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1. STRESZCZENIE

Nieliczne informacje na temat funkcjonowania biocenoz tworzonych przez
zielenice nitkowate staty sie punktem wyjscia do podjecia wnikliwej ich analizy. Celem
naukowym pracy doktorskiej pt.: ,Interakcje miedzy =zielenicami nitkowatymi:
zréznicowanie taksonomiczne oraz efekty ekologiczne i biochemiczne” byto okreslenie
zakresu zmiennosci morfologicznej zielenic nitkowatych w relacji z parametrami fizyczno-
chemicznymi wody w roéznych typach ekosysteméw wodnych. Istota przeprowadzonych
badan ex situ bylo wykazanie zmian zachodzacych w obr¢bie produkcji aminokwasow
obecnych w plechach makroglonéw, na skutek ich ekspozycji na dzialanie stresu
spowodowanego konkurencjg. W ramach postawionych celéw badawczych testowano
szereg hipotez badawczych zwigzanych z wptywem warunkow $rodowiskowych na
wzorce wzrostu roznych gatunkow tworzacych maty zielenicowe. Badania prowadzono

w warunkach in situ i eksperymentach laboratoryjnych.

Wyniki przeprowadzonych badan wnoszg nowe oraz uzupelniajace informacje
odnosnie wymagan siedliskowych dla poszczegdlnych gatunkéw zielenic nitkowatych.
Najistotniejszym etapem badan byto otrzymanie wzorcOw wzrostu (szczegoélnie pod
wzgledem wymagan termicznych i $wietlnych) i odrgbnos¢ nisz ekologicznych
gatunkow budujacych maty glonowe w wodach stodkich. W badaniach wykazano
zmiennos$¢ przestrzenng zageszczenia i cech biofizycznych mat jednogatunkowych,
budowanych przez Cladophora glomerata (L.) Kiitz. Opracowane wyniki pozwalajg
lepiej zrozumie¢ rolg zielenic nitkowatych jako biowskaZnikéw w monitoringu waod.
W dalszej perspektywie, badania te mogg mie¢ istotne znaczenie aplikacyjne
w zarzadzaniu zbiornikami z problemem masowego pojawu mat glonowych.
Wspotwystepowanie kilku taksonow zielenic nitkowatych w tym samym miejscu moze
powodowaé wystgpienie interakcji, jaka jest konkurencja o przestrzen (duze
zageszcezenie mat) 1 pierwiastki biogenne. Skutkiem konkurencji moze by¢ wzajemne
zastgpowanie lub wykluczanie si¢ gatunkéw wspomagane przez wydzielanie substancji
chemicznych. Po raz pierwszy wykazano, ze na skutek interakcji migdzy zielenicami
nitkowatymi zachodza zmiany biochemiczne w postaci zmian skladu aminokwasow

obecnych w plechach makroglonéw.

Badania wykonane w ramach pracy doktorskiej pozwolity na poznanie biologii

1 funkcjonowania zielenic nitkowatych co moze przyczyni¢ si¢ w przysziosci



do okreslenia mozliwo$ci ograniczenia masowych pojawdéw zielenic nitkowatych
w warunkach silnej eutrofizacji oraz mozliwosci wykorzystywania biomasy zielenic do

celow gospodarczych.



2. ABSTRACT

Scarce information about the functioning of biocenoses created by filamentous
green algae have become the starting point to undertake a thorough analysis of them.
The scientific goal of the doctoral thesis: " Interactions between filamentous green
algae: taxonomic diversity, ecological and biochemical effects." was to determine the
morphological variability of filamentous green algae in relation to the physical and
chemical parameters of water in various types of aquatic ecosystems. The essence of the
ex situ examinations was to show the changes occurring in the production of amino
acids present in macroalgae thalli, as a result of their exposure to stress caused by
competition. Within the set research goals, a number of research hypotheses related to
the impact of environmental conditions on the growth patterns of various species of
forming mats green algae were tested. The tests were carried out in situ and in

laboratory experiments.

The results of the research carried out provide both new and complementary
information regarding habitat requirements for individual species of filamentous green
algae. The most significant stage of the research was to obtain growth patterns
(especially in terms of thermal and light requirements) and the distinctness of ecological
niches of species building algae mats in fresh water ecosystems. Spatial variability of
compaction and biophysical features of single-species mats, built by Cladophora
glomerata (L.) Kiitz., has been demonstrated in the studies. The developed results allow
a better understanding of the role of filamentous green algae as bioindicators in water
monitoring. In the long-term, these studies may have important application implications
in management of reservoirs with the problem of massive appearance of algae mats.
The coexistence of several taxa of filamentous green algae in the same place may cause
interaction, which is competition for space (high density of mats) and nutrients. The
effect of competition may be mutual substitution or species exclusion, assisted by the
release of chemical substances. It was demonstrated for the first time that biochemical
changes in the form of changes in the amino acid composition present in macroalgae

thalli occur as a result of the interaction between filamentous green algae.

Research carried out as part of the doctoral thesis allowed to get to know the
biology and the functioning of filamentous green algae, which may contribute in the

future to determine the possibility of limiting mass occurrences of filamentous green



algae in conditions of strong eutrophication and the possibility of using biomass of
green algae for economic purposes.



3. ANKIETA DOROBKU NAUKOWEGO

Mgr Marta Pikosz
Wykaz opublikowanych prac naukowych lub twoérczych prac zawodowych oraz

informacja o osiggnigciach dydaktycznych, wspotpracy naukowej i popularyzacji nauki.

