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1. Wprowadzenie

1.1. Spis publikacji wchodzacych w sktad rozprawy doktorskiej

Niniejsza rozprawa doktorska skfada sie z cyklu szesciu artykutdéw dotyczacych zagadnien
zwigzanych ze stanem zachowania i mozliwoscig naturalnej odbudowy populacji piskorza
Misgurnus fossilis (L.), jego wiekiem i wzrostem, strukturg pfciowq i ptodnoscig oraz dietg
i aktywnosciag zerowania. Przy kazdej pozycji podano warto$é wspdtczynnika wptywu Impact
Factor aktualny dla roku publikacji oraz punktacje Ministerstwa Nauki i Szkolnictwa Wyzszego
po aktualizacji wykazu czasopism naukowych i recenzowanych materiatdw z konferencji
miedzynarodowych z 2021 roku, niezaleznie od roku publikacji artykutu. Sumaryczna wartosc
wspotczynnika wptywu (IF) publikacji wchodzacych w sktad rozprawy doktorskiej wynosi 8,64;

a suma punktéw wedtug punktacji Ministerstwa Nauki i Szkolnictwa Wyzszego wynosi 410.
W sktad cyklu wchodzg nastepujace prace:

Pyrzanowski K., Zieba G., Przybylski M. 2015. Sztuczne urzadzenia wodne jako
przyrodniczo niedoceniane siedliska wystepowania zagrozonych gatunkéw ryb —
przyktad piskorza Misgurnus fossilis na obszarze Natura 2000 Pradolina Bzury-Neru
PLH100006. Chroimy Przyrode Ojczystg 71(4): 266-272.

IF2015 =0 punkty MNiSW =5

Moj wktad do pracy, ktérej jestem autorem korespondencyjnym, polegat na opracowaniu koncepcji
pracy, koordynowaniu i udziale w pracach terenowych, przygotowaniu i analizie danych oraz
przygotowaniu tekstu manuskryptu i konkluzji. Mdj udziat oceniam na 70%

Pyrzanowski K., Rejnisz A., Przybylski M., Zieba G. 2020. Naturalna odbudowa
populacji piskorza (Misgurnus fossilis) w Pradolinie Bzury-Neru po suszy z 2015 roku.
Parki Narodowe i Rezerwaty Przyrody 39(2): 37-53.

IF2020 =0 punkty MNiSW =5

Moj wktad do pracy, ktérej jestem autorem korespondencyjnym, polegat na opracowaniu koncepcji
pracy, koordynowaniu i udziale w pracach terenowych, przygotowaniu danych i analizie danych oraz
przygotowaniu tekstu manuskryptu i konkluzji. Mdj udziat oceniam na 70%

Pyrzanowski K., Zieba G., Przybylski M. 2020. Endangered weatherfish (Misgurnus
fossilis) age and growth is affected by the size of the watercourses. Journal of
Vertebrate Biology (Folia Zoologica) 69(1): 19041. doi:10.25225/jvb.19041

IF2020 = 0,594 punkty MNiSW = 20

Moj wktad do pracy, ktérej jestem autorem korespondencyjnym, polegat na opracowaniu koncepcji
pracy, koordynowaniu i udziale w pracach terenowych, wykonaniu analiz laboratoryjnych,
przygotowaniu danych, udziale w analizie danych oraz przygotowaniu tekstu manuskryptu i konkluzji.
Moéj udziat oceniam na 60%
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Pyrzanowski K., Zieba G., Chwatko G., Przybylski M. 2021. Does habitat otherness
affect weatherfish Misgurnus fossilis reproductive traits? European Zoological
Journal 88(1): 328-339. d0i:10.1080/24750263.2021.1887379

[F2021 = 1,656 punkty MNiSW = 140

Moj wkiad do pracy, ktorej jestem autorem korespondencyjnym, polegat na opracowaniu koncepcji
pracy, koordynowaniu i udziale w pracach terenowych, przygotowaniu i analizie danych oraz
przygotowaniu tekstu manuskryptu i konkluzji. Mdj udziat oceniam na 60%

Pyrzanowski K., Zieba G., Dukowska M., Smith C., Przybylski M. 2019. The role of
detritivory as a feeding tactic in harsh environment — a case study of weatherfish
(Misgurnus fossilis). Scientific Reports 9:8467. doi:10.1038/s41598-019-44911

[F2019 = 3,998 punkty MNiSW = 140

Moj wkiad do pracy, ktorej jestem autorem korespondencyjnym, polegat na opracowaniu koncepcji
pracy, koordynowaniu i udziale w pracach terenowych, udziale w wykonaniu analiz laboratoryjnych,
przygotowaniu danych, udziale w analizie danych oraz przygotowaniu tekstu manuskryptu i konkluzji.
Moéj udziat oceniam na 50%

Pyrzanowski K., Zieba G., Leszczynska J., Adamczuk M., Dukowska M., Przybylski M.
2021. Food resource partitioning between juvenile and mature weatherfish
Misgurnus fossilis. Ecology and Evolution. doi: 10.1002/ece3.7340

IFa021 = 2,392 punkty MNiSW = 100

Moj wkiad do pracy, ktorej jestem autorem korespondencyjnym, polegat na opracowaniu koncepcji
pracy, koordynowaniu i udziale w pracach terenowych, udziale w wykonaniu analiz laboratoryjnych,
przygotowaniu danych, udziale w analizie danych oraz przygotowaniu tekstu manuskryptu i konkluzji.
Méj udziat oceniam na 50%

Porzqdek prezentowanych prac wynika z kolejnosci podejmowanych problemow tj. ochrona,
wiek i wzrost, biologia rozrodu i Zerowanie piskorza.
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1.2. Wstep

Piskorz Misgurnus fossilis (L.) jest niewielkg, bentoniczng, stodkowodng rybg z rodziny
kozowatych (Cobitidae), ktérej naturalny zasieg wystepowania obejmuje obszar centralnej
i wschodniej Europy (Kottelat i Freyhof 2007). W Polsce piskorz wystepuje na terenie catego
kraju z wyjatkiem rzek godrskich (Rembiszewski i Rolik 1975). Typowymi siedliskami
wystepowania tego gatunku sg stagnujgce, mocno porosniete roslinnoscia wodna
i szuwarowgq ptytkie zbiorniki wodne, ktére charakteryzujg sie piaszczystym dnem pokrytym
grubg warstwg osaddéw organicznych. Dlatego tez piskorz najczesciej spotykany jest w wolno-
ptynacych rzekach, kanatach i rowach melioracyjnych, starorzeczach, zanikajgcych jeziorach
oraz stawach hodowlanych (Meyer i Hinrichs 2000, Kottelat i Freyhof 2007). Piskorz jest
jednym z niewielu europejskich gatunkéw ryb odpornych na niekorzystne warunki
srodowiskowe takie jak: niski poziom tlenu i podwyzszona temperatura wody (Jakubowski
1958, Drozd iin. 2009). Jego tolerancja niekorzystnych dla wielu gatunkéw ryb stodkowodnych
warunkéw Srodowiska zwigzana jest z umiejetnoscig oddychania powietrzem atmosferycznym
(oddychanie jelitowe) oraz zdolnoscig do zagrzebywania sie w podtozu przez co, lepiej niz inne
rodzime ryby, potrafi przetrwac krotkotrwate susze (Boron 2000, Boron iin. 2002, Jaroszewska
i Dabrowski 2010). Pomimo tego od wielu lat obserwuje sie spadek liczebnosci populacji
piskorza na catym obszarze wystepowania, ktdrego bezposrednig przyczyng jest utrata siedlisk
spowodowana osuszaniem terendw podmoktych, a takze dziatania majgce na celu zwiekszenie
szybkosci nurtu, takie jak: regulacja koryta i bagrowanie (Meyer i Hinrichs 2000, Boron i in.
2004, Hartvich i in. 2010, Belle i in. 2017). W zwigzku z tym piskorz objety zostat réznymi
formami ochrony. Wymieniony jest w zatgczniku Il Dyrektywy Siedliskowej (European Fauna-
Flora-Habitat, Council Directive 92/43/EEC) (E.U. 1992) jako gatunek priorytetowy
o kluczowym znaczeniu dla Wspdlnoty Europejskiej, a takze w zatgczniku 1l Konwencji
Bernenskiej, obejmujgcym wykaz gatunkéw zwierzat, ktdrych eksploatacja powinna byé
regulowana tak, aby populacje tych gatunkéw byly utrzymane na odpowiednim poziomie
(Kotusz 1996a). Obecnie w Polsce piskorz jest uznawany za gatunek najmniejszej troski (LC —
ang. least concern, kategoria zagrozenia IUCN) (Witkowski i in. 2009), a na mocy
Rozporzadzenia Ministra Srodowiska z 2016 roku w sprawie ochrony gatunkowej zwierzat jest
objety ochrong czesciowa. Dodatkowo jego status jako gatunku szczegélnie cennego dla
zachowania biordznorodnosci ichtiofauny podkreslony zostat poprzez umieszczenie go na

wielu europejskich czerwonych listach zagrozonych i chronionych gatunkow, w tym w Polskiej
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Czerwonej Ksiedze Zwierzat (Gtowacinski 2001), oraz na Czerwonej Liscie Ryb i Minogéw
(Witkowski i in. 2009). Piskorz jest jednym z kilkunastu gatunkéw ryb stodkowodnych objetych
programem monitoringu, ktérego celem jest rozpoznanie stanu populacji oraz skutecznosci
dziatan ochronnych (Mazurkiewicz 2012). Monitoring ten ograniczony jest przede wszystkim
do obszaréw chronionych i stuzy okresleniu stanu jakosci siedlisk piskorza oraz wielkosci
wzglednej jego populacji. Monitoring taki nie uwzglednia potrzeby uzyskania podstawowych
informacji o biologii gatunku (ang. life history) takich jak: struktura ptciowa, wiek, tempo
wzrostu, ptodnosc i wysitek reprodukcyjny, zerowanie, preferencje siedliskowe. Bez tych
informacji ustalenie skutecznej metody ochrony i poprawy statusu gatunku wydaje sie
niemozliwe (Kirchhofer i in. 1996, Wootton i in. 2000). Szczegétowe informacje dotyczace
biologii gatunku sg nieliczne (Kottelat i Freyhof 2007, Froese i Pauly 2019), a dostepne dane
dotyczg opisu gatunku oraz podstawowych aspektéw jego biologii (Barus i Oliva 1995, Boron
i in. 2002, Kottelat i Freyhof 2007), morfologii (Kotusz 1996b), preferencji siedliskowych
(Meyer i Hinrichs 2000), zagrozen (Hartvich i in. 2010, Freyhof i Brooks 2011), reintrodukcji
(Schreiber i in. 2018a), a takze wystepowania poliploidalnosci (Drozd i in. 2010). Jednymi
z najszerzej opisanych aspektdw biologii piskorza sg: rozmnazanie, ptodnos$é i rozwéj larwalny
(Geldhauser 1992; Kouril i in. 1996, Adamkova-Stibranyiova i in. 1999, Drozd i in. 2009,
Schreiberiin. 2017a). Niedawno ukazato rowniez sie kilka publikacji sugerujacych przydatnos¢
piskorza jako nowego gatunku do badan ekotoksykologicznych w ekosystemach wodnych
(Schreiber i in. 2017b, 2018b). Brak informacji o biologii piskorza wynika przede wszystkim
z jego specyficznych zachowan oraz wymagan siedliskowych. Piskorz jest gatunkiem trudnym
do ztowienia, co wynika z jego przydennego trybu zycia i zdolnosci do zagrzebywania sie
w mule. Zasiedla gtdwnie trudne do eksploracji zbiorniki takie jak: starorzecza, kanaty i rowy
melioracyjne. Tego typy S$rodowiska sg najczesciej pomijane w rutynowych badaniach
ichtiofaunistycznych, co skutkuje btednym rozpoznaniem wielkosci populacji oraz brakiem
wiasciwe] analizy cech biologii tego gatunku. Ponadto niewielkie zainteresowanie biologig
piskorza wynika rowniez z faktu, ze gatunek ten nie ma zadnej wartosci ekonomiczne;j.
W swietle powszechnie notowanego spadku liczebnosci populacji piskorza spowodowanego
gtéwnie przez zanik odpowiednich siedlisk, konieczne jest uzyskanie bazowych danych na
temat jego cech historii zycia, ktdre sg warunkiem wstepnym racjonalnego planowania
ochrony. W obliczu niewystarczajgcej wiedzy na temat biologii gatunku, celem rozprawy

doktorskiej byto: uzupetnienie brakujgcych, szczegdétowych informacji o strukturze wiekowej,
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charakterystyce wzrostu ryby (zaleznosci miedzy ciezarem a dtugoscia ciata), poznanie biologii
rozrodu w réznych typach siedlisk, diety i aktywnosci zerowania w zaleznosci od warunkéw
srodowiskowych oraz wielkos$ci osobnikéw. Dodatkowo zbadano stan zachowania populacji
piskorza w Pradolinie Bzury-Neru, jednym z niewielu obszaréw na terenie Polski Srodkowej
o wyjatkowo rozbudowanej sieci kanatéw melioracyjnych, ktére sg typowymi siedliskami
bytowania piskorza. Przeprowadzono réwniez ocene mozliwosci naturalnej odbudowy

populacji piskorza w sztucznym kanale narazonym na okresowe wysychanie.

Piskorz jest gatunkiem objetym ochrong czesciowg, dlatego procedura potowu ryb oraz
umysinego zabijania zostaty wykonane na mocy zezwolen na odstepstwa od zakazéw
w stosunku do dziko wystepujgcych zwierzat objetych ochrong gatunkowg wydanych przez
GDOS (DZP-WG.6401.10.2014.bp z dn. 9.05.2014) oraz RDOS w todzi (WPN-
11.6401.268.2014.KW2 z dn. 5.11.2014, WPN-11.6401.238.2014.KW2 z dn. 8.12.2014). Materiat
do badan laboratoryjnych nad biologig piskorza zostat pozyskany podczas czterech potowéw,
ztowiono tacznie 286 osobnikéw. Odtowy dokonane zostaty w rzece Ner oraz w Nowym Rowie
(réw melioracyjny) wiosng 2015 (kwiecien), a takze w Kanale Potudniowym (réw melioracyjny)
latem 2014 (sierpien) oraz wiosng 2015 (maj). Z uwagi na niezwykle wysokie zageszczenie
piskorza w kanatach melioracyjnych (przekraczajgce czesto 100 krotnie wartosci referencyjne
uznawane za wystarczajgce do uznania stanu populacji za wiasciwy, wg wskazan GIOS)

ingerencja w lokalne populacje byta nieznaczna i nieistotna z punktu ich zachowania.

1.3. Omodwienie publikacji wchodzacych w sktad rozprawy doktorskiej

Pyrzanowski K., Zieba G., Przybylski M. 2015. Sztuczne urzadzenia wodne jako
przyrodniczo niedoceniane siedliska wystepowania zagrozonych gatunkéw ryb -
przykiad piskorza Misgurnus fossilis na obszarze Natura 2000 Pradolina Bzury-Neru
PLH100006. Chroimy Przyrode Ojczystg 71(4): 266—272.

Praca przedstawia aktualng wiedze na temat liczebnosci i rozmieszczenia populacji piskorza
w Polsce $rodkowej na obszarze Natura 2000 Pradolina Bzury-Neru PLH100006, na terenie
o wyjatkowo rozbudowane] sieci kanatéw melioracyjnych. Kompleksowe badania stanu
ichtiofauny ciekéw Pradoliny Bzury-Neru rozpoczeto w roku 2000 i prowadzono je kolejno
w latach: 2012-2014 (Ner wraz z doptywami) i 2013-2014 (Bzura wraz z doptywami oraz siecig
kanatéw i rowdw melioracyjnych). tgcznie skontrolowano 57 stanowisk znajdujgcych sie
w granicach chronionego obszaru oraz dodatkowo 9 w bezposrednim jego sgsiedztwie. Na

podstawie ustandaryzowanego wskaznika stanu populacji Pradolina Bzury-Neru zostata
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rozpoznana, jako jeden z niewielu obszarow na terenie Polski, gdzie liczebnos¢ piskorza
znacznie przekraczata wartosci referencyjne (> 0,01 0s./m?) przyjmowane, jako wystarczajgce
do uznania stanu populacji za witasciwy (FV). Ustalono, po raz pierwszy, ze w sieci kanatow
melioracyjnych piskorz na znacznej czesci stanowisk osiggat wysokie zageszczenia czesto
przekraczajgce 1 o0s./m? (do 2,1 os./m?> w Kanale Potudniowym). Przeprowadzone
kompleksowe odtowy udowodnity, ze niedoceniane i czesto pomijane w badaniach
faunistycznych sztuczne urzadzenia wodne tj. kanaty i rowy melioracyjne sg typowymi
miejscami wystepowania piskorza, gdzie jego populacje osiggajg znaczne zageszczenia.
Stanowig one obecnie najcenniejsze siedliska dla tego gatunku, odgrywajgce wazing role
w stabilizacji populacji. Dodatkowo, w pracy wskazano najczestsze zagrozenia przyczyniajgce
sie do zaniku populacji piskorza takie jak: niszczenie siedlisk, regulacja koryt oraz nadmierne
i niewtasciwe przeprowadzanie zabiegdw melioracyjnych (odmulanie i bagrowanie). Podczas
tych zabiegéw ryby wraz z usunietym osadem wyrzucane sg na brzeg. Podstawowe dziatania
ochronne majace na celu zachowanie populacji piskorza w jak najlepszym stanie to przede
wszystkim utrzymanie jego siedlisk oraz zaniechanie dziatan, ktére mogg powodowac ich
niszczenie i bezposrednie zabijanie osobnikow.

Pyrzanowski K., Rejnisz A., Przybylski M., Zieba G. 2020. Naturalna odbudowa

populacji piskorza (Misgurnus fossilis) w Pradolinie Bzury-Neru po suszy z 2015 roku.
Parki Narodowe i Rezerwaty Przyrody 39(2): 37-53.

W pracy przedstawiono przebieg naturalnej odbudowy populacji piskorza w sztucznym kanale
melioracyjnym (Kanale Potudniowym) zlokalizowanym na obszarze Natura 2000 Pradolina
Bzury-Neru PLH100006 po wystgpieniu suszy hydrologicznej. Przed rokiem 2015 wszystkie
parametry oceny stanu zachowania populacji gatunku tj. wzgledna liczebnos¢ populacji
(2,1 0s./m?), struktura wiekowa oraz udziat w zespole ryb i minogdw istotnie przekraczaty
wartos$é referencyjng wskazujgcg na wtasciwy stan populacji (FV). Latem (sierpien-wrzesien)
2016 roku w Polsce srodkowej wystgpita susza, w wyniku, ktdrej doszto do licznych przesuszen
kanatu na dtugich odcinkach. W konsekwencji, catkowitej degradacji ulegta bytujgca w nim
lokalna populacja piskorza. Kanat Potudniowy w swoim poczgtkowym (zachodnim) fragmencie
ma bezposrednie potgczenie z innym kanatem, w ktérym podczas panujgcej latem suszy
utrzymywata sie woda oraz uchodzi do Bzury przegrodzonej licznymi zastawkami
przeciwdziatajgcymi nadmiernemu obnizaniu poziomu lustra wody. Badania przeprowadzono

na 9 stanowiskach, ktére kontrolowano tgcznie 13 razy w okresie przed wystgpieniem,
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w trakcie oraz po ustgpieniu suszy. Za kazdym razem obliczono zageszczenia populacji
poszczegdlnych gatunkdw ryb oraz réznice w dtugosciach ciata piskorzy ztowionych w réznych
okresach. Ustalono, ze gtéwnym zrdodtem wiekszosci kolonizatoréw byta Bzura. Parametry
fizyko-chemiczne wody nie odgrywaty istotnej roli w odbudowie populacji piskorza.
Zaobserwowano, ze w ciggu roku od ponownego pojawienia sie wody, ciek zasiedlato
15 gatunkodw ryb, a najczesciej spotykanymi taksonami byty pto¢ (Rutilus rutilus) oraz szczupak
(Esox lucius). Tempo kolonizacji zalezato od gatunku. Odbudowa populacji piskorza zachodzita
powoli i braty w niej udziat wyfacznie osobniki dojrzate ptciowo. Pomimo postepujacej
regeneracji, po uptywie 12 miesiecy od odzyskania ciggtosci przeptywu, populacja piskorza nie
osiggneta stanu sprzed okresu suszy, ksztattujac sie na poziomie 0,0019 o0s./m?, co wskazywato

na jej zty stan zachowania.

Pyrzanowski K., Zieba G., Przybylski M. 2020. Endangered weatherfish (Misgurnus
fossilis) age and growth is affected by the size of the watercourses. Journal of
Vertebrate Biology (Folia Zoologica) 69(1): 19041. doi:10.25225/jvb.19041

Tempo wzrostu i wielko$¢ ciata ryb sg jednymi z cech biologii gatunku, ktére moga wptywac
na inne takie jak sukces reprodukcyjny czy $miertelnos¢. Jednoczesnie wzrost ryb wykazuje
ogromng plastycznos$é w odpowiedzi na zmieniajgce sie warunki srodowiska. Celem pracy byto
uzupetnienie brakujacych informacji na temat struktury wiekowej, tempa wzrostu piskorza
oraz zaleznosci ciezaru ciata od jego dtugosc. Badania przeprowadzono w dwdch populacjach
piskorza zasiedlajgcych dwa cieki tj. kanat melioracyjny (Nowy Réw) oraz sredniej wielkosci
rzeke nizinng (Ner), réznigce sie pod wzgledem warunkéw hydrologicznych oraz
Srodowiskowych. Wiek oraz tempo wzrostu oszacowano na podstawie otolitéw. Analiza
obrazu przekroju otolitéw pozwolita na ustalenie wieku kazdego osobnika (catkowita liczba
prawdziwych pierscieni, uznajac pierwszy pierscien zimowy, jako punkt odniesienia). Otolity
piskorzy byty mate, eliptyczne z wyraznie widocznymi pierscieniami. Zaréwno w Nerze jaki
i w Nowym Rowie maksymalna dtugos¢ zycia samic zostata oszacowana na szes¢ lat, natomiast
najstarsze samce w Nerze miaty pie¢ lat, a w Nowym Rowie cztery lata. W Nerze dominowaty
osobniki dwuletnie, natomiast w Nowym Rowie osobniki trzyletnie. Na podstawie
zréznicowania wartosci wspoétczynnika kondycji Fultona stwierdzono, ze piskorze pochodzgce
z kanatu melioracyjnego byly w nieznacznie lepszej kondycji niz te bytujgce w Nerze. Analiza
regresji ciezaru ciata na jego diugosc¢ wykazata, ze piskorz charakteryzuje sie izometrycznym

wzrostem (b = 3), a wartosci wspétczynnika przeciecia (a) réznit sie miedzy stanowiskami.
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Przeprowadzone badania pozwalajg stwierdzi¢, ze proporcja ptci w obu populacjach nie
odbiegata od stosunku 1:1. Wykazano réwniez, ze samice byty wieksze od samcéw w kazdej
klasie wieku, niezaleznie od stanowiska. Poréwnanie wielokrotne pokazaty, ze piskorze z Neru
byty mniejsze niz osobniki z owego Rowu, niezaleznie od ptci. Odczyty wsteczne dtugosci ciata
oraz modelu wzrostu von Bertalanffy'ego wykazaty, ze samice z Neru osiggaty wiekszg
asymptotyczng dtugos¢ ciata niz samice z Nowego Rowu. Natomiast takich rdéznic nie
stwierdzono w przypadku samcéw. Przeprowadzone badania dostarczyty po raz pierwszy
informacji na temat struktury wieku i wzrostu piskorzy uzyskanych na podstawie analizy
otolitéw. Potwierdzity ich przydatno$¢ w ocenie wieku oraz tempa wzrostu. Wykazano
rowniez, ze piskorz osigga wieksze rozmiary, niezaleznie od ptci w wiekszych ciekach, co jest
prawdopodobnie spowodowane mniejszym zageszczeniem, a w konsekwencji mniejszg
konkurencjg wewnatrz gatunkowa.

Pyrzanowski K., Zieba G., Chwatko G., Przybylski M. 2021. Does habitat otherness

affect weatherfish Misgurnus fossilis reproductive traits? European Zoological Journal
88(1): 328-339. d0i:10.1080/24750263.2021.1887379

Celem pracy byto dostarczenie szczegétowych informacji na temat biologii rozrodu piskorza.
Ptodnosc i strukture ptciowg badano dla trzech populacji piskorza zasiedlajgcych rézne cieki tj.
Ner - Sredniej wielkosSci rzeke nizinng, Kanat Potudniowy - kanat melioracyjny w Polsce
srodkowej oraz Nowy Réw - kanat melioracyjny w Polsce zachodniej. Kanaty melioracyjne byty
podobne pod wzgledem warunkéw hydrologicznych oraz srodowiskowych. Ryby odtowiono
tuz przed sezonem rozrodczym. Poréwnano cechy reprodukcyjne tj. stosunek pfci, ptodnosc
absolutng i wzgledng, wielkos¢ oocytdéw, wskaznik gonado-somatyczny (GSI) oraz kondycje
(wskaznik Fultona). We wszystkich badanych ciekach proporcja ptci piskorza nie réznita sie od
stosunku 1:1. Najwyzsze wartosci GSI odnotowano dla samic pochodzgcych z Neru.
W przypadku samcédw nie odnotowano rdézinic w wartosciach GSI miedzy badanymi
stanowiskami. Ptodnos¢ absolutna i wzgledna w Nerze byty istotnie nizsze niz w kanatach
melioracyjnych (Kanale Potudniowym i Nowym Rowie). W Nerze $Srednia wielko$¢ oocytow
byta wieksza niz w pozostatych ciekach. Ponadto w Nerze rozktad srednic oocytéow byt
dwumodalny co wskazato na obecnos¢ dwdch grup oocytdw. Ryby pochodzgce z Neru
charakteryzowaty sie nizszym wskaznikiem kondycji Fultona. Kompromis miedzy obnizong
ptodnoscig, a wiekszymi rozmiarami oocytdw moze wynikac z innego charakteru badanych

ciekdw oraz réznego poziomu zanieczyszczen, gtéwnie steroidowymi hormonami ptciowymi.
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Pyrzanowski K., Zieba G., Dukowska M., Smith C., Przybylski M. 2019. The role of
detritivory as a feeding tactic in harsh environment — a case study of weatherfish
(Misgurnus fossilis). Scientific Reports 9:8467. doi:10.1038/s41598-019-44911

W Swietle niedostatku danych na temat biologii zerowania piskorza celem pracy byto ustalenie
sktadu diety i okreslenie aktywnosci pobierania pokarmu. Poniewaz piskorz jest odporny na
niekorzystne warunki srodowiskowe i moze przetrwa¢ w warunkach nieodpowiednich dla
innych ryb, jego diete porownano w dwdch okresach charakteryzujgcych sie odmiennymi
warunkami abiotycznymi, tj. pdzng wiosng, kiedy nie wystepuje deficyt tlenowy, temperatura
wody jest wcigz relatywnie niska, a zasoby pokarmowe obfite oraz pézinym latem, kiedy
wystepuje znaczny deficyt tlenu, temperatura wody jest wysoka i nastepuje zubozenie bazy
pokarmowej. Diete piskorza okreslono na podstawie analizy zawartosci przewodéw
pokarmowych 120 osobnikdw pozyskanych z kanatu melioracyjnego (Kanat Potudniowy).
Dzieki analizie wypetnienia przewoddw pokarmowych ustalono, ze piskorze pobieraty wieksze
ilosci pozywienia wiosng niz latem. W przeciwienstwie do innych gatunkéw z rodziny
kozowatych (Cobitidae) piskorz zerowat gtéwnie w ciggu dnia, niezaleznie od sezonu.
Najwazniejszymi kategoriami pokarmowymi w diecie piskorza byty: Chironomidae, Copepoda,
Isopoda (Asellus aquaticus) oraz detrytus. Wykazano istotne zréznicowanie szerokosci niszy
troficznej miedzy sezonami. Przeprowadzone badania wykazaty, ze piskorz jest typowym
oportunistg pokarmowym, a detrytus stanowi bardzo wazny sktadnik jego diety. Wiosng ilo$é
detrytusu w przewodach pokarmowych byfa pozytywnie skorelowana z dtugoscig ciata ryb.
Wieksze ilosci detrytusu stwierdzono w diecie ryb ztowionych pdéZnym latem, a jego ilo$¢é nie
zalezata od wielkosci osobnikéw. Uzyskane wyniki jednoznacznie wskazujg na to, ze pomimo
krotkiego jelita (brak przystosowania do detrytusozernosci) detrytus jest gtéwnym
sktadnikiem diety wszystkich osobnikéw. Wykorzystywanie zasobow gorszej jakosci
w okresach niedoboru pokarmu, ma duze znaczenie dla przetrwania w niesprzyjajacych

warunkach.

