czy
wzor aktywnosci gtosu godowego samca w sezonie legowym, majg aspekt praktyczny i moga
by¢ wykorzystane w przysztych badaniach naukowych, monitoringu populacji lub czynnej

ochronie tego gatunku (Artykut 1; Artykut 2; Artykut 5).

Na podstawie wynikow przeprowadzonych badan mozna réwniez stwierdzic, ze bgczek
bardzo chetnie wybiera stawy rybne jako miejsce do odbywania legéw, pod warunkiem
wystepowania na nich odpowiednio jako$ciowego siedliska legowego, jakim sg wieloletnie
ptaty roslinnos$ci szuwarowej np. trzciny pospolitej. W innym przypadku baczek takich miejsc
unika (Artykut 1; Artykut 2). Ponadto, baczek jest bardzo wrazliwy na nawet niewielkie
zmiany w siedlisku legowym, np. na czesciowe wycinanie roslinnosci szuwarowej, czego

skutkiem jest brak legowych ptakéw (Artykut 2).

Zastosowanie fotoputapek do okreslenia diety badanego gatunku umozliwito przetestowanie
nowej metody w prowadzeniu tego typu badan, ale nie byta to metoda tak doktadna jak
bezposrednie zbieranie probek pokarmu w terenie (Polak 2007a; Filipiuk 2018) (Artykut 3).

Z drugiej strony, w przypadku skrytych gatunkéw ptakéw takich jak bgczek, zastosowanie
fotoputapki umozliwito skuteczne zbadanie réznych zachowan behawioralnych np.
czestotliwosci karmienia pisklat czy miedzyptciowych réznic w opiece nad legiem (Artykut 3;
Artykut 4).
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Abstract

Many marsh birds, like bitterns or rails, are endangered species inhabiting only natural habitats
and dependent exclusively on different types of emergent vegetation. In a changing
environment, some of these habitat specialists are becoming more flexible, shifting their
preferences by colonizing man-made habitats. We studied habitat selection by Little Bitterns
Ixobrychus m. minutus breeding in a fishpond landscape in south-eastern Poland. Applying
a large-scale research approach, we examined several habitat features in order to predict the
presence of the Little Bittern from a direct comparison of areas with and without breeding birds.
Partial least squares (PLS) regression identified two components of several variables that
explained 53% of the variation in the presence of the Little Bittern in a fishpond habitat. The
occurrence of the Little Bittern was limited to high-quality patches of emergent vegetation, the
height, width and area of which were all significantly greater in the area with breeding birds
than in unoccupied patches. Patches with a highly variable edge line in the form of fringes or
indentations were less favoured. An optimal water level throughout the breeding season was
crucial for nest-site selection and ensured access to food. The heterogeneity of the pond dykes
and pond canals positively predicted the presence of the Little Bittern by creating potential
nesting or foraging sites. Interestingly, the proportion of bulrushes Typha spp. in the emergent
vegetation patches had a negative effect on the presence of the Little Bittern. The main threat
to this habitat-sensitive species was the cutting of perennial emergent vegetation, in particular

the Common Reed Phragmites australis.

Keywords: spatial scale, habitat selection, Ardeidae, reedbed-nesting heron, emergent

vegetation, water depth.



Introduction

The availability of high-quality habitat patches and sufficient amounts of food resources during
the breeding season are key factors governing the population sizes of many bird species and
their future breeding success (Newton 2013). Marsh birds depend largely on the availability of
suitable wetland habitats, the most limited and degraded areas worldwide (Leibowitz 2003;
Davidson 2014; Amano et al. 2018). Currently, some marsh bird species exhibiting greater
plasticity may be living in anthropogenic habitats (Tscharntke 1992; Ledwon et al. 2014; Pérez-
Garcia et al. 2014). Atrtificial fishponds, post-mining lakes or gravel pits are assumed to be
suitable alternative breeding habitats for many waterbirds, including piscivorous species such
as herons (Santoul et al. 2009; Kloskowski et al. 2010; Sebastian-Gonzalez et al. 2010; Trnka
2020). Therefore, studying the habitat choice of waterbird species in these altered and man-

made habitats may improve their conservation prospects (Amano et al. 2018).