A. Wykaz publikacji stanowiacych osiagni¢cia naukowe, o ktorych mowa w art. 13
ust. 2 ustawy o stopniach i tytule naukowym oraz o stopniach i tytule w zakresie
sztuki, rozprawe doktorska pt. ,Interactions between filamentous green algae:

taxonomic diversity, ecological and biochemical effects”

Publikacja |
Pikosz M., Messyasz B. 2015. New data on distribution, morphology and ecology
of Oedogonium capillare Kiitzing ex Hirn (Oedogoniales, Chlorophyta) in Poland.
Biodiversity Research and Conservation, 40:21-26.
[13 pkt. MNiSW]

Publikacja Il
Pikosz M., Messyasz B. 2015. Composition and seasonal changes in filamentous algae
in floating mats. Oceanological and Hydrobiological Studies, 44(2):273-281.

[0,519 IF; 15 pkt. MNiSW]
Publikacja 111
Pikosz M., Messyasz B. 2016. Characteristic of Cladophora and coexisting filamentous
algae in relation to environmental factors in freshwater ecosystems in Poland.
Oceanological and Hydrobiological Studies, 45(2):202-215.

[0,544 IF; 15 pkt. MNiSW]
Publikacja IV
Pikosz M., Messyasz B., Gabka M. 2017. Functional structure of algal mat
(Cladophora glomerata) in a freshwater western Poland. Ecological Indicators, 74:1-9.

[3,983 IF; 35 pkt. MNiSW]
Publikacja V
Pikosz M., Czerwik-Marcinkowska J., Messyasz B. 2019. The effect of Cladophora
glomerata exudates on the amino acid composition of Cladophora fracta and
Rhizoclonium sp. Open Chemistry, 17:313-324.

[1,425 IF; 14 pkt. MNiSW]




B. Sumaryczny wspolczynnik impact factor IF wedtug listy Journal Citation Reports
(JRC) na rok wydania publikacji wynosi: 7,015.
Sumaryczny wspotczynnik MNiSW: 92 pkt.

C. Pozostale publikacje niewchodzgce w sklad rozprawy doktorskiej

Publikacje w czasopismach wyroznionych w Journal Citation Reports (JCR)

Messyasz B., Czerwik-Marcinkowska J., Uher B., Rybak A., Szendzina L., Pikosz M.
2013. Ulva flexuosa subsp. pilifera (Chlorophyta, Ulvophyceae) from the Wielkopolska
region (West Poland): a new observation on the ultrastructure of vegetative cells.
Oceanological and Hydrobiological Studies. 42(2): 209-215.

[0,867 IF; 15 pkt. MNiSW]

Messyasz B., Czerwik-Marcinkowska J., Masalski A., Uher B., Rybak A., Szendzina L.,
Pikosz M. 2013. Morphological and ultrastructural studies on Ulva flexuosa subsp.
pilifera (Chlorophyta) from Poland Acta Soc Bot Pol. 82(2): 157-163.

[1,17 IF; 15 pkt. MNiSW]

Schroeder G., Messyasz B., Leska B., Fabrowska J., Pikosz M., Rybak A. 2013. Algi
jako surowiec w przemysle i rolnictwie. Przemyst Chemiczny 92(7): 1380.
[0,414 IF; 15 pkt. MNiSW]

Schroeder G.M., L¢ska B., Messyasz B., Pikosz M., Fabrowska J. 2015. Extraction
of macroalgal biomass for cosmetics industry. Przemyst Chemiczny 94(3): 405-407.
DOI: 10.15199/62.2015.3.30

[0,367 IF; 15 pkt. MNiSW]

Messyasz B., Leska B., Fabrowska J., Pikosz M., Roj E., Cieslak A., Schroeder G.,

2015. Biomass of freshwater Cladophora as a raw material for agriculture and the

cosmetic industry. Open Chemistry, 13: 1108-1118. DOI: 10.1515/chem-2015-0124
[1,207 IF; 14 pkt. MNiSW]
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Messyasz B., Leska B., Fabrowska J., Pikosz M., Cieslak A., Schroeder G. 2015.
Effects of organic compounds on the macroalgae culture of Aegagropila linnaei. Open
Chemistry, 13: 1040-1044. DOI: 10.1515/chem-2015-0119

[1,207 IF; 14 pkt. MNiSW]

Pankiewicz R., Leska B., Messyasz B., Fabrowska J., Sotoducha M., Pikosz M. 2016.
First isolation of polysaccharidic ulvans from cell wall of freshwater algae. Algae

Research- Biomass, Biofuels and Bioproducts, 19:348-354.

[4,694 IF; 40 pkt. MNiSW]

Publikacje w recenzowanych czasopismach wymienionych w wykazie MNiSW

Rybak A., Messyasz B., Szendzina L., Pikosz M., Koperski M. 2011. A new locality
of the freshwater population of Ulva flexuosa subsp. pilifera (Chlorophyta,
Ulvophyceae) in Poznan (Wielkopolska). Teka Kom. Kszt. Srod. Przyr. — OL PAN,
8:131 - 144.

[5 pkt. MNiSW]

Messyasz B., Pikosz M., Rybak A., Lepkowska K. 2012. Epiphytic diatom community
and calcium carbonate crystals characteristics on the surface of freshwater Ulva thalli.
Teka Kom. Kszt. Srod. Przyr. - OL PAN, 9: 96-106.