Pyrzanowski K., Zieba G., Leszczyriska J., Dukowska M., Adamczuk M., Przybylski M.
2021. Food resource partitioning between juvenile and mature weatherfish
Misgurnus fossilis. Ecology and Evolution. doi: 10.1002/ece3.7340

Zmiana preferencji siedliskowych oraz wykorzystanie odmiennych rodzajow pokarmu podczas
ontogenezy sg czestym zjawiskiem u wielu gatunkow ryb. W wiekszosci przypadkéw mozna
zaobserwowa¢d, ze wraz ze wzrostem osobnikéw dochodzi do znacznego rozszerzenia

zajmowanej niszy pokarmowej. W miare wzrostu ryby przechodzg od drobniejszego pokarmu,
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takiego jak plankton, do znacznie wiekszych ofiar np. makrobezkregowcow. Zmiany w diecie
zwigzane z wielkoscig ciata osobnikéw s3 gtéwnie wynikiem wiekszego zapotrzebowania
energetycznego. Celem pracy byta ocena czy dieta piskorza zalezna jest od etapu ontogenezy.
Badania te przeprowadzono w okresie wystepowania optymalnych warunkéw do zerowania,
gdy zasoby pokarmowe sg obfite, nie pojawig sie deficyty tlenowe, a temperatura jest stabilna,
czyli przy braku gtéwnych czynnikdéw wptywajgcych na zerowanie. Materiat do badan zostat
pozyskany z kanatu melioracyjnego (Kanat Potudniowym) na obszarze Natura 2000 Pradolina
Bzury-Neru. Aby wykazac¢ réznice w preferencjach pokarmowych pomiedzy osobnikami
mitodocianymi i dojrzatymi, ryby podzielono na dwie klasy wielkosci, uwzgledniajgc dtugosc
catkowity i dojrzatosé potciowg osobnikéw. Podstawe diety piskorza stanowity gtownie:
Copepoda, Cladocera, Oligochaeta, Isopoda (Asellus aquaticus), detrytus i Chironomidae. Nie
stwierdzono rozszerzenia sie niszy wraz ze wzrostem zwierzat. Jednak sktad pokarmu
osobnikéw dojrzatych i niedojrzatych znacznie réznit sie pod wzgledem ilosci i jakosci ofiar.
W diecie mtodocianych osobnikéw dominowaty Copepoda i Cladocera, podczas gdy dojrzate
osobniki korzystaty gtéwnie z detrytusu. Szczegdétowa analiza diety wykazata, ze w trakcie
ontogenezy piskorz, postrzegany dotad jako typowy oportunista pokarmowy, modyfikuje
strategie Zzerowania. Pomimo, ze piskorz jest rybg bentoniczng osobniki mifodociane
wykorzystujg baze pokarmowa zwigzang z tonig wodng oraz makrofitami, podczas gdy
osobniki dojrzate ptciowo, a wiec i wieksze, zerujg na dnie wykorzystujgc réwniez zaséb mniej
korzystny energetycznie, jakim jest detrytus. Taki podziat zasobéow moze by¢ efektem

konkurenciji nie tylko o pokarm, ale i o przestrzen.
1.4. Podsumowanie i wnioski

e Pradolina Bzury-Neru jest jednym z niewielu obszaréw na terenie Polski, gdzie
liczebno$¢ piskorza znacznie przekracza wartosci referencyjne (> 0,01 o0s./m?)

przyjmowane jako wystarczajgce do uznania stanu populacji za wtasciwy (FV).

e Sztuczne zbiorniki wodne tj. kanaty i rowy melioracyjne stanowig obecnie
najcenniejsze siedliska piskorza. Pomimo zmian tych siedlisk (gtéwnie osuszanie,
bagrowanie) odbudowa populacji piskorza w cieku dotknietym okresowg suszg jest
mozliwa, chociaz powolna, przy zachowaniu korytarzy umozliwiajgcych migracje

z populacji zrédtowych (tu: rzeka Bzura). Badania wskazujg, ze w migracji biorg udziat
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wyfacznie osobniki dojrzate ptciowo, a parametry fizyko-chemiczne wody nie

odgrywaja istotnej roli w odbudowie populacji.

Piskorze zasiedlajgce kanaty melioracyjne osiggajg wieksze rozmiary ciata oraz
charakteryzujg sie wyzszg kondycjg niz osobniki ze sredniej wielkosci rzeki (Ner).
Samice piskorza w kanatach melioracyjnych charakteryzujg sie wiekszg ptodnosciag
absolutng oraz wzgledng. Zanieczyszczenie wody moze miec¢ znaczenie dla rozrodu
piskorza. W Nerze, gdzie stwierdzono znaczgce stezenia rozpuszczonych w wodzie
estrogendw, oocyty byly wieksze niz w kanatach melioracyjnych, gdzie obecnosci
estrogendw nie stwierdzono. Ponadto w jajnikach samic z Neru wyrdzniono dwie klasy
wielkosci oocytéw, co moze $wiadczyé o tym, ze w cieku tym dochodzi do tarta

porcjowego.

Analiza aktywnosci zerowania wskazata, ze w przeciwienstwie do innych taksonéw
z rodziny kozowatych (Cobitidae) piskorz wykazuje aktywnos¢ dzienng, co by¢é moze
wynika ze znacznego ograniczenia przejrzystosci wody obficie zaro$nietej makrofitami

(nieznaczne réznice w oswietleniu miedzy porami doby).

Pomimo wyrazne] specjalizacji siedliskowe] piskorz jest oportunistg pokarmowym
wykorzystujgcym  wszystkie dostepne zasoby. Najwazniejszymi kategoriami
pokarmowymi w diecie piskorza sg larwy Chironomidae, Copepoda, Isopoda (Asellus
aquaticus), Oligochaeta oraz detrytus, przy czym w niekorzystnych warunkach
srodowiskowych (deficyt tlenu, wysoka temperatura wody, uboga baza pokarmowa)

detrytus stanowi gtéwny sktadnik diety piskorza niezaleznie od wielkosci osobnikdw.

W optymalnych warunkach srodowiskowych obserwuje sie podziat zasobdw
pokarmowych miedzy osobnikami mtodocianymi i dojrzatymi. Osobniki mniejsze
i niedojrzate ptciowo czesciej wykorzystujg ofiary chwytane w toni wodnej oraz wsrod
roslin natomiast osobniki wieksze (dojrzate ptciowo) okupujgc dno znacznie czesciej

wykorzystujg detrytus jako baze pokarmowa.
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2. Introduction

2.1. List of publications forming the doctoral dissertation

The presented Ph.D. thesis consists of a series of six studies relating to the state of population
conservation and potential for natural recovery, age and growth, sex ratio and fecundity, and
diet and feeding activity of weatherfish Misgurnus fossilis (L.), which have been published in
peer-reviewed journals. Provided for each item there is: the Impact Factor values from the
year of publication and the Polish Ministry of Science and Higher Education score following
the update of the list of scientific journals and reviewed materials from international
conferences from 2021, regardless of the year of publication of the article. The total Impact
Factor for publications included in the presented thesis is 8.64 and the sum of the Ministry of

Science and Higher Education score is 410 points.
The PhD thesis includes the following scientific articles and manuscripts:

Pyrzanowski K., Zieba G., Przybylski M. 2015. Artificial drainage ditches as
undervalued habitats of threatened fish species — a case of weatherfish Misgurnus
fossilis in the Natura 2000 site ‘Pradolina Bzury-Neru PLH100006’. Chronmy Przyrode
Ojczysta 71(4): 266—-272.

IF2015 =0 PMS&HE =5 points

My contribution to the study, of which | am a corresponding author, consisted of: conceptual planning
of research, coordination and participation in field work, data analysis, manuscript preparation,
drawing conclusion. | assess my contribution as 70%

Pyrzanowski K., Rejnisz A., Przybylski M., Zieba G. 2020. Natural reconstruction of the
weatherfish (Misgurnus fossilis) population in the ‘Pradolina Bzury-Neru’ after the
drought of 2015. Parki Narodowe i Rezerwaty Przyrody 39(2): 37-53.

IF2020=0 PMS&HE =5 points

My contribution to the study, of which | am a corresponding author, consisted of: conceptual planning
of research, coordination and participation in field work, preparation and participation in data analysis,
manuscript preparation, drawing conclusion. | assess my contribution as 70%

Pyrzanowski K., Zieba G., Przybylski M. 2020. Endangered weatherfish (Misgurnus
fossilis) age and growth is affected by the size of the watercourses. Journal of
Vertebrate Biology (formerly Folia Zoologica) 69(1): 19041. doi:10.25225/jvb.19041

IF2020 = 0.594 PMS&HE = 20 points

My contribution to the study, of which | am a corresponding author, consisted of: conceptual planning
of research, coordination and participation in field work, laboratory analyses, preparation and
participation in data analysis, manuscript preparation, drawing conclusion. | assess my contribution as
60%
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Pyrzanowski K., Zieba G., Chwatko G., Przybylski M. 2021. Does habitat otherness
affect weatherfish Misgurnus fossilis reproductive traits? European Zoological
Journal 88(1): 328-339. d0i:10.1080/24750263.2021.1887379

[F2020 = 1.656 PMS&HE = 140 points

My contribution to the study, of which | am a corresponding author, consisted of: conceptual planning
of research, coordination and participation in field work and laboratory analyses, preparation and
participation in data analysis, manuscript preparation, drawing conclusion. | assess my contribution as
60%

Pyrzanowski K., Zieba G., Dukowska M., Smith C., Przybylski M. 2019. The role of
detritivory as a feeding tactic in harsh environment — a case study of weatherfish
(Misgurnus fossilis). Scientific Reports 9: 8467. doi:10.1038/s41598-019-44911

[F2019 = 3.998 PMS&HE = 140 points

My contribution to the study, of which | am a corresponding author, consisted of: conceptual planning
of research, coordination and participation in field work, laboratory analyses, preparation and
participation in data analysis, manuscript preparation, drawing conclusion. | assess my contribution as
50%

Pyrzanowski K., Zieba G., Leszczynska J., Adamczuk M., Dukowska M., Przybylski M.
2021. Food resource partitioning between juvenile and mature weatherfish
Misgurnus fossilis. Ecology and Evolution. doi: 10.1002/ece3.7340

IF2020 = 2.392 PMS&HE = 100 points

My contribution to the study, of which | am a corresponding author, consisted of: conceptual planning
of research, coordination and participation in field work and laboratory analyses, preparation and
participation in data analysis, manuscript preparation, drawing conclusion. | assess my contribution as
50%

The sequence of presented studies results from the order in which each scientific question was
undertaken; i.e. conservation, age and growth, fecundity, and feeding strategy of weatherfish.
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2.2. Preface

The weatherfish Misgurnus fossilis (L.) is a small, benthic, freshwater fish from the Cobitidae
family, whose natural range covers Central and Eastern Europe (Kottelat and Freyhof 2007).
In Poland, the weatherfish occurs throughout the country, with the exception of mountain
rivers (Rembiszewski and Rolik 1975). Typical habitats for this species are stagnant, overgrown
by vegetation, shallow water reservoirs characterized by a sandy bottom covered with a thick
layer of organic sediments. Weatherfish are most often found in slow-flowing rivers, drainage
canals and ditches, oxbow lakes, drying lakes and ponds (Meyer and Hinrichs 2000, Kottelat
and Freyhof 2007). The weatherfish is one of the few European fish species resistant to
unfavourable environmental conditions, such as low dissolved oxygen levels and elevated
water temperatures (Jakubowski 1958, Drozd et al. 2009). lts tolerance of adverse
environmental conditions is related to an ability to absorb atmospheric air (intestinal
respiration) and the ability to burrow in the substrate. Weatherfish are superior to other
native fish in their capacity to survive short-term droughts (Borori 2000, Boron et al. 2002,
Jaroszewska and Dabrowski 2010). Despite this, for many years there has been a decline in
the abundance of weatherfish over the entire area of its occurrence, the direct cause of which
is the loss of habitats due to drainage of wetlands, as well as efforts to increase the speed of
water current, such as canal regulation and dredging (Meyer and Hinrichs 2000, Boron et al.
2004, Hartvich et al. 2010, Belle et al. 2017). As a result, the weatherfish has received various
forms of protection. It is listed in Annex Il of the Habitats Directive (European Fauna-Flora-
Habitat, Council Directive 92/43/EEC) (E.U. 1992) as a priority species of key importance for
the European Community, as well as in Annex Il of the Bern Convention, which includes a list
of animal species whose exploitation should be regulated, so that the populations of these
species are maintained at an appropriate level (Kotusz 1996a). In Poland the weatherfish is
currently considered to be a species of the least concern (LC, category of IUCN) (Witkowski et
al. 2009) and under the Regulation of the Minister of the Environment for the protection of
animal species (2016), it is under partial protection. In addition, its status as a species
particularly valuable for the preservation of the diversity of ichthyofauna has been
emphasized by including it on many European red lists of endangered and protected species,
for example: Polish Red Book of Animals (Gtowacinski 2001) and Red List of Fish and Lampreys
(Witkowski et al. 2009). The weatherfish is one of several species of freshwater fish included

in the monitoring program, the purpose of which is to recognize the population status and the
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effectiveness of protective measures (Mazurkiewicz 2012). This monitoring is mainly limited
to protected areas and is used to determine the quality status of the habitats of weatherfish
and the relative size of its population. This kind of monitoring does not take into account the
need to obtain basic information about the species’ life history, such as age, sex structure,
growth rate, fecundity, reproductive effort, feeding and habitat preferences. However,
without this information it will be difficult to establish effective methods for the protection
and conservation of the species (Kirchhofer et al. 1996, Wootton et al. 2000). Detailed
information on the biology of the species is sparse (Kottelat and Freyhof 2007, Froese and
Pauly 2019), and available data concern the description of the species and basic aspects of its
biology (Baru$ and Oliva 1995, Boron et al. 2002, Kottelat and Freyhof 2007), morphology
(Kotusz 1996b), habitat preferences (Meyer and Hinrichs 2000), threats (Hartvich et al. 2010,
Freyhof and Brooks 2011), reintroduction (Schreiber et al. 2018a), and the presence of
polyploidy (Drozd et al. 2010). Some of the most widely described aspects of weatherfish life
history focus on its reproduction, fecundity and larval development (Geldhauser 1992; Kouril
et al. 1996, Adamkova-Stibranyiova et al. 1999, Drozd et al. 2009, Schreiber et al. 2017a).
Recently, several publications have been published suggesting the utility of weatherfish as a
new species for ecotoxicological studies in aquatic ecosystems (Schreiber et al. 2017b, 2018b).
The lack of information about the biology of the weatherfish is mainly due to its atypical
behaviour and habitat requirements. Weatherfish are difficult to catch, due to its bottom-
dwelling behaviour and ability to burrow deeply into the substrate. It mainly inhabits water
bodies that are difficult to explore, such as oxbow lakes, canals and drainage ditches. These
types of environments are often omitted in routine ichthyofaunistics studies, which results in
false conclusions relating to its population size and the lack of a proper analysis of its biology.
In addition, there has also been limited interest in the biology of weatherfish because the
species has no economic value. In light of the commonly reported decline in the population of
weatherfish caused mainly by the disappearance of suitable habitats, it is necessary to obtain
basic data on its life history traits, which are a prerequisite for rational conservation planning.
In the face of limited knowledge about the biology of the weatherfish, the aim of the doctoral
dissertation was to obtain detailed information about the age structure, fish growth
characteristics (relationship between weight and body length), reproductive biology in various
types of habitats, diet and feeding activity depending on environmental conditions and size of

individuals. In addition, the conservation status of the weatherfish population was examined
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in the Pradolina Bzury-Neru, one of the few areas in Central Poland with an exceptionally
extensive network of drainage canals, which are typical habitats for weatherfish. The
possibility and progress of natural reconstruction of the weatherfish population in an artificial

canal exposed to periodical drying was also studied.

Because the weatherfish is a species under partial protection, the procedures for
catching and killing fish were carried out pursuant to permits derogating from the bans in
relation to wild animals under species protection issued by GDOS (DZP-WG.6401.10.2014.bp,
9.05.2014) and RDOS in té6dz (WPN-1.6401.268.2014.KW2, 5.11.2014, WPN-
11.6401.238.2014.KW2, 8.12.2014). The material for laboratory study on the biology of
weatherfish was obtained during four electrofishing campaigns in the River Ner and in Nowy
Row (drainage canal) in spring 2015 (April), and in the Potudniowy canal (drainage canal) in
summer 2014 (August) and spring 2015 (May). A total of 286 weatherfish were collected. Due
to the extremely high density of weatherfish in drainage canals (often exceeding 100x the
reference value considered as sufficient to recognize the population status as appropriate,
according to GIOS recommendations), the diminution of local populations was insignificant

from the point of view of their preservation.

2.3. Synopsis of publications forming the doctoral dissertation

Pyrzanowski K., Zieba G., Przybylski M. 2015. Artificial drainage ditches as
undervalued habitats of threatened fish species — a case of weatherfish Misgurnus
fossilis in the Natura 2000 site ‘Pradolina Bzury-Neru PLH100006’. Chronmy Przyrode
Ojczysty 71(4): 266-272.

The study presents current knowledge on the abundance and distribution of weatherfish
populations in central Poland, in the Pradolina Bzury-Neru PLH100006 Natura 2000, an area
with an exceptionally extensive network of drainage canals. Research on the state of the
ichthyofauna of the Pradolina Bzua-Ner watercourses started in 2000 and has been carried
out in 2012-2014 (the River Ner with tributaries) and 2013-2014 (the River Bzura with
tributaries and a network of canals and drainage ditches). In total, 57 sampling sites within the
protected area were inspected, and additionally 9, in its close proximity. On the basis of the
standardized population density index, Pradolina Bzury-Neru has been recognized as one of
the few areas in Poland, where the number of weatherfish significantly exceeds the reference
value (>0.01 indiv./m?), recognizing, therefore, the condition of the population as appropriate

(FV). It was found that in the network of drainage canals, weatherfish achieved high densities,
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often exceeding 1 indiv./m? (up to 2.1 indiv./m? in the Potudniowy canal). Comprehensive catches
proved that artificial waterways, i.e. drainage canals and ditches, which are underestimated
and often overlooked in fish fauna surveys, are typical habitats of occurrence of weatherfish,
where its populations reach substantial densities. They are currently the most valuable
habitats for this species, playing an important role in stabilizing the population. Additionally,
this article pinpoints the most common threats contributing to the decline of the weatherfish
population, such as habitat destruction, canal regulation, excessive and improper drainage
treatments (desludging and dredging). During these treatments, both fish and removed
sediment are discarded on the bankside. Fundamental protective measures aimed at
conserving the population of weatherfish in the optimum condition include, first of all, the
maintenance of fish habitats and the abandonment of activities that may cause their

destruction and direct killing of individuals.

Pyrzanowski K., Rejnisz A., Przybylski M., Zieba G. 2020. Natural reconstruction of the
weatherfish (Misgurnus fossilis) population in the ‘Pradolina Bzury-Neru’ after the
drought of 2015. Parki Narodowe i Rezerwaty Przyrody 39(2): 37-53.

The study presents the natural reconstruction of the population of weatherfish in an artificial
drainage canal (the Potudniowy canal) located in the Pradolina Bzury-Neru PLH100006 Natura
2000 area, after the occurrence of hydrological drought. Before 2015, all parameters used for
estimating the conservation status of the species population, i.e. the relative size of the
population (2.1 indiv./m?), age structure and share in the fish and lamprey community,
significantly exceeded the reference value, which indicates the proper condition of the
population (FV). In the summer (August-September) of 2016, a drought in central Poland
resulted in many long stretches of the canal being dried out. As a consequence, the local
population of weatherfish was completely extirpated. The Potudniowy canal in its initial
(western) section has a direct connection to another canal, in which water remained during
the whole summer drought, and it flows into the River Bzura, which is blocked by numerous
sluices preventing the excessive lowering of the water level. The study was carried out at 9
stations, which were inspected 13 times in total, before, during, and after the drought. Each
time, the population density of each fish species was calculated, as well as the among seasonal
differences in weatherfish body lengths. It was revealed that the main source of most of
weatherfish colonizers was from the River Bzura. The physico-chemical parameters of the

water did not play a significant role in the recovery of the weatherfish population. It was
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observed that within one year of the reappearance of water, the stream was inhabited by 15
fish species, with the most common taxa roach (Rutilus rutilus) and pike (Esox lucius). The rate
of colonization depended on the species. The recovery of the weatherfish population was slow
and only sexually mature specimens contributed to it. Despite progressive regeneration, 12
months after recovery of flow continuity, the weatherfish population did not reach the prior
state, reaching only the level of 0.0019 indiv./m?, which indicated a poor condition.
Pyrzanowski K., Zieba G., Przybylski M. 2020. Endangered weatherfish (Misgurnus

fossilis) age and growth is affected by the size of the watercourses. Journal of
Vertebrate Biology (formerly Folia Zoologica) 69(1): 19041. doi:10.25225/jvb.19041

The growth rate and body size are key biological traits, which can impact others, e.g.
reproductive success or mortality rate. At the same time, the growth of fish shows great
plasticity in response to changing environmental conditions. The aim of the study was to
acquire information on the age structure, growth rate and the relationship between body
weight and length of the weatherfish. The study was carried out in two populations of
weatherfish, inhabiting two watercourses, i.e. the drainage canal (Nowy Réw) and a medium-
size lowland river (Ner), differing in terms of hydrological and environmental conditions. Age
and growth rate were estimated from sagittal otoliths. Analysis of the otolith cross-section
images allowed the age of each individual to be determined (the total number of true rings,
taking the first winter ring as a reference point). The otoliths of weatherfish were small,
elliptical, with clearly visible rings. Both in River Ner and in Nowy Row, the maximum female
life expectancy was estimated at six years, while the oldest males in the River Ner were five
years old, and in Nowy Row four years old. Two-year-old specimens dominated in the River
Ner, while three-year-old specimens dominated in Nowy Réw. Based on the different values
of Fulton's condition coefficient, it was concluded that the weatherfish from the drainage
canal were in a slightly better condition than those living in the River Ner. The analysis of the
regression of body weight on length showed that the weatherfish were characterized by
isometric growth (b = 3), and the values of the intercept (a) differed between sampling sites.
The study revealed that the sex ratio in both populations did not differ from a 1: 1 ratio. It was
also shown that females were larger than males in all age groups, regardless of sampling sites.
Multiple comparisons showed that in River Ner weatherfish were smaller than in Nowy Réw,
regardless of sex. Back calculated fish body length values and von Bertalanffy growth model

estimates, indicated that females from the River Ner females achieved greater asymptotic
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body length than females from Nowy Rédw. However, such differences were not found in
males. The study provided, for the first time, information on the age structure and growth of
weatherfish obtained from otolith analysis, confirming its usefulness. It has also been shown
that weatherfish achieve larger body size, regardless of sex, in larger watercourses, which is
probably due to lower density and, consequently, less intra-specific competition.
Pyrzanowski K., Zieba G., Chwatko G., Przybylski M. 2021. Does habitat otherness

affect weatherfish Misgurnus fossilis reproductive traits? European Zoological Journal
88(1): 328-339. d0i:10.1080/24750263.2021.1887379

The aim of the study was to provide detailed information on the reproductive biology of the
weatherfish. Fecundity and sex ratio were studied for three populations of weatherfish
inhabiting various watercourses: the River Ner - a medium-size lowland river, the Potudniowy
canal - drainage canal in central Poland and Nowy Réw - drainage canal in western Poland.
Both drainage canals were similar in terms of hydrological and environmental conditions. The
fish were caught just before the spawning season, and detailed reproductive characteristics,
e.g. sex ratio, absolute and relative fecundity, oocyte size, gonadosomatic index (GSI) and
condition (Fulton index) were compared. In all investigated watercourses, the sex ratio of
weatherfish did not differ from the 1: 1. The highest GSI values were recorded for females
from the River Ner. In the case of males, there were no differences in GSI values among
examined sites. The absolute and relative fecundity in the River Ner were significantly lower
than in the drainage canals (the Potudniowy canal and the Nowy Row canal). In the River Ner,
the mean size of oocytes was greater than in the other watercourses. Moreover, in River Ner
the distribution of oocyte diameters was bimodal, which indicated the presence of two groups
of oocytes. Fish from the River Ner were characterized by a lower Fulton condition index. The
trade-off between reduced fecundity and larger oocyte sizes may result from the different
nature of the studied watercourses and different levels of contamination, mainly with steroid

sex hormones.

Pyrzanowski K., Zieba G., Dukowska M., Smith C., Przybylski M. 2019. The role of
detritivory as a feeding tactic in harsh environment — a case study of weatherfish
(Misgurnus fossilis). Scientific Reports 9:8467. doi:10.1038/s41598-019-44911

In light of the scarcity of data on the feeding biology of the weatherfish, the aim of the study
was to determine the composition of the diet and feeding activity. Due to the fact that the
weatherfish is resistant to unfavourable environmental conditions and can survive in

conditions unsuitable for other fish, its diet was compared in two periods characterized by
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different abiotic conditions, i.e. in late spring, when there is no oxygen deficit, water
temperature is still relatively low and the resources are abundant and in late summer, when
there is a significant oxygen deficit, the water temperature is high and the food base is
depleted. The diet of the weatherfish was determined based on the analysis of the contents
of the digestive tracts of 120 individuals obtained from the drainage canal (Potudniowy canal).
The analysis revealed that the weatherfish were consuming a larger amount of food in spring
than in the summer. Unlike other species of the Cobitidae family, the weatherfish fed mainly
during the day, regardless of the season. The most important food categories in the
weatherfish diet were: Chironomidae, Copepoda, Isopoda (Asellus aquaticus) and detritus.
Significant differentiation in the width of the trophic niche was demonstrated between
seasons. The study proved that the weatherfish is a typical food opportunist, and detritus is
an important component of its diet. In spring, the amount of detritus in the digestive tract was
positively correlated with the body length of the fish. A greater amount of detritus was found
in the diet of fish caught in late summer, and this amount did not depend on the size of
individuals. The obtained results clearly indicated that despite the short intestine (not adapted
to detritivory), detritus is the main component of the diet of all individuals. The consumption
of low quality resources in times of food shortage is of great importance for survival in
unfavourable conditions.

Pyrzanowski K., Zieba G., Leszczynska J., Dukowska M., Adamczuk M., Przybylski M.

2021. Food resource partitioning between juvenile and mature weatherfish
Misgurnus fossilis. Ecology and Evolution. doi: 10.1002/ece3.7340

The shift in habitat preferences and the use of different types of food during ontogenesis are
a frequent phenomenon in many fish species. In most cases, it can be observed that along
with the body growth, there is a significant expansion of the food niche. As the fish grows,
they switch from finer food items, such as plankton, to much larger prey, such as
macroinvertebrates. Dietary shift related to body size are mainly the result of higher energy
requirements. The aim of the study was to assess whether the weatherfish diet depends on
the stage of ontogenesis. The study was carried out in the period of optimal feeding
conditions, when food resources are abundant, there are no oxygen deficits, and the
temperature is stable, i.e. in the absence of the main factors limiting feeding. The material
was obtained from the drainage canal (Potudniowy canal) in the Pradolina Bzury-Neru, Natura

2000 area. To study the differences in food preferences between immature and mature fish,
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all individuals were divided into two size classes, taking into account the total length and the
maturity stage of the fish. The main components of the weatherfish diet were: Copepoda,
Cladocera, Oligochaeta, Isopoda (Asellus aquaticus), detritus and Chironomidae. The food
niche did not broaden along with the growth of fish. However, the food composition of mature
and immature individuals differed significantly in terms of the quantity and quality of prey.
The diet of juveniles was dominated by Copepoda and Cladocera, while the adults consumed
mainly detritus. A detailed analysis of the diet indicated that during ontogenesis, the
weatherfish, previously perceived as a typical food opportunist, modifies the foraging
strategy. Despite the fact that the weatherfish is a benthic fish, juveniles utilise the food items
associated with the water column and macrophytes, while sexually mature individuals, and
therefore larger ones, feed on the bottom, also using the less energetically beneficial resource,
which is detritus. Such a division of resources may be the result of competition not only for

food, but also for space.
2.4. Summary and conclusions

e Pradolina Bzury-Neru is one of the few areas in Poland where the abundance of
weatherfish significantly exceeds the reference values (> 0.01 indiv./m?) accepted as

adequate to recognize the population status as appropriate (FV).

e Artificial waterways, such as drainage canals and ditches, are currently the most
valuable habitats of weatherfish. Despite the changes in these habitats (mainly
desiccation and dredging), the reconstruction of the weatherfish population in the
watercourse affected by periodic drought is possible, albeit slowly, while maintaining
the corridors enabling migration from the source populations (here: the River Bzura).
The study indicates that only sexually mature individuals take part in migration, and
the physicochemical parameters of the water do not play a significant role in the

reconstruction of the population.

e Weatherfish inhabiting drainage canals reach larger body sizes and are characterized
by a higher condition than individuals from a medium-sized river (Ner). Female of
weatherfish in drainage canals are characterized by higher absolute and relative
fecundity. Water pollution may be important for the reproduction of the weatherfish.

In the River Ner, where significant concentrations of dissolved estrogens were found,
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oocytes were larger than in drainage canals, where no estrogens were found.
Moreover, in the ovaries of females from River Ner, two size classes of oocyte were

distinguished, which may indicate that in this river batch spawning takes place.

The analysis of feeding activity showed that, unlike other taxa from the family of
Cobitidae, the weatherfish is active during the day, which may be due to a significant
reduction in water transparency caused by dense macrophytes layer (slight differences

in lighting between the times of the day).

Despite the clear habitat specialization, the weatherfish is a food opportunist using all
available resources. The most important food categories in the diet of the weatherfish
are the larvae of Chironomidae, Copepoda, Isopoda (Asellus aquaticus), Oligochaeta
and detritus. During unfavourable environmental conditions (oxygen deficiency, high
water temperature, depleted food base) detritus is the main component of the

weatherfish diet, regardless of the size of individuals.

Under optimal environmental conditions, the division of food resources between
juvenile and mature individuals is observed. Smaller and sexually immature individuals
more often use prey caught in the water column and among macrophytes, while larger
(sexually mature) individuals occupying the bottom, more often use detritus as a food

base.
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4. Zataczniki

I Prace wchodzgce w sktad rozprawy doktorskiej
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przyrodniczo niedoceniane siedliska wystepowania zagrozonych gatunkéw ryb -
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PLH100006. Chroimy Przyrode Ojczystg 71(4): 266—272.
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Pradolina Bzury-Neru jest jednym z niewielu obszaréw na terenie Polski, gdzie liczebno$¢ pisko-
rza znacznie przekracza wartoéci referencyjne przyjmowane jako wystarczajace do uznania stanu
populacji za wlasciwy (FV). W sieci kanatéw melioracyjnych pradoliny piskorz osiagal wysokie
zageszczenia (1 os./m? cieku). Typowymi miejscami wystepowania piskorza sg niedoceniane i po-
mijane w badaniach faunistycznych sztuczne urzgdzenia wodne, takie jak kanaty i rowy meliora-
cyjne, ktore odgrywaja wazna role w stabilizacji populacji i stanowia obecnie najcenniejsze siedli-
ska dla tego gatunku. Podstawowe znaczenie dla ochrony populacji piskorza ma przede wszystkim
utrzymanie jego siedlisk w stanie niezmienionym oraz zaniechanie dzialan, ktére moga powodo-

wac ich niszczenie i zabijanie osobnikow.