The Little Bittern Ixobrychus m. minutus is a long-distance migrating heron species which
breeds in Eurasia and winters in Africa (Kushlan and Hancock 2005). Despite its widespread
distribution, this small heron is a difficult-to-study species because it is mostly uncommon,
usually nests solitarily in inaccessible habitat (dense emergent vegetation or shrubs), and is
generally difficult to observe because of its camouflaging plumage (Voisin 1991; Flis and
Betleja 2015; Flis and Gwiazda 2018). The IUCN Red List classifies the conservation status of
the Little Bittern as Least Concern, but the overall population trend is still a decreasing one,
mainly as a result of changes to or loss of its natural habitats, e.g. old riverbeds (BirdLife
International 2022). On the other hand, this secretive marsh bird is highly adaptive, displaying
great environmental tolerance, and may occupy different natural and artificial habitats, such as
flooded river valleys, eutrophic lakes, fishponds or small overgrown waterbodies close to
human settlements (Voisin 1991; Kushlan and Hancock 2005). Detailed knowledge about the
Little Bittern’s habitat preferences during the breeding season is limited and varies depending
on the habitat studied and the spatial scale. Small-scale research has focused only on nest-
site location in different habitats (Cempulik 1994; Delelis and Boin 2006; Pardo-Cervera et al.
2010; Samraoui et al. 2012; Flis 2013, 2016; Fazili 2014a; Filipiuk 2018). Such few large-scale
studies as have been conducted have addressed habitat use by Little Bitterns on urban
waterbodies (Scheckenhofer 2013), and these birds’ spatial behaviour in the breeding period
in a shallow lake (Pezzo and Benocci 2001). But it was Pezzo and Benocci (2001) who were
the first to publish data on the spatial distribution pattern of the Little Bittern’s home range.
They found that tracked individuals used the marshland habitat selectively, and that the
location and quality of emergent vegetation patches (area, height, density) determined which

of them would be used for nesting or feeding. In addition, Scheckenhofer (2013) showed that



if the chances of attracting Little Bitterns to breed in an urban landscape were to increase by

50%, the emergent vegetation patch would have to be no smaller than 0.65 ha.

In central Europe, many large fishpond complexes continue to represent a semi-natural
ecosystem which is a valuable, food-rich habitat that is significant for Little Bittern populations
(Wilk et al. 2010; Flis and Betleja 2015; Filipiuk 2018; Trnka 2020). It is generally believed that
this elusive heron often nests in different types of emergent vegetation along pond dykes and
that it forages along the edges of aquatic vegetation and pond canals, but more detailed
information about its habitat requirements in such a man-made habitat is not available (Flis
2016). In the present paper, based on large-scale research, we investigated which habitat
features predict the presence of the Little Bittern in a fishpond landscape by comparing the

areas with and without breeding birds.

Methods

Study area

The study was conducted in the breeding season (May—August) of 2010-2012 on fishponds
situated in the Lasy Janowskie Landscape Park, south-eastern Poland (50°40" N 22°20' E;
Fig. 1). The total area of the eight fishpond complexes was 1380 ha: Stawy Mate 60 ha, Stawy
Duze 140 ha, Pienki 90 ha, Imielty tug 110 ha, Brzeziny 150 ha, Maliniec 220 ha, Osowek 240
ha, Swidry 370 ha. The areas of the fishponds in the studied complexes varied from 0.5 to 90
ha, and the ponds had a similar depth (90-180 cm). The fishponds were partially or wholly
covered by emergent vegetation, with dominant Common Reed Phragmites australis and
bulrush Typha spp. The water depth in the emergent vegetation varied from 0 to 150 cm.
Common Carp Cyprinus carpio was the most abundant fish species reared in these ponds
(95% of the total fish biomass) (local fishponds managers — pers. comm.). The management
of these fishponds involves a semi-intensive production system and a three-year rearing cycle.
Three Carp age cohorts were distinguished: Carp fry (0+), Carp after first wintering (1+), and
market-size Carp (2+) (Dobrowolski 1995). These fishponds are an Important Bird Area (IBA)
for many other species, not only the Little Bittern, and a designated Natura 2000 site (Wilk
et al. 2010).

Monitoring the Little Bittern population

Field procedures were carried out according to the methodology used for monitoring and
assessing the population of breeding Little Bitterns in fish farming areas (Morin and Bommé
2006; Garcia 2009). Poland lies in the northern part of the Little Bittern’s distribution in Europe
(EBCC 2022), and the first birds arrive at the breeding sites in early May when the new

emergent vegetation is starting to appear (Betleja 2009). In each breeding season, from May
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to August, all the pond complexes were monitored regularly, at least once every two weeks.
Fieldwork took place mostly in the morning and evening hours or at night. The research was
performed using the point-station methodology, where birds were recorded for 30 minutes at
selected control points, by walking at 1 km/h along the pond dyke, or by using an inflatable
dinghy in areas otherwise hard to reach. The surveys were conducted using a loudspeaker
broadcasting the male’s advertising call. All Little Bittern activities were recorded on a 1:5000
map. Potential nesting sites were located by listening for calling males in their territories and
observing birds flying over particular reedbed areas. Nests were located by systematically
searching all potential breeding sites, wading through patches of emergent vegetation (for
detailed information, see Flis 2013, 2016).