[5 pkt. MNiSW]

Messyasz B., Pikosz M., Rybak A. 2014. Odmiany polimorficzne wgglanu wapnia na
powierzchni plech Ulva (Chlorophyta) notowanych w wodach stodkich. KOSMOS
Problemy Nauk Biologicznych, 63(1): 117-124.

[4 pkt. MNiSW]

Burchardt L., Hindak F., Komarek J., Lange-Bertalot H., Messyasz B., Pikosz M.,
Wejnerowski L., Jakubas E., Rybak A., Gabka M. 2014. Spring phytoplankton and
periphyton composition: case study from the thermally abnormal lakes in western
Poland. Biodiv. Res. Conserv. 36:17-24. DOI 10.2478/biorc-2014-0010

[7 pkt. MNiSW]
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Rozdziaty w monografii w jezyku angielskim

Messyasz B., Rybak A., Pikosz M., Szendzina L. 2013. Fertility effects on Ulva thalli
mass development in inland waters of Poland. Biologie Animala Supliment,
Proceedings of the International Scientific Conference, Scientific Annals of Alexandru
loan Cuza University of lasi. 69-82.

[7 pkt. MNiSW]

Messyasz B., Pikosz M., Schroeder G., Leska B., Fabrowska J. 2015. Identification and
Ecology of Macroalgae Species Existing in Poland. Chapter 2, In: Marine Algae
Extracts: Processes, Products and Applications, First Edition, Eds. Kim S.K., Chojnacka
K., p. 17-39. Wiley —-VCH, ISBN: 978-3-527-33708-8.

[7 pkt. MNiSW]

Schroeder G., Leska B., Fabrowska J., Messyasz B., Pikosz M. 2015. Analysis of green
Algae Extracts. Chapter 5, In: Marine Algae Extracts: Processes, Products and
Applications, First Edition, Ed. Kim S.K., Chojnacka K., p. 81-99, Wiley —-VCH,
ISBN: 978-3-527-33708-8.

[7 pkt. MNiSW]

Fabrowska J., Le¢ska B., Schroeder G., Messyasz B., Pikosz M. 2015. Biomass and
Extracts of Algae as Material for Cosmetics. Chapter 38, In: Marine Algae Extracts:
Processes, Products and Applications, First Edition, Ed. Kim S.K., Chojnacka K.,
pp. 681-706. Wiley —VVCH, ISBN: 978-3-527-33708-8.

[7 pkt. MNiSW]

Messyasz B. Pikosz M., Treska E. 2018. Biology of freshwater macroalgae and their
distribution. Chojnacka K., Wieczorek P., Schroeder G., Michalak I. (Red.) Algae
Biomass: Characteristics and Applications. Developments in Applied Phycology, vol 8.
Springer, Cham. 17-31.

[7 pkt. MNiSW]
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Rozdziaty w monografii w jezyku polskim

Pikosz M. 2012. Oedogonium capillare (Chlorophyta, Oedogoniales) from the new site
in Poland. Nowe Trendy w Naukach Przyrodniczych 3, Tom Ill, Creative-Science-
Monografia, str. 148-156.

[3 pkt. MNiSW]

Messyasz B., Rybak A., Leska B., Pikosz M. 2010. Charakterystyka inkrustacji
pokrywajacej plechy stodkowodnej formy zielenicy Ulva sp. (Ulvaceae, Chlorophyta).
Srodowisko i Przemyst, Rozdz. II, ISBN 978-83-62108-05-3, Wyd. Cursiva, pp. 43-68.

[3 pkt. MNiSW]

Rybak A., Messyasz B., Legska B., Pikosz M., Fabrowska J. 2012. Wydajnosc¢
asymilacji azotu na przykladzie wybranych gatunkéw roslin wodnych. Srodowisko
1 Przemysl, red. G. Schroeder, P. Grzesiak, Cursiva Tom III, ISBN 978-83-62108-18-3,
str. 7-38.

[3 pkt. MNiSW]

Messyasz B., Krysiuk A., Pikosz M. 2013. Charakterystyka parametrow fizyko-
chemicznych stawow zdegradowanych dzialalno$cia przemyshu cukrowniczego
w Koscianie. Srodowisko i Przemyst, red. G, Schroeder, P. Grzesiak, Tom IV Cursiva,
ISBN 978-83-62108-28-2, str. 205-231.

[3 pkt. MNiSW]

Messyasz B., Pikosz M., Zurek S., Htywa J. 2014. Zdolno$¢ poboru nieorganicznych
form azotu i fosforu z wody przez zielenice nitkowate z rodzaju gat¢zatka (Cladophora
glomerata, Chlorophyta). W: G. Schroeder, P. Grzesiak (red.), Srodowisko i Przemyst.
Tom V (rozdzial 7). Wydawnictwo Cursiva, Kostrzyn, ISBN 978-83-62108-32-9:
125-140.

[3 pkt. MNiSW]
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Messyasz B., Lepkowska K., Pikosz M. 2014. R6znorodnos¢ gatunkowa organizmow
porostowych na makroskopowych zielenicach z rodzaju Cladophora. W: G. Schroeder,
P. Grzesiak (red.), Srodowisko i przemyst. Tom V (rozdziat 8). Wydawnictwo Cursiva,
Kostrzyn, ISBN 978-83-62108-32-9: 141-175.