Wstep

Natura 2000 jest najwazniejszym europej-
skim programem stuzagcym zachowaniu najcen-
niejszych siedlisk przyrodniczych, szczegolnie
waznych dla zachowania europejskiego dzie-
dzictwa przyrodniczego oraz ochronie uznawa-
nych za priorytetowe wybranych gatunkéw ro-
$lin i zwierzat. Jednym z miejsc, ktére powsta-
o na mocy programu, jest obszar Natura 2000
Pradolina Bzury-Neru PLH100006. Ostoja ta
zostala utworzona w celu ochrony wyjatko-
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wych w skali srodkowej Polski siedlisk bagien-
nych (SDF 2013). Chroniony teren obejmu-
je okoto 80-kilometrowy odcinek Pradoliny
Warszawsko-Berlinskiej pomiedzy Lowiczem
aDabiem (ryc. 1). W krajobrazie stosunko-
wo stabo zréznicowanej pod wzgledem siedli-
skowym pradoliny dominuja przede wszystkim
taki, pastwiska i torfowiska niskie porosénie-
te gléwnie roélinnoscia szuwarowa (Kucharski
i in. 2014). Istotng cze$¢ powierzchni zajmu-
ja uzytki zielone oraz grunty orne, gdyz niemal
caly obszar jest uzytkowany rolniczo, co ma de-
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Ryc. 1. Rozmieszczenie stanowisk wystepowania piskorza na Obszarze Natura 2000 Pradolina Bzury-Neru wraz
z kategoriami zachowania stanu zasiedlajacych je populacji lokalnych: 1 — Pradolina Bzury-Neru, 2 — cieki natu-
ralne i przeksztatcone, 3 — kanaty melioracyjne; stan populacji: 4 — wiasciwy (FV), 5 — zty (U2), 6 — brak pisko-

rza, 7 — brak ryb, 8 — brak wody

Fig. 1. Distribution of the weatherfish sites in the Natura 2000 area “Pradolina Bzury-Neru” with the categories
of conservation of local fish populations: 1 — Bzura-Ner Glacial valley, 2 — natural and transformed watercourses,?l
3 —drainage channels; the state of the local population: 4 — favourable (FV), 5 —bad (U2), 6 — absence of weather-

fish, 7 — absence of fish, 8 — absence of water

cydujacy wplyw na jego szate roslinng (Kope¢
iin. 2008). Przez teren ten przebiega dzial wod-
ny Odry i Wisly, przy czym jego zachodnia
cze$¢ odwadnia system rzeki Ner (dorzecze
Odry), a wschodnig - system Bzury (dorze-
cze Wisly) (Czarnecka 2005, Ziutkiewicz 2014).
Wody srodladowe (stojace iplynace) zajmu-
ja zaledwie 4,1% powierzchni pradoliny (SDF
2013). Jednymi z najistotniejszych czynnikéw,
ktore wplywaja na roznorodnos¢ biologiczna
pradoliny, byly zapoczatkowane w latach 60. XX
wieku zabiegi hydrotechniczne majace na celu
odwadnianie i osuszanie bagien, poprzez pogte-
bianie koryta Bzury i Neru oraz tworzenie sie-
ci kanaléw melioracyjnych. Wraz ze starorze-
czami i naturalnymi eutroficznymi zbiornika-

mi wodnymi oraz naturalnymi ciekami stano-
wig one, w obrebie catego obszaru, siedliska do-
godne dla bytowania ryb (Zigba i in. 2014). Na
terenie pradoliny Bzury-Neru stwierdzono wy-
stepowanie 19 gatunkéw ryb (T. Penczak — dane
niepubl.), w tym trzech wymienionych w Za-
faczniku II Dyrektywy Siedliskowej (obejmu-
jacym gatunki roélin i zwierzat, ktérych ochro-
na wymaga wyznaczenia specjalnych obsza-
réw ochrony; Dyrektywa 1992) - kozy pospo-
litej Cobitis taenia, roézanki Rhodeus amarus,
oraz szczegoOlnie licznego piskorza Misgurnus
fossilis (Kucharski i in. 2013; Zieba i in. 2014).
Piskorz, jako gatunek priorytetowy o kluczo-
wym znaczeniu dla Wspdlnoty Europejskiej,
chroniony jest zaréwno prawem miedzynaro-
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Chronmy Przyr. Ojcz. rocznik 71, zeszyt 4, 2015

Tab. 1. Terminy przeprowadzonych elektropotowéw
na stanowiskach w zlewni Neru i Bzury

Table 1. Dates of electrofishing conducted at the stud-
ied sites in the Ner and Bzura River systems
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dowym (Konwencja Bernenska — Zatacznik III,
Dyrektywa Siedliskowa - Zalaczniki II i IV),
jak i krajowym (Rozporzadzenie 2014; ochro-
na czesciowa), a dodatkowo jego status jako ga-
tunku szczegolnie cennego dla zachowania bio-
réznorodnoéci fauny ryb jest podkreslony po-
przez umieszczenie go w Polskiej czerwonej
ksigdze zwierzgt (Glowaciniski 2001) oraz na
Czerwonej liscie ryb i minogéw (Witkowski i in.
2009; Mazurkiewicz 2012). Obecnie obserwuje
sie gwaltowny spadek liczebnosci populacji tej
ryby w calej Europie, spowodowany prawdo-
podobnie bezposrednim niszczeniem natural-
nych siedlisk oraz pogarszaniem jakosci wody
(Drozd i in. 2009).
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Stan poznania krajowej populacji jest nie-
wystarczajacy, gdyz siedliska zajmowane przez
piskorza (starorzecza, rowy melioracyjne, stawy
hodowlane) s3 mato rozpoznane i zwykle pomi-
jane w rutynowych badaniach ichtiofaunistycz-
nych (Mazurkiewicz 2012). Ostatnio odkryto
najdalej wysuniete na pétnoc stanowisko pi-
skorza w Polsce, w rezerwacie przyrody ,,Beka”,
w dorzeczu Redy (Skéra 2014). Stwierdzenie
piskorza na tym obszarze zwigzane bylo z ich-
tiologiczna inwentaryzacja prawdopodobnie
niebadanej wczeéniej sieci rowéw melioracyj-
nych. Celem obecnej pracy bylo podsumowa-
nie wynikéw wieloletnich prac monitoringo-
wych prowadzonych na obszarze Natura 2000
Pradolina Bzury-Neru PLH100006, obejmu-
jacych zaréwno cieki naturalne, jak i sztuczne
urzadzenia wodne oraz okreslenie stanu zacho-
wania zasiedlajacych je lokalnych populacji pi-
skorza.

Materiaty i metody

Badania ichtiofauny doptywéw Bzury roz-
poczeto w roku 2000 (Zieba 2006), doptywy
oraz koryto gtéwne Neru badano szczegoto-
wo w latach 2012-2014, a koryto gléwne Bzury
i sztuczne kanaly melioracyjne w latach 2013-
-2014 (tab. 1). Ogoélem skontrolowano 57 sta-
nowisk znajdujacych sie w granicach obszaru
Natura 2000 Pradolina Bzury-Neru PLH100006
oraz 9 stanowisk poza granicami obszaru, na
ciekach i sztucznych kanatach uchodzacych do
chronionego odcinka Bzury.

Ryby lowiono za pomoca atestowanych
urzadzen: (1) spalinowego agregatu poto-
wowego (prad dwupoléwkowy wyprostowa-
ny o parametrach: 230V, 2,5 kW, 50 Hz) z wy-
korzystaniem dwoch anodoczerpakéw lub
(2) plecakowego agregatu potowowego EFGI
650 (BSE Bretschneider Specialelektronik,
Niemcy) o maksymalnej mocy na wyjsciu
1200 W (prad impulsowy), z jednym anodo-
czerpakiem, z zachowaniem unifikacji metod
(Penczak 1967; Backiel, Penczak 1989). Wyniki
elektropotowow ze wszystkich stanowisk prze-
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liczono w celu ich ustandaryzowania i wyra-
zano w jednostkach wskaznika stanu popula-
cji piskorza ustalanego na podstawie wzgled-
nej liczebnosci, gdzie FV oznacza stan wlasci-
wy (> 0,01 os.-m™, na podstawie ustandaryzo-
wanych wynikéw elektropotowdéw), Ul - stan
niezadowalajacy (0,005-0,01 os.m™2), U2 -
stan zly (< 0,005 os..-m™), XX - stan nieznany
(Mazurkiewicz 2012). Wszelkie badania pro-
wadzono w oparciu o wymagane zgody uzyt-
kownikéw rybackich wéd oraz wlasciwych or-
gan6w ochrony przyrody (RDOS L6dz).

Wyniki

Ogolem warunki odpowiednie dla byto-
wania ryb (obecno$¢ wody) stwierdzono na 54
z 66 kontrolowanych stanowisk, spo$réd kto-
rych piskorz fowiony byl na 36 (ryc. 1). Wody
nie stwierdzono we fragmentach sztucznych
kanaléw, przewaznie w ich gérnych odcin-
kach, a w przypadku kanatéw Leka A i B oraz
Rogulickiego przesuszenia dotyczyly niemal ca-
tych urzadzen wodnych (ryc. 1). Wystepowanie
piskorza w ciekach naturalnych ograniczo-
ne bylo do nielicznych stanowisk. Na stanowi-
skach 2, 25, 29, 31 obserwowano skrajnie niskie
zageszczenia (0,001-0,004 os.-m™?) §wiadczace
o zlym stanie zachowania populacji (U2), nato-
miast na stanowiskach 1, 21, 39, 46, 51, 52, 58,
66 odnotowano wysokie zageszczenia (0,014-
-1,000 os.-m™) $wiadczace o wilasciwym sta-
nie populacji piskorza (FV). Piskorz byl nie-
obecny na 10 stanowiskach gdzie wystepowaty
inne ryby, gtéwnie zlokalizowanych w korycie
gléwnym Bzury. Populacje piskorza w sztucz-
nych kanatach lokalnie osiagaly zawsze wyso-
kie zageszczenia, przekraczajace znaczaco war-
tosci graniczne dla wlasciwego stanu popula-
cji (FV), dochodzace do 2,065 os.-m™ w Kanale
Potludniowym.

Dyskusja

Sie¢ kanaléw melioracyjnych na terenie
obecnej ostoi Natura 2000 Pradolina Bzury-
Neru PLH100006 przez kilkadziesigt lat byta

prawie catkowicie odizolowana od pozo-
stalej sieci rzecznej. Stopien zanieczyszcze-
nia wody na dtugich odcinkach w korytach
gltéwnych zaréwno Bzury, jak i Neru unie-
mozliwial bytowanie ryb az do konca lat 80.
XX wieku. Pojedyncze osobniki odtawia-
no jedynie okresowo w uj$ciowych odcin-
kach obu ciekdéw (Penczak 1968, 1975, i in.
2012). Niekorzystne warunki panujace wobu
rzekach uniemozliwiaty zasiedlanie ich przez
ryby od strony uj$¢ odpowiednio Wisty
(Bzura) i Warty (Ner). Wysoki poziom zanie-
czyszczen Bzury i Neru takze skutecznie od-
gradzal uchodzace do nich niewielkie natu-
ralne doptywy i sztuczne kanaty (Kostrzewa
1999). Izolowane w nich zespoly ryb, o nie-
wielkiej liczbie gatunkoéw, najczesdciej bar-
dzo odpornych na deficyty tlenowe czy ogdl-
ny poziom zanieczyszczen (np. kara$ sre-
brzysty Carassius gibelio i piskorz), jedli tra-
fialy na odpowiednie warunki, rozwijaty sie
zwykle bez ograniczen (Kostrzewa, Penczak
2002). Mozliwe, ze taka sytuacja w pofacze-
niu z duza dostepnoscia dogodnych siedlisk
przyczynila si¢ do powstania i utrzymania tak
licznej populacji piskorzaw sztucznych kana-
fach w ostoi Pradolina Bzury-Neru. Stabilne
warunki panujace w sztucznym Srodowisku
kanaléw melioracyjnych zwigzane byty z za-
niechaniem dzialan utrzymaniowych. Przez
dziesigciolecia sztuczne kanaly pozostawaly
wylacznie pod wplywem dziatania natural-
nych czynnikéw, a ingerencja czlowieka ogra-
niczona byla (jesli w ogdle wystepowata) do
wykaszania brzegéw kanaléw, bez usuwania
organicznych osadéw. Zgodnie z przewidy-
waniami Kostrzewy (1999), kanaly te staly sie
wiec zrédlem kolonizatoréw dla Neru i Bzury.
Juz pod koniec lat 90. XX wieku liczne osob-
niki piskorza byly odlawiane w zanieczysz-
czonym jeszcze Nerze, jednak wraz z popra-
wa jakosci wody i stopniowym pojawieniem
sie innych gatunkéw ryb, obserwowano spa-
dek liczebnosci piskorza (Kostrzewa, Penczak
2002; Penczak i in. 2010). Podobng sytuacje
mozna bylo zaobserwowa¢ rowniez w Bzurze
(Penczak i in. 2000).
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Obecnie Pradolina Bzury-Neru jest jednym
z niewielu obszaréw na terenie Polski, gdzie za-
geszczenie piskorza przekracza czesto stukrot-
nie wartoéci referencyjne uznawane za wystar-
czajace do uznania stanu populacji za wlasciwy
(FV). W polowie z badanych stanowisk piskorz
osiggal wysokie zageszczenia, przekraczajg-
ce nawet poziom 1 os.m™= W przypadku cie-
kéw naturalnych odcinki rzek obfitujace w pi-
skorze stanowily mniejszo$¢ (9 stanowisk z 22)
w stosunku do odcinkéw, gdzie piskorz nie byt
stwierdzany lub osiggal niskie zageszczenia
(ryc. 1). Natomiast wsztucznych kanalach ryba
ta, znajdujac niemal idealne warunki do zycia,
byla bardzo liczna, a stan jej populacji oceni¢
mozna jako wiasciwy (FV) az na 24 z 44 kon-
trolowanych fragmentéw. Odcinki te byty prze-
waznie niemal wcaloéci zaro$niete zanurzo-
ng roslinnoscig naczyniows, ktérej obumarle
szczatki tworzyly przez lata osady o migzszosci
dochodzacej nawet do 1 m. Woda w kanatach
o odczynie zblizonym do pH 7 i konduktyw-
nosci dochodzacej do 850 uS-cm™ odznaczala
sie, w trakcie badan, wyjatkowo niska zawar-
toscig rozpuszczonego tlenu spadajacg nawet
do 0,05 mg1! (nasycenie do 0,4%). Specyfika
tych siedlisk przejawiajaca si¢ wyjatkowo niska
jakos$cig wody w skrajnych sytuacjach skutko-
wala catkowitym brakiem nie tylko innych, od-
pornych gatunkéw ryb (kara$ srebrzysty, kara$
pospolity Carassius carassius czy lin Tinca tin-
ca), ale nawet wytrzymatego piskorza (8 stano-
wisk).

W  badaniach monitoringowych gatun-
kow i siedlisk przyrodniczych ze szczegolnym
uwzglednieniem specjalnych obszaréw ochro-
ny siedlisk Natura 2000 przeprowadzonych
wlatach 2009-2011 wykazano, ze populacja
piskorza jest w zaniku i uznano jej stan ogél-
ny jako zly. Dodatkowo na zadnym z badanych
stanowisk ocena ogdlna gatunku nie byta wta-
$ciwa (Mazurkiewicz i in. 2012). Biorac pod
uwage, ze kontrolowane punkty rozmieszczo-
ne byly w wigkszo$ci na naturalnych ciekach,
gdzie zageszczenia tej ryby sa z reguly niskie,
ocena wydaje si¢ zanizona. Piskorz jest gatun-
kiem zasiedlajagcym nieodpowiednie lub niedo-
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stepne dla innych ryb, mato poznane siedliska
(starorzecza, rowy melioracyjne, stawy hodow-
lane), wigc relatywna ocena stanu jego populacji
moze by¢ trudna do weryfikacji (Mazurkiewicz
2012). Tego typu $rodowiska sa bowiem wcigz
pomijane w rutynowych badaniach ichtiofau-
nistycznych, co skutkuje bledng oceng wielko-
$ci populacji piskorza, mimo Ze stan poznania
zespolow ryb w rzekach w Polsce jest jednym
z lepszych w skali Europy (Witkowski, Kotusz
2008). Wydaje sig, ze jedynie odpowiednie roz-
poznanie potencjalnych siedlisk piskorza jest
kluczowym elementem umozliwiajacym zba-
danie faktycznego stanu jego populacji oraz za-
pewnienie (jesli okaze si¢ konieczne) realnej
ochrony. Nie mozna jednak ignorowa¢ dodat-
kowego czynnika przyczyniajacego sie do bled-
nego rozpoznania wielkoéci populacji pisko-
rza nawet w preferowanych przez niego siedli-
skach, tj. przydennego trybu zycia oraz zdolno-
$ci do zagrzebywania si¢ w mule, co moze sta-
nowi¢ istotng przyczyne niedoszacowania li-
czebnosci tego gatunku podczas badan ichtio-
fauny (Boron i in. 2002).

Obecnie na terenie ostoi Natura 2000 Pra-
dolina Bzury-Neru, po dziesiecioleciach prze-
rwy, zndw prowadzone sa prace utrzymanio-
we majace za zadanie poglebienie i udroznie-
nie sieci kanatéw melioracyjnych. Cho¢ piskorz
jest gatunkiem relatywnie odpornym na nie-
korzystne warunki $rodowiska (Mazurkiewicz
2012), miedzy innymi dzigki wykorzystaniu
tlenu atmosferycznego do oddychania (Boron
i in. 2002), to powaznie zagraza mu niszcze-
nie siedlisk poprzez osuszanie (wypelnianie)
rowow, stawow, sadzawek, zabagnien, torfia-
nek oraz prowadzenie innych zabiegéw melio-
racyjnych, takich jak bagrowanie czy regula-
cja koryt rzecznych. Czynnikiem, ktéry moze
sie przyczynia¢ do zanikania populacji pisko-
rza, poza bezpoérednim zabijaniem podczas
odmulania (Boron i in. 2002; Skoéra 2014), jest
tez jego strategia ucieczki polegajaca na zako-
pywaniu si¢ w mule. W czasie usuwania osa-
dow limnicznych z kanaléw melioracyjnych
ryby te wraz z wydobytym urobkiem mogg by¢
bezposrednio wyrzucane na brzeg (Geldhauser
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1992, Boron 2000, Skéra 2014). Niekorzystnie
na strukture populacji mogg réwniez wply-
wac te oddzialywania i zagrozenia, ktérych pre-
sja ma charakter dlugofalowy, jak regulowanie
i ksztattowanie koryt rzecznych, zanieczyszcze-
nia wdd i gleby, pogorszenie jako$ci wody oraz
eutrofizacja (Mazurkiewicz 2012).

Wobec poprawy jakosci wod Neru i Bzury
oraz zasiedlajacych je bogatych zespoldéw ryb,
wtym obecnych populacji piskorza (Penczak
i in. 2012), a takze prowadzonych prac melio-
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Pyrzanowski K., Zieba G., Przybylski M. Artificial drainage ditches as undervalued habitats of
threatened fish species — a case of weatherfish Misgurnus fossilis in the Natura 2000 site ‘Pradolina
Bzury-Neru PLH100006’

The Natura 2000 area “Pradolina Bzury-Neru” is one of the few recognized places in Poland where the density
of weatherfish Misgurnus fossilis is extremely high. The values often exceed the threshold of 1 individual-m™
of a watercourse, being sufficient to recognize the state of the local population as favourable (FV) (Fig. 1). In
general, the typical habitats that are useful for weatherfish are stagnant water reservoirs and watercourses, such
as artificial canals and drainage ditches, with the latter type playing the most important role in the stabilization
of weatherfish populations at the studied sites. Artificial watercourses are usually undervalued and ignored
in aquatic faunal research. Restriction of the drainage maintenance work can contribute to the protection of
weatherfish habitats and even reduce the direct harm to specimens of the fish at dredged canals’ sections, thus
contributing to the protection of the species.
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ABSTRACT: In 2013-2014 the Natura 2000 area “Pradolina Bzury-Neru” was recognized
as a location of weatherfish in a scale unprecedented in Central Poland. All the parameters
used for the assessment of the conservation status of the population significantly exceeded
the reference values indicating its appropriate condition (FV). A particularly high density
of the weatherfish was recorded in the Kanal Potudniowy canal. As a result of a drought
in the summer of 2015, long sections of the canal had dried out and the fish that lived
in canal were dead. The Kanat Poludniowy flows in to the Bzura River and in its initial
(western) section has a direct connection to a network of ditches that were filled with water
during the whole drought. When the drought ended, the canal was naturally colonized,
both from the west (source section) and from the outflow. The major source of colonizers
was the Bzura River. During the year after the reappearance of the water, the watercourse
was inhabited by 15 fish species and the most common taxa were roach and pike. The
maximum observed density of weatherfish reached a value of 0.0019 individuals x m2.
The physical and chemical parameters of the water did not play a significant role in
population reconstruction, and the rate of recolonization depended on the species. The
reconstruction of the weatherfish populations proceeded slowly and only sexually mature
individuals participated in it.
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WSTEP

Wystepowanie ekstremalnych zjawisk hydrologicznych takich jak susze czy po-
wodzie wptywa nie tylko na ilo$¢, ale takze na jako$¢ wody w rzekach bezposrednio
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oddziatujac na populacje ryb (MARTINHOA 1 in. 2007). Powodzie zakldcaja stabilnosé
ichtiofauny, ale w efekcie tgczenia systemow rzecznych mogg zwigkszaé rozno-
rodnos¢ biologiczng poprzez rozprzestrzenienie si¢ gatunkOw na nowe, wczesniej
niedostgpne siedliska. Natomiast okresy susz, m.in. poprzez izolacje siedlisk, pro-
wadza do obnizania bogactwa gatunkowego (MEDEIROS, MALTCHIK 2001). Skrajnie
niskie przeptywy wody wystepujace podczas susz majg bardziej niszczycielski
wplyw na ryby niz ekstremalnie wysokie przeptywy (LOJKASEK i in. 2005). Susze
przyczyniaja si¢ do fragmentacji siedlisk i obnizenia jakosci wody, co powoduje
spadek liczebnosci lokalnych populacji 1 ostatecznie skutkuje ich zanikiem. Susze
sg przyczyng licznych, wymuszonych migracji w zlewni, a takze skupiania si¢ ryb
w miejscach, w ktorych moze wystapi¢ niedotlenienie, wysoka temperatura, obnizony
poziom lustra wody lub catkowite wyschnigcie (MATTHEWS, MARSH-MATTHEWS
2003). W takich niekorzystnych warunkach nastepuje nasilenie oddzialywan
migdzy- 1 wewnatrzgatunkowych: drapieznictwa oraz konkurencji (RODRIGUEZ,
Lewis 1994). Skutkuje to obnizeniem kondycji, ptodnosci, liczebnosci potomstwa,
a takze wptywa na wielko$¢ jaj i narybku (MATTHEWS, MARSH-MATTHEWS 2003).
Wystepowanie ekstremalnych zjawisk hydrologicznych nasila si¢ w efekcie zmian
klimatycznych, a ich drastyczne dziatanie szczegodlnie uwidacznia si¢ w fizjoceno-
zach silnie zmienionych dzialalno$cig cztowieka (ZALEwskl 2020). Do takich
obszaréw nalezy Pradolina Warszawsko-Berlinska, gdzie stosunki wodne ulegly
silnym przemianom w XIX i XX wieku (KucHarski, Kope¢ 2014), a jakos¢
wod powierzchniowych znacznie odbiega od standéw uznanych za wlasciwe dla
wystepujacych w nich ryb (BAGrowicz 1 in. 2019). Silnie przeksztatcone przez
cztowieka $rodowisko wodne sprawia, ze tylko gatunki najlepiej dostosowane pod
wzgledem morfologicznym, fizjologicznym czy behawioralnym sg w stanie tam
przetrwaé. Jednym z takich gatunkoéw w naszej rodzimej ichtiofaunie jest piskorz
Misgurnus fossilis, ryba objeta czesciowa ochrong gatunkowa, uznawana za gatunek
bliski zagrozenia (NT), ktéra wyrdznia si¢ mozliwos$ciga oddychania powietrzem
atmosferycznym oraz zdolno$ciag do zagrzebywania si¢ w podiozu (BORON i in.
2002, Mazurkiewicz 2012). Cechy te sprzyjaja zasiedlaniu sztucznych zbiornikow,
w ktérych zalega gruba warstwa materii organicznej o znacznej migzszo$ci oraz
pojawiajg si¢ niedobory tlenu. Dzigki oddychaniu jelitowemu oraz zdolno$ci do
zagrzebywania si¢ w osadach, gatunek ten potrafi lepiej niz inne rodzime ryby
przetrwa¢ okresy suszy (BoroN 2000; JAROSZEWSKA, DABROwskl 2010). Na
obszarze Pradoliny Warszawsko-Berlinskiej szczegélnie intensywne zjawisko
suszy hydrologicznej wystapito latem 2015, w efekcie ktorego niektoére sztuczne
zbiorniki wodne ulegly wyschnigciu. W konsekwencji, zaistniate warunki umozliwity
przeprowadzenie prac, ktorych celem byta ocena mozliwosci naturalnej odbudowy
populacji piskorza w sztucznym kanale narazonym na okresowe wysychanie,
poznanie tempa rekolonizacji cieku oraz okreslenie warunkéw fizyko-chemicznych
wody sprzyjajacych odbudowie populacji piskorza.
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TEREN BADAN

Pradolina Bzury-Neru stanowi fragment Pradoliny Warszawsko-Berlinskiej
(o dtugosci 80 km) pomiedzy Lowiczem a Dabiem. Teren o powierzchni 21886,2 ha
obejmujacy doline srodkowej Bzury oraz dolnego Neru uznany jest za najcenniejszy
obszar bagienny Polski $rodkowej. Zostal objety ochrong jako specjalny obszar
ochrony siedlisk Natura 2000 (PLH100006) (KucHARSKI, KOPEC 2014). W Pradolinie
wystepuja taki, torfowiska niskie i przejsciowe, lasy tegowe, pastwiska oraz grunty
orne (KucHarski, KopPE¢ 2014), natomiast wody $rodladowe stanowia jedynie
4,1% powierzchni (SDF 2013). Obszar ten jest brama wodng taczaca dorzecze Wisty
z dorzeczem Odry (CzARNECKA 2005). Regulacje stosunkow wodnych Pradoliny
mialy miejsce juz w XVIII w. i dotyczyly glownych rzek: Bzury i Neru. Jednak istotne
zmiany stosunkéw wodnych nastapily w latach 60. XX w. Przybraty one postaé
przebudowy naturalnych koryt, osuszania bagien oraz tworzenia systemu kanatow
melioracyjnych i stawow rybnych. Pomimo tych dziatan w Pradolinie wciaz obecne
sg naturalne starorzecza i torfowiska (KucHarski, KoPEC 2014). Obszar Natura
2000 Pradolina Bzury-Neru rozpoznany zostat jako miejsce wystepowania piskorza
w skali niespotykanej nigdzie indziej w Polsce srodkowej (PYRZANOWSKI 1 in. 2015).
Stan populacji tego gatunku monitorowano na 9 stanowiskach rozmieszczonych
wzdtuz kanatu melioracyjnego o nazwie Kanat Poludniowy (Ryc. 1) (stanowisko 6:
51°13’14.86”N, 19°48°03.62”E). Kanat o dlugosci 6,5 km i $rednim spadku koryta
wynoszacym 0,41%o jest lewobrzeznym doplywem Bzury. Srednia szeroko$é koryta
wynosi okoto 3 m, a $rednia gltgbokos¢ waha si¢ od 30 cm (gorny odcinek) do 80
cm (odcinek przyujsciowy). Dno kanatu, silnie porosnigte makrofitami, zbudowane
jest glownie z piaskow pokrytych osadami organicznymi. Brzegi kanatu porastaja
trzciny, ktore odpowiadaja za jego czeSciowe zacienienie. Wzdhuz brzegdéw kanatu
obecne sg pojedyncze drzewa, za wyjatkiem odcinka powyzej stanowiska nr 7, ktore
znajduje si¢ lesie. Jakos¢ wody Bzury nalezy do dobrej klasy czystosci (GALEZOWSKA
i in. 2016). Najwyzszy poziom wody wystepuje w okresie wczesnowiosennym po
roztopach zimowych natomiast najnizszy latem, podczas wysokich temperatur.
W kanale prowadzone sg coroczne prace utrzymaniowe, tj. wykaszanie brzegdw oraz
hakowanie roslinno$ci zanurzonej, a takze w odstepie 3-5 lat usuwane sa depozyty
martwej materii organicznej.