Relationships between habitat features and Little Bittern distribution

The fishpond complexes were divided into two groups: (A) with breeding Little Bitterns, and (B)
without breeding Little Bitterns (Fig. 1). Using ArcGIS software, a grid of squares 100x100 m
was superimposed on the area of each group (ESRI 2006). From all the squares located along
the pond dykes, selected as the most suitable Little Bittern habitats, 30 study plots were
randomly selected for each group (see Supplementary material Fig. S1). At the end of August
2012, all the study plots were visited in order to assess their current state and compatibility
with high-resolution satellite imagery. During these field visits, selected habitat parameters
were measured, such as Reed cover or Emergent vegetation width (see Supplementary
material Fig. S2; Table 1). The other habitat parameters were measured in the ArcGIS
environment from satellite imagery, e.g. n patches or Emergent vegetation edge (see
Supplementary material Fig. S3; Table 1). All the habitat parameters (environmental variables)

are described in Table 1.

Data analyses

Our data set contained several explanatory environmental variables that were correlated with
each other (see Supplementary material Fig. S4). Thus, we used partial least squares (PLS)
regression to analyse which environmental factors were associated with Little Bittern presence.
PLS is a technique used with data that contain correlated predictor variables. The big
advantage of this method is that data can be analysed with a large number of predictors (larger
than the number of observations). This technique constructs new predictor variables, known
as components, as linear combinations of the original predictor variables. PLS constructs these
components while maximizing covariance between the predictors and response variables
(Esposito Vinzi et al. 2010).



To perform PLS we used the “plsdepot” package (Sanchez 2012); we chose this because it
gives a good visualization of results. We used the optimization procedure of mean squared
error examination to choose the optimal number of latent variables (pls components)
implemented in the “pls” package (Mevik et al. 2016). In order to test which environmental
variables had a statistically significant effect on Little Bittern presence, we carried out a
regularized variable elimination procedure for parsimonious variable selection in the
“plsVarSel” package (Mehmood et al. 2011). For each environmental variable we also
calculated the variable importance based on PLS coefficients. All the calculations were done
in R (R Core Team 2017).

Results

In 2010-2012, 8-13 pairs of Little Bittern nested on two of the eight fishpond complexes
(Fig. 1). Interestingly, no Little Bittern presence was recorded on the other six fishpond

complexes.

We found that two components were selected in the PLS regression (Fig. 2) and explained
53% of the variation in the Little Bittern presence data. The selection procedure indicated the
environmental variables that were positively related to Little Bittern presence in the fishpond
habitat (with the decreasing importance): Emergent vegetation height, Water depth, Pond
dyke, Emergent vegetation area, Pond canal, Emergent vegetation width and Pond area
(Fig. 3, 4; Table 2). The selection procedure identified six environmental variables that were
negatively linked with the presence of Little Bittern (with the decreasing importance): Emergent
vegetation edge, Sedge cover, Dry pond, Open water, Bulrush cover and Open area (Fig. 3,
5; Table 2).

Discussion

From a spatial point of view, comparison of different scales of research under the same
environmental conditions offers a mechanistic understanding of habitat selection processes by
many bird species (Pickens and King 2014; Jedlikowski et al. 2016). In our study, the results
of large-scale research partially corresponded to those of the small-scale research (nest-site
location) previously conducted in the same area (see Flis 2016). In both cases, the height of
emergent vegetation (Common Reed) was crucial for nest location, because the height and
density of aquatic vegetation are the key factors influencing brood survival in many marsh
birds, including bitterns (Polak 2007; Polak et al. 2008; Fazili 2014b).

It is known that Little Bitterns often use quite small areas of emergent vegetation and shrubs

to nest in, but the size of these patches can vary depending on the habitat occupied, e.g. 0.07



ha on urban waterbodies or 4.6 ha in natural wetlands (Benassi et al. 2009; Scheckenhofer
2013). We found that the surface area and width of emergent vegetation patches were larger
in the study plots with breeding Little Bitterns. These emergent vegetation parameters may
therefore be an indication of habitat quality for this species. On the other hand, the length of
the emergent vegetation edge was a negative predictor of Little Bittern presence, which is in
fact linked to the shape of emergent vegetation patches. On fishpond complexes, Little Bitterns
preferred compact patches of a regular shape without any great variation in the edge in the
form of indentations or fringes. Such regularly shaped patches can also be created by partially
cutting the emerging vegetation, a common practice in fishponds, but in many cases, it leads
to a significant reduction of the breeding habitat area and thus the disappearance of Little
Bitterns (Szlivka 1958; Flis and Betleja 2015; Flis 2016).