[3 pkt. MNiSW]

Messyasz B., Pikosz M., Pioechota J., Radziszewska A., Treska E., Kolodziejska A.
2016. Zmiany sezonowe krysztatow CaCOs oraz peryfitonowych okrzemek na
powierzchni plech Cladophora glomerata. W: G. Schroeder, P. Grzesiak (red.),
Srodowisko i przemyst. Tom VI (rozdziat 15). Wydawnictwo Cursiva, Kostrzyn, ISBN
978-83-62108-35-0: 329-351.

[5 pkt. MNiSW]

D. Uczestnictwo w konferencjach naukowych

Komunikaty ustne

1. Data i miejsce konferencji: Poznan, Polska, 03.12.2014 r.

Nazwa konferencji: 1% Polish-Kazakh Meeting: relationship between chemistry and
biology. International Scientific Conference

Zasieg konferencji: miedzynarodowa

Autorzy: Pikosz M., Messyasz B.

Tytul referatu: Filamentous green algae in Poland

2. Data i miejsce konferencji: Trzebnica, Polska, 23-24.01.2017 r.

Nazwa konferencji: Bioaktywne zwigzki pochodzenia naturalnego

Zasieg konferencji: krajowa

Autorzy: Messyasz B., Pikosz M., Treska E.

Tytul referatu: Rola czynnikow fizyczno-chemicznych w ksztattowaniu potencjatu
glonéw jako zZrédlo zwigzkdéw bioaktywnych

Komunikaty posterowe

3. Data i miejsce konferencji: Poznan, Polska, 5-7.04.2011 r.

Nazwa konferencji: Il Konferencja Naukowo - Dydaktyczna Wydziatu Biologii
Uniwersytetu im. Adama Mickiewicza w Poznaniu. Wyzwania wspolczesnej biologii,
biotechnologii 1 ochrony §rodowiska

Zasieg konferencji: krajowa

Autorzy: Messyasz B., Rybak A., Pikosz M.

Tytul posteru: Culture crystals bands on the surface of freshwater Ulva taxa
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4. Data i miejsce konferencji: Poznan, Polska, 8-9.04.2011 r.

Nazwa konferencji: Ogolnopolska Konferencja Studentow Biologii. Problemy
Biologiczne Wspolczesnego Swiata

Zasieg konferencji: krajowa

Autorzy: Messyasz B., Rybak A., Szendzina L., Pikosz M.

Tytul posteru: Wpltyw inkrustacji na wzrost i uklad komorek w plechach
makrozielenicy Ulva sp. (Ulvophyceae, Chlorophyta) w ekosystemach wodnych
Wielkopolski

5. Data i miejsce konferencji: Wroctaw, Polska, 19-21.05.2011 r.

Nazwa konferencji: 30" International Phycological Conference

Zasieg konferencji: miedzynarodowa

Autorzy: Messyasz B., Rybak A, Szendzina L., Pikosz M.

Tytul posteru: The effects of nutrient contents and number of calcium crystals on
morphometric features of freshwater Ulva

6. Data i miejsce konferencji: Agigea — Constanta, Rumunia, 21-22.10.2011

Nazwa konferencji: International Scientific Session. The human impact on biodiversity
in Black Sea area

Zasieg konferencji: miedzynarodowa

Autorzy: Messyasz B., Rybak A., Pikosz M., Szendzina L.

Tytul posteru: Fertility effects on Ulva thalli mass development in inland waters of
Poland

7. Data i miejsce konferencji: Poznan, Polska, 22-23.03.2012

Nazwa konferencji: I Konferencja Mtodych Naukowcow z okazji Swiatowego Dnia
Wody

Zasieg konferencji: krajowa

Autorzy: Messyasz B., Rybak A., Pikosz M.

Tytul posteru: Freshwater Ulva (Chlorophyta) as a bioaccumulator of heavy metals
pollution in Nielba river (Wielkopolska region)

8. Data i miejsce konferencji: Olsztyn, Polska, 17-20.05.2012

Nazwa konferencji: 31% International Phycological Conference

Zasieg konferencji: migdzynarodowa

Autorzy: Messyasz B., Rybak A., Pikosz M.

Tytul posteru: The ability of green alga Ulva flexuosa subsp. pilifera to calcium
carbonate precipitation

15



9. Data i miejsce konferencji: Olsztyn, Polska, 17-20.05.2012

Nazwa konferencji: 31% International Phycological Conference

Zasieg konferencji: miedzynarodowa

Autorzy: Messyasz B., Czerwik-Marcinkowska J., Rybak A., Pikosz M., Szendzina L.
Tytul posteru: Ultrastructure characteristics of Ulva flexuosa subsp. pilifera from
freshwater habitats of the Wielkopolska region

10. Data i miejsce konferencji: Poznan, Polska, 12.01.2013

Nazwa konferencji: Wptyw mtodych naukowcow na osiggnigcia polskiej nauki

Zasieg konferencji: krajowa

Autorzy: Pikosz M., Messyasz B.

Tytul posteru: The morphology characteristics and incrustation abilities of the
filamentous green algae in small rivers of Wielkopolska

11. Data i miejsce konferencji: Poznan, Polska, 21-22.03.2013

Nazwa konferencji: IT Konferencja Mtodych Naukowcow z okazji Swiatowego Dnia
Wody

Zasieg konferencji: krajowa

Autorzy: Pikosz M., Messyasz B.

Tytul posteru: Characteristics of macroscopic green algae filaments co-existed with
cyanobacteria from small pond in the Wielkopolska region

12. Data i miejsce konferencji: Konin, Polska, 20-23.05.2013

Nazwa konferencji: 32" International Conference of Polish Phycologists

Zasieg konferencji: miedzynarodowy

Autorzy: Messyasz B., Pikosz M., Staniszewski R.