MATERIALY I METODY

Stanowiska wzdhiz Kanatu Potudniowego kontrolowano 13 razy w okresie przed
wystapieniem suszy (sierpien 2014, maj 2015), w trakcie suszy (sierpien 2015) oraz
sukcesywnie, co miesigc, od momentu pojawienia si¢ wody, czyli od listopada 2015
do pazdziernika 2016, z wylaczeniem dwoch miesigcy zimowych (styczen i luty
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2016). Elektropotowy wykonano przy uzyciu plecakowego agregatu potowowego
EFGI 650 (BSE Bretschneider Specialelektronik, Niemcy) o maksymalnej mocy
na wyjsciu 1200 W (prad impulsowy), z jednym anodoczerpakiem, z zachowaniem
unifikacji metod, brodzac w gore cieku (PENczaKk 1967; BACKIEL, PENCZAK 1989).
Schwytane ryby oznaczano do gatunku, mierzono catkowita dlugos¢ ciata (Lt) [mm]
oraz wazono [g], a nastepnie uwalniano w miejscu potowu. Roznice w dhugosciach
ciata piskorzy odtawianych w réznych okresach analizowano przy pomocy testu
Kruskala-Wallisa oraz testu post-hoc Dunna. Zaggszczenie poszczegolnych gatunkow
na kontrolowanych stanowiskach szacowano odnoszac liczbe ztowionych osobnikow
do rzeczywistej powierzchni odlowu. Przy pomocy miernika Multiline P4 F/SET-3
(WTW, Niemcy), mierzono parametry fizyko-chemiczne wody, tj. stgzenie tlenu
rozpuszczonego w wodzie, nasycenie wody tlenem, odczyn i konduktywno$é oraz
temperature wody. Badania byly prowadzone za zgoda wedkarskiego uzytkownika
wod, Generalnej Dyrekcji Ochrony Srodowiska (DZP-WG.6401.10.2.2014.bp) oraz
Regionalnej Dyrekcji Ochrony Srodowiska w Eodzi (WPN-I1.6401.238.2014. KW2).

WYNIKI

Parametry fizyko-chemiczne

W okresie poprzedzajacym susze (sierpien 2014, maj 2015) obserwowano
duza sezonowa zmienno$¢ parametrow fizyko-chemicznych wody w Kanale
Potudniowym. Wzrostowi temperatury wody w okresie letnim (sierpien 2014)
towarzyszyto obnizenie zawartosci rozpuszczonego w wodzie tlenu, przewodnictwo
wody w okresie letnim bylo nizsze niz wiosng (maj 2015) (Tab. 1). Podczas trwania
suszy parametry fizyko-chemiczne nie byly mierzone ze wzgledu na brak wody
w badanym cieku (Ryc. 2). Jedynie na stanowiskach nr 4 i 5, utrzymaly si¢ niewielkie
zastoiska, w ktérych temperatura wody w ciagu dnia osiggata 29°C, konduktywnos$¢
1150 uS xem’!, a zawarto$¢ tlenu rozpuszczonego w wodzie spadata do 0,05 mg x dm™
(0,6%). Po ponownym pojawieniu si¢ wody w kanale, tj. od listopada 2015 najwyzsza
temperature wody (22°C) odnotowano dopiero we wrzesniu 2016, podczas gdy
najnizsze temperatury (5°C) zmierzono jesienig 2015 i wiosng 2016. Obserwowano
znaczgce roznice konduktywnos$ci pomiedzy kolejnymi terminami badan (Tab. 1).
Najwyzszg wartos¢ konduktywno$ci odnotowano we wrzesniu 2016, a najnizsza
w listopadzie 2015. Najwigksze réznice konduktywnosci migdzy stanowiskami
zanotowano w listopadzie oraz grudniu 2015 1 dotyczytly zmian w obrebie stanowisk
2-4. Odczyn wody w cieku byt lekko zasadowy, maksymalna wartos¢ pH 8,4
wystapita we wrzesniu 2016, natomiast najnizsza (6,8) w lipcu 2016. Najbardziej
stabilne warunki pod wzgledem odczynu wody w okresie badan panowaly w srodko-
wym biegu kanalu (stanowiska 4-6). Spadek zawartosci tlenu rozpuszczonego
w wodzie nastgpowal od maja, osiagajac minimum w lipcu 2016 (0,95 mgx dm™).
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Ryc. 2. Kanal Potudniowy podczas suszy — sierpien 2015 (Fot. G. Zigba).
Fig. 2. Kanat Potudniowy during drought — August 2015 (Photo G. Zigba).

Najwyzsza wartos¢ odnotowano w listopadzie 2015 (19,6 mgxdm™). W sierpniu
2016 niskie warto$ci byly obserwowane w niemal catym kanale i wynosity od 1,05
do 7,72 mgx dm! ($rednio 2,6 mg x dm™). Najbardziej stabilne warunki pod wzgledem
ilosci rozpuszczonego w wodzie tlenu (CV = 18,86) obserwowano na stanowisku 9.

Ryby

W okresie sierpien 2014 — pazdziernik 2016 na 9 stanowiskach zlokalizowanych
wzdluz Kanalu Potudniowego stwierdzono obecnos¢ 15 gatunkow ryb. Rozmieszcze-
nie gatunkow bylo nieréwnomierne, najwicksze bogactwo gatunkowe (9 gat.)
obserwowano na stanowisku 1, a najmniejsze na stanowiskach 4, 8 i 9 (Tab. 2).
Podczas dwoch pierwszych kontroli po ustgpieniu suszy (listopad 2015 i grudzien
2015), piskorze byly stwierdzane jedynie na stanowisku 1, tj. w bezposrednim
sasiedztwie ujscia Kanalu Poludniowego do Bzury (Tab. 3). W trakcie kolejnych
kontroli (marzec oraz czerwiec 2016) nie stwierdzono obecnosci piskorzy na zadnym
stanowisku. W kwietniu 2016 roku piskorze obserwowano w przyujsciowym
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Ryc. 3. Martwe piskorze znalezione na stanowisku 4 podczas suszy — sierpien 2015 (Fot. G. Zigba).
Fig. 3. Dead weatherfish found at site No 4 during drought — August 2015 (Photo G. Zigba).

odcinku kanatu (stanowisko 1) oraz po raz pierwszy w goérnym biegu kanatu
(stanowisko 7). W kolejnych terminach kontrolnych piskorze byty stwierdzane
w przyujsciowym odcinku kanatu (stanowiska 1, 2, 3), wyjatek stanowity dwa
osobniki zlowione w lipcu 2016 na stanowisku 6. Dopiero we wrze$niu 2016 roku
piskorze towiono w catym cieku. W okresie poprzedzajacym susze zageszczenie
piskorzy w Kanale Potudniowym wynosito od 2,11 os.xm? (sierpien 2014)
do 3,46 os.xm?(maj 2015). W czasie suszy (sierpieni 2015) piskorz byt jedynym
gatunkiem odnotowywanym w kanale (stanowisko 5), a wszystkie osobniki
sttoczone byly na niewielkiej powierzchni, osiggajac zagegszczenie 2,61 o0s.xm?.
Z kolei na stanowisku 4, prawie calkowicie pozbawionym wody, zaobserwowano
kilkadziesigt martwych osobnikow (Ryc. 3). Po ustgpieniu suszy na kazdym
stanowisku zaggszczenie piskorzy nie przekroczyto wartosci 0,002 os.xm>.
Najwicksze zageszczenie piskorzy odnotowano we wrze$niu 2016 na stanowisku 8
(gomy bieg kanatu) (Tab. 3).
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Tab. 3. Zageszczenie piskorza na ujednoliconej powierzchni 1 m? dla poszczegdlnych termindéw
badan wzdtuz Kanatu Potudniowego, w okresie pazdziernik 2015 — listopad 2016.

Table 3. Density of the weatherfish on a unified area of 1 m? for particular sampling dates along
the Kanat Potudniowy from October 2015 to November 2016.

Termin polowu Stanowiska — Sites
(miesiac, rok)
Sampling date 1 2 3 4 5 6 7 8 9
(month, year)

11.2015 0,0014
12.2015 0,0008
03.2016
04.2016 0,0001
05.2016 0,0003
06.2016
07.2016 0,0006 0,0012
08.2016 0,0017 0,0002
09.2016 0,0006 0,0002 | 0,0002 | 0,0001 | 0,0002 | 0,0011 | 0,0019 | 0,0008
10.2016 0,0006

W okresie poprzedzajacym susze (sierpien 2014 — maj 2015) w badanym
kanale dominowaly osobniki o catkowitej dlugosci ciata od 100 mm do 114 mm.
W trakcie suszy (sierpien 2015) obserwowano podobny rozktad dlugosci ciata
piskorzy, jak przed wystapieniem suszy, z dominacjg osobnikéw o Lt = 115-120 mm
(Ryc. 4). Po ustgpieniu suszy, tj. od listopada 2015 piskorze towiono wytacznie
w odcinku przyujsciowym (Tab. 2). Glownymi kolonizatorami kanalu byty
osobniki o Lt = 105-155 mm. Z kolei, wiosng 2016 towiono zaréwno osobniki duze
(260-264 mm), jak i mate (Lt <80 mm), ktérych wczes$niej nie odnotowywano
(Ryc. 4). Poréwnanie wielkosci piskorzy (Lt) potawianych przed, w trakcie oraz po
suszy nie wskazuje na ich istotne zroznicowanie (H,, , = 5,38, p = 0,068).

Po ustgpieniu suszy do konca prowadzonych badan (pazdziernik 2016)
obserwowano pojawianie si¢ w kanale, gléwnie od strony jego uj$cia do Bzury,
rowniez innych gatunkoéw ryb, tj. szczupak (Esox lucius) i pto¢ (Rutilus rutilus).
Szczupaki odtawiane byly w kazdym terminie badan, osiggajac maksymalne
zageszcezenie (0,003 os. xm™) na stanowisku 7. Dodatkowo, szczupak byl jedynym
gatunkiem, ktoérego obecnos$¢ stwierdzano wzdluz catego badanego kanatu, a jego
srednie zaggszczenie wynosito 0,0022 os.xm?. Najwieksze $rednie zageszczenia
ptoci odnotowano w listopadzie 2015 i maju 2016 (odpowiednio 0,0013 oraz 0,001
o0s. xm?), natomiast najwicksze zageszczenie kietbi (Gobio gobio) (0,0004 os. xm?)
odnotowano w kwietniu 2016. Najwigksze maksymalne zageszczenie okoni (Perca
Sfluviatilis) wyniosto 0,0001 os.xm? w czerwcu 2016. Wszystkie z opisanych
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Ryc. 4. Rozktad catkowitej dtugosci ciata piskorzy odtawianych w Kanale Poludniowym (dane
zbiorcze dla wszystkich kontrolowanych stanowisk). A — przed susza (sierpien 2014 i maj 2015),
B — susza (sierpien 2015), C — po suszy (listopad 2015 — pazdziernik 2016).

Fig. 4. Distribution of the total body length of the weatherfish caught in the Kanat Potudniowy (data
combined for all sampling sites). A — before drought (August 2014 and May 2015, B — drought
(August 2015), C — after drought (November 2015 — October 2016).
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gatunkoéw byly najliczniejsze w ujsciowym odcinku kanatu. Stonecznice (Leucaspius
delineatus) zostaty ztowione na czterech stanowiskach, w gornym biegu Kanatu
Potudniowego osiagajac najwigksze srednie zageszczenie 0,00007 os. x m? w kwietniu
2016 na stanowisku 5. Liny (7inca tinca) odtowione zostaty po raz pierwszy dopiero
w maju 2016 po ustgpieniu suszy, a ich wystepowanie ograniczone byto jedynie do
gornej czesci kanatu, gdzie osiggnety zageszczenie 0,00006 os. x m (wrzesien 2016).
W przyujsciowym odcinku cieku towiono réwniez pojedyncze osobniki czebaczka
amurskiego (Pseudorasbora parva), jazia (Leuciscus idus), klenia (Squalius cephalus),
uklei (Alburnus alburnus), wzdregi (Scardinius erythrophthalmus), ro6zanki (Rhodeus
amarus), karasia srebrzystego (Carassius gibelio) 1 §liza (Barbatula barbatula),
z czego wickszos$¢ pojawita sie w kanale wiosng (ukleja, wzdrega, czebaczek amurski
i klen) oraz latem (jaz, rozanka oraz kara$ srebrzysty).

DYSKUSJA

Wody powierzchniowe Pradoliny Warszawsko-Berlinskiej od wielu lat
wyrozniaty si¢ duzym udziatem piskorzy w ichtiofaunie (PENczak 1968, 1969,
1975; KostrRzEwWA 1999). W okresie bezposrednio poprzedzajacym badania,
w wielu ciekach Pradoliny zaggszczenie piskorzy znacznie przekraczalo wartodci
minimalne przyjete dla stanu wihasciwego (FV>0,01 os.xm?) (MAZURKIEWICZ
2012) osiggajac w Kanale Potudniowym maksymalny poziom 2,065 os.xm?>
(PYrRzANOWSKI 1 in. 2015). Obok zaggszczenia wskaznikiem stanu populacji jest jej
struktura wiekowa/wielko$ciowa (MazUrkiEwicz 2012). Wskaznik ten jest trudny
do zweryfikowania z powodu specyfiki polowow ryb bentonicznych (piskorza)
w siedliskach o niskiej przezroczysto$ci wody (ZALEwsKI 1986), czyli w siedliskach
najbardziej preferowanych przez te rybe, jakimi sa rowy melioracyjne (BORON i in.
2002). Przed suszg (wczesne lato 2015) w populacji piskorza obecne byly osobniki
o dhugosciach ciata od 87 mm do 205 mm, co odpowiada wiekowi od dwoch do
szedciu lat (BORON i in. 2002, PYRZANOWSKI i in. 2020), przy czym dominowaty
osobniki trzyletnie. Wyjatkowo wysokie zaggszczenie piskorzy wskazywato, ze
warunki mikrosiedliskowe 1 hydrologiczne musialy by¢ relatywnie stabilne, przez
co najmniej kilka ostatnich lat, i prawdopodobnie nie dochodzito w tym okresie
do przesuszania kanatéw. Mozna przypuszczaé, ze sztuczne kanaly melioracyjne
shuzyty za miejsce odbywania tarta, lub podchowu narybku, jak to mialo miejsce np.
w kanale Grenzgraben w Niemczech (MEYER, HINRICHS 2000). W nastepstwie suszy
panujacej latem 2015 doszto do niekorzystnych zmian w wielu kanatach. Wzrastajaca
temperatura wody oraz w konsekwencji obnizajgca si¢ zawarto$¢ rozpuszczonego
w wodzie tlenu skutkowaty najprawdopodobniej ucieczka lub zanikiem pozostatych
gatunkow, za wyjatkiem piskorza — ryby najbardziej wytrzymatej na deficyty tlenowe.
Jak podajag BoroN (2000) oraz PYRZANOWSKI i in. (2019) ryba ta potrafi przetrwac
deficyty tlenowe siegajace ponizej 4 mg x dm. Obserwacje z Kanatu Potudniowego
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wskazujg, ze potrafi przezy¢ nawet przy zawartosci tlenu rozpuszczonego w wodzie
osiagajacego warto$ci ponizej 0,05 mg x dm™. Jednak w dtugim okresie trwania suszy,
nalezy oczekiwac, ze nawet tak wytrzymatly gatunek nie ma szans przetrwania.

Wiosng 2014 w Kanale Potudniowym odnotowano osobniki o dlugo$ciach ciata
zblizonych do warto$ci maksymalnie obserwowanej w wodach Polski, tj. Lt =260 mm
(Mazurkiewicz 2012). Wielko$¢ tych piskorzy wskazuje, ze najprawdopodobniej
byty to ryby 5-6 letnie (PYRzaNOWSKI 1 in 2020). Podobne obserwacje dotyczyty badan
przeprowadzonych w kanale odwadniajacym Grenzgraben, gdzie odlawiano osobniki
o dhugosciach ciata od 140 mm do 279 mm (MEYER, HINrICHS 2000). W zasiedlaniu
kanatu, po ustgpieniu suszy braty udzial wytacznie piskorze dojrzate piciowo,
z przewagg osobnikdéw trzyletnich. Nie obserwowano pojawiania si¢ osobnikow
mtodocianych. Jesienig oraz zimg 2015 piskorze prawdopodobnie wptynety do kanatu
z Bzury, poniewaz obserwowano je wylacznie na stanowiskach polozonych blizej
ujscia kanalu. Mogto to by¢ zwigzane z poszukiwaniem miejsc odpowiednich do
zimowania. W czasie zimy piskorze zagrzebuja si¢ w osadach do $redniej glebokosci
0,3 m (MEYER, HINrICHS 2000). Natomiast obecno$¢ piskorzy w przyujsciowym
odcinku kanatu zaobserwowana wiosng oraz latem mogla by¢ spowodowana
poszukiwaniem miejsc do odbycia tarta. Tarlo piskorzy trwa od kwietnia do czerwca
(Mazurkiewicz 2012) i ma miejsce w ciekach charakteryzujacych si¢ gesta
roslinnos$cig, niskim przeptywem wody oraz mulistym dnem (MEYER, HINRICHS 2000).
Najwiecej piskorzy potawiono w okresie maksymalnej odnotowanej temperatury
wody w kanale (22°C, wrzesien 2016), co zbieglo si¢ z najnizszym przeplywem
w Bzurze. Takie wyniki odtlowéw mogly by¢ spowodowane wzrostem aktywnos$ci
piskorzy, prawdopodobnie wynikajacej ze spadku zawartosci rozpuszczonego
w wodzie tlenu i konieczno$cig intensyfikacji oddychania z wykorzystaniem
powietrza atmosferycznego. MEYER, HINRICHS (2000) wykazali w swoich badaniach,
ze z poczatkiem jesieni (wrzesien, pazdziernik) wzrastala aktywno$¢ piskorzy,
co przektadato si¢ na mozliwosci ich potowu.

Odbudowa populacji piskorzy po catkowitym wysuszeniu siedliska mozliwa
jest dzieki migracjom osobnikow z refugiow, a tempo rekolonizacji zalezy gldwnie
od zdolnosci ryb do odbywania wedrowek. Na podstawie obserwacji znakowanych
piskorzy MEYER i HINRICHS (2000) podaja, ze w kanale melioracyjnym wigkszo$¢
osobnikdw (70%) przemieszczata si¢ na odlegto$¢ do 50 m, a maksymalny stwierdzony
dystans wedrowki wynosit 300 m. Réwnoczesnie 28% ryb byto odtawianych w tych
samych miejscach. Biorac pod uwage zréznicowanie liczby odtawianych piskorzy
w Kanale Potudniowym po okresie suszy, mozna przypuszczac, ze w Pradolinie ryby
te przemieszczaly si¢ na znacznie wigksze odlegtosci. Catkowite przesuszenie kanatu,
skutkujace zanikiem lokalnej populacji, spowodowato, ze wraz z powracajaca woda,
w poszukiwaniu odpowiedniego siedliska piskorze pokonywaly odleglos¢ sicgajaca
nawet kilku kilometrow. Szybko$¢ rekolonizacji przez piskorze w pordwnaniu z innymi
gatunkami nie jest znaczna, badany kanat byt najszybciej zasiedlany przez populacje
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ptoci, szczupaka oraz kietbia. Podobne tempo rekolonizacji zaobserwowano w kanale
Grenzgraben, gdzie najszybciej odbudowywatly si¢ populacje ryb karpiowatych (ptoc,
jaz) oraz ciernika (Gasterosteus aculeatus) 1 cierniczka (Pungitius pungitius) (MEYER,
HinricHs 2000). Roznice w sktadzie gatunkowym kolonizatorow zasiedlajacych oba
systemy kanatdw, sg wynikiem réznego sktadu ichtiofauny ciekow gtownych, co ma
kluczowe znaczenie w poczatkowych etapach odbudowy ichtiofauny zdegradowanych
systemow rzecznych (KosTRZEwWA, PENczak 2002). Szanse przetrwania ryb w okresie
wystepowania drastycznych zmian siedliska np. z powodu suszy zaleza réwniez
od warunkoéw panujagcych w refugiach. Dla matych ciekow role refugiow petnig
wicksze i z reguly glebsze rzeki (SEDELL i in. 1990). Podczas suszy temperatura
wody w refugium zalezy od jego wielkos$ci, stopnia izolacji, typu podtoza, naptywu
wod gruntowych i1 opadowych, wystepowania wiatru oraz obecnej roslinno$ci
(MAGouLICK, KoBza 2003).

Jako$¢ wody dostepnej w kanale po ustgpieniu suszy nie podlegata istotnym
zmianom w czasie. Glownymi czynnikami umozliwiajagcymi ponowne zasiedlenie
przesuszonego cieku byly: minimalna glebokos$¢ dostgpnej wody oraz obecnosé
refugium, bedacego zrédlem kolonizatoréow. W przypadku Kanatu Poludniowego,
skuteczne zasiedlanie cieku rozpoczeto si¢ niemal natychmiast po pojawieniu si¢
wody, o glebokosci stanowiacej co najmniej 25% stanu sprzed suszy. Natomiast jako$¢
wody odgrywata drugorzedne znaczenie. Zespoly ryb zasiedlajgce tak niestabilne
siedliska jak kanaty melioracyjne naleza do grupy gatunkdw najbardziej odpornych na
wahania i skrajnie niekorzystne wartosci parametréw fizyko-chemicznych wody. Do
odbudowy populacji piskorza do stanu sprzed suszy, mimo mozliwosci rekolonizacji
cieku zarowno od strony ujscia, jak i od jego poczatkowego odcinka, nie wystarczy
okres jednego sezonu wegetacyjnego. Mozna przypuszczaé, ze do petnej odbudowy
potrzebnych jest kilka sezonéw z relatywnie stabilnymi warunkami hydrologicznymi,
jednak z uwagi na prowadzone regularnie prace utrzymaniowe, proces ten moze by¢
wtornie spowolniony.

Przeprowadzone badania wyraznie wskazuja na negatywne skutki wysuszania
fragmentow kanatéw melioracyjnych lub catych ciekéw na lokalne populacje
zagrozonych gatunkow ryb. Takie zmiany sa szczegolnie drastyczne dla siedlisk
mato zréznicowanych jakimi sg kanaly melioracyjne. Dlatego tez przetrwanie
zagrozonego gatunku ryby, jakim jest piskorz, zaleze¢ bedzie od dzialalno$ci
stuzb odpowiedzialnych za utrzymanie sztucznych urzadzen wodnych w stanie
umozliwiajacym przeciwdziatanie niekorzystnym zjawiskom hydrologicznym jakimi
sg susze. Zachowanie populacji piskorza w sztucznych zbiornikach wodnych bedzie
mozliwe niemal wytacznie w oparciu o czynng ochrone. Ochrona ta powinna przybraé
forme zabezpieczenia minimalnego poziomu lustra wody w kanatach podczas
krytycznych okresow suszy, nawet jesli jej jako$¢ nie jest odpowiednia dla wigkszo$ci
rodzimych gatunkow ryb. Okresy pomigdzy powtarzajacymi si¢ coraz cze$ciej
incydentami przesychania kanatéw moga okazac si¢ zbyt krotkie do petnej odbudowy
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populacji. Dodatkowo nalezy zaznaczy¢, ze powaznym zagrozeniem dla piskorza sa
réwniez zabiegi konserwacyjne kanatléow melioracyjnych. Usuwanie roslinno$ci oraz
bagrowanie kanatu spowodowaty utrate 8% dorostych piskorzy zasiedlajacych kanat
Grenzgraben (MEYER, HINRICHS 2000). Ryby zasiedlajace sie¢ kanalow melioracyjnych
obszaru Pradoliny Bzury-Neru narazone sg na powtarzajace si¢ wahania wody, dlatego
tez ich obecno$¢ zalezy od mozliwosci kolonizacji z gtownych ciekéw Pradoliny
Bzury-Neru oraz ich doptywéw. Brak stabilnoéci hydrologicznej, odizolowanie, czy
wyschnigcie akwenu powoduje, ze trwatos¢ lokalnych populacji zasiedlajacych takie
siedliska zalezy od dostepnosci miejsc przetrwania niesprzyjajacych okresow oraz
mozliwosci rekolonizacji wtasciwych siedlisk (Lomnickr 2003). Funkcjonowanie
lokalnych populacji piskorza wpisuje si¢ w teori¢ metapopulacji (HANSKI, GLIPIN
1991) majacej zasadnicze znaczenie dla praktyki ochrony przyrody (AKGAKAYA
i in. 2007). Dynamike lokalnych populacji piskorza mozna opisaé w oparciu
o model ,,zrédlo — ujscie” (source — sink) (PuLLiam 1988; SOLARZ, ZAJAC 1998).
W modelu tym populacja o wigkszym potencjale produkcji emigrantow jest populacja
zrodlows, z ktérej wywodza sie osobniki kolonizujgce inne obszary, a siedliska
o relatywnie gorszych warunkach do przetrwania tzw. ,,ujSciem” (HARisoN 1991;
SCHLOSSER, ANGERMEIER 1995). W przypadku badan prowadzonych przez MEYER
1 HiNricHs (2000) role ,,zrodta” petnita rzeka Havel (po otwarciu zapory), natomiast
w Kanale Potudniowym ,,zrodtem” jest rzeka Bzura. Biorgc pod uwage znaczne
ryzyko wysychania rowow melioracyjnych nalezy przyjac, ze dla piskorzy siedliska
te sg raczej putapka ekologiczng (GILROY, SUTHERLAND 2007) i jedynie wlasciwie
dziatajgce urzadzenia melioracyjne sg w stanie zapewni¢ trwato$¢ populacji piskorza
w Pradolinie Warszawsko-Berlinskie;.
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STRESZCZENIE

W prezentowanym opracowaniu przedstawiono analiz¢ oceny mozliwosci naturalnej odbudowy
oraz tempa rekolonizacji populacji piskorza (Misgurnus fossilis) w sztucznym kanale melioracyjnym
na obszarze Natura 2000 Pradolina Bzury-Neru po wystapieniu suszy hydrologicznej. Okre§lono
potencjalne zrodta kolonizator6w oraz analizowano wpltyw warunkéw fizyko-chemicznych
wody sprzyjajacych odbudowie populacji piskorza. Badania przeprowadzono na 9 stanowiskach
wyznaczonych w sztucznym kanale o nazwie Kanat Poludniowy, ktéry kontrolowano tacznie 13
razy w okresie przed wystapieniem suszy (sierpien 2014, maj 2015), w trakcie suszy (sierpien
2015) oraz po ustapieniu suszy (listopad, grudzien 2015 oraz marzec-pazdziernik 2016). Na kazdym
stanowisku mierzone byly parametry fizyko-chemiczne wody (st¢zenie tlenu rozpuszczonego,
nasycenie tlenem, odczyn, konduktywno$¢, temperatura) oraz byty potawiane ryby, ktére nastepnie
mierzono, wazono i uwalniano w miejscu schwytania. Obliczono zaggszczenie poszczegélnych
gatunkow oraz réznice w dlugosciach ciata piskorzy ztowionych w réznych okresach. Badania
wykazaty, ze w przeciagu roku od ponownego pojawienia si¢ wody, ciek zasiedlato 15 gatunkow
ryb, najczgsciej spotykanymi taksonami byly: pto¢ (Rutilus rutilus) oraz szczupak (Esox lucius).
Tempo rekolonizacji zalezalo od gatunku. Odbudowa populacji piskorza zachodzita powoli
i braly w niej udziat wylacznie osobniki dojrzate piciowo, a maksymalne zaggszczenie piskorzy nie
osiagneto warto$ci sprzed suszy, ksztattujac si¢ na poziomie 0,0019 os. xm?. Gtéwnym zZrodlem
wigkszosci kolonizatorow byta Bzura. Parametry fizyko-chemiczne wody nie odgrywaty istotnej
roli w odbudowie populacji piskorza.

Nadestano do redakcji: maj 2020 r.
Wptyneto ponownie po poprawkach: czerwiec 2020 r.
Przyjeto do druku: czerwiec 2020 r.
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Abstract. The age and growth of weatherfish (Misgurnus fossilis), an endangered and protected freshwater fish
with a poorly known life history, was studied in two watercourses (the River Ner and the Nowy Row canal,
Poland). The weight, length and sagittal otoliths of 166 specimens collected in April 2015 were measured for
weight-length relationships, ageing and back-calculation of length at age. At both sites sex ratio did not differ
from 1:1. Weatherfish otoliths were small, elliptic (1.85 mm longer axes of the largest otolith) and the annuli
were clearly visible. Female lifespan was six years but the oldest males were four and five years. In both sites
populations were dominated by 2+ (the River Ner) and 3+ (the Nowy Row canal) specimens. In general,
weatherfish grows isometrically (b = 3) and the intercept of the weight-length relationship differ between
study sites but not between sexes. Its total length (TL) was predicted by an interaction between sex and age, as
well as capture site and age. Back-calculated estimates of TL fitted a von Bertalanffy growth function, though
Taylor’s criterion showed that the asymptotic length were overestimated. Multiple comparisons of the von
Bertalanffy growth function parameter revealed difference between sexes and sites.

Key words: otolith, von Bertalanffy growth function, weight-length relationship, GLMM, mudloach, threatened
cobitid

Introduction 1987). In fish, in contrast to poikilotherms, growth

is indeterminate and shows enormous plasticity

Body size is the most important attribute of an
organism, imposing limitations on many features
of structure and function. In teleost fishes, body
size is a key characteristic (Moyle & Cech 2000)
and many life history traits, such as mortality rate
and reproductive success, show strong correlations
with this parameter (Wootton 1992, Froese 2005).
Understanding growth, in consequence, is a crucial
step in describing the selective forces that shape
teleost life-history evolution (Wootton 1998).

Somatic growth is the product of the input and
output of energy resources (Weatherley & Gill
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in response to the environment (Wootton 1998).
Although the biology of most of European fishes
is well characterised and described (for summary
see: Kottelat & Freyhof 2007) some features of
the life-history of widely distributed fish are
still poorly understood. One such species is the
weatherfish (Misgurnus fossilis) (L. 1758), the
largest freshwater cobitid, naturally distributed
through Central and Eastern Europe (Kottelat &
Freyhof 2007). Weatherfish inhabit warm, shallow
waterbodies with substrates covered with a thick
layer of organic matter, often overgrown by dense
vegetation. Typical habitats for weatherfish are
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slow-moving rivers, canals and drainage ditches,
oxbow lakes and fishponds (Meyer & Hinrichs
2000, Pekarik et al. 2008, Mazurkiewicz 2012).
This bottom-dwelling species burrows into soft
substrates during dry periods or frosts (Boron et
al. 2002, Kottelat & Freyhof 2007).