In natural and semi-natural habitats like fishponds, nest predation is a major cause of brood
losses among marshland birds so the presence of water below and around the nest is
a significance hindrance to predators (Polak 2007; Polak et al. 2008; Jedlikowski et al. 2016).
Furthermore, stable hydrological conditions throughout the breeding season ensure access to
food (Kloskowski et al. 2010). In our study, too, the water level was a significant environmental
factor affecting the distribution of Little Bitterns. Although the water depth ranges measured in
both survey areas were only approximate, dry patches of pond bed were recorded on the study

plots without breeding Little Bitterns, which was not the case on the plots with breeding birds.

The presence of pond dykes and pond canals creates many potential nesting and foraging
sites for different bird species associated with aquatic vegetation (Sebastian-Gonzalez et al.
2010; Filipiuk 2018). In our fishponds, both dykes and canals were covered by emergent
vegetation, and they were also diverse as regards area and the presence of various
hydrotechnical structures, such as monks or boat launch slipways. The existence of these
habitat parameters had a significant and positive effect on the presence of Little Bitterns, which

can use the edge of dykes or canals as a means of obtaining food.

Small-scale research showed that breeding Little Bitterns were closely associated with the
Common Reed, because all nests found were located in perennial patches of this emergent
plant (Flis 2016; Flis and Gwiazda 2018). Interestingly, this analysis showed that the actual
proportion of Common Reed in emergent vegetation patches was not significant, which
suggests that the availability of high-quality Common Reed patches was limited. It has been
found that bulrushes are also frequently chosen as nesting sites in different habitats, including
Carp fishponds (Pardo-Cervera et al. 2010; Samraoui et al. 2012; Filipiuk 2018), so it is hard
to explain why in our research the bulrush cover negatively predicted the presence of Little

Bitterns. There were fewer patches of other emergent plants, like club-rushes Schoenoplectus



spp. and sedges Carex spp.; as these do not grow very tall, they are a sub-optimal habitat for
Little Bitterns.

The Little Bittern has a wide food spectrum (Voisin 1991), but like other heron species it is also
an opportunist that uses the most readily available food source, which in our case was the
Common Carp (Flis and Gwiazda 2018). The predominance of fry ponds in particular fishpond
complexes could have a positive influence on the Little Bittern presence. In the fishponds
surveyed, the proportion of Carp age cohorts was similar in both areas, and fish age had no

influence on the presence of the Little Bittern.

Conclusions

Fishpond complexes with extensive or semi-intensive fish farming systems are human-
managed habitats known for their high biodiversity. The maintenance of relatively small
patches of tall perennial emergent vegetation offers potential breeding sites for Little Bitterns.
There was some contrast in the Little Bittern's habitat preferences compared to other studies
conducted in natural and man-made habitats, indicating that this species exhibits
environmental plasticity. Its comparatively undemanding breeding requirements enable it to
nest in various anthropogenic habitats, an aspect that may be important for arresting its decline

right across its breeding range.
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Figures and Tables
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Fig. 1 Map of the study area in 2010-2012: A — two fishpond complexes with breeding Little
Bitterns (Stawy Mate, Stawy Duze; total area 200 ha), B — six fishpond complexes without
breeding Little Bitterns (Pienki, Imielty tug, Brzeziny, Maliniec, Osowek, Swidry; total area
1180 ha)

12



0.5

Reed cover
Pond area
Open water
: Forest Presence
o~ Club-rush-cover
S Water depth
g 0 Fish age Pond canal
o Sedge cover Emerg. vegetat.
S height
o Open-area Pond dyke
Qry i Dist. forest
npatches || eqge
Emerg. vegetat. width
-05
Emerg. vegetat. area
Tkl exlge Bulrush cover
Emerg. vegetat. edge
-1
-1 -0.5 0 0.5 1

Component 1
Fig. 2 Results of partial least squares (PLS) regression. Two latent variables (components)

were identified that explained the presence (in red) of Little Bittern in the fishpond habitat.

Environmental variables selected as statistically significant are emboldened
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Table 1 Environmental variables (habitat parameters) selected as potential predictors of Little
Bittern presence in the study area. The variables were measured in the study plots.
A — fishpond complexes with breeding Little Bitterns; B — fishpond complexes without breeding

Little Bitterns. The variables are presented as the mean + standard deviation (SD) and range

Variable Description Fishpond complexes
A B

n patches Total number of habitat patches. 6.2+21 6.8+24
Counted using ArcGIS (4-13) (3—15)

Pond dyke Total area of pond dyke patch. 822.1 £ 614.9 447.9 + 336.7
Measured using ArcGIS [m?] (59.3-3363.1) (0-1629.3)

Pond canal Total area of pond canal patch. 258.2 £ 290.6 89.1£134.9
Measured using ArcGIS [m?] (0-905.8) (0-432.6)

Forest Total area of forest patch. 2903.7 £ 2971.7 2282.5 +2870.9
Measured using ArcGIS [m?] (0-8259.6) (0-8746.3)

Open area Total area of wasteland or open 126.1 £ 413.9 294 + 1022.7
area patches. Measured using (0-1928.6) (0-5590.8)
ArcGIS [m?]