Tytul posteru: Spirogyra crassa (Charophyta, Zygnemaceae) from Note¢ river
(Poland)

13. Data i miejsce konferencji: Konin, Polska, 20-23.05.2013

Nazwa konferencji: 32" International Conference of Polish Phycologists

Zasieg konferencji: migdzynarodowy

Autorzy: Messyasz B., Burchardt L., Gabka M., Rybak A., Pikosz M., Dondajewska R.
Tytul posteru: Distribution pattern of cyanobacteria assemblages in the stratified and
eutrophic Lake Goreckie

14. Data i miejsce konferencji: Konin, Polska, 20-23.05.2013

Nazwa konferencji: 32" International Conference of Polish Phycologists

Zasieg konferencji: migdzynarodowy

Autorzy: Pikosz M., Messyasz B., Lepkowska K.

Tytul posteru: Morphometrical and ecological diversity of filamentous green algae in
the mats from the Mogilnica river
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15. Data i miejsce konferencji: Jezioro Goreckie, Polska, 21-22.06.2013

Nazwa konferencji: | Warsztaty Makrofitowe

Zasieg konferencji: krajowa

Autorzy: Pikosz M.

Tytul posteru: Glony nitkowate towarzyszace makrofitom w Samicy Steszewskiej

16. Data i miejsce konferencji: Janow Lubelski, Polska, 26-27.09.2013

Nazwa konferencji: Konferencja krajowa, Funkcjonowanie, zagrozenia i ochrona
drobnych zbiornikow wodnych

Zasieg konferencji: krajowa

Autorzy: Messyasz B., Pikosz M.

Tytul posteru: Masowy zakwit metafitonu w drobnych zbiornikach wodnych w
Wielkopolsce

17. Data i miejsce konferencji: lasi, Rumunia, 24-26.10.2013

Nazwa konferencji: Annual Scientific Meeting

Zasieg konferencji: miedzynarodowa

Autorzy: Messyasz B., Pikosz M.

Tytul posteru: Diagnostic features of filamentous green algae - difficulties and
simplifity in the species identification

18. Data i miejsce konferencji: lasi, Rumunia, 24-26.10.2013

Nazwa konferencji: Annual Scientific Meeting

Zasieg konferencji: miedzynarodowa

Autorzy: Pikosz M., Messyasz B.

Tytul posteru: Space distribution of metaphyton species against a background of
environmental factors in water reservoirs in Poland

19. Data i miejsce konferencji: Karpacz, Polska, 1-4.12.2013 r.

Nazwa konferencji: XXXVIII Miedzynarodowe Seminarium Naukowo Technicze
,»Chemistry for Agriculture”

Zasieg konferencji: krajowa

Autorzy: Messyasz B., Pikosz M., Leska B., Fabrowska J. Schroeder G.

Tytul posteru: Stodkowodne glony makroskopowe jako substrat ekstraktow - czynniki
optymalizujgce rozwdj biomasy

20. Data i miejsce konferencji: Karpacz, Polska, 1-4.12.2013 r.

Nazwa konferencji: XXXVIII Miedzynarodowe Seminarium Naukowo Technicze
,»Chemistry for Agriculture”

Zasieg konferencji: krajowa

Autorzy: Leska B., Fabrowska J., Messyasz B., Pikosz M., Schroeder G

Tytul posteru: Pozyskiwanie glonow makroskopowych wykorzystywanych
w ekstraktach w przemysle kosmetycznym
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21. Data i miejsce konferencji: Poznan, Polska, 13-14.03.2014 r.

Nazwa konferencji: III Konferencja Mtodych Naukowcow z okazji Swiatowego Dnia
Wody

Zasieg konferencji: krajowa

Autorzy: Messyasz B., Pikosz M., Lepkowska K.

Tytul posteru: Epiphytic growth on the surface of different Cladophora species

22. Data i miejsce konferencji: Poznan, Polska, 13-14.03.2014 r.

Nazwa konferencji: III Konferencja Mtodych Naukowcow z okazji Swiatowego Dnia
Wody

Zasieg konferencji: krajowa

Autorzy: Lepkowska K., Messyasz B., Pikosz M.

Tytul posteru: of epiphytic diatoms on filamentous green alga

23. Data i miejsce konferencji: Poznan, Polska, 10-12.04.2014 r.

Nazwa konferencji: 111 Konferencja Naukowo-Dydaktyczna Wydziatu Biologii UAM
w Poznaniu

Zasieg konferencji: krajowa

Autorzy: Pikosz M., Messyasz B.

Tytul posteru: Zielenice nitkowate zrdéznicowane pod wzglegdem morfologii
i taksonomii

24. Data i miejsce konferencji: Gdynia, Polska, 19-22.05.2014 r.

Nazwa konferencji: 33™ International Conference of Polish Phycological Society
Zasieg konferencji: miedzynarodowa

Autorzy: Messyasz B., Pikosz M.

Tytul posteru: Main habitat preferences of macroscopic filamentous algae

25. Data i miejsce konferencji: Gdynia, Polska, 19-22.05.2014 r.

Nazwa konferencji: 33" International Conference of Polish Phycological Society
Zasie¢g konferencji: migdzynarodowa

Autorzy: Pikosz M., Messyasz B.