In many European countries the weatherfish is
classed as endangered due to habitat loss. As a
consequence it was listed in European Fauna-Flora-
Habitat and Natura 2000 directives (Annex II of the
Council Directive 92/43/EEC), representing a species
of European Community interest (European Union
1992). It is also included in many national red lists of
endangered and protected fish species (Drozd et al.
2009, Hartvich et al. 2010). In Europe the weatherfish
has been classified as a species of low concern (LC)
(Freyhof & Brooks 2011), but its genetic diversity is
the lowest reported for any European freshwater
fish (Bohlen et al. 2007). The weatherfish is also
regarded as a species at high risk from pesticides
(Ibrahim et al. 2013), and proposals have been made
to raise its level of threat. Despite these concerns,
basic information on weatherfish life-history traits,
essential for its conservation, are lacking (Boron
et al. 2002, Kottelat & Freyhof 2007). The aim of
present study was to address this shortfall in
information and to provide detailed information on
the age structure, growth pattern and weight-length
relationships of weatherfish from two watercourses
in Central and Western Poland. This information is
intended to inform decision-makers responsible for
conservation actions that might affect the species,
such as desilting, and will provide life-history data
for the species at the centre of its European range as
a baseline for further research.

Material and Methods

A total of 166 weatherfish were collected in
April 2015 by electrofishing (EFGI 650, BSE
Bretschneider Specialelektronik, Germany) from
two watercourses: medium-sized lowland River
Ner and a small drainage ditch the Nowy Row.
The River Ner (52°08'83.76" N, 18°87'70.17" E) has
a straight, regulated and wide (20-25 m) corridor
with steep banks. Current velocity was 10 m3s™
and water depth varied between 0.5 and 1.0 m.
The substrate was dominated by fine sand with
submerged vegetation covering less than 1%. The
Nowy Réw (51°12'38.29” N, 16°43'17.34" E) is a
drainage canal with a uniform width (2-3 m) and
steep banks. Current velocity was <0.1 m? s while
water depth varied between 0.5 and 1.0 m. The

Downloaded From: https://bioone.org/journals/Journal-of-Vertebrate-Biology on 15 Mar 2021
Terms of Use: https://bioone.org/terms-of-use

Growth of weatherfish

entire length of the watercourse was overgrown
with submerged and emergent vegetation, covering
approximately 70% of the water surface. The
bottom substrate was dominated by sand covered
with a thick layer of organic matter (> 0.5 m). Both
sites are located in Natura 2000 protected areas in
the Bzura-Ner glacial valley (PLH100006) and Legi
Odrzanskie (PLB020008), respectively. A total of
84 specimens were caught in the River Ner and 82
from Nowy Réw. In both cases the local weatherfish
populations were sufficiently large to permit fish
collection without posing any conservation threat.
In contrast to the study sites, weatherfish typically
occur at low densities (Pyrzanowski et al. 2015).
Samples were obtained from short canal stretches.
The presence of weatherfish at high dominance in
the entire River Ner drainage, despite low water
quality, was demonstrated in previous studies
(Kostrzewa & Penczak 2002, Penczak et al. 2010).

After capture, fish were immediately euthanized
with an overdose of clove oil (Javahery et al. 2012).
They were subsequently frozen, stored and thawed
before processing. In the laboratory all specimens
were measured for total length (TL) and standard
length (SL) to the nearest 1 mm and weighted (W)
to the nearest 0.1 g. For analysis TL was used and
was related to SL by the function: TL =2.23 + 1.128
SL, r*= 0.998; n = 166 (major reduced axis, Smith
2009). After measurement, fish were dissected and
sex was determined by inspection of the gonads.
For each sampling site the sex ratio was tested
for deviations from parity using a binomial test
(Wilson & Hardy 2002). The x* goodness of fit test
was used to determine whether size frequency
distributions differed significantly between sexes
and sites following subdivided contingency table
(i.e. a partitioned x* analysis) (Zar 2010).

From each specimen the sagittal otoliths were
extracted from the vestibular apparatus (cranial
cavity), cleaned, stored dry and used for age
determination. One otolith from each individual
was attached to a slide using cyanoacrylate
glue, then polished using emery paper with grit
sizes of 30 pm and 3 um. Prepared otoliths were
immersed in glycerine and photographed under a
stereomicroscope with transmitted and reflected
light (Nikon SMZ1000, Japan). Blind readings of
age (annuli) was conducted by three independent
experimenters on images of otoliths.

In the event of a disagreement between
experimenters over annuli counts, the disputed
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otoliths werelater re-examined by all experimenters
until a consensus was reached. The age of a
specimen (the total number of true annuli, taking
the first winter ring as a reference) was determined
when two or more readings agreed. Otoliths with
ambiguous age readings (less than 5%) were
discarded. Following ageing, the otoliths were
measured to allow lengths at age to be derived
by back-calculation based on the assumption of a
constant proportional deviation from mean body
size (Francis 1990). To do this the distance from the
nucleus to the outside edge (total radius — OR) and
to each annuli were measured along the longest
axis of the elliptic otolith using LUCIA 4.61. Back-
calculations were made by substituting otolith
radii of respective annuli to a linear regression of
fish total length (TL) on total radius (OR), with a
different function fitted for each sex and site. Back-
calculated length-at-age for each specimen was
adjusted by proportion between observed and
estimated length (Francis 1990). Individual age-at-
length and back-calculated length data were used
to construct length-age keys for each sex and site.

Fish size was modelled as a function of sex,
age and sampling site. Because multiple size-
at-age data were available for each individual
weatherfish, estimated from length-age keys,
data were modelled using a general linear mixed
model (GLMM) with fish sex (fSex), age (age) and
capture site (fSite) as covariates (Zuur et al. 2009).
A random intercept for fish identity was included
in the model to introduce a correlation structure
between length estimates for the same individual.
Assuming estimates of fish length (TL) for fish
i measured on sampling occasion j followed a
Gaussian distribution with mean o the model
was specified as:

TL,;=N (1, o?)

E(TL)=p, and

i var (TL,)) = o*

M, = Intercept + fSex, x age, + fSite, x age, +a,

a~N(©, 0, )

The model was fitted using R (version 3.5.2; R
Development Core Team 2018). To describe the
growth of weatherfish over its lifespan we used the
von Bertalanffy growth function (VBGF) defined
as (von Bertalanffy 1957, Ricker 1975):

L= Ll.nf (1-exp (-k(t—t)))
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where L, is total length (TL in mm), L, is the
asymptotic standard length (mm), k is the rate
at which the asymptotic length is approached, t,
is the origin of the growth curve and t is age (in
years). To judge the accuracy of the VBGR we used
Taylor’s criterion (Taylor 1962), which states that
the asymptotic length is satisfactorily estimated
when the maximum observed length represents
approximately 95% of L, .

Because the parameters L, and k are inversely
correlated (Moreau et al. 1985) the index of
growth performance ¢’ (Munro & Pauly 1983) was
calculated as:

¢’ =log,, (k) +2log,, (L;,)

Based on the back-calculated total length-at-
age, parameters of the VBGF and their standard
errors for each sample, split by sex and site, were
estimated by non-linear regression implemented in
FiSAT (Gayanilo et al. 1994). Multiple comparisons
of the VBGF parameters between sexes and water
bodies were made using t-tests with sequential
Bonferroni correction. To assess the pattern of

Fig. 1. Otolith of weatherfish in transient light (a) and in reflected
light (b).
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growth; either isometric or allometric (Ricker 1975),
the weight-length relationship (Le Cren 1951) was
determined by linear regression (log-transformed
data). The slopes (b-values) for sexes and sites were
tested against isometry; i.e. b = 3, with Bailey’s
t-test. Differences between regressions were also
estimated using analysis of covariance (ANCOVA)
(Zar 2010).

Somatic condition factor (CF) was calculated using
Fulton’s coefficient (Le Cren 1951):

CF = 100 (W/TL?)

where W is weightin g, and TL is total length in cm.
Two-way ANOVA was used to test differences in
CF between sexes and sites (Zar 2010). Diagnostic
plots of residuals against fitted values and a QQ
plot of residuals were used to assess the normality
of residuals. Homoscedasticity was tested using
Levene’s test. If ANOVA showed a significant effect

Growth of weatherfish

of any factor, the Honestly Significant Difference
(HDS) Tukey post-hoc test was used to identify
which factors differed. Analyses were performed
using STATISTICA 10 (StatSoft 2011).

Results

Sample size, fish length, weight and Fulton’s
condition index are presented in Table 1. In both
sites, the sex ratio expressed as the proportion of
males in the sample (f,,) did not differ from parity;
fu = 0.476 in the River Ner (p = 0.375) and f, =
0.451 in the Nowy Réw canal (p = 0.220). Length-
frequency differed significantly between sites and
sexes (partitioned y*=57.83, df=12, p <0.001). Two-
way ANOVA revealed that the Fulton coefficient
differed significantly between sites (F,,,,=9.39, p =
0.003), but not between sexes (FL1 o =3.82,p=0.052),
with no significant interaction between sex and site
(F, 14, = 0429, p = 0.513). A post-hoc HSD Tukey test
showed that only females from the River Ner (F)

Table 1. Summary of sample size (n), total length (TL), body weight and Fulton’s condition factor (CF) of weatherfish split by site of
collection (site) and sex (sex). The same letters in superscripts denote groups that did not statistically differ (HSD Tukey post-hoc test).

site River Ner Nowy Réw canal
sex F M F M
n 44 40 45 37
total length (mm) mean 143.5 129.7 1442 1434
sd 38.2 25.5 29.1 21.9
min 90 96 114 110
max 233 173 247 200
weight (g) mean 12.51 8.86 13.78 12.94
sd 9.73 4.94 13.69 6.51
min 2.75 3.06 6.12 5.51
max 42.93 18.52 65.13 28.95
CF mean 3.51° 3.70% 3.86% 4.24°
sd 0.50 0.62 0.49 1.71

Table 2. Length-weight regression parameters and their standard errors (SE) (log, -transformed data) for weatherfish collected from the

River Ner and Nowy Réw canal.

site sex a SE a b SEb r? n p

River Ner Females (A) -5.402 0.172 2.974 0.080 0.970 44 <0.0001
Males (B) -5.236 0.276 2.904 0.131 0.928 40 <0.0001
Nowy Roéw canal Females (C) -6.008 0.215 3.275 0.100 0.961 45 <0.0001
Males (D) -5.194 0.319 2.902 0.148 0.919 36 <0.0001

slope comparisons F, 5,=2.1697 p=0.119

common regression slope (b))  3.031 0.055
intercept comparisons E, ;,=5.0436 p =0.003

Tukey’s posthoctest DC B A
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Table 3. Back-calculated length-age keys for female and male weatherfish from the River Ner and the Nowy Réw canal.

River Ner

Nowy Row

Females Males

Females Males

TL@mm) 1 2 3 4 5 6 1 2 3

4 1 2 3 4 5 6 1 2 3 4 5

>50 4
51-60 13
61-70 13
71-80 7
81-90 4
91-100
101-110
111-120
121-130
131-140
141-150 1
151-160
161-170
171-180 1 3
181-190 1
191-200 1
201-210 1
211-220 1
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12
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Table 4. Summary of Gaussian generalized linear mixed model
(GLMM) for modelling weatherfish total length (TL) as a function
of sex (fSex), age (age) and capture site (fSite) as main effects with
fish identity included as a random term in the model.

Model parameter  Estimate SE p

Intercept 53.09 1.94 <0.001
fSex e 1.50 2.28 0.511
age 21.96 0.36 <0.001
SSite N quyrom -10.00 2.28 <0.001
fSex 0 * age -3.59 0.43 <0.001
fSite o row X 48€ -3.53 0.43 <0.001

had a lower condition than males from the Nowy
Réw canal (M_ ) while other groups did not differ
significantly (Table 1).

The relationship between TL and W for each site
and sex are presented in Table 2. The slope (b)
coefficients indicated isometric growth for females
in the River Ner (b =2.97, t=0.33, df =42, p = 0.375)
and for males from both: the River Ner (b = 2.90, t
= 0.73, df = 38, p = 0.301) and the Nowy Réw (b =
2.90, t=0.66, df = 34, p = 0.317). However, females
in the Nowy Réw (b = 3.28) had a regression
coefficient significantly greater than b =3 (t =2.75,
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df =43, p <0.001). ANCOVA demonstrated a lack
of differences in slopes between sites (Table 2).
Estimated intercepts for the regression between TL
and W did not differ between males and females
but there was a significant difference between sites

(Table 2).

Of 166 otoliths that were examined, 157 (95.1%)
were readable, with 80 collected from fish from
the River Ner and 77 from Nowy Row used to age
weatherfish. Otoliths of weatherfish are small and
have an irregular elliptical shape with numerous
insets. The largest otolith measured 1.85 mm (long
axis) and 0.93 mm (shortaxis). They are characterised
by high transparency with annuli unambiguous
and with no false annuli. Difficulties in determining
the most representative radius were associated with
accurately measuring distances between individual
annuli (Fig. 1). In the case of larger and older
individuals, annual rings at the central region of
the otolith were more visible in transient light (Fig.
1a) while growth checks at the margins were more
pronounced in reflected light (Fig. 1b).

Determination of age based on otoliths for
weatherfish from the River Ner indicated five
age classes (2+ to 6+) for females, and four (2+ to
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Table 5. Estimation of von Bertalanffy growth function (VBGF) parameters and their asymptotic standard errors (SE) for weatherfish in the
River Ner and the Nowy Réw canal.

Female Male
River Ner Nowy Réw River Ner Nowy Réw
canal canal
SE SE SE SE
L, 3045 1783 264.0 1477 196.5 233.0 207.0 1249
k 0.150 0.157 0.143 0.138 0.203 0.485 0.162 0.178
t, -0.917 0.888 -0.801 0.745 -1.216 2.183 -1.102  0.939
¢’ 4142 0.821 4.000 0.691 3.893 1471 3.841 0.199
r? 0.836 0.866 0.784 0.812
ad r? 0.805 0.841 0.654 0.807
n 116 136 100 177
max TL 223 230 168 200.5
lifespan 6 6 4 5
Taylor’s (%) 73.2 87.1 85.5 96.9

Taylor's (%) — the criterion for the fit of the von Bertalanffy growth function (VBGF) to the data; i.e. the maximum observed length (TL )

as the percentage of asymptotic length (L, ).

ini

5+) for males. Similarly, in the Nowy Réw canal
population, females comprised five age classes (2+
to 6+), while males were represented by three (2+
to 4+). At both sites fish younger than 2+ were not
observed. Thus weatherfish appeared to differ in
longevity in relation to sex and sites; in the River
Ner the oldest females were 6+ years and males
were 5+, while in the Nowy Row, the oldest females
were 6+ and males 4+ years.

The relationship between otolith radius (OR) and
fish length (TL) (data pooled for females and males;
separately for both capture sites) were: River Ner,
TL = 1.60 + 279.15 x OR (r*= 0.42; n = 80); Nowy
Row TL = 40.05 + 180.81 x OR (r*= 0.71; n = 77).
These functions were used for back-calculation
of total lengths-at-age (Table 3). Weatherfish total
length was predicted by an interaction between sex
and age, as well as capture site and age (Table 4).
Females tended to be larger than males at a given
age, irrespective of site of collection, while fish
from the River Ner tended to be larger than those
from Nowy ROw canal, irrespective of sex.

Back-calculated TL showed a good fit to the von
Bertalanffy growth model (Table 5). However,
according to Taylor’s criterion the von Bertalanffy
growth function can be considered to describe
growth well if the maximum observed length is
approximately 95% of L, . In the study populations
the maximum observed lengths varied from 73 to
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97% of L, (Table 5), suggesting that asymptotic
lengths were overestimated. Only males sampled
in the Nowy Row canal met Taylor’s criterion
(Table 5). Multiple comparisons of the von
Bertalanffy growth function parameter presented
in Table 4 revealed differences between sexes and
sites. Female asymptotic length in the River Ner
was higher than for females from the Nowy Row
canal (t = 2.24, df = 248, p = 0.033) and differed
significantly from that for males from both sites
(River Ner: t =5.60, df =231, p <0.001; Nowy Row,
t = 5.40, df = 214, p < 0.001). However there were
no differences in this parameter for males between
sites (t = 0.56, df = 215, p = 0.339). Females from the
River Ner and Nowy Roéw differed in asymptotic
length from males originating from both sites:
females from the River Ner and males from the
River Ner (t=5.60, df =232, p <0.001); females from
the River Ner and males from Nowy Réw (t =5.39,
df = 215, p < 0.001); females from the Nowy Réw
and males from the Nowy Row (t =3.50, p <0.001);
females from the Nowy Row and males from the
River Ner (t = 3.45, df =251, p = 0.001).

Discussion

The weatherfish is the largest loach species in
Europe (Kottelat & Freyhof 2007). This fish has
been reported to grow to a TL of 300 mm (Muus
& Dahlstrom 1968), but with variation in its
maximum observed size from 265 mm (SL) (Oliva
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& Chitravadivelu 1973) to 350 mm (TL) (Berg 1949).
Kottelat & Freyhof (2007) state that the maximum
length (TL) is 270 mm. The largest weatherfish
individual from the Rivers Odra and Vistula had
a maximum of only 235 mm (SL) (Kotusz 1996).
Weatherfish maximum body size is sexually
dimorphic, with females expressing a larger size-
at-age than males (Boron 2000, Boron et al. 2002,
Kottelat & Freyhof 2007). In a drainage canal in
the lower Havel flats, Saxony-Anhalt (Germany)
the largest females were 279 mm (TL), while males
only achieved a maximum size of 220 mm (Meyer
& Hinrichs 2000). Weatherfish collected by Drozd
et al. (2009) in April 2007 from a floodplain area
of the River Luznice (Czech Republic) were even
smaller; the largest female measured 241 mm
(SL) and males 190 mm (SL). Thus fish examined
in the present study were of the same size range
as those from other European water bodies. The
largest female did not exceed 250 mm (TL), while
the largest male measured only 200 mm (TL), both
from the Nowy Réw canal. A strong correlation
between female fecundity and body size is often
cited as the reason for larger female body size
in teleosts (e.g. Wootton 1998, Froese 2005). This
pattern is often observed in small fishes, and is also
afeature of other cobitid species; e.g. Cobitis paludica
(Przybylski & Valladolid 2000), Cobitis elongatoides
(Eros 2000), Cobitis narentana (Schneider et al. 2000,
Zanella et al. 2003), Cobitis taenia (Slavik & Rab
1995, Kostrzewa et al. 2003) and Cobitis calderoni
(Valladolid & Przybylski 2008).

Variability in traits associated with fish body
length (e.g. maximal length at maximal age)
may be explained by latitude, which has proven
reliable in explaining size differences in multiple
European freshwater stream fishes (Blanck &
Lamouroux 2007). However, for populations in
close proximity; such as the River Ner and Nowy
Réw canal, observed differences in life-history traits
more likely result from local scale among-habitat
variability in abiotic and biotic factors. Large rivers
may secure long-time persistence of local fish
populations, and consequently positively influence
their growth rate, owing to lower susceptibility to
changes in abiotic conditions and higher diversity
of microhabitats available for particular fish species
and their prey. However, this outcome may not be
the case for small, human-maintained habitats, like
Nowy Réw, where not only the changes in abiotic
factors (e.g. water level depletion, drop in water
oxygenation, rise of water temperature) are more
severe, but also higher conspecific densities may
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lead to depensatory growth, resulting in an increase
in relative fish size differences, thereby influencing
fish survival and fecundity (Wootton 1998).

The only published data on weight-length
relationships for weatherfish come from Belgium
(Verreycken et al. 2011). Although data from
Belgium did not include sex and habitat variation,
the average non-linearized regression parameters
and their 95% CI (Verreycken et al. 2011) can be
compared with our pooled data (Table 2). The
slope of the regression for the Belgian population
differs slightly from that for Polish populations,
but still indicates an isometric weight-length
relationship. The intercept of the regression for
Polish populations (-2.68) is higher than that for
data from Belgium (-5.50). This difference in the
scaling of the relationship probably arises from the
small Belgian dataset (N = 24) with a narrow TL
range from 126 to 233 mm (Verreycken et al. 2011).
The slope of the weight-length relationship is
frequently used as a measure of fish condition (Le
Cren 1951, Froese 2006), especially when Fulton’s
coefficient is positively skewed and correlates
with fish size (Bolger & Connolly 1989). In this
situation, body form and condition are consistent
for small and large individuals, and is evident for
weatherfish from Polish and Belgian populations.

Weatherfish from the Nowy Réw drainage canal,
tended to be heavier at a given length than those from
the River Ner, and had a slightly higher condition
factor. The population density of weatherfish in the
Nowy Row canal was over 26 times that in the River
Ner (2.1 vs. 0.08 indiv. m™, respectively). While body
condition is often negatively density dependent,
high population density can also indicate high
habitat quality (Van Horne 1983, Wilson et al. 2015).
This finding implies that drainage canals might
provide a favourable habitat for weatherfish, in this
case supporting a population density exceeding one
indiv. m? (Meyer & Hinrichs 2000, Pyrzanowski et
al. 2015). Until recently, a high density of weatherfish
was also observed in the River Ner, but along with
an improvement in water quality and gradual
increase in other fish species, potentially leading to
an increase in interspecific competition, a decrease
in the number of the weatherfish has been observed
(Kostrzewa & Penczak 2002, Penczak et al. 2010).
The weatherfish often inhabits drainage channel
systems that are under high agricultural influence
(Stoate et al. 2009) and the fish is known to be highly
dependent on sediment quality due to its benthic
lifestyle (Meyer & Hinrichs 2000, Kottelat & Freyhof
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2007). The weatherfish is also an opportunistic feeder
and when the food base is scarce, can switch to a diet
comprising large quantities of detritus (Pyrzanowski
et al. 2019). Due to high flow variability in the River
Ner, detritus deposits are eluted from the main
river corridor and limited to a narrow bank zone. In
contrast, in the Nowy Réw canal organic matter is
in large quantities albeit frequently associated with
low dissolved oxygen concentrations and a limited
availability of preferred prey types. In drainage
canals, weatherfish usually occur alone or with
Prussian carp Carassius gibelio, which are also tolerant
of low dissolved oxygen concentrations (Meyer
& Hinrichs 2000, Pyrzanowski et al. 2015). During
sampling in the Nowy Réw canal the only other
fish species encountered were tench (Tinca tinca),
which is in accordance with Schreiber et al. (2018),
indicating a low number of piscivorous predators
in artificial canals. In the River Ner only limited fish
assemblage were noted (Kostrzewa & Penczak 2002)
and weatherfish co-exist with bream (Blicca bjoerkna),
roach (Rutilus rutilus), gudgeon (Gobio gobio), bleak
(Alburnus alburnus), ruffe (Gymmnocephalus cernua),
perch (Perca fluviatilis), pike (Esox lucius) and burbot
(Lota lota). In this fish assemblage, only the presence
of pike and burbot may have a negative effect on the
survival of small weatherfish.

In cobitids, especially the genera Cobitis and
Sabanejewia, the sex ratio is usually biased to females
due to polyploidy of females (Bohlen & Ritterbusch
2000). At both sites in our study the sex ratio did
not differ from 1:1, which is typical for weatherfish
and was reported by Meyer & Hinrichs (2000) from
a drainage canal. The equal sex ratio we observed
provides circumstantial evidence that the study
populations are dominated by diploid individuals.
Within the Cobitidae, the genus Misgurnus includes
both diploid and tetraploid species (Vasil’ev et al.
1989). For both M. fossilis, and the related oriental
weatherfish M. anguillicaudatus, bisexual diploid
individuals are most common (Arai et al. 1993,
Boron 2000, Arai 2003). However, different levels
of ploidy (triploids, tetraploids and intermediate
aneuploids) may also occur in wild populations
(Raicu & Taisescu 1972, Drozd et al. 2010).

The most frequently used structures for age
determination in teleost fishes, including cobitids,
are scales and otoliths. In cobitids, scale readings
are imprecise due to the lack of a calcified scale
centrum and poorly-defined annual increments
(Fedorcdk et al. 2017). Furthermore, the scales
of weatherfish are small and hidden in the skin,
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which is covered with an unusually dense layer of
mucus. Age studies based on annual increments of
the otoliths have proven effective for temperate fish
taxa, including cobitids (Lampart-Kaluzniacka et
al. 2013), because they provide accurate estimates
of age over the broadest age ranges whilst also
relatively easy to prepare and interpret (Fowler
2009, Green et al. 2009).

Otolith readings from Nowy Réw and the River Ner
indicated rapid growth rates for weatherfish in both
studied populations, despite this being considered
a slow-growing species. Weatherfish showed a
maximum age of six years (Kottelat & Freyhof
2007, Mazurkiewicz 2012), and achieved a TL of
approximately 44 mm in their first year, 88 mm in
their second year, 137 mm in their third and 175 mm
after four years (Table 3). After this initial period of
rapid growth, growth rates declined. Five-year-old
fish achieved a TL of 192 mm and six-year-old fish
229 mm. Weatherfish reared in carp (Cyprinus carpio)
ponds can reach a size of 170 mm TL and mass of 21
g within two years. However, this rate of growth is
only possible through access to an energy-rich diet
and farm conditions (Boron et al. 2002). In animals
with indeterminate growth, such as teleost fishes,
the growth trajectory is usually well approximated
by the von Bertalanffy equation. In an asymptotic
function like this, length represents a measure of
growth capacity and derives from the allocation of
resources to growth and reproduction (Koztowski
1996). In older individuals, somatic body weight
increase slows down, while relative contribution
to reproduction tends to increase (Czarnofeski &
Koztowski 1998). In the present study, weatherfish
caught in the Nowy Row were on average longer
in each age class than those from the River Ner,
indicating a higher growth rate and reflecting a
potentially more optimal habitat, rich in nutrients
and free from predators.

Maximum lifespan was greater for females than
males. This pattern has been seen in previous
work on cobitids, for example in C. paludica
(Przybylski & Valladolid 2000, Oliva-Paterna et
al. 2002) and C. calderoni (Valladolid & Przybylski
2008). Strikingly, specimens younger than 2+ were
absent at both study sites. A scarcity of some age
groups or dominance of a particular sex in the
population, especially in case of bottom-dwelling
fishes, is not unusual and can arise from a length
bias in sampling (Zalewski & Cowx 1990), or a
sex-bias in habitat preferences (Bacescu 1962). The
lack of juveniles in the 0+ and 1+ age classes among



J. Vertebr. Biol. 2020, 69(1): 19041

weatherfish in the River Ner and in Nowy Row
canal may result from the morphology of these
sites. As reported by Meyer & Hinrichs (2000),
juvenile weatherfish prefer water depths below
0.1 m, which is characteristic of the reed zone
and allows offspring to hide among vegetation
or coarse detritus, while older individuals avoid
areas of extremely shallow water. In contrast, larger
fish, prefer deeper microhabitats overgrown by
submerged, dense vegetation, such as Canadian
waterweed (Elodea canadensis), floodplains typically
used for spawning (Schreiber et al. 2018). This
ontogenetic shift in microhabitat preferences of
weatherfish is typical of many freshwater fishes.

In conclusion, this study provides the first data
for the age structure and growth parameters of
weatherfish based on an analysis of otoliths. We
confirmed the deposition of annual increments in
the sagittal otoliths, validating its utility in age and
growth studies for this species. Otoliths proved
useful for age estimation, study of growth rates
and for estimating relationships between otolith
morphometrics and fish length, in weatherfish
and other cobitids. Weatherfish growth proved
to be influenced by fish density, which may be a
function of the size of sampling site, supporting
higher growth in larger rivers, irrespective of
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fish sex. Consequently, small human-maintained
ditches, as more susceptible and more vulnerable,
should be of particular concern for habitat
managers when planning conservation measures
for weatherfish. A particular focus should be to
maintain the spatial continuity of ditches and to
avoid excessive declines in water level which may
result in a decline in their function as nurseries.
A decline in the number of stretches supporting
high densities of weatherfish may also result in a
reduction in migration into larger rivers, where
fish could achieve larger body size and higher
reproductive success.
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Abstract

The fecundity and sexual structure of weatherfish (Misgurnus fossilis) population, an inperilled and protected freshwater fish
with a poorly known life history, was studied in three waterbodies: the River Ner, the Poludniowy canal and the Nowy Row
canal (Poland) differing in hydrological character. We compared reproductive traits; i.e. sex ratio, absolute and relative
fecundity, oocyte size, gonado-somatic index and body condition. In all study sites, the sex ratio of weatherfish did not
differ from parity (1:1), though in the River Ner, the highest GSI values were recorded for females whilst male GSI did not
differ among sites. The absolute (FA = 2860 * 2065) and relative fecundity (FR = 120 * 55 eggs per g of female body
weight) in the River Ner were significantly lower than in the other two sites. In the River Ner the frequency distribution of
oocyte diameter, decomposed using the Bhattacharya method, showed two distinct groups in equal numbers. Oocytes that
were ready to spawn were larger in the River Ner than in the Potudniowy and Nowy Réw canals. Fish in the River Ner were
also characterized by the lowest Fulton condition index (mean K = 0.36 * 0.1). The trade-off between impaired fecundity
and increased egg diameter may result from the different nature of the studied watercourses or levels of endocrine-
disrupting chemicals (EDCs), such as steroid compounds.
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Introduction fish ponds (Meyer & Hinrichs 2000; Pekarik et al.
2008; Mazurkiewicz 2012). Basic information on the
life-history of M. fossilis, which is essential for conserva-
tion, is scarce (Kottelat & Freyhof 2007). Apart from
this, M. fossilis is considered endangered due to habitat
loss and was listed in the European Fauna-Flora-
Habitat and Natura 2000 directives (Annex II of the
Council Directive 92/43/EEC), representing species of
European Community interest (E.U. 1992) and is
included in many national red lists of endangered and
protected fish species (Drozd et al. 2009; Hartvich
et al. 2010). In Europe, the weatherfish has been clas-
sified as species of low concern (LC) (Freyhof &
Brooks 2011), but observed genetic diversity is the
lowest reported for any European freshwater fish, and
it has been proposed that its threat level should be
raised (Bohlen et al. 2007). In the light of

The weatherfish Misgurnusfossilis is a small, freshwater,
benthic cobitid, naturally distributed through Central
and Eastern Europe, from the northern border of the
Alps (North France) to western Russia (Kottelat &
Freyhof 2007). Weatherfish are demersal and have
the ability to burrow into soft mud during dry periods
or frosts (Boron et al. 2002; Kottelat & Freyhof 2007).
Because they are able to use atmospheric oxygen
(intestinal breathing) the species can tolerate low dis-
solved oxygen levels (Jakubowski 1958). This fish spe-
cies can tolerate unfavourable environmental
conditions and a relatively high level of pollution
(Jakubowski 1958; Drozd et al. 2009; Pyrzanowski
et al. 2019). It prefers shallow waterbodies with sandy
substrates covered with a thick layer of organic depos-

its, often densely overgrown with macrophytes. Typical
habitats for weatherfish are slow-flowing rivers, canals
and drainage ditches, oxbow and unmanaged lakes and

a widespread decline in weatherfish populations, it is
necessary to obtain baseline data on their life history
traits, which are a prerequisite for rational conservation
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planning (Wootton & Elvira 2000). The aim of this
study was to provide detailed information on the repro-
ductive biology of M. fossilis populations inhabiting
three waterbodies in west-central Poland.