Dry pond Total area of dry pond patch 0 813.3 £ 1863.4
(without emergent vegetation). (0—6642.8)
Measured using ArcGIS [m?]

Emergent Total area of emergent vegetation  2298.6 £ 1886.2 870.5 + 1085.9

vegetation area
(Emerg. vegetat.
area)

patch. Measured using ArcGIS
[m?]

(426.5-7492.9)

(0-4297.3)

Open water Total area of open water patch 3591.3 + 3152.3 5197.6 + 2918.7
(without emergent vegetation). (0-9189.3) (0-9612.7)
Measured using ArcGIS [m?]

Total edge Total length of edge of habitat 452 + 179.8 503 + 204.1
patches. Measured using ArcGIS (186.6-883.8) (133.6—1068.4)
[m]

Emergent Total length of edge of emergent 281.5+139.9 334.7 £ 208.1

vegetation edge vegetation patch. Measured using  (131.7-695.3) (0-778.9)

(Emerg. vegetat. ArcGIS [m]

edge)

Distance to forest Distance from the study plottothe 67.3 +111.1 65.7 £ 88.4

edge nearest forest edge. Measured (0—-431.5) (0-284.6)

(Dist. forest edge) using ArcGIS [m]

Reed cover* Proportion of emergent vegetation  63.3 +41.4 45.3 £ 48.6
patch covered by Common Reed (0-100) (0-100)

[%]
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Bulrush cover*

Club-rush cover*

Sedge cover*

Emergent
vegetation height
(Emerg. vegetat.
height)

Emergent
vegetation width
(Emerg. vegetat.
width)

Water depth

Pond area

Fish age**

Proportion of emergent vegetation
patch covered by bulrushes [%]

Proportion of emergent vegetation
patch covered by club-rushes [%]

Proportion of emergent vegetation
patch covered by sedges [%]

Mean height of emergent
vegetation patch measured at the
emergent vegetation edge and
open water/dry pond surface.
Mean of three equally spaced
measurements located along the
length of the emergent vegetation
edge. Measured with an accuracy
of 10 cm during the field visit [cm]

Mean width of the emergent
vegetation patch measured
between the pond dyke edge and
the open water/dry pond surface.
Mean of three equally spaced
measurements located along the
length of pond dyke edge.
Measured with an accuracy of 0.1
m during the field visit [m]

Mean water depth measured at the
emergent vegetation edge and the
open water surface, or at the pond
dyke edge and the open water
surface. Mean of three equally
spaced measurements located
along the length of emergent
vegetation/pond dyke edge.
Measured with an accuracy of 1
cm during the field visit [cm]

Total area of the pond where the
study plot was located. Measured
using ArcGIS [ha]

(0+), (1+), (2+) Carp age cohorts
[%]. (Local fishpond managers —
pers. comm.)

34.3+39.6
(0-100)

23+128
(0-70)

0

316.5 + 90.8
(160-530)

14.1£12.5
(2.2-59.3)

69.1 +30.5
(0-138)

15.7 + 7.4
(3.8-24.8)

(0+) 16.7%
(1+) 30%
(2+) 53.3%

29.7 + 46.1
(0-100)
3+16.4
(0-90)

12 +30.9
(0-100)

197 + 108.6
(0-400)

551t 6
(0-26.8)

44.8 £ 26.6
(0-111)

121+ 95
(0.5-39.2)

(0+) 6.7%
(14) 30%
(2+) 63.3%

* Field measurements with a GPS receiver involved mapping all the emergent vegetation
patches. Measured with an accuracy of 10%
** For Fish age, the percentage of ponds occupied (within the study plots) for each Carp age

cohort is given
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Table 2 Partial least squares (PLS) regression coefficients for each explanatory environmental

variable. Variables selected as statistically significant are emboldened

Variable Estimate
n patches -0.079
Pond dyke 0.182
Pond canal 0.128
Forest 0.032
Open area -0.033
Dry pond -0.123
Emergent vegetation area 0.153
Open water -0.091
Total edge -0.109
Emergent vegetation edge -0.149
Distance to forest edge 0.004
Reed cover 0.102
Bulrush cover -0.034
Club-rush cover 0.051
Sedge cover -0.134
Emergent vegetation height 0.213
Emergent vegetation width 0.117
Water depth 0.207
Pond area 0.117
Fish age -0.089
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Supplementary material

Fig. S1 An example of one of the fishpond complexes studied (Stawy Mate) with a 100x100 m

square grid superimposed. The green squares, located along the pond dykes, were selected
as the most suitable breeding habitats for Little Bittern on the entire the fishpond complex area.
The orange squares (study plots) were randomly selected from among all the green squares.