Tytul posteru: Similarities and differences of massive blooms of filamentous algae
in different aquatic ecosystems in Wielkopolska region

26. Data i miejsce konferencji: Poznan, Polska, 11-13.09.2014 r.

Nazwa konferencji: 11" International Conference Synanthropization of Flora and
Vegetation

Zasieg konferencji: migdzynarodowa

Autorzy: Pikosz M., Messyasz B.

Tytul posteru: Mechanisms of filamentous green algae domination in water
ecosystems of the Wielkopolska region
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27. Data i miejsce konferencji: Tulcea, Rumunia, 11-13.09.2014 r.

Nazwa konferencji: 2" International Conference Water resources and wetlands

Zasieg konferencji: miedzynarodowa

Autorzy: Pikosz M., Messyasz B.

Tytul posteru: Relationship between development of macrogreen algae and water level
in lowland rivers in Poland

28. Data i miejsce konferencji: Szczecin, Polska, 17.10.2014 r.

Nazwa konferencji: VII Miedzynarodowa Konferencja Doktorantéw Uniwersytetu
Szczecinskiego

Zasieg konferencji: miedzynarodowa

Autorzy: Pikosz M., Messyasz B.

Tytul posteru: Taxonomic and morphological diversity of macroscopic green algae
in Mogilnica river (Wielkopolska region)

29. Data i miejsce konferencji: Poznan, Polska, 7-8.11.2014 r.

Nazwa konferencji: II Migdzynarodowa Konferencja Naukowa Oxygenalia
Zasieg konferencji: miedzynarodowa

Autorzy: Pikosz M., Jakubas E., Messyasz B

Tytul posteru: Impact of filamentous green algae on functioning water ecosystems

30. Data i miejsce konferencji: Poznan, Polska, 17.10.2015 r.

Nazwa konferencji: Wptyw Mtodych Naukowcow na osiagnigcia Polskiej nauki
Zasieg konferencji: krajowa

Autorzy: Pikosz M., Messyasz B

Tytul posteru: Cladophora rivularis (Chlorophyta, Cladophorales) w ekosystemach
wodnych Polski

31. Data i miejsce konferencji: Poznan, Polska, 12-13.03.2015 r.

Nazwa konferencji: IV Konferencja Mtodych Naukowcéw z okazji Swiatowego Dnia
Wody

Zasieg konferencji: krajowa

Autorzy: Rybak M., Jakubowska N., Pikosz M., Pronin M., Swidnicki K., Rosinska J.
Tytul posteru: Diversity of water research conducted by Young scientists

32. Data i miejsce konferencji: Poznan, Polska, 12-13.03.2015 .

Nazwa konferencji: IV Konferencja Mtodych Naukowcow z okazji Swiatowego Dnia
Wody

Zasieg konferencji: krajowa

Autorzy: Pikosz M., Messyasz B., Zurek S., Htywa J.

Tytul posteru: Studies on the ability of Cladophora glomerata (Chlorophyta)
to dissolved nitrogen and phosphorus uptake
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33. Data i miejsce konferencji: Rzeszow, Polska, 18-21.05.2015r.

Nazwa konferencji: 34™ International Conference of the Polish Phycological Society
Zasieg konferencji: miedzynarodowa

Autorzy: Messyasz B., Pikosz M.

Tytul posteru: Effect of habitat conditions on macroalgal massive development
in various types of water bodies

34. Data i miejsce konferencji: Rzeszow, Polska, 18-21.05.2015 .

Nazwa konferencji: 34™ International Conference of the Polish Phycological Society
Zasieg konferencji: miedzynarodowa

Autorzy: Pikosz M., Messyasz B.

Tytul posteru: Oedogonium capillare (Oedogoniales, Chlorophyceae) from mid-field
pond in Wielkopolska Region — morphometrical and ecological aspects

35. Data i miejsce konferencji: Rzeszow, Polska, 18-21.05.2015r.

Nazwa konferencji: 34™ International Conference of the Polish Phycological Society
Zasieg konferencji: miedzynarodowa

Autorzy: Messyasz B., Pikosz M., Issayeva U.A., Leska B.

Tytul posteru: Phytoseston comparison of two small rivers dominated by filamentous
green algae

36. Data i miejsce konferencji: San Diego, USA, 7-10.06.2015r.

Nazwa konferencji: The 5" International Conference on Algal Biomass, Biofuels and
Bioproducts

Zasieg konferencji: miedzynarodowa

Autorzy: Pankiewicz R., Leska B., Messyasz B., Fabrowska J., Sotoducha M., Pikosz
M.

Tytul posteru: First isolation of polisacharidic ulvans from cell wall of freshwater alga

37. Data i miejsce konferencji: Londyn, UK, 23-28.08.2015 r.

Nazwa konferencji: Sixth European Phycological Congress

Zasieg konferencji: migdzynarodowa

Autorzy: Messyasz B., Pikosz M., Leska B., Pankiewicz R.

Tytul posteru: The freshwater species of Cladophora (Chlorophyta) from Poland
(Central Europe)

38. Data i miejsce konferencji: Londyn, UK, 23-28.08.2015 r.

Nazwa konferencji: Sixth European Phycological Congress

Zasieg konferencji: migdzynarodowa

Autorzy: Messyasz B., Leska B., Pikosz M., Schroeder G.

Tytul posteru: Characteristic of bioactive compounds from biomass of freshwater
Cladophora glomerata
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39. Data i miejsce konferencji: Londyn, UK, 23-28.08.2015 .