Materials and methods
Study area and sampling site

Study sites were in three watercourses: the River Ner
(52°08'83.76” N; 18°87'70.17” E), the Potudniowy
drainage canal (52°13'14.86"” N; 19°48'03.62"” E) and
the Nowy Row drainage canal (51°12'38.29” N; 16°
43'17.34”E). All sites were located in the Nature 2000
areas, i.e. the River Ner and Poludniowy canal in
Pradolina Bzury-Neru (PLH100006) and the Nowy
Row canal in Yfegi Odrzanskie (P1LB020008). The
River Ner is lowland, right-hand tributary of the River
Warta, that receives treated wastewater from 1.0dz, the
third largest city in Poland, and is characterized by
a high level of water pollution (Kostrzewa 1999;
Mosiej et al. 2007; Penczak et al. 2010; Pyrzanowski
et al. 2015). The main source of pollution is municipal
and industrial wastewater (Mosiej et al. 2007). The
main characteristic of examined sited are given in
Table 1. Along its entire length, the River Ner flows
mainly among farmlands, wastelands and meadows.
Both drainage canals, along their entire length, are
located in Natura 2000 areas. Their catchment areas
are typically agricultural, mainly dominated by mea-
dows, pastures and peat bogs. The Nowy Réw canal
is part of the drainage system that discharges water to
the River Odra, whereas the Poludniowy canal drains
water directly to the River Bzura. In the River Ner
M. fossilis co-exists with bream (Blicca bjoerkna), roach
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(Rutilus rutilus), ruffe (Gymmocephalus cernua), perch
(Perca fluvianlis), gudgeon (Gobio gobio) and bleak
(Alburnus alburnus). In both drainage canals the weath-
erfish is the dominant fish species. In case of the
Potudniowy canal it co-exists with pike (Esox lucius),
crucian carp (Carassius carassius), roach and tench
(Tinca tinca), while in the Nowy Réw canal it occurs
together with tench (Pyrzanowski et al. 2015, 2020).

Sampling

The fish samples were performed at the peak of repro-
ductive season (April) 2014 and 2015 at three sampling
sites, and to maintain the uniformity of gonad develop-
mental conditions, sampling dates were adjusted to the
pattern of prior local temperature. Fish were caught by
electrofishing (EFGI 650; BSE Specialelektronik
Bretschneider, Germany), immediately euthanized
with an overdose of clove oil (Javahery et al. 2012),
chilled and subsequently frozen in the laboratory.

Analysis

In the laboratory, all specimens were measured for total
length (TL) and standard length (SL) to the nearest
1 mm and weighed (W) to the nearest 10 mg before
dissection. The relationship between SL and TL was
described by the equation: SLL = 0.889 x TL — 1.728;
r* = 0.99; p < 0.001. Fish sex (female, male or juvenile)
was determined by visual examination of secondary
sexual characteristics and confirmed by dissection of
the gonads. The sex-ratio of all populations was calcu-
lated as the number of males divided by the total num-
ber of individuals (males plus females) in the

Table I. Characteristics of weatherfish M. fossilis sampling sites: Potudniowy canal, the River Ner and the Nowy Réw canal.

Potudniowy canal River Ner Nowy Roéw canal

Water depth [m] 0.3-0.8 0.5-1 0.3-0.8
Width [m] 3 20-25 3
Bottom Organic sediments Sand and silt Organic sediments
Vegetation 70 >1 70
[% of watercourse bottom covered]

Concentration [mg/L]
Nitrates (NO5™) 0.02 0.04 nd.
Nitrites (NO,") 3.21 27.28 0.13
Phosphates (PO,>7) 4.55 3.84 2.84
Sulphureous (SO427) 152.61 333.37 139.70
Fluorides (F7) 0.23 1.90 0.41
Chlorides (Cl7) 267.50 468.94 116.40
Bromides (Br™) 0.33 0.35 0.10

Concentration [ng/L]
Oestrone (E1) 20.5 46.9 nd.
17B-oestradiol (E2) 25.2 46.0 nd.
Oestriol (E3) 23.4 12.2 nd.
170-ethynyloestradiol (EE2) 17.3 14.0 nd.

nd. - not detectable concentration.
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population. For each sampling date and site, the
observed proportion of males to females was tested for
deviations from a 1:1 sex ratio using a binomial test
(Wilson & Hardy 2002). Fish gonads were removed,
weighed (W) (nearest 10 mg) and preserved in glycer-
ine. To determine reproductive allocation, the gonado-
somatic index (GSI) (Wootton 1998) was calculated
using: GSI = 100Wg/W. From each ovary, three sub-
samples (anterior, central and posterior part of left
gonad) were collected and weighed (nearest 0.1 mg).
Oocytes were photographed under a stereomicroscope
(Nikon SMZ1000), counted and their diameters mea-
sured to the nearest 0.001 mm using LUCIA 5 image
analysis software. The gravimetric method was used to
evaluate absolute fecundity (Fa) — oocytes number per
female and relative fecundity (Fgr); i.e. number of
oocytes per 1 g of female body weight was calculated
(Bagenal 1978). For each site, oocyte diameters data
were pooled and used to obtain their size-frequency
histograms. If the frequency of oocyte size distribution
was polynomial the Bhattacharya method followed by
modal class progression analysis was used to decom-
pose observed distributions into Gaussian components
(Bhattacharya 1967). This procedure allows separation
of discrete normal distributions in the data based on
a separation index (SI) in the case that the difference
between successive Gaussian means divided by the
difference between their standard deviations exceeded
2 (Gayanilo et al. 2005). For each fish the Fulton
condition factor (K) was calculated using (I.e Cren
1951; Ricker 1975):

K =100 x W x TL™?

where:

W- fish weight (g)

TL - total length (cm)

One-way analysis of variance (ANOVA II) was
used to test for differences among sites for the
Fa, Fr and oocytes size and two-factor ANOVA
(site X sex as factors) was performed for GSI and
K. When significant differences were observed,
multiple comparison tests (post-hoc HDS Tukey
test) were used (Zar 2010). All values were
reported as mean * standard error. Before run-
ning ANOVA, the data were examined for nor-
mality (Shapiro-Wilk test) and homogeneity of
variance (Levene’s test).

The relationships between body weight (W), gonad
weight (Wg), absolute fecundity (Fa) and total
length (TL) were determined by linear regression
(log-transformed data). The weight-length relation-
ship was tested against isometry; i.e. slopes b = 3, or
allometry (positive; b > 3 or negative; b < 3) with

Bailey’s t-test for sex and sites. To identify differences
among sites, analysis of covariance (ANCOVA) was
used. Firstly, differences in slopes (b) were tested and
if the null hypothesis was rejected, the common slope
(b.) was calculated and differences in intercepts (a
coefficient) were tested (Zar 2010). Tukey’s HSD
post-hoc test was also used to identify which sites
were responsible for differences in linear regressions
(Zar 2010).

Results
Sex ratio

A total of 242 individual weatherfish (117 females, 97
males and 28 juveniles) were collected, of which 76
individuals were from the Poludniowy canal (collected
in 2014), while 84 individuals were from the River Ner
and 82 from the Nowy Réw canal (both collected in
2015) (Table II). In all sites the sex ratio did not differ
from parity; the Poludniowy canal: fiy = 0.426
(p = 0.047); the River Ner: fax = 0.471 (p = 0.086);
the Nowy Réw canal: fj; = 0.450 (p = 0.060).

Fish condition

The Fulton condition index (K) (Figure 1) varied
significantly among sites (F5, 205 = 16.80, p < 0.001)
but not between males and females (F;, 503 = 1.89,
p = 0.171). Moreover, there is no significant inter-
action between sex and site (F, 205 = 1.93,
p = 0.148). A post-hoc HDS Tukey test revealed
significantly lower values for condition for both
sexes in the River Ner and for females in the Nowy
Row canal. In contrast, the highest condition values
were found in the Poludniowy (both sexes) and for
males in the Nowy Row canal (Figure 1).

GSI conditions

The gonado-somatic index varied significantly
with sex (Fy, 208 = 70.643, p < 0.001) and site
(F2, 208 = 4.154, p = 0.017). In general, females
GSI was over ten times higher than males GSI
(Figure 2) and post-hoc HDS Tukey test revealed
a lack of differences in males GSI among sites.
For females there were differences between the
Poludniowy canal and the River Ner (p = 0.039)
and the Nowy Roéw canal and the River Ner
(p = 0.003) (Figure 2). In all study sites, females
and males GSI increased significantly with length
(Table III). Analysis of covariance (ANCOVA)
showed a lack of difference in slopes among sites
(F2;113 = 0.114, p = 0.891) and a common slope
was b, = 5.053, (s.e.b, = 0.277). Nevertheless,
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Table II. Characteristics of weatherfish M. fossilis from the Poludniowy canal, the River Ner and the Nowy Row canal study sites. Mean

values with standard deviation and range for total length (TL), body weight (W) and gonad weight (Wg). Dates in brackets indicate
sampling year.

Poludniowy canal (2014) River Ner (2015) Nowy Roéw canal (2015)

Females n 39 35 43
TL (mm) Mean * SD 136.9 £ 40.8 152.3 £ 36.5 154.3 £ 29.7
Min — max 88.9 — 199.5 100.35 - 233.0 114.5 — 247.0
W (g) Mean * SD 16.1 £ 14.1 14.4 £9.8 14.1 £ 14.1
Min — max 2.7 —-41.7 2.8-42.9 6.1 — 65.2
Ws (g) mean + SD 2.117 + 2.787 2.298 + 2.587 1.772 + 4.495
Min — max 0.015 - 9.075 0.013 - 9.926 0.013 — 18.065
Males n 29 32 36
TL (mm) Mean * SD 124.7 + 29.1 135.9 + 24.8 144.2 £ 21.8
Min — max 87.6 — 171.0 96.7 - 173.0 109.9 - 200.5
W (g) Mean * SD 105+ 7.8 10.1 + 4.8 13.1 £ 6.5
Min — max 2.7-23.3 3.1 -18.5 5.6 —29.0
Wa (g) Mean * SD 0.087 £ 0.086 0.083 £ 0.073 0.082 + 0.087
Min — max 0.002 — 0.262 0.003 — 0.234 0.006 — 0.392
Juveniles n 8 17 3
TL (mm) Mean * SD 95.0 £ 7.9 104.1 £ 5.9 124.9 £ 9.6
Min — max 87.5 - 107.6 90.5 -116.0 115.5 - 138.3
W (g) Mean * SD 3.4+ 1.0 4.0 +0.7 78+22
Min - max 23-5.1 2.7-5.0 5.5-10.8
0.6
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Figure 1. Fulton’s condition index (mean * standard error) for weatherfish, Misgurnus fossilis; the same letters denote groups that did not
differ statistically (the HDS Tukey post-hoc test).

differences between estimates of the coefficient
a (intercept) were detected (Fa1;5 = 14.022,

p < 0.001) and multiple comparisons (post-hoc
HDS Tukey test) showed differences among all
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Figure 2. Average GSI (mean * standard error) for female and male weatherfish, Misgurnus fossilis from the Potudniowy canal, the River

Ner and the Nowy Row canal; the same letters denote groups that did not differ statistically (the HDS Tukey post-hoc test).

Table III. The gonadosomatic - total length regression parameters and their standard error (SE) (log-transformed data) for weatherfish

M. fossilis males (M) and females (F) collected in the Poludniowy canal (A), the River Ner (B) and the Nowy Row canal (C).

Site Sex a

SE a

2

b SEb r n p
A F —10.1273 0.4820 4.9787 0.2272 0.9285 39 < 0.001
B F —10.2073 0.8405 5.0541 0.3868 0.8339 35 < 0.001
C F —11.0884 1.7372 5.3122 0.8056 0.5209 43 < 0.001
A M —5.4409 1.6416 2.4493 0.7866 0.2642 29 <0.01
B M —6.2161 1.2249 2.8009 0.5757 0.4410 32 < 0.001
C M —6.5351 0.9114 2.8836 0.4229 0.5777 36 < 0.001

the study sites. For males, a regression of GSI on
TL also showed a lack of difference in 4 among
sites (Fp93 = 0.140, p = 0.867; b, = 2.382
(0.349)), though there were differences in inter-
cepts (a coefficients) (F,,05 = 3.149, p = 0.044).
However, multiple comparison (post-hoc HDS
Tukey test) failed to indicate which sites differed
from each other. In this case, the null hypothesis
was not rejected and the lack of a difference in the
regression of GSI on TL was accepted.

W-TL relationship

The relationship between body weight and total
length (Table IV) was isometric for females in
the River Ner (t33 = 0.095, p = 0.925), but in
both canals the relationship was positively allo-
metric (t3; = 7.177, p < 0.001 in the
Poludniowy and t4; = 2.675, p < 0.011 in the
Nowy Row). For males this relationship was
positively allometric only in the Poludniowy canal

Table IV. Weight-length regression parameters and their standard error (SE) (log-transformed data) of weatherfish M. fossilis males and

females collected in the Potudniowy canal (A), the River Ner (B) and the Nowy Réw canal (C).

Site Sex a

SE a

b SEb r n p
A F —6.0878 0.1905 3.3510 0.0489 0.9922 39 < 0.001
B F —5.4416 0.2164 2.9917 0.0878 0.9724 35 < 0.001
C F —5.9974 0.1339 3.2681 0.1002 0.9629 43 < 0.001
A M —6.1773 0.1320 3.3930 0.0632 0.9907 29 < 0.001
B M -5.0314 0.3415 2.8108 0.1605 0.9109 32 < 0.001
C M -4.5763 0.6232 2.6233 0.2891 0.7077 36 < 0.001




(tp7 = 6.214, p < 0.001), but in the River Ner and
the Nowy RoOw canal males showed isometric
growth (t3o = 1.179, p = 0.248 and t3; = 1.303,
p = 0.201, respectively). Weight-length relation-
ships differed among all sampling sites, for both
females (Fj;;1; = 6.727, p = 0.002) and males
(F2,01 = 5.532, p < 0.001) (Table IV). Multiple
comparisons (post-hoc HDS Tukey test) showed
differences among all the study sites for both
sexes.

Ws was significantly associated with TL
(Table V). For females, the slope of the relationship
(coefficients b) between TL and Wg did not differ
among sites (Fz;109 = 0.283, p = 0.754, b, = 8.182
(0.287)) but among sites differences were found for
the coefficient a (Fy,;;5 = 14.565, p < 0.001).
A post-hoc HDS Tukey test showed differences
among all study sites. A similar situation was
observed in the case of males, with no among sites

differences in coefficient & (Fpo; = 0.0714,
p < 0.930; b, = 8.182 (0.287)), but significant dif-
ferences for coefficient a (Fao1 = 49.349,

p < 0.001). Post-hoc comparisons (HDS Tukey
test) showed differences only between the drainage
canals; i.e. the Poludniowy canal (A) and the Nowy
Row canal (C). Differences between the River Ner
(B) and both drainage canals were not found.

Fecundiry

Fecundity was estimated for 48 mature females from all
sites (17 from the Poludniowy canal, 21 from the River
Ner and 10 from the Nowy Row canal). In females from
the Poludniowy canal absolute fecundity (Fa) ranged
from 2828 to 12,336 eggs (mean £ SD: 6153 £ 2812.8),
relative fecundity (Fg) varied from 43 to 222 eggs/g of
body weight (1184 * 51.77). In females from the River
Ner, Fa ranged from 355 to 5734 eggs (2859 £ 2065.0),
Fr from 75 to 320 eggs (124 * 54.68), while in females
from the Nowy Row canal Fp ranged from 459 to
23,776 eggs (8438 £ 10,116.2), Fr from 39 to 423
eggs (148 * 148.07).
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Weatherfish absolute fecundity varied among sites
(Fz,45 = 4.557 p = 0.016), and a post-hoc HDS Tukey
test showed differences between the Poludniowy canal
and the River Ner (p = 0.012). Similarly, there were
differences among sites in relative fecundity (Fa4s
= 4.869 p = 0.012). A post-hoc Tukey’s test showed
differences between the Potudniowy canal and the River
Ner (p = 0.0415), the Nowy Réw canal and the River
Ner (p = 0.030). However, relative fecundity (Fgr) did
not differ between canals (p = 0.834).

Across all sites Fp increased significantly with fish
length, though coefficients & and a did not differ
among sites. The relationship between TL and Fu
for all sites took the form: F5 = 5.494 (0.633) X log
TL - 8.816 (1.423), r* = 0.621, p < 0.001.

Oocyte size

Oocyte diameter of females from the Poludniowy
canal ranged from 0.30 to 1.30 mm (0.99 mm *
0.63), while their mean (*SD) wet weight was
0.78 mg (* 0.331). For females from the River Ner
oocyte diameter ranged from 0.54 to 1.64 mm (mean
1.16 mm * 0.97) and mean weight was 1.51 mg (*
0.893). For females from the Nowy Réw canal oocyte
diameter ranged from 0.29 to 1.25 mm (mean
0.91 mm * 0.97) and mean weight was 1.11 mg (*
0.671). In all study sites, egg diameter histograms
were polymodal and Bhattacharya’s method revealed
two distinctive size groups in each population. In the
Potudniowy and the Nowy Réw canals a small fraction
of small oocytes were observed (Figure 3). These small
oocytes reached a size (mean * SD) of 0.58 mm (*
0.081) and 0.59 mm (£ 0.059) in Poludniowy and
Nowy Réw canal and constituted 4.0 and 5.8% of the
oocyte population, respectively. In the two canals,
larger oocytes dominated in the gonads and measured:
1.00 mm (% 0.064) and 0.91 mm (£ 0.098), respec-
tively. Meanwhile, in the River Ner the number of
small oocytes was similar to the number of larger
oocytes, and differences in their size were less distinct
(Figure 3). In the River Ner, the diameter of small
oocytes average 0.89 mm ( 0.094) and the average
size of the larger class of oocytes was 1.17 mm

Table V. Regression of gonad weight on total length (log-transformed data) of weatherfish M. fossilis males and females collected in the
Potudniowy canal (A), the River Ner (B) and the Nowy Réw canal (C).

Site Sex a SE a b SE b r n p

A F —18.2151 0.5160 8.3298 0.2432 0.9694 39 < 0.001
B F —17.7287 0.9051 8.0843 0.4171 0.9192 35 < 0.001
C F —19.2592 1.6972 8.6624 0.7859 0.7477 43 < 0.001
A M —-13.6182 1.6513 5.8423 0.7912 0.6688 29 < 0.001
B M —13.2475 1.2139 5.6117 0.5705 0.7633 32 < 0.001
C M -13.1114 1.0306 5.5068 0.4782 0.7960 36 < 0.001
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Figure 3. Size-frequency distribution of oocyte diameters for weatherfish, Misgurnus fossilis, from the Poludniowy canal, the River Ner and

the Nowy Réw canal.

(£ 0.097). In the River Ner, oocytes ready to spawn
were larger than those at the corresponding stage from
the canal sites (F» 726 = 39.69 p < 0.0001). A post-hoc
Tukey’s test revealed differences between the
Potudniowy canal and the River Ner (p < 0.001), the
Nowy Row canal and the River Ner (p < 0.001) and
with no difference between canals (p = 0.998).

Discussion

For the weatherfish populations the sex ratio did
not differ from the 1:1 ratio, typical for this

species (Meyer & Hinrichs 2000; Pyrzanowski
et al. 2020), though in wild populations different
levels of ploidy may occur (Raicu & Taisescu
1972; Drozd et al. 2010). In the case of other
cobitids, especially the genera Cobizis and
Sabanejewia, the sex ratio is usually biased towards
females due to polyploidy (Bohlen & Ritterbusch
2000). The mechanisms of sex determination and
sex reversal in fish not only vary among species,
but is also complex and still not well understood
(Leet et al. 2011; Wootton & Smith 2015). Many
factors in the aquatic environment may affect the



proportion of the sexes in wild fish populations
because of the sensitivity of gonad tissue to hor-
monal treatments, especially in the early life stages
(Smith & Wootton 2016).

In the case of weatherfish there are no data on the
condition of individuals of this species. In our study,
Fulton’s condition coefficient varied significantly
among sites but surprisingly not between sex.
Fulton’s and other coefficient are an attempt to
realize from relation of body weight and length (Le
Cren 1951; Bolger & Connolly 1989; Blackwell et al.
2000) but if the weight-length relationship is allo-
metric (b # 3) Fulton’s coefficient index is not applic-
able. As our result showed, only males in the River Ner
and the Nowy Row canal display isometric growth
pattern. Similar like condition, the weight-length
regression data are also scarce. As we know such
regression was published only for Belgium and also
proved positive allometric weight-length relation
(Verreycken et al. 2011). Also relative body weight
(Wr) suggested as the index of condition (Blackwell
et al. 2000), can not be calculated due to small dataset.
In such a situation slope of weight-length regression
(Bolger & Connolly 1989) or residual analysis
(Fechhelm et al. 1995) could be a measure of the
condition for population. Being aware of these pro-
blems Fulton’s factor was calculated because of its
popularity in fish biology studies.

Gonadosomatic index (GSI), which relates gonad
weight to body weight, is commonly used in fish ecol-
ogy to quantify reproductive development in fish
(Wootton 1998). Variation in the GSI fluctuation
over time reflects not only gonad development but it
is also a proxy to assess the energy allocation between
reproduction and growth; i.e. as a surrogate of repro-
ductive effort (Stearns 1992; Wootton 1998). Like
other loaches, weatherfish showed common differences
in GSI between the sexes, with female GSI over 10
times larger than that of males. Among cobitid loaches
that are multiple spawners, female GSI usually varies
between 18% and 26% immediately prior to reproduc-
tion (Mills & Eloranta 1985; Saat et al. 2003; Mousavi
Sabet et al. 2011). The gonad weight of both sexes is
usually significantly associated with fish size (Table V).
Thus, the GSI suffers from the disadvantage of all such
indices (e.g. conditions factors) and the index reflects
the appropriate regression of gonad size on body length
(Bolger & Connolly 1989; Wootton 1998). However,
in our study variation in weatherfish GSI among sites
showed a similar pattern to that seen for the regression
between gonad weight and TL.

In both drainage canals, weatherfish had relatively
higher absolute fecundity (on average of 6100 oocytes
in the Poludniowy canal and 8400 in the Nowy Row
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canal), compared with the River Ner with an absolute
fecundity of 2800 eggs per female. A study by Drozd
et al. (2009) for weatherfish from a floodplain area in
the Czech Republic, showed the total number of eggs
per female ranged between 5800 and 7900, a figure
comparable to the Potudniowy and Nowy Réw canals.
Under natural conditions, the reproductive potential of
weatherfish can be double this figure, as reported by
Podubski and Stedronsky (1954) for a population from
southern Bohemia, Opalatenko (1974), Kouril et al.
(1996) and Adamkova-Stibranyiova et al. (1999).

The absolute maximum fecundity might be deter-
mined in the process that controls spawning. In
German fish farms, fecundity was artificially
increased from 15,900 to 25,800 eggs (Geldhauser
1992). In case of related species, such as the oriental
weatherfish (Misgurnus anguillicaudatus), females
can produce up to 1800-15,500 eggs per batch
(Berg 1949; Suzuki 1983). Clearly, the absolute
fecundity of females may vary depending on size.
A similar pattern was observed in case of relative
fecundity. The highest value was recorded in the
Potudniowy canal (189 eggs per g b. m.), second
in the Nowy Row canal (148 eggs per g b. m.) and
lowest in the River Ner (124 eggs per g b. m.). Our
results are comparable to those obtained by Drozd
et al. (2009), where the stripped fecundity (number
of eggs/g b. m.) averaged 121.6 eggs per female, as
well as for Mazurkiewicz (2012), who reported
a figure of 250 eggs per g b. m. In contrast,
Podubski and Stedronsky (1954), Opalatenko
(1974), Geldhauser (1992) Kouril et al. (1996)
and Adamkova-Stibranyiova et al. (1999) obtained
values two or three times higher.

The diameter (without envelopes) of mature weath-
erfish eggs (in metaphase of the second meiotic
division) ranges between 1.17 and 1.30 mm
(Kostromarova 1991). After laying, the eggs swell to
the diameter of 1.7-1.9 mm (Mazurkiewicz 2012).
Oocyte diameter for female weatherfish from
a floodplain area in the Czech Republic measured on
average 1.42 mm with an average weight of 0.88 mg
(Drozd et al. 2009). Slightly greater mass of wet eggs
was reported by Kouril et al. (1996) with an average
weight of one egg obtained during artificial propagation
of about 1.07 mg and by Adamkova-Stibranyiova et al.
(1999) of 1.00 mg. In the case of the related but smaller
loaches, the oocyte diameter is slightly similar, i.e., for
M. anguillicaudatus it ranges from 0.72 to 0.85 mm
(Suzuki 1983; Zheng 1985), for Misgurnus mizolepis it
measures on average 1.10 mm (Kim et al. 1987), for
stone loach: 0.85 to 0.96 mm (Mills et al. 1983; Mills
& Eloranta 1985; Saat et al. 2003) and for Cobitis taenia
on average 1.14 mm (Bohlen 1998). In the present
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study, the observed average size of unspawned oocytes
from females from the Poludniowy canal (0.99 mm)
and Nowy Réw canal (0.91 mm) were smaller than in
the River Ner (1.16 mm). Consequently, the average
weight of eggs in the River Ner (1.51 mg) was almost
twice as high as in the Poludniowy and Nowy Row
canals (0.78 and 1.1 mg, respectively). The average
egg diameter and weight may vary during one indivi-
dual season and between populations (Drozd et al.
2009). Two groups of oocyte sizes were observed in
the ovaries of females from both canals and river. In the
canals large, mature oocytes were typical. The dom-
inance of mature oocytes in the gonads may indicate
that all eggs were to be released once during the spawn-
ing season, suggesting a lack of batch spawning. In
contrast, in the River Ner both size classes of oocytes
were equally numerous. This difference may indicate
another physiological response (at the mating system
level) as an investment in iteroparity (Warner 1998),
potentially leading to higher lifetime reproductive
success.

Differences in reproductive traits of the weatherfish
inhabiting the three watercourses presented in this
study may have many reasons, but most probably is
high level of pollution in aquatic ecosystems. The
relatively large number of chemicals polluting the
environment is the cause of numerous problems aris-
ing from their physiological side effects. The main
elements are industrial chemicals, pharmaceuticals
and endocrine-disrupting chemicals (EDCs), such as
steroid compounds, including natural products, as
well as their synthetic forms, which are widely used
in the form of oral birth-control pills and in human
disease therapy (Pojana et al. 2004; Wang et al. 2018).
Despite their usual low concentrations in open water-
bodies they have been classified as a potential environ-
mental factor affecting the metabolic processes of
living organisms (Vallejo-Rodriguez et al. 2018).
EDGC:s increase the risk of disruption to the reproduc-
tive biology of vertebrates (Lange et al. 2012), directly
impacting the fertility of fish and contributing to the
decline of some fish species (Kim et al. 1997; Jobling
et al. 2003, 2006; Mills & Chichester 2005; L et al.
2012). Common effects of oestrogen exposure include
increased oestrogen and vitellogenin concentrations in
plasma, reduced gonad development and disruption
of gonad function. Steroid oestrogens also contribute
to changes in the ratio of reproductive cell types,
pathological changes in gonads, decreased sperm
counts and, consequently, to a reduction in fertility.
They might also cause changes to male secondary sex
characteristics and potentially leading to the complete
feminization of males (Leet et al. 2011; Huang et al.
2016; Hassell et al. 2016; Czarny et al. 2017), changes

in sexual behaviour (Dammann et al. 2011; Reyhanian
etal. 2011) and ultimately contributing to local extinc-
tions (Czarny et al. 2017). The study conducted by
Kim et al. (1997) shows that in related species, such as
the M. mizolepis, higher concentrations and/or longer
exposure to oestrogen 17B-oestradiol (E2) can alter
the sex ratio of young individuals. In addition to sig-
nificant classical feminizing effects, morphological
changes within the ovaries and size and morphology
of the pectoral fins, being the expression of sexual
dimorphism in weatherfish, were also observed by
Kim et al. (1997), which also contradicts our observa-
tions. The presence of oestrogens in the water, which
as Mills et al. (2003) reported, not only affects gamete
quality, but are also responsible for decreases in the
amount of eggs and sperm produced by fish. Reduced
fertility after exposure to oestrogens, particularly to
170-ethynyloestradiol (EE2) has also been observed
by Voisin et al. (2016). Considering that the River
Ner is associated with a large urban agglomeration,
the level of pollution, including EDCs, is higher
than in the case of the other two watercourses, which
are located in rural, non-urbanized areas with a
lower potential to generate pollution (Table I,
Pyrzanowski, unpublished data). This assumption
however, requires detailed study on the possible
impact of endocrine-disrupting chemicals, especially
oestrogenic steroids, on endangered weatherfish
populations and contributing therefore to the better
understanding of the impact of pollutant on fish life
history traits in general.
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The weatherfish (Misgurnus fossilis) is a species that is tolerant of unfavourable environmental
conditions and can survive low dissolved oxygen concentrations and high water temperatures.
Although this species occurs across almost the whole of Europe, and is protected in many countries,
relatively little is known regarding its ecology. To determine the diet of weatherfish, 120 individuals
from an artificial drainage canal in central Poland were collected in two seasons (spring and late
summer) with contrasting abiotic condition (oxygen concentration, water temperature and
transparency). Analysis of gut fullness showed that weatherfish consumed a greater quantity of food in
spring (0.92 4- 0.90) compared with summer (0.20 - 0.26). Contrary to other cobitid taxa, weatherfish
fed actively during daytime in both seasons. An estimate of the importance of each dietary component
indicated that the most important food categories were chironomids, copepods, Asellus aquaticus

and detritus. SIMPER analysis indicated that these four categories together constituted over 65.8%

of cumulative dissimilarity in the diet between seasons. Additionally, trophic niche breadth differed
significantly between seasons. The study demonstrated that the weatherfish is an opportunistic
feeder, consuming large quantities of detritus despite possessing a gut morphology that is atypical of

a detritivore. The quantity of detritus in the gut of weatherfish was positively associated with fish total
length and varied seasonally, with a greater quantity of detritus in the diet in late summer. These results
demonstrate the importance of detritus as a source of energy, particularly during periods of scarcity of
alternative prey categories.