A total of 30 study plots were randomly selected for each group of fishpond complexes (Fig. 1)
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Fig. S2 View of one study plot with a narrow riparian belt of perennial Common Reed, the Little

Bittern’s nesting site on fishponds in the Lasy Janowskie Landscape Park (south-eastern
Poland)
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Fig. S3 An example of a study plot shown in satellite imagery with the habitat patches marked

using ArcGIS: blue — Open water, green — Emergent vegetation area, orange — Pond dyke
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1 - n patches

2 - Pond dyke

3 - Pond canal

4 - Forest

5 - Open area

6 - Dry pond

7 - Emerg. vegetat. area

8 - Open water

9 - Total edge

10 - Emerg. vegetat. edge
11 - Dist. forest edge

12 - Reed cover

13 - Bulrush cover

14 - Club-rush cover

15 - Sedge cover

16 - Emerg. vegetat. height
17 - Emerg. vegetat. width
18 - Water depth

19 - Pond area

Fig. S4 Correlation structure among continuous explanatory environmental variables related

to the presence of Little Bittern in the study area. The width and colour intensity of the lines

indicate the strength of the correlation. The red lines are positive correlations, the blue ones

are negative correlations. The numbers indicate the variable codes (explained in Table 1)
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Abstract.—Heron vocalization and its behavioral functions are one of the least
researched aspects of heron biology. The main aim of this study was to investigate
the patterns of seasonal and daily vocal output of male Little Bittern (/xobrychus m.
minutus; n = 8) during the breeding season (May-August). The advertising call
started on 10" May, and finished on 28™ July. The first peak of calling activity
occurred between 21t May and 15t June, and the second one was between 14" June
and 7" July. The daily vocal activity fluctuated and depended on the time of day. The
males were most active between 0300-0900 hours and 1600-2200 hours, with the
highest peaks in vocal output occurring before sunrise and before sunset. Higher
vocal activity was observed in the evening compared to the morning hours.

Moreover, the vocal activity of males was not related to air temperature.

Key words.—advertising call, call functions, fishponds, herons, male

vocalization, sexual functions, territorial behavior.

Running head: LITTLE BITTERN VOCAL ACTIVITY



Bird song during the breeding season has several functions such as territory
defense, mate attraction, mate guarding, or communication between pair members,
and it is one of the main strategies for sexual selection in many species (Emlen and
Oring 1977; Kroodsma and Byers 1991; Clutton-Brock 2007). The role of song used
by males during courtship display is variable and it can be divided into two major
categories: 1) male-male intra-sexual territorial defending functions; and 2) male-
female inter-sexual mate attracting and stimulating functions (Catchpole and Slater
2008).

Vocal activity and its behavioral functions are one of the least studied aspects
of heron biology (Kushlan and Hancock 2005), and only a few species have been
investigated, e.g., Great Bittern (Botaurus stellaris) (Puglisi et al. 1997; Polak 2006).
The nominate subspecies of Little Bittern (Ixobrychus m. minutus) is a long-distance
migrant which breeds mainly in Europe (May-August) and winters in Africa (Voisin
1991). This heron species is secretive and nests in emergent vegetation or shrubs in
different natural and artificial habitats, such as eutrophic lakes, flooded river valleys
and fishponds (Flis and Betleja 2015). The Little Bittern is a monogamous species
which breeds solitarily, sometimes in semi-colonies (Voisin 1991; Flis 2016). After
arriving at the breeding grounds, the male starts building a nest alone at a selected
location in its territory, and also starts uttering the mating call (named as the
advertising call) both by day and night (Cramp and Simmons 1977; Kushlan and
Hancock 2005). Intra-sexual territory defense and inter-sexual female attraction are
the main functions of advertising call (Voisin 1991; Kushlan and Hancock 2005). In
many monogamous bird species, the call functions are related to the pattern of male
vocal activity during the breeding season (Catchpole and Slater 2008), but in the

case of Little Bittern this pattern has never been researched before.



The principal aim of this study was to determine the seasonal and daily

patterns of vocal output of male Little Bittern during the breeding season.