Nazwa konferencji: Sixth European Phycological Congress

Zasieg konferencji: miedzynarodowa

Autorzy: Leska B., Messyasz B., Fabrowska J., Pikosz M., Schroeder G

Tytul posteru: The effect of different Cu (II) concentrations on adsorption yield using
freshwater Cladophora

40. Data i miejsce konferencji: L6dz, Polska, 1-4.06.2016 r.

Nazwa konferencji: XXXV" International conference of the Polish Phycological
Society

Zasieg konferencji: miedzynarodowa

Autorzy: Pikosz M., Messyasz B.

Tytul posteru: Characteristic of the structure of dense mat formed by Cladophora
glomerata

41. Data i miejsce konferencji: L6dz, Polska, 1-4.06.2016 r.

Nazwa konferencji: XXXV" International conference of the Polish Phycological
Society

Zasieg konferencji: miedzynarodowa

Autorzy: Pikosz M., Messyasz M., Gabka M.

Tytul posteru: Habitat variables of filamentous green algae in water ecosystems
in Wielkopolska Province (Poland)

42. Data i miejsce konferencji: L6dz, Polska, 1-4.06.2016 r.

Nazwa konferencji: XXXV" International conference of the Polish Phycological
Society

Zasieg konferencji: migdzynarodowa

Autorzy: Messyasz B., Pikosz M., Garbarczyk A., Zurek S.

Tytul posteru: Impact of physical and chemical factors on the desmids distribution
in a shallow lake

43. Data i miejsce konferencji: £odz, Polska, 1-4.06.2016 r.

Nazwa konferencji: XXXV" International conference of the Polish Phycological
Society

Zasieg konferencji: migdzynarodowa

Autorzy: Messyasz B., Issayeva U. A., Pikosz M., Leska B.

Tytul posteru: Diatoms accompanying filamentous green algae occurrence in the small
urban rivers
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44, Data i miejsce konferencji: Tulcea, Rumunia, 8-10.10.2016 r.

Nazwa konferencji: 3rd International Conference “Water resources and wetlands
Zasieg konferencji: miedzynarodowa

Autorzy: Leska B., Fabrowska J., Messyasz B., Pikosz M., Pankiewicz R.

Tytul posteru: Fatty acids as example of active compounds contained in macroalga
Cladophora glomerata

45. Data i miejsce konferencji: Tulcea, Rumunia, 8-10.10.2016 r.

Nazwa konferencji: 3rd International Conference “Water resources and wetlands
Zasieg konferencji: miedzynarodowa

Autorzy: Messyasz B., Pikosz M., Leska B., Pankiewicz R., Fabrowska J.

Tytul posteru: The influence of habitat factors on filamentous green algae development
forming monospecies mats in flowing and stagnant waters

E. Udziat w projektach badawczych

a) Nazwa projektu: Grant nr NZ8_25092 z Narodowego Centrum Nauki
OKkres uczestnictwa: od 2015 do 2017
Kierownik: Prof. UAM dr hab. Bogustawa %.¢ska
Pelniona funkcja w grancie badawczym: wykonawca
Tytul projektu: Fizykochemiczne i biologiczne przyczyny ekologicznej dominacji
zielenic nitkowatych w wodach $rodladowych.

b) Nazwa projektu: Grant nr PBS 1/A1/2/2012 z Narodowego Centrum Badan
i Rozwoju
OKkres uczestnictwa: od 2012 do 2015
Kierownik: Prof. dr hab. Katarzyna Chojnacka, Prof. dr hab. Grzegorz Schroeder
Pelniona funkcja w grancie badawczym: wykonawca
Tytul projektu: Innowacyjna technologia ekstraktow glonowych - komponentow
nawozow.

c¢) Nazwa projektu: Grant nr 68-2-02-2015 Kazakhstan Republic Ministry of
Education and Science
Okres uczestnictwa: 2014-2015
Kierownik: Prof. Issayeva U. Akmaral, Prof. UAM dr hab. Beata Messyasz

Pelniona funkcja w grancie badawczym: wykonawca
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F. Nagrody i stypendia

- Laureatka programu stypendialnego Fundacji UAM dla doktorantow UAM w roku
akademickim 2015/2016.

- Laureatka stypendium Rektora UAM dla najlepszych doktorantow W roku
akademickim 2013/2014, 2015/2016.

- Laureatka stypendium doktoranckiego z dotacji podmiotowej na dofinansowanie
zadan projakosciowych w roku akademickim: 2013/2014, 2014/2015, 2015/2016.

G. Podsumowanie wszystkich osiggnie¢ naukowych

Sumaryczny wspotczynnik catosci dorobku naukowego Impact Factor IF wedtug listy
Journal Citation Reports (JRC) na rok wydania publikacji wynosi: 16,741 IF.
Sumaryczny wspotczynnik MNiSW: 304 pkt.