In the temperate zone, freshwater ecosystems are characterized by natural variation in environmental condi-
tions resulting, inter alia, from climate seasonality’2. In shallow ponds, rivers or canals, naturally variability in
environmental parameters can be extreme, sometimes with negative consequences for aquatic fauna and poten-
tially causing population declines or extinction>*. In drainage canals, high water flow and high dissolved oxygen
concentrations associated with elevated rainfall and snowmelt are usually observed in spring. In the summer,
canals accumulate detritus and become overgrown with vegetation, decreasing dissolved oxygen concentrations®.
Low oxygen concentrations also result from elevated water temperature, accompanied by an increase in water
conductivity and decomposition of organic sediments on the substrate®”. Under these conditions there is often a
decrease in macroinvertebrate biomass, mainly as a consequence of the loss of oxygen-sensitive taxa and thereby a
scarcity of the food resources for fish®~1°. Drainage canals are often populated by macroinvertebrate and fish with
special adaptations that permit them to survive the sometimes harsh environment!'"'2. Under these conditions
fish may switch from one food resource to other, comprising less preferred items, as a result of changes in food
availability®.

: One of the few European fish species that can tolerate conditions in drainage canals is the weatherfish,

© Misgurnus fossilis (L), which is able to survive low oxygen tensions (hypoxia) due to its capacity for cutaneous
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of Natural History, University of St Andrews, St Andrews, UK. Correspondence and requests for materials should be
addressed to K.P. (email: kacper.pyrzanowski@biol.uni.lodz.pl)

SCIENTIFIC REPORTS | (2019) 9:8467 | https://doi.org/10.1038/s41598-019-44911-y 1


https://doi.org/10.1038/s41598-019-44911-y
http://orcid.org/0000-0002-0684-7750
http://orcid.org/0000-0003-4443-6802
mailto:kacper.pyrzanowski@biol.uni.lodz.pl

www.nature.com/scientificreports/

respiration and ability to perform oxygen uptake via its gut'%. M. fossilis is a small, benthic freshwater cobitid,
native to almost all of Europe. It inhabits stagnant freshwaters, such as oxbow lakes and ponds, as well as
slow-flowing rivers, canals and drainage ditches that are overgrown with dense vegetation'. This fish species
usually occurs on a sandy substrate covered with a thick layer of mud and organic matter'®'”. The weatherfish
is believed to be a nocturnal omnivore, feeding chiefly on insect larvae, small crustaceans and molluscs as well
as on detritus'®. Despite its unspecialized habitat and feeding requirements and adaptations to poor water qual-
ity, it has declined in many regions!®!%. As a consequence, the weatherfish was listed under Annex II of the EU
Council Directive 92/43/EEC, representing a species of European Community concern'® and was subsequently
included in numerous governmental Red Lists of endangered and protected fishes throughout Europe's, includ-
ing Poland®. In Europe, the weatherfish has been classified as a low concern species (LC)*, though its threat level
might be considered to be higher due to its low genetic diversity®*.

In light of the limited understanding of weatherfish life history, the aim of the present study was to assess its
feeding activity and diet composition in two seasons characterized by contrasting environmental conditions.
Thus, the study examined temporal variation in environmental conditions and food availability between two
distinct periods to assess how these changes were reflected in the diet composition and feeding patterns of weath-
erfish. Three specific questions were addressed: (1) whether there is a diel feeding activity in weatherfish; (2)
whether there is a seasonal pattern in diet composition, and (3) whether detritus makes a significant contribution
to the diet, and whether this varies seasonally.

Materials and Methods

Study site. The study was conducted in the Potudniowy canal, situated on a tributary of the River Bzura (51°
13/14.86"N, 19°48/03.62"E). The canal is 6.5 km long, with an average slope of 0.41%o. The channel is approxi-
mately 3 m wide with an average depth of 0.3 m (upper section) to 0.8 m (outlet). The substrate was dominated
by sand covered with a thick layer of organic matter. The entire length of the watercourse was overgrown with
submerged and emergent vegetation. The banks were covered with reeds and sedges, which together with isolated
trees along both banks gave partial shade to the channel. The canal is part of a drainage network of the Natura
2000 Bzura-Ner glacial valley (PLH100006). This area has recently been recognized as a site of high weatherfish
abundance in Poland?*. Previous data show that weatherfish have been abundant in this water network?*2.

Sample collection and processing. A total of 120 weatherfish (mean total length TL - 124 mm, range
87-205mm), were collected in August 2014 and May 2015 (56 and 64 individuals, respectively) by electrofishing
(EFGI 650, BSE Bretschneider Specialelektronik, Germany). Groups of 14-16 fish were collected at 6-h intervals
over a 24-h period; at 06.00, 12.00, 18.00 and 00.00. After capture, fish were immediately euthanized with an over-
dose of clove 0il*” and preserved in 4% buffered formaldehyde. The weatherfish is protected in Poland, therefore
all procedures were carried out under permission from the Local Ethics Committee (66/£B729/2014) and the
Regional Directorate of Environmental Protection (WPN-11.6401.268.2014.KW2).

In the laboratory all specimens were measured for total length (TL) to the nearest 1 mm and weighed (W) to
the nearest 10 mg. The alimentary tracts of each specimen were removed and measured (AtL) to the nearest 1 mm.
Linear regression was used to model the relationship between length of alimentary tract and fish total length. Gut
contents were weighed to the nearest 1 mg and stored in glycerine. Food items were subsequently identified to
the lowest practical taxon; i.e. to order, family or species and/or genus where possible, under a stereomicroscope
(Nikon SMZ1000, Japan) and counted. The total number and estimated weight of each prey type were recorded
for each fish specimen.

The fullness coefficient (FC), calculated as the percentage of gut content wet weight and fish weight was used
to investigate diel feeding activity of weatherfish. One-way analysis of variance (ANOVA I) with Bonferroni
post-hoc test® were used to determine whether the gut fullness values were significantly different over a diel cycle.

Prey items were combined by taxon and quantified by the frequency of occurrence (%F) and percentage of
biomass (%B)?. For each food category the index of importance (IRI) was calculated®® and its standardized value
(%IRI)*! estimated as:

IRI; = 100 x HI; x HI"!, where: HI, = %F, + %B

%IRI; = 100 IRI,/ IR,

where IR, is the IRI value for each prey category of prey i and XIRI; is the total IRI for all prey categories.

Differences in weatherfish diet between seasons were analysed using a one-way permutation analysis of sim-
ilarity (ANOSIM, Bray-Curtis similarity coefficient)*>. ANOSIM is analogous to an ANOVA procedure, with a
non-parametric permutation applied to a rank similarity matrix of samples®. In this procedure, the R statistic
provides an absolute measure of how groups are separated. Generally, R values lies between 0, when groups are
indistinguishable, and +1, when all similarities within groups are less than the similarity between groups®. The
similarity percentage procedure (SIMPER)? was used to identify which prey taxa were most likely responsible
for the patterns detected by ANOSIM. SIMPER provided the average dissimilarities between the fish samples
and identified the prey categories that made the greatest contributions to any dissimilarity. All multivariate tech-
niques for analysing diet data were conducted using the PAST v3.15 software*. Food niche width of weatherfish
in different seasons was calculated as trophic diversity indices, Levin's (B) and Shannon-Wiener’s (H'), and their
standardized forms (evenness indices), B, and J/, respectively defined as:
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B=1/S%p H = — Splnp;
B, = (B — /(S — 1);

J' = H'/InS

where p; is the biomass proportion of a given food category in the total biomass of all food categories, and S is the
number of food categories. For all the indices, average values and their standard errors were obtained using the
jack-knife technique®.

The correlation between detritus abundance (%DA) in the gut of weatherfish and abundance of the other food
categories abundance was examined by the Spearman rank correlation coefficient (rs).

The proportion (arcsin transformed) of detritus (DA;) in the alimentary tract was modelled for individual
weatherfish 7 as a function of fish total length (TL) and collection season (season) using a Gaussian GLM. The
model was specified as:

DA; ~ N(y, o)
E(DA;) = p, and var(DA;) = o?

p; = by + by x TL; X by x season;

Prior to analysis a data exploration was undertaken to examine the data for outliers in the response and
explanatory variables and for zero inflation in the explanatory variable®. The model was fitted using R (version
3.5.2)%.

Results

The environmental conditions in the Poludniowy canal varied seasonally (Table 1). The physical and chemi-
cal parameters of the water; i.e. dissolved oxygen and saturation, temperature, conductivity and pH, differed
between spring (May) and late summer (August) (Table 1). In particular, dissolved oxygen concentrations in
May were over 12mgl™!, while they never exceeded 3mgl™! in August (Table 1). Moreover, this parameter
showed a clear diel pattern of variation with the highest oxygen dissolved concentration observed during day-
light hours (with a peak at 18.00) falling to less than 2 mgl~! during the night (Fig. 1). There were also signifi-
cant differences in the food base, which constitutes the potential prey of weatherfish (PERMANOVA; pseudo
F=4.76, p <0.001). Weatherfish consumed more food in May, when the average gut fullness coefficient (FC) was
0.924+0.90 (mean + SD), compared with August (0.20 £ 0.26). In both seasons fish showed a significant diel pat-
tern in feeding activity (May: F; o= 3.33, p=0.025; August: F; 5, =2.84, p=0.047). In May the highest FC values
were observed at noon and differed significantly from the values in the afternoon (i.e. 18.00). There was no differ-
ence in FC values at 06.00 and midnight (Bonferroni post-hoc test, p < 0.05) (Fig. 2). In contrast with the pattern
in May, multiple comparisons of FC in August failed to show any significant diel pattern of feeding (Fig. 2). In
August a high proportion of fish were found to have empty alimentary tracts; of the 120 weatherfish examined,
27 had an empty gut. Specimens with empty alimentary tracts were recorded primarily during daylight (14 fish),
but also during darkness (7). In May, only 5 individuals with an empty gut were recorded and all at night. The
proportion of fish with an empty gut was lower in May (fy; = 0.078) than August (f, =0.375) (p=0.033).

The analysis of alimentary tract contents showed that in May, among 22 food categories, weatherfish fed pri-
marily on chironomids, copepods, Asellus aquaticus and detritus, the latter contributing 10% of diet content with
a frequency of occurrence over 39% (Table 2). Estimates of IRI values also indicated that detritus was the most
important dietary component for weatherfish (Table 2). However, other constituents of the diet; such as ostra-
cods, chydorids, beetle larvae, gastropods and plant material, were also consumed frequently (29%), but with
lower abundance (from 3.4 to 5.0% in diet composition). The other 12 food categories identified in the diet can be
considered as unimportant food resources (Table 2). In August the diet composition was much more restricted
and chironomids and detritus were the main food sources for weatherfish. Although both these food categories
showed relatively high IRI values, they were lower than in May (Table 2).

The diet composition and importance of food items differed markedly between seasons (ANOSIM:
R-statistic =0.41, p < 0.001). SIMPER analysis showed that dissimilarity in the diet composition of fish sampled
in May and August were attributable to detritus, chironomid larvae, A. aquaticus and copepods (Table 2). These
four categories together constituted over 65.8% of cumulative dissimilarity in weatherfish diet between seasons.

Seasonal differences in diet composition corresponded with niche breadths (Table 3). All indices differed sig-
nificantly between seasons but, on average, Levin's (B) and Shannon-Wiener’s (H') indices were 2-3 times larger
in May than in August. Only their standardised forms; i.e. evenness indices (B, and J’) showed smaller, but still
significant, seasonal differences.

The amount of detritus in the diet was not positively correlated with the abundance of other food categories
(Table 4). Negative correlations were found in the quantity of different categories of benthic prey eaten; i.e. chi-
ronomid larvae and A. aquaticus, as well as typical planktonic groups; i.e. copepods and cladocerans (Table 4).
These results imply that detritus was a source of food taken intentionally and independently from the other food
items.
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May 69.2 10.9 134.3 45.151

Saturation (0,%) 3.360 0.00078
August >0.1 >0.1 0.23 0.066
i Ma 6.8 1.14 12.9 4.285

Oxyzg)en1 i:loncentratlon y 3116 0.00183
(mg0,17") August 0.8 0.4 2.8 0.826
May 15.5 13.8 17.2 1.196

Water temperature (°C) —3.313 0.00092
August 217 20.6 23.5 1.078
May 1085.1 1066.0 1103.0 12.495

Conductivity (mS cm™!) 3.313 0.00092
August 848.9 841.0 855.0 5.357
May 7.6 7.5 7.8 0.125

pH 3.311 0.00093
August 7.1 6.8 7.2 0.114

Table 1. Habitat characteristics of the Poludniowy canal during two seasons (May and August).
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Figure 1. Oxygen concentration mg O, 1! and water temperature (°C) in two seasons (May and August) over a
full diel cycle at time intervals between 06.00-03.00 in the Potudniowy canal.

The amount of detritus in the gut of weatherfish differed significantly between seasons (t =5.674, df =56,
p <0.001). In May the average proportion of detritus (arcsine transformed data) was lower than in August
(13.70+3.70 and 36.14 - 6.01, respectively). The amount of detritus consumed by weatherfish showed strong
temporal dependency, varying with season, and also as a function of fish size, at least in May (Fig. 3). Notably, the
GLM model showed a significant interaction between fish TL and season in the proportion of detritus consumed
(Table 5). Thus, while there was a strong positive relationship between TL and detritus consumption in May, this
was not the case in August (Fig. 3).

In weatherfish the relationship between alimentary tract length (AtL) and fish size (TL) was linear and took
the form: AtL=0.499 (0.011) x TL —3.919 (1.345); r,2=0.950, n =120, p < 0.001. A power relationship gave a
slightly poorer fit to the data (r,2=0.937), but the estimated slope (+s.e.) (1.058 & 0.025) indicated that the rela-
tionship was slightly positively allometric; i.e. b> 1 (t=2.318, df =118, p =0.022). There was no difference in
the slopes of the regression of alimentary tracts length on total length between seasons (F, ;3 =2.404; p=0.077).

Discussion

Our results demonstrated a distinct diel pattern to weatherfish feeding activity. Among loach species, diel feeding
activity has been demonstrated in stone loach (Barbatula barbatula)®®, spined loach (Cobitis taenia)® and golden
loach (Sabanejewia aurata)®. All species show nocturnal activity with a peak of feeding during the night. In
contrast, weatherfish appear to feed actively throughout the day with the highest feeding activity during daylight
hours. Under relatively benign oxygen conditions at the study site during May, the peak of fish feeding activity
occurred during the period of the greatest light intensity and highest dissolved oxygen concentration. In August,
weatherfish showed similar feeding activity throughout the day, but with a small increase in feeding activity
during the night, coinciding with a decrease in water temperature. Fish diel activity can be plastic, changing
with endogenous circadian mechanisms as well as environmental factors, such as light intensity, temperature or
season?!. Nocturnal feeding in stream fish is generally considered as predator avoidance behavior*’. A reduction
in feeding activity can be caused by a scarcity of food and the impact of unfavourable oxygen and temperature
conditions, which are the main factors that affect feeding®. In August, when the water surface at the study site was
covered by dense vegetation, light penetration was limited and dissolved oxygen concentration reduced and a diel
feeding pattern was not observed. Kostromarova* reported that the optimum temperature for the development
of M. fossilis larvae is 18.0-21.5°C, and a temperature above 24 °C is considered to be lethal during the embryonic
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Figure 2. The fullness coefficient (FC) in weatherfish (Misgurnus fossilis) in two seasons (May and August)
over a full diel cycle at time intervals between 06:00-00:00 in the Poludniowy canal. Error bars indicate standard
error of the mean.

period®. In August, we recorded a maximum water temperature exceeding 23.5°C, which may influence fish
activity including feeding behaviour.

Published data on the diet and feeding pattern of weatherfish are scarce. In general, as a bottom-dwelling fish
with small eyes and mouth, M. fossilis feed mainly on small benthic invertebrate as well as larvae of dipterans,
crustaceans or molluscs, selecting prey by tactile and chemical cues using oral barbels*®*’. At the study site,
weatherfish fed on a large spectrum of food categories, though the diet was dominated by larvae of macroinverte-
brates (Chironomidae, Coleoptera, Ephemeroptera), zooplankton and detritus. The diet composition was similar
to related species, such as the oriental weatherfish (Misgurnus anguillicaudatus), which also feeds mainly on
small benthic invertebrates, such as mayflies, caddisflies, chironomid larvae*$, small amount of detritus and plant
debris***, as well as on zooplankton®!. Frable>? also showed that oriental weatherfish are primarily omnivores and
feed on benthic invertebrates (insect larvae, snails, worms, ostracods, cladocerans), fish eggs, algae and detritus.

The large diversity of prey we recorded in the diet in May showed that weatherfish can be viewed as a typical
opportunistic feeder, using the most readily available food sources. Thus, insect larvae associated with aquatic
vegetation (Ephemeroptera, Coleoptera) were found in the diet as well as a significant amount of zooplankton
(Copepoda and Cladocera, primarily Chydoridae). Plant items in the diet mostly comprised duckweed (Lemna
sp.) and seeds, while animals of terrestrial origin were also recorded (classified in the category ‘others’). Plant
material in the diet may be ingested accidentally with other food items, and potentially also when gulping air at
the water surface'*. The broad feeding niche exhibited by weatherfish may result from a lack of competitors. At
the study site and in published studies, weatherfish usually occur alone or with other fish species present only
occasionally'®%,

The diet of the weatherfish was also shown to vary seasonally. Differences in feeding conditions between
May and August were mirrored by the proportion of fish with empty guts. In total, 22.5% of weatherfish had
empty guts and specimens with empty alimentary tracts were observed primarily in August. In May, when bet-
ter conditions for feeding occurred, the fullness coefficient was higher and the diet composition in terms of the
amount of food, number and diversity of prey was significantly different from that recorded in late summer. This
difference in gut fullness between seasons may reflect a decline in feeding rate in late summer, a more rapid rate
of processing of food items by the gut at elevated temperatures, or both. In August, detritus and chironomids,
especially Chironomus sp.; a taxon known to be resistant to low dissolved oxygen conditions™, were the main food
categories. Moreover, detritus was the primary food item contributing to the dissimilarity in diet composition
between seasons. Diet switching from higher- to lower-energy sources as food availability declines is a common
strategy used by omnivorous fish to withstand harsh periods®***. In unfavourable environmental conditions,
with restricted food resources, high water temperature and low dissolved oxygen concentration, like that seen
in August, detritus was the main food resources for the full size spectrum of individuals. In May, however, detri-
tivory was size-dependent, with only the largest individuals consuming detritus.
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detritus 1010 | 39.00 875 |3660 |3300 |23.04 |16.33 23.14 23.14
Chironomidae 2000 |51.00 | 1225 |2920 |31.00 |2517 |11.28 15.99 39.13
Copepoda 2420 |5500 | 1378 | 007 |2000 | 808 |10.84 15.36 54.49
Asellus aquaticus 1810 | 52.00 1185 | 643 |1600 | 800 | 828 11.73 66.22
Ephemeroptera 036 | 6.00 114 | 692 |1200 | 721 352 4.99 7121
Coleoptera (larvae) 5.05 | 40.00 7.75 2.88 6.00 2.88 3.26 4.62 75.83
others 334 | 2600 474 | 407 |1100 | 514 | 3.7 450 80.33
Oligochaeta 447 | 8.00 267 | 000 | 000 | 000 | 224 317 83.50
Chydoridae 367 | 47.00 878 | 007 | 3.00 1.10 1.82 2.58 86.08
Gastropoda 355 |37.00 702 | 000 | 000 | 0.00 1.78 252 88.59
Ostracoda 346 | 5100 946 | 051 |13.00 | 4.90 1.63 231 90.91
Coleoptera (imago) 005 | 1.00 019 | 313 | 500 | 362 158 224 93.15
plants 147 | 29.00 524 | 129 | 500 | 210 1.20 1.17 94.86
Trichoptera 041 | 8.00 143 | 149 | 3.0 145 | 091 1.30 96.16
Zygoptera 0.06 1.00 0.18 1.75 3.00 1.43 0.90 1.28 97.43
Diptera others 074 | 3.00 060 | 079 | 3.00 119 | 074 1.05 98.49
Hirudinea 056 | 2.00 072 | 000 | 000 | 000 | 028 0.40 98.88
Podura aquatica >001 | 1.00 017 | 054 | 4.00 153 | 027 038 99.27
Heteroptera 015 | 400 072 | 034 | 200 | 089 | 024 0.34 99.60
gfy‘g’;ﬁzgiﬂmm than 021 | 4.00 080 | 022 | 400 1.51 021 0.29 99.90
Hydracarina 005 | 10.00 175 | 010 | 200 | 074 | 007 0.10 100.00

Table 2. Diet composition of the weatherfish (Misgurnus fossilis) expressed as relative abundance (A%),
frequency of occurrence (F%) of food categories and their relative importance index (IRI%) in two seasons and
the dissimilarity in diets between seasons.

Levins B 6.91 0.41 3.99 0.44 23.37 0.00001
Levins B, 0.29 0.02 0.17 0.02 13.46 0.00037
Shannon-Wiener H' 1.89 0.02 0.50 0.02 217.28 0.00001
PielouJ' 0.61 0.01 0.52 0.01 100.10 0.00001

Table 3. Food niche indices of weatherfish (Misgurnus fossilis) and their differences in two seasons.

Detritus may occur in the diet of weatherfish as an unintentional by-product of substrate feeding®® or from
the digestion of detritivorous prey (e.g. Chironomidae larvae). However, the marked increase in the amount of
detritus in the diet observed in August implies its importance as a food item at this time (Table 2).Detritus may
represent a critical source of nutrients and biogenous elements, such as nitrogen and carbon®’. A study conducted
by Urquhart and Koetsier* on the oriental weatherfish showed that the main component of the diet was macroin-
vertebrates, and in particular chironomid larvae, which is typical of benthic freshwater fish. Our results indicate
that detritus is not only an important food category for weatherfish, but in the absence of other available prey
may be the main component of its diet. Detritivory is a common feeding tactic mainly among tropical fish*®%.
In European fishes, a diet of detritus is relatively rare and few species are recognised as detritivorous, examples
include European bitterling (Rhodeus amarus)® and ide (Leuciscus idus)®'. Other fish can switch to detritus tem-
porarily when preferred foods are not available®. Detritivorous fishes show specific anatomical and/or physio-
logical adaptations for the collection and digestion of detritus®>. One of the important adaptations is the length of
alimentary tract and fish that are able to utilize detritus tend to have an extremely long and coiled intestine, often
more than five times the length of the fish°>*%* and a long intestine and absence of a well-defined stomach is a
characteristic of cyprinids and other bottom-feeding fishes that consume large quantities of detritus®. Notably,
plasticity in the length of the digestive tracts of species that experience temporal or spatial differences in food
quality is recognised®®-¢%. Unusually, although weatherfish do not have a distinct stomach, their intestine is short
and straight and can be divided into two parts: the anterior which is glandular and morphologically suited to
digestion and the posterior, which has the form of a straight tube. Both parts are separated by spiral zone which
compacts the undigested material to keep the gut wall free to facilitate gas exchange. The short gastrointesti-
nal tract may reflect the fact that weatherfish are primarily carnivorous, feeding on macroinvertebrates®. Thus,
weatherfish detritivory may represent a suboptimal and temporary feeding tactic that represents an adaptive
response to unfavourable conditions® that is not reflected by morphological adaptations to the alimentary tract.
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Chironomidae 0.273% —0.449* 0.100
Copepoda —0.215 —0.551% —0.529*
Asellus aquaticus —0.051 —0.416* —0.383*
Ephemeroptera 0.003 —0.519* —0.008
Coleoptera (larvae) —0.434%* —0.086 —0.445%
others —0.312% —0.037 0.197
Oligochaeta —0.182 —0.265*
Chydoridae —0.354* —0.368* —0.596*
Gastropoda —0.159 —0.422%*
Ostracoda 0.222 —0.086 —0.217*
Coleoptera (imago) 0.126 —0.419% 0.015
plants 0.223 —0.322 —0.148
Trichoptera —0.036 —0.128 —0.079
Zygoptera —0.153 —0.007 0.064
Diptera others 0.112 —0.003 0.088
Hirudinea —0.018 —0.092
Podura aquatica —0.153 —0.025 0.063
Heteroptera —0.007 —0.206 —0.060
Cladocera —0.098 —0.504* —0.187
Hydracarina 0.020 —0.346* —0.187

Table 4. Spearman’s rank correlation coefficients for the proportions of detritus with other food categories in
the diet of weatherfish (Misgurnus fossilis). *p < 0.05.

Intercept(yay) —26.65 8.70 <0.001
Total length 3.07 0.64 <0.001
Time sugusy 57.56 14.67 <0.001
Total length x Time sugus) —2.63 1.16 0.026

Table 5. Summary of Gaussian GLM model of the proportion (%) of detritus in the diet of weatherfish
(Misgurnus fossilis) as a function of total length (mm) in two seasons (May and August).
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Figure 3. Mean fitted probability (solid line) and 95% confidence intervals (shaded area) of the proportion (%) of
detritus in the diet of weatherfish (Misgurnus fossilis) against fish total length (mm) in two seasons (May and August).
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Conclusion

The wide range of prey utilised by weatherfish, reflecting the temporal dynamics of available food resources in
a highly altered habitat, indicate an opportunistic feeding strategy. This mode of feeding may contribute to the
success of the highly endangered weatherfish at the study site, which was otherwise almost fishless. It is notable
that in the presence of competitors and predators this species is never abundant. The capacity of weatherfish to
establish and maintain robust populations in ostensibly sub-optimal habitats for fish, may reflect its ability to
utilise abundant but low-quality food items, such as detritus.
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1 | INTRODUCTION

Abstract

This study represents a description of the diet composition of one of the largest
European cobitids, the weatherfish Misgurnus fossilis. Specimens were collected in
a drainage canal, representing a typical habitat for weatherfish, and with gut con-
tent analysis conducted with regard to individual total length and maturity stage.
Overall, the weatherfish diet mainly consisted of Copepoda, Cladocera, Ostracoda,
Oligochaeta, Asellus aquaticus, Chironomidae and Coleoptera larvae, Gastropoda,
and detritus. To evaluate size-related patterns of resource use, fish were assigned
to two size classes, defined according to size at first maturation. ANOSIM analyses
revealed major ontogenetic shifts in feeding strategy, which were related to size and
maturity, with a significant ontogenetic shift in feeding pattern, marked by differ-
ences in the proportions of the main taxonomic groups of prey consumed. Copepoda
and Cladocera dominated in the diet of small and immature individuals, while large
weatherfish primarily fed on detritus. Similarly, cluster analysis of diet classified into
these food types showed distinct two groups comprising juvenile and mature fish.
The weatherfish is a food opportunist using all available resources, but spatially
showed a change in feeding sites. Smaller and sexually immature individuals more
often use prey caught in the water column and among macrophytes, while larger
(sexually mature) individuals occupying the bottom, much more often use detritus as

a food base.

KEYWORDS

diet preference, habitat use, ontogenetic niche shift

conditions, but typical habitats are waterbodies with a thick organic

substrate and dense macrophytes. Weatherfish can tolerate unfa-

The weatherfish Misgurnus fossilis (Fig. 1) is a benthic cobitid widely
distributed in Eurasian lowland reaches of slow-flowing rivers, ca-
nals, drainage ditches, oxbows, unmanaged lakes, and ponds (Meyer
and Hinrichs 2000; Kottelat and Freyhof 2007; Pekarik et al. 2008).
This species tolerates a relatively wide spectra of environmental

vorable environmental conditions, such as low dissolved oxygen
concentrations (Jakubowski 1958; Drozd et al. 2009), high water
temperatures, and a scarcity of prey (Pyrzanowski et al. 2019).
Weatherfish can survive in waterbodies with relatively high levels
of pollution (Pyrzanowski et al. 2021 in press) and unstable habitats

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
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© 2021 The Authors. Ecology and Evolution published by John Wiley & Sons Ltd.

Ecology and Evolution. 2021;00:1-10.

www.ecolevol.org 1


http://www.ecolevol.org
mailto:﻿
https://orcid.org/0000-0002-0684-7750
http://creativecommons.org/licenses/by/4.0/
mailto:kacper.pyrzanowski@biol.uni.lodz.pl
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fece3.7340&domain=pdf&date_stamp=2021-03-13

ﬂ_w I LEy_Ecology and Evolution

PYRZANOWSKI ET AL.