METHODS

Study Area

This study was conducted in 2010-2012 (May-August) at the common carp
(Cyprinus carpio) fishponds complex (Stawy Mate), situated in the Lasy Janowskie
Landscape Park, Southeast Poland (50° 36' 29.64" N, 22° 24' 38.39" E). The area of
the eight ponds in the study complex varied from 3.3 to 19.5 ha (total area of 60 ha).
The number of pairs of Little Bittern nesting in these fishponds was estimated to be 8
in 2010, 12 in 2011, and 8 in 2012 (Flis 2013; A. Flis, unpubl. data). Poland is located
in the northern range of Little Bittern’s occurrence in Europe (BirdLife International
2015), and the first birds usually arrive at the breeding grounds in early May when

new emergent vegetation appears (Flis and Betleja 2015).

Advertising Call Description

The advertising call consists of far-carrying low sounds which are repeated
every 2 to 3 seconds (Fig. 1). These sounds have been described as croaking, frog-
like voice or resembling a deep barking of a dog, rendered as ‘hogh, hogh, hogh’, or
‘woof, woof, woof’ (Voisin 1991). The advertising call is given in a very long series
lasting up to 10 minutes. It is usually recorded from a distance of about 200 m, but
can also be recorded from a distance of 600 m during windless weather (Flis and
Betleja 2015). Little Bittern males are the most vocally active during late afternoon
and evening (Voisin 1991). High temperature and muggy weather may increase vocal

activity in males (Betleja 2009).



Fieldwork

The sampling methods were similar to those used to study the temporal
pattern of vocal activity of the Water Rail (Rallus aquaticus) and Little Crake
(Zapornia parva, formerly Porzana genus) (Polak 2005), and the seasonal booming
activity of the Great Bittern (Puglisi et al. 1997).

A preliminary study of Little Bittern vocalization was conducted from 2010 to
2011. The study involved recording of the calling males and the relationship between
male vocal activity and air temperature. 40 listening sessions (20 each year) were
conducted at 3 days intervals for a total of 20 males between 15" May and 15" July
in 2010 and 2011. The listening sessions were held between 1800-2100 hours since
higher vocal activity has been previously observed in males in the evening hours
(Voisin 1991). During each listening session, vocal activity was recorded under two
categories: active and inactive males were coded as 1 and 0, respectively. The air
temperature was measured at the start and end of the session using a mercury
thermometer with an accuracy of 1.0°C.

Male vocal activity was also studied in 2012 during the breeding season to
understand the seasonal and daily patterns. 48 listening sessions at 2 days intervals
were conducted on a total of eight males between 9" May and 121" August in 2012
(the study period was extended to capture the entire breeding season). Each
standard session lasted 4 hours, and was successively started from: 0000-0400,
0400-0800, 0800-1200, 1200-1600, 1600-2000, 2000-2400 hours (six consecutive
sessions equal one full day, and 48 sessions equal eight full days). During each
session, the time of individual calling males was recorded separately for each hour.

Vocalization rate was calculated as the percentage of time within an hour during



which at least one male was vocally active. Significantly higher vocal activity was
defined as vocalization rate of greater than or equal to 10% for each study
period/hour.

All listening sessions between 2010 and 2012 were carried out from a single
point located centrally in the fishpond complex (see coordinates in Study Area). All
call locations were plotted on a plan of the fishponds from a distance of 40-300 m.
The research was conducted without voice playback and only spontaneous calls

were recorded.

Data Analysis

The Mann-Whitney test was used to determine the effect of air temperature on
male vocal activity. Mean air temperature of the session was chosen as the
dependent variable, and vocal activity as the independent variable. The results were
considered statistically significant when the probability of type | error was set at P <
0.05. The mean values were presented with standard deviation (+ SD). The statistical

analysis was performed using Statistica (StatSoft 2014).

RESULTS
The air temperature in listening sessions when the Little Bittern males (n = 20)
were active vocally (mean = 19.3 + 3.4°C, range = 12-24.5°C, n = 22) and inactive
vocally (mean = 18.7 £ 4.3°C, range = 12-27°C, n = 18) was not statistically different
(Z£=0.802, P=0.424, n = 40).
The Little Bittern males (n = 8) were active vocally from May to July (Fig. 2).

The advertising call started on 10" May, and finished on 28™ July. The first peak of



vocal output occurred between 215t May and 15t June. The second peak was
extended in time and occurred between 14" June and 7" July.

The daily vocal activity was variable and depended on the time of day (Fig. 3).
The male’s call the most intensively between 0300-0900 hours and 1600-2200 hours,
with the highest peaks in vocal output occurring before sunrise and sunset. Higher
vocal activity was in the evening hours than in the morning hours. Vocal production
decreased between 0900-1600 hours, and completely ceased between 2200-0200

hours.