Open Access,

exposed to short-term droughts (Pyrzanowski et al. 2020a), a con-
sequence of their ability to burrow into soft mud during dry periods
(Boron et al. 2002). In recent decades, populations of weatherfish
have declined in response to habitat deterioration (Belle et al. 2017).
Although locally abundant, across Europe weatherfish are rare and
threatened, though currently classified as species of low concern
(LC) (Freyhof and Brook 2011). M. fossilis is listed in the European
Fauna-Flora-Habitat and Natura 2000 directives (Annex Il of the
Council Directive 92/43/EEC), representing species of European
Community interest (E.U. 1992).

As a benthic species, with small eyes and mouth, M. fossilis feed

primarily on aquatic insects, particularly the larvae of Chironomidae,

FIGURE 1 Weatherfish (Misgurnus fossilis). Photograph taken by
Grzegorz Zieba
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FIGURE 2 Study area

Coleoptera, Ephemeroptera, as well as on Crustacea, Mollusca, and
zooplankton (Boron et al. 2002; Pyrzanowski et al. 2019). In unfavor-
able environmental conditions, with restricted food resources, detri-
tus can contribute a major component of the diet (Pyrzanowski et al.
2019). A primary requirement for the effective protection of threat-
ened species is an understanding of their life history (Kirchhofer
et al. 1996). In the case of weatherfish, these data are still largely
lacking. There are few published studies on the biology of M. fossilis,
with limited focus on threats and protection (Hartvich et al. 2010;
Freyhof and Brooks 2011; Schreiber et al. 2018a), habitat prefer-
ences (Meyer and Hinrichs 2000; Pyrzanowski et al. 2015), repro-
duction (Geldhauser 1992; Adamkova-Stibranyiova et al. 1999; Drozd
et al. 2009; Schreiber et al. 2017a; Pyrzanowski et al. 2021 in press),
growth (Pyrzanowski et al. 2020b), and morphology (Kotusz 1996).
Recently, several studies have been published suggesting the use-
fulness of weatherfish as a new species for studies of the toxicity
of aquatic ecosystems (Schreiber et al. 2017b, 2018b). Despite some
general reports on the food and feeding habits of weatherfish, de-
tailed information is scarce with results restricted to descriptions of
diet composition but typically without an analysis of feeding strategy
or feeding niche. The aim of the current study was to investigate the
weatherfish foraging strategy under favorable conditions; when food
resources were abundant, with no oxygen deficit, and at a tempera-
ture when fish were able to accumulate reserves for growth and re-
production. An additional aim was to identify whether food resources
might be partitioning between juvenile and mature individuals.

52°13'14.86" N
19°48'03.62" E
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2 | MATERIALS AND METHODS

The study was carried out in the Potudniowy canal (52°13'14.86"
N; 19°48'03.62" E), a tributary of the River Bzura with a total length
of 6.5 km and an average slope of 0.41%o.. The canal is a part of a
drainage network of the Natura 2000 Bzura-Ner glacial valley
(PLH100006). The catchment is typically agricultural and domi-
nated by grazing meadows. The average width of the canal is about
2.5-3.0 m, and the average depth varies from 0.3 m to 0.8 m. The
substrate consists of sand covered with organic sediments and is
overgrown with submerged and emergent vegetation (Fig. 2). The
Potudniowy canal is an example of a site in which the occurrence and
abundance of weatherfish has been recognized as high (Pyrzanowski
et al. 2015). The fish assemblage of the investigated stretch of the
Potudniowy canal comprised a total of only 5 species, with weather-
fish the dominant species and a low abundance of undersized speci-
mens of pike (Esox lucius), crucian carp (Carassius carassius), roach
(Rutilus rutilus), and tench (Tinca tinca).

A total of 64 weatherfish, ranging from 8.7 to 20.5 c¢cm in
total length (TL), were collected in May 2015 using pulsed back-
pack electrofishing equipment (EFGI 650, BSE Bretschneider
Spezialelektronik, Chemnitz, Germany). Captured fish were killed
using clove oil and preserved in 10% formaldehyde (Javahery 2012).
As weatherfish are a protected species in Poland, fish collection
was conducted under permission from the Local Ethics Committee
(66/£B729/2014) and the Regional Directorate of Environmental
Protection (WPN-11.6401.268.2014.KW?2).

Each specimen was measured for total length (TL) to the nearest
0.1 cm and weighed (W) to the nearest 0.01 g. Each fish was dis-
sected to remove the alimentary tract and permit visual examination
of the gonads for sex determination. Gut contents were weighed to
the nearest 1 mg and stored in glycerine. Among the fish examined,
only 5 specimens were found with an empty gut and were conse-
quently excluded from the dataset. Food items were subsequently
identified to the lowest practical taxon; that is, to order, family or
species and/or genus where possible, under a stereomicroscope
(Nikon SMZ1000) and counted (volumetric method) (Hyslop 1980).
The total number and estimated weight of each food item were re-
corded for each fish.

To assess ontogenetic changes in fish diet composition, weath-
erfish were separated into juvenile and mature fish on the basis of
visual gonad examination. These two groups represent size classes;
that is, small—juveniles (TL<12.0 cm) and large—mature (TL>12.0
cm), corresponding with size at first maturation. It was assumed
that the smaller juvenile class corresponded with ages of 2+ and 3+,
and the larger mature class of specimens at an age from 3+ to 5+
(Pyrzanowski et al. 2020b). Since sampling was conducted in May
during the reproductive season, young-of-the-year individuals were
not included in the sample.

Prey items were combined by taxon and quantified by the fre-
quency of occurrence (%FO;) and percentage of biomass (%W,)
(Hyslop 1980). Estimates were made of the gut fullness coefficient

(FC), defined as the proportion (in %) of gut content weight to fish
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weight. The importance of each category within the diet was also
estimated using the Index of Relative Importance (IRI) (Pinkas et al.
1971) and its standardized value (%IRI; Cortés 1997), estimated as
follows:

IRI; = %FO, (%W, + %N;)

or

IRl = %FO; x %W, asf % N;isnot estimated for food items in our study

and

%IRl; = 1001Rl,/ Y IR},

To compare the overall diet composition according to fish size
classes, a one-way permutation analysis of similarity (ANOSIM,
Bray-Curtis similarity coefficient) was used. ANOSIM is analogous
to an ANOVA procedure, with a non-parametric permutation ap-
plied to a rank similarity matrix of samples. In this procedure, the
R statistic provides an absolute measure of how groups are sepa-
rated (Clarke 1993). Generally, R values range between 0 and 1+, in-
dicating no and complete separation between groups, respectively
(Clarke and Warwick 1994). The significance level of the R statistics
was calculated using a procedure including 9999 permutations of
the dataset.

The similarity percentage procedure (SIMPER) was used to
identify which food categories were most likely responsible for the
patterns detected by ANOSIM. SIMPER provided the average dis-
similarities between the fish size classes and identified which prey
categories made the greatest contribution to any dissimilarities be-
tween size classes (Clarke and Warwick 1994).

Dietary niche of weatherfish size class was characterized as tro-
phic diversity indices: food category richness (S), Simpson’s index of
dominance (D), Levin’s (B), Shannon-Wiener’s (H’), and their stan-
dardized forms (evenness indices), Ba and J', as food niche width. All

these indices were defined as follows:

S — the number of food categories
D = =pi®
B =1/Zpi?
H’ = —Zp;log10p;
Ba=(B-1)/(S5-1)

)/ =H'/log10$

where pi is the biomass proportion of a given food category in the total
biomass of all food categories.

To compare diversity indices in two fish size classes, a bootstrap
procedure was used. All these analyses were conducted using the
PAST v3.15 software (Hammer et al. 2001).
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TABLE 1 Diet composition of the juvenile and mature weatherfish expressed as food category percentage of biomass %W (mean,
Standard Deviation and Coefficient of Variation), frequency of occurrence (%FO), and relative importance index (%IRI). The food categories
were assigned to a habitat type, that is, BE—benthic, EP - epiphytic, EP/BE—epiphytic/benthic, PL—planktonic and DE—detritus.

juveniles mature
%W %W
habitat
food categories type mean SD cv %FO %IRI mean SD cVv %FO %IRI
Detritus DE 4.00 5.93 148.22 54.55 271 20.77  23.35 112.41 100.00 24.65
Copepoda PL 29.22  16.61 56.85 87.88 42.45 17.86 11.62 65.10 100.00 22.27
Cladocera—Chydoridae PL 5.70 6.38 112.00 84.85 9.04 1.09 1.99 181.90 73.08 0.57
Cladocera—others PL 0.03 0.11 404.25 6.06 0.00 0.44 2.13 487.17 7.69 0.10
Ostracoda BE 3.29 3.57 108.66 81.82 4.90 3.69 3.48 94.17 92.31 3.40
Oligochaeta BE 3.18 17.39 546.56 12.12 0.06 6.12 18.11 296.12 15.38 2.48
Trichoptera EP 0.21 0.64 300.99 15.15 0.06 0.66 2.73 413.33 11.54 0.03
Asellus aquaticus EP/BE 19.33  21.33 110.33 84.85 16.30 16.54 12.68 76.62 92.31 21.65
Ephemeroptera EP 0.47 1.37 293.36 12.12 0.16 0.23 0.84 357.83 7.69 0.03
Zygoptera EP 0.10 0.60 574.46 3.03 0.00 = = = = =
Coleoptera (larvae) EP 6.37 8.57 134.54 72.73 6.82 2.99 3.96 132.48 57.69 2.24
Coleoptera (imagines) EP - - - - - 0.12 0.62 509.90 3.85 0.01
Gastropoda EP 4.52 6.72 148.80 69.70 4.89 2.33 4.06 174.24 53.85 1.55
Hirudinea EP/BE 0.03 0.15 574.46 3.03 0.00 1.25 6.35 509.90 3.85 0.18
Podura aquatica PL 0.00 0.03 574.46 3.03 0.00 - - - - -
Diptera—not BE 1.14 6.00 530.00 6.06 0.06 0.23 1.18 509.90 3.85 0.01
Chironomidae
Heteroptera EP 0.00 0.22 400.45 6.06 0.01 0.28 1.05 382.04 7.69 0.01
Hydrachnellae EP 0.05 0.14 272.16 18.18 0.03 0.04 0.10 248.39 15.38 0.01
others PL 5.25 17.37 330.60 51.52 1.52 0.56 1.50 270.22 26.92 0.21
Chironomidae— BE 0.09 0.33 352.59 9.09 0.02 = = = = =
Prodiamesinae
Chironomidae— EP/BE 1.89 3.08 162.64 51.52 1.62 11.97 977 81.63 84.62 11.81
Tanypodinae
Chironomidae— EP 6.40 7.86 122.90 69.70 6.15 2.58 2.48 96.14 80.77 2.56
Orthocladiinae
Chironomidae— BE 4.87 6.00 124.25 72.73 4.83 9.14 6.16 67.33 88.46 9.33
Chironomini
Chironomidae— EP/BE 2.73 4.72 172.70 69.70 2.18 0.82 1.22 148.79 53.85 0.50
Tanytarsini
Chironomidae—pupa PL 0.24 0.99 408.68 6.06 0.01 0.29 1.07 369.53 11.54 0.02
Detritus DE 4.13 5.98 144.96 56.25 2.33 20.77 23.35 112.41 100.00 18.81
Benthic BE 29.20 25.32 86.74 100.00 23.43 27.42 18.92 68.99 100.00 34.02
Epiphytic EP 21.69 13.60 62.87 87.50 22.25 10.21  8.23 80.66 88.46 8.15
Epiphytic/Benthic EP/BE 6.04 7.14 118.21 68.75 493 21.32 1449 67.94 92.31 19.66
Planktonic PL 38.87 19.32 49.70 90.63 47.04 20.23 14.02 69.32 100.00 19.35
others - 0.07 0.28 389.49 12.50 0.00 0.05 0.16 338.48 11.54 0.01
To estimate diet overlap, the Schoener a index and the Horn Ro where p,, and p,, are the proportions of the ith food resource used
index were used. These indices were defined as: by the xth and yth class of specimens. The Schoener « is the most

1 0.5 | | co o |y used niche ove Iap easure but the Horn Ro is considered
a= 52 Pix — P; C S
) I the best measure of dieta Yy ove Iap (t 1e lowest bias as sa ple size

increases) when food items are expressed as abundance instead of

Ro = [Z(p, + p;, ) log(p, + p:y) — Zp, logp,, — Zp,, logp., ]1/2log2
[Z(py + Py Jlog (py + py) Pilog Py — Zpy,logpy 1 /2log individual numbers (Smith and Zaret 1982). Each index alone may be
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insufficient to identify a relationship between niche overlap and com-
petition, representing resource partitioning (Krebs 1999); thus, both
estimates for dietary overlap were used together. Both estimated
indices vary between 0, indicating no overlap, and +1, when diets
are identical (Wallace 1981). For all indices, average values and their
standard errors were obtained using the jackknife technique (Krebs
1999).

Based on our experience and previous studies, weatherfish
food items were grouped into 5 broad categories based on prey
habitat; that is, benthic invertebrates (BE), epiphytic prey (EP), ep-
iphytic/benthic prey (EP/BE), water column (planktonic prey - PL),
and detritus (DE), as a separate food types (Table 1). All individuals
were clustered (Hierarchical Cluster Analysis, Euclidean distance,
Ward’s method based on the minimum variance criterion) to sep-
arate juvenile and mature fish into clusters that are discrete and
homogenous with respect to the environmental groups of each
food type. The appropriate number of clusters was distinguished
by splitting the dendrogram to maximize the heterogeneity of the
resulting clusters.

To identify differences in the feeding habits of juvenile and
mature weatherfish, Discriminant Function Analysis (hereafter
DFA) following canonical variate analysis (CVA) was performed
on the suite of food types above. This analysis allowed identifi-
cation of those categories that most contributed to group sepa-
ration. The abundances of food types were arcsine transformed
to meet DFA assumptions. DFA was subsequently performed on
variables that differed significantly among fish groups and dif-
ferentiation of fish groups was determined with Wilks’ A, F, and

P statistics.
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3 | RESULTS

A total of 64 weatherfish were caught and their length-frequency
distribution showed clear two size classes (Fig. 3), representing
small juvenile specimens and larger, mature fish of both sexes. The
smaller fish were 11.4 + 0.71 cm (mean + sd) TL, whereas mature
individuals were 17.3 + 1.0 cm TL. Although juvenile fish consumed a
smaller amount of food (73.98 + 67.04 mg) than mature fish (142.65
+ 100.62 mg) (t,, = 2.99, p > 0.005), both groups did not differ in
the fullness coefficient (FC) which related gut content weight to
fish weight (1.14 + 1.11, 0.72 + 0.70 for juvenile and mature fish,
respectively; t,, = 1.67, p = 0.101). In the alimentary tracts of dis-
sected fish, 25 major food categories were identified. Weatherfish
fed primarily on Copepoda, Cladocera (in particular Chydorus spha-
ericus), Ostracoda, Chironomidae (represented by 4 subfamilies) and
Coleoptera larvae, Oligochaeta, Gastropoda, Asellus aquaticus, and
detritus (Table 1). The other food categories identified in the diet
can be considered as trivial based on their amount and frequency
in the diet (Table 1). Variation in the amount of each food category
was high in both groups of fish, with the coefficient of variation (CV)
exceeding 100% (Table 1).

IRl values also indicated that Copepoda (42.45% IRI) was the
most important dietary component for the small size class of weath-
erfish (Table 1). However, other components of the diet: such as A.
aquaticus, Chydoridae, Ostracoda, Coleoptera larvae, Chironomini,
Orthocladiinae, Gastropoda, and Tanytarsini, were also consumed
with comparable frequency (from 69.70 to 84.85% in diet compo-
sition). In the case of mature individuals, the most important di-

etary component was detritus (24.65% IRI), followed by Copepoda

|
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FIGURE 3 Length-frequency distribution of weatherfish in the Potudniowy canal
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TABLE 2 Dissimilarity in diet between juvenile and mature weatherfish

Dissimilarity Age classes
food categories Average Contribution% Cumulative % juvenile mature
Copepoda 9.63 15.73 15.73 30.10 17.90
Detritus 9.23 15.06 30.79 4.00 20.80
Asellus aquaticus 8.52 13.91 44.69 19.00 16.50
Chironomidae—Tanypodinae 5.48 8.95 53.64 1.89 12.00
Oligochaeta 4.44 7.25 60.89 3.18 6.12
Chironomidae—Chironomini 3.72 6.08 66.90 5.03 9.14
Coleoptera (larvae) 3.11 5.08 72.04 6.37 2.99
Chironomidae—Orthocladiinae 2.95 4.82 76.86 6.40 2.58
Cladocera—Chydoridae 2.81 4.59 81.45 5.98 1.09
others 2.68 4.38 85.82 5.22 0.56
Gastropoda 2.50 4.09 89.91 4.46 2.33
Ostracoda 1.89 3.08 92.99 3.23 3.69
Chironomidae—Tanytarsini 1.39 2.27 95.26 2.89 0.82

TABLE 3 Food niche width of juvenile and mature weatherfish.
Average values and their standard errors were calculated according
to jackknife method. S*—number of food categories expressed as
mode and range. Significant difference (permutation p) is indicated
in bold

juveniles mature
average se average se Perm p

S* 15 2-23 18 3-18 Not tested
0.17 0.04 0.11 0.03 0.016

B 491 0.36 5.33 0.45 0.407

H' 2.38 0.24 2.52 0.14 0.383

Ba 0.35 0.02 0.36 0.03 0.928

J! 0.64 0.01 0.69 0.03 0.340

(22.27% IRI), A. aquaticus (21.65% IRI), and Chironomidae larvae:
Tanypodinae, Chironomini (11.81% and 9.33% IRI, respectively).

The diet composition and importance of food items differed
markedly between size classes (ANOSIM: R statistic = 0.22, p <
0.001). SIMPER analysis showed that dissimilarity in the diet com-
position of different size classes was due to Copepoda, detritus, A.
aquaticus, and Tanypodinae (Table 2). These four categories together
constituted over 53.64% of cumulative dissimilarity in weatherfish
diet between size classes.

Both fish size classes consumed a wide spectrum of prey groups
but there was no significant difference in food niche width be-
tween juveniles and mature fish (Table 3). However, differences in
Simpson’s dominance index showed that in mature fish food items
were distributed more equally than in juveniles. As a result of similar
niche width, diet overlap between size groups was also high (over
0.5) for both indices (Schoener a = 0.54 + 0.029 and Horn Ro = 0.75
+ 0.063).

Assignment of food items into 5 broad types: that is, benthic, ep-
iphytic, epiphytic/benthic, planktonic, and detritus, revealed differ-
ences in diet composition of the fish size classes. For juveniles, the
most important dietary component were prey items associated with
the water column (38.87%), benthic (29.20%), and epiphytic (21.69
%). In contrast, for mature fish the most important diet components
were benthic (27.42%), benthic/epiphytic (21.32%), and detritus
(20.77%) (Table 1). Cluster analysis of food types confirmed the dis-
tinction of the two groups comprising juvenile and mature individu-
als (Fig. 4). Only a few individuals were classified incorrectly; that is,
7 juveniles were included in the cluster for mature fish, and 5 mature
fish clustering with juveniles (Fig. 4).

Further differences in feeding habits were confirmed by dis-
criminate analysis (Wilks'A = 0.46, F ., = 12.10, p<0.001) and to
explain these, only one discriminate function was necessary. An
overall classification was correct in 87.93% of specimens. Correct
classification of both fish groups was in a similar proportion; that is,
juvenile fish were correctly classified in 87.5% of cases and mature
fish in 88.5%. Wilks' A revealed that among the 5 food types, only
detritus and epiphytic/benthic prey were included in a discriminant
model with a similar correlation with the discriminant axis (Table 4).
For mature fish, detritus was one of the most frequently consumed
food types and the amount of this food type (as average %) was
5 times more abundant than for juveniles (4.13 + 5.98 and 20.77
+ 23.35, juvenile and mature specimens, respectively). Similar dif-
ferences were also noted for epiphytic/benthic prey (6.04 + 7.14
and 21.32 + 14.49, juvenile and mature specimens, respectively).
Because smaller and larger weatherfish showed a difference in the
frequency of occurrence of these two types of food, the IRI for de-
tritus was 8 times more important for mature fish (%IRl = 18.81)
than for juveniles (%IRI = 2.33), while the importance of epiphytic/
benthic prey was %IRI = 19.66 for mature and %IRI = 4.93 for juve-
nile weatherfish.
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FIGURE 4 Cluster analysis (Ward method, Euclidean distance) for 64 specimens of juvenile and mature weatherfish based on the amount

of food types according to prey habitat use and detritus

TABLE 4 Correlations of food types with canonical axes 1
from discriminant function analysis and their contribution to
discrimination among juvenile and mature weatherfish. Amount
food types expressed as percentage was arcsine transformed.
Significant differences are indicated in bold

food type Axis1  Wilks'a  F, o, p
Detritus -0.64 051 5.45 0.023
Benthic 0.05 0.47 0.48 0.490
Epiphytic 0.39 0.46 0.12 0.733
Epiphytic/Benthic -0.65 0.62 18.36 0.000
Planktonic 0.41 0.462 0.00 0.943
Eigenvalue 1.16

4 | DISCUSSION

The aim of the present study was to define weatherfish diet compo-
sition, feeding habits, and possible ontogenetic niche shiftin a typical
habitat for the species from a region where the fish is still relatively

abundant. Weatherfish proved to be opportunistic feeders, using

the most readily available food resources. At the study site, weath-
erfish fed on a wide spectrum of food categories, though the diet
was dominated by zooplankton (Copepoda), A. aquaticus, the larvae
of macroinvertebrates (Chironomidae), and detritus. Food items of
animal origin constituted almost 90% of the total weight of the gut
contents. Our results demonstrate that under favorable conditions
diet composition was much more broader than noted in the previous
studies (Boron et al. 2002; Pyrzanowski et al. 2019), although the
main prey groups; that is, invertebrate larvae, zooplankton, and detri-
tus, matched previous observations (Boron et al. 2002; Pyrzanowski
et al. 2019). However, none of these studies reported the possible
ontogenetic shift in diet. The few studies on ontogenetic shifts in the
feeding patterns of Misgurnus species were conducted for the orien-
tal weatherfish (Misgurnus anguillicaudatus), which is closely related
to M. fossilis. Like weatherfish, M. anguillicaudatus was originally
defined as a typical detritus feeder (Watanbe and Hidaka 1983),
but later study demonstrated that it feeds mainly on small benthic
invertebrates (Tabor et al. 2001; Kanto et al. 2003; Urquhart and
Koetsier 2014). In its native range, smaller individuals feed mainly

on zooplankton (Kubota 1961) and small benthic invertebrates, such
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as Ephermeroptera, Trichoptera and Chironomidae larvae (Katano
et al. 2003). Larger individuals (at approximately 10-13 cm TL) tend
to undergo an ontogenetic diet shift, switching to a herbivorous diet
based on organic debris (Kubota 1961).

Changes in habitat preferences and switching to a different food
type during ontogenesis is common in many fish species. Changes
in the diet are associated with changes in body size and habitat
occupancy, probably arising from an inability to optimally use the
resources of previously occupied habitats. Ontogenetic shifts in
prey preference are also associated with increased energetic re-
quirements associated with a larger body size. Furthermore, large
individuals often show a more diversified diet, indicating a capac-
ity to exploit a broader range of prey (Werner and Gilliam 1984;
Labropoulou et al. 1997). In many fish species, an increase in size
is associated with a concomitant change in diet preference, with a
commonly observed transition from small food items, such as phy-
toplankton or zooplankton, to much larger prey, such as macroinver-
tebrates (Nunn et al. 2007). A dietary shift could also be explained
as behavioral response to maturation (Labropoulou et al. 1997).
Our results demonstrated that the diet composition of the two size
classes reflected possible ontogenetic changes in prey preference.
All analyses indicated differences between small (TL<12 cm) and
large (TL>12 cm) weatherfish, which may coincide with sexual matu-
rity (Pyrzanowski et al. 2020b).

Classification of prey to their appropriate ecological groups
(benthos, epiphyton and zooplankton) indicated that smaller
weatherfish (identified as juveniles) foraged mostly from the water
column and plants, while larger individuals (age 3+ and older) fed
with similar frequency from the substrate. The presence of zoo-
plankton, in particular Copepoda, was particularly conspicuous in
the small size class and constituted the most numerous and most
important component of the diet of juveniles. Although copepods
move rapidly and are relatively difficult to catch they are a natural
prey of virtually all fish larvae (McKinnon et al. 2003). Another
representative of the zooplankton, which has been found to con-
tribute significantly to the diets of small fish, was the common
C. sphaericus (Chydoridae, Cladocera), which is relatively small
and tolerant of extreme environmental conditions (Belyaeva and
Deneke, 2007). C. sphaericus was also an important part of the diet
of large weatherfish, but was less frequent. Due to their limited
motor skills, Cladocera prefer lentic habitats, typically inhabiting
submerged plants and macroalgae of the littoral zone (Adamczuk
2014). The presence of Copepoda and Chydoridae in the diet of
small weatherfish indicates that they feed mainly among vegeta-
tion and in the water column. Smaller individuals also tend to con-
sume infrequently encountered food items from the water column
that were of terrestrial origin.

An important component of the diet for both weatherfish size
groups was A. aquaticus, the most common freshwater Isopoda in
European waterbodies. Due to its eurybiotic lifestyle, it occurs in
a large variety of habitats (Sworobowicz et al. 2015). The species
is highly tolerant of organic pollution and has been used as an indi-

cator of water quality (Whitehurst 1991). It is a species associated

with the substrate, particularly with decomposing plant material on
which it feeds (Sworobowicz et al. 2015). At the study site, A. aquat-
icus probably occurs both on the canal substrate, but also on plants,
which in summer at the peak of growing season may fill the entire
watercourse. Given its likely ubiquity, it is unsurprising that A. aquat-
icus was consumed to a comparable degree by both small and large
weatherfish, foraging in different zones of the study site.

Among the chironomids, two general forms of larvae: pelophi-
lous and phytophilous are distinguished. The first group includes
taxa inhabiting bottom sediments, while the second is associated
with macrophytes (Armitage et al. 1995). Our research shows that
large fish fed mainly on relatively large benthic forms: Chironomus,
which are opportunistic tube dwelling deposit feeders (De Haas
et al. 2006), and predatory Tanypodinae (Psectrotanypus, Procladius),
which are usually free swimming (Vallenduuk and Pilot 2013). In con-
trast, smaller weatherfish consumed mainly Cricotopus, Corynoneura
(Orthocladiinae), and Paratanytarsus (Tanytarsini), typically inhabiting
macrophytes (Verdonshot and Lengkeek 2009; Cerba et al. 2010).

Detritus and organic debris can be an important source of nu-
trients and organic dietary components, such as carbon and nitro-
gen (Urquhart and Koetsier 2014), but as a primary food source
is typically lower in energy and protein relative to invertebrate
prey (Bowen et al. 1995). In this study, mature specimens were
much more likely to consume detritus than juveniles, with detritus
comprising up to about 20% of the diet of mature weatherfish.
Assuming that the substrate is the preferred habitat of mature
weatherfish (Meyer and Hinrichs 2000; Boron et al. 2002; Kottelat
and Freyhof 2007; Pekarik et al. 2008), detritus may occur in the
diet of larger individuals as a core component of the diet, and also
as an unintentional side effect of within-substrate feeding on in-
vertebrate prey (Urquhart and Koetsier 2014). For smaller weath-
erfish, which tend to occupy submerged plants, possibly as a result
of competition from larger individuals, access to detritus as a food
source may be more limited. Alternatively, smaller individuals may
actively seek more energetically valuable animal components in
their diet. Notably, in unfavorable environmental conditions, at
elevated temperatures and low dissolved oxygen concentrations,
detritus comprises the primary food resources for the full size
spectrum of weatherfish (Pyrzanowski et al. 2019). A similar re-
lationship, indicating an ontogenetic shift in diet, can be seen in
the case of M. anguillicaudatus in which large fish tended to be
detritivorous (Kubota 1961).

Though we recorded differences in the feeding pattern of
juvenile and mature weatherfish, considerable diet overlap was
noted. Both Schoener’s and Horn’s index excide the value 0.6,
which is usually considered significant (Wallace 1981). Differences
between these indices could result from unjustified assumptions.
Given that the proportion of food items was calculated based on
weight, Horn's measurement is more appropriate than Schoener’s
(Krebs 1999). Occasionally R values derived from ANOSIM are
used to assess diet overlap in animal food resource utilization
(Creque and Czesny 2012). In these cases, R values of 0.25 are

considered to represent substantial overlap, values 0.26-0.5
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moderate overlap, and values >0.5 little to no overlap in prey use
(Creque and Czesny 2012). In our study R = 0.22, potentially in-
dicating important food niche overlap between fish size groups.
However, the overlap measures do not necessarily indicate com-
petition between juveniles and mature fish, especially when food
resources are abundant. Differences in dietary composition be-
tween juveniles and mature weatherfish revealed by DFA, as well
as cluster analysis (Fig. 4), result from microhabitat use than food
resources partitioning.

In conclusion, a detailed analysis of the diet of weatherfish in a
canal system indicated that this species in an opportunistic feeder
and showed a change in feeding site affinity with size, from a diet
derived from the water column in juveniles to one associated with
the substrate in mature adults. It was also shown that the resolu-
tion of prey identification, and assigning prey to specific habitats, is
critical for understanding the allocation of food resources. A switch
between a benthic and pelagic (zooplanktonic) diet is usually re-
lated to the feeding efficiency for particular prey types and occurs
during ontogeny (Lammens and Hoogenboezem 1991). In the case
of weatherfish, differences in feeding mode; that is, benthic foraging
by mature specimens and pelagic/epiphytic by juveniles may arise

from intraspecific competition for resources.
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