DISCUSSION

The breeding and wintering ranges of Little Bittern indicate that this species
prefers a warm summer climate (Kushlan and Hancock 2005; BirdLife International
2015), and lower temperatures may effect it's behavior. In this preliminary study, air
temperature did not have an observable adverse effect on male vocal activity during
the breeding season, but it is possible that lower temperatures (< 12°C) in
combination with other weather factors such as rainfall or strong wind may
significantly affect the male’s vocalization.

The Little Bittern is a rather silent heron species except during the breeding
season, when the advertising call can be heard from May to July (Voisin 1991).
Similar observations were also made during this study wherein the advertising call
was recorded during most of the study period. In Poland, some very early arriving
males can be vocally active at the very beginning of breeding season (late April), but
they are usually silent until the growth of emergent vegetation. Territorial males are
easy to identify by behaviors such as chasing other males from the occupied habitat

patch and simultaneously uttering an advertising call (territorial function of call;



although see Flis et al. [2020] for male territorial behavior during the incubation
period). The males were significantly less active vocally at the end of July and were
inactive in August, but it may vary across years (e.g., one male was still calling on 2"
August 2010 in the Study Area; A. Flis, pers. obs.). Despite a short breeding season
in Europe (Voisin 1991), the Little Bittern is a double-brooding species (Filipiuk and
Kucharczyk 2016) and the second (late-season) broods occur in August (Kushlan
and Hancock 2005; Flis 2013).

There were two major peaks of a male's vocal output during the breeding
season. The first peak was short, in contrast to the second one which was extended
in time, and they occurred respectively at the beginning and in the middle of the
breeding season. The first peak occurred shortly before the first egg-laying dates in
the Study Area (see Flis 2013). This suggests that the second peak may be related to
the start of the second broods (Filipiuk and Kucharczyk 2016), and the advertising
call is uttered only in the pre-laying period, where only unpaired males or males that
failed in their breeding attempt are heard calling during the main egg-laying period
(Flis 2013). The last statement may also be confirmed by observation (recording from
the trail camera; Flis et al. 2020) of the nesting pair of Little Bitterns whose incubated
eggs were predated: the male returned to the nest just a few hours later and started
calling intensively again, which resulted in the arrival of female and a brief courtship
display that ended with copulation (mate stimulation function of call).

The male’s daily distribution of vocalization shows the highest activity before
sunrise and sunset, which may be partially explained by the crepuscular behavior of
Little Bittern (Flis et al. 2020). A similar pattern was reported for other birds living in
dense marsh vegetation (e.g., Little Crake or Water Rail). Depending on the species’

biology, their calling activity can be related with territoriality and intra-males/pairs long



distance communication only during the pair formation period or throughout the
breeding season (Merila and Sorjonen 1994; Polak 2005, 2006).

The quality of a male’s advertising call testifies about individual condition, and
is crucial in the case of secretive bird species (Polak 2005; Delgado and Penteriani
2007; Murphy et al. 2008). Furthermore, some males can use vocal activity in the
pre-laying period as a signal of his territory and nest stand quality (Penteriani et al.
2002). The male Little Bittern has a unique mating system among all herons by
building two nest types (breeding nest and mock nest; see Cramp and Simmons
1977; Flis 2016). The male mating strategy of starting to build a nest alone in its
territory in the pre-laying period seems to be strongly related with the advertising call
because this behavioral signal is usually the first step in enticing a female (mate
attraction function of call and pair-bond formation).

The collected data suggests that the Little Bittern males vocalized in the pre-
laying period, calling intensively after arrival and becoming silent at the start of egg-
laying/incubation period. Such behavior indicates mainly an inter-sexual function of
the advertising call. The territory defense function also occurs, but after egg-laying
the male is probably more focused on defending and guarding only the nest site
rather than the whole area of its territory, and this could explain how Little Bitterns

can nest in semi-colonies (Flis et al. 2020).
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Figure 1. The example of a spectrogram of the advertising call of male Little Bittern

(Ixobrychus m. minutus) recorded in May 2011 at the Stawy Mate fishponds
(Southeast Poland).
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Figure 2. The vocal activity of the males of Little Bittern (Ixobrychus m. minutus;
n = 8) between 9" May and 121" August 2012 at the Stawy Mate fishpond complex
(Southeast Poland). Means = SD are shown and the line determining the limit of

significantly higher vocal activity is marked.
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Figure 3. The daily pattern of vocal output of the males of Little Bittern (/xobrychus
m. minutus; n = 8) between 9" May and 12" August 2012 at the Stawy Mate
fishponds (Southeast Poland). Means + SD are shown and the line determining the
limit of significantly higher vocal activity is marked. The average times of sunrise and

sunset during the studied period are reported.
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