Bazy danych: 14 publikacje w Web of Science, 12 publikacji w SCOPUS (maj 2019),
H=5 (Web of Science), H=6 (SCOPUS)

Liczba cytowan publikacji: wg Web of Science = 69, wg Scopus = 81
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4. WSTEP

Proces eutrofizacji nadal nalezy do jednego z najbardziej istotnych zagrozen
1 powszechnie wystepujacych probleméw wod srodladowych (Smith 1 in. 2006).
Makroglony pojawiajg si¢ bardzo czgsto w miejscach silnie przeksztalconych
morfologicznie i zeutrofizowanych (podwyzszone st¢zenia N i P w wodzie), gdzie
znajdujg dogodne warunki dla swojego rozwoju (Messyasz i in. 2015). Na stan trofii
jezior Polski, szczegodlnie Wielkopolski negatywnie wplywa odlesienie zlewni
z rownoczesnym zagospodarowaniem duzej jej powierzchni w celach rolniczych. Wraz
ze wzrostem st¢zenia substancji biogennych w wodach wzrasta liczba ekosystemow
wodnych (od drobnych zbiornikow wodnych, az po wody ptynace), w ktérych licznie
wystepuja makroskopowe zielenice nitkowate (Van den Hoek i in. 1995; Bricker
i in. 2008; Borja i in. 2008). Zjawisko to opisywane jest w literaturze jako masowy
pojaw, réwnowazny z zakwitem. Masowy pojaw makroskopowych zielenic
nitkowatych w ekosystemach wodnych ma powazne konsekwencje dla ich
funkcjonowania, np. poprzez zacienienie, zmian¢ warunkow tlenowych oraz zmiane
obiegu biogenow (Khanum 1982; Graham i in. 1995). Skutki masowego pojawu
makroglonow dla srodowiska sg rozne w zaleznosci od formy tworzonej przez nie duzej
biomasy i sg zar6wno widoczne w wymiarze ekologicznym (wypieranie gatunkow
makrofitéw zanurzonych, powstanie deficytow tlenowych — spadek biordznorodnosci),
ekonomicznym (usuwania biomasy glonow w zbiornikach hodowli ryb, przywrocenie
kapielisk do stanu funkcjonalnosci), jak i1 spotecznym (walory estetyczne, spadek
atrakcyjnosci rekreacyjne;j).

Glony nitkowate najczescie] wystepuja w postaci tzw. mat, ktore unoszg si¢ na
powierzchni wody lub sg przytwierdzone do podtoza (kamienie, makrofity). Woda jako
sifa no$na moze przenosi¢ biomase makroglonow w powierzchniowej warstwie wody,
ksztattujac jej strukture (luzna, zwarta) 1 miejsce wystgpowania (pelagial, litoral).
W zwiazku ze zrdznicowang strukturg przestrzenng maty tworza roéznorodne formy,
tj. platy, korytarze, siatki lub pajeczyny, ktore moga by¢é mato- lub
wielkopowierzchniowe, luzne lub zwarte (Messyasz i in. 2018). Struktura maty, przez
ktora rozumie si¢ sposob rozmieszczenia osobnikow (plech), wskazuje na organizacje
przestrzenng 1 pozwala okresli¢ nie tylko czystos¢ materiatu do badan (jednorodny,
mieszany z domieszka roslin podwodnych) ale takze efektywno$¢ zbioru (wielko$¢

zbioru). Biomasa, czyli masa osobnikow danego gatunku w przeliczeniu na jednostke
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powierzchni lub objetosci, zalezy w duzym stopniu od sezonowosci jej pojawu oraz
warunkow srodowiskowych, ktore pozwalajg na kolonizacj¢ kolejnych miejsc. Ponadto
zroznicowanie struktury mat dotyczy takze liczby wchodzacych w ich sktad taksonow,
poniewaz moga wystepowa¢ maty jednogatunkowe (homogenicznos$¢) lub
wielogatunkowe (heterogenicznos¢). W ich  strukture najcze$ciej wchodza
przedstawiciele Chlorophyta: Oedogonium, Cladophora, z grupy Charophyta:
Spirogyra, Zygnema i Mougotia oraz Ochrophyta: Vaucheria i Tribonema. Czgsto
zielenicom towarzysza nitkowate sinice i razem tworzg metafiton (Messyasz i in. 2015).

Makroglony wykazuja zmienno$¢ morfologiczng i1 fenotypowsa, ktéra czesto
uniemozliwia ich doktadng identyfikacje. Przyktad zmienno$ci morfologiczne;j
Cladophora glomerata (L.) Kiitzing w wodach ptynacych opisany zostat przez Chudybe
(1965). Istniejg liczne dane literaturowe dotyczace roznorodnosci taksonomicznej roslin
wodnych, w ktorych zbiorowiska zielenic nitkowatych sg tylko wspomniane. Potrzeba
uzupetnienia luki w wiedzy dotyczacej wystepowania, biologii i ekologii zielenic
nitkowatych wynika rowniez z faktu, ze ws$rdod nich sg gatunki wymienione na
Czerwonej Liscie Glonow zagrozonych w Polsce (Siemifiska i in. 2006). Szeroki zakres
tolerancji niektorych taksonow na czynniki abiotyczne (parametry fizyczne i chemiczne
wody) dodatkowo poglebia problem identyfikacji taksonomicznej makroskopowych
zielenic.

Pomimo pospolitego wystgpowania zbiorowisk makroskopowych glonow,
informacje o ekologii zielenic nitkowatych w literaturze naukowej sg nieliczne
1 fragmentaryczne. Badania ekologiczne mat makroglonéw z wod stodkich prowadzone
byly gtownie przez specjalistow z Indii (Khanum 1982) i Kanady (Higgins i in. 2008),
z Polski natomiast niepelne informacje o formach morfologicznych Cladophora
glomerata (L.) Kiitzing z rzeki pochodzg z lat 60 XX wieku (Chudyba 1965).
Charakterystyka interakcji miedzy mikro- i makroglonami spowodowanej zacienieniem
wynikajagcym z wystepowania zwartych mat zostala zbadana przez Sundback i
McGlather (2005), ale dotyczy ekosystemu morskiego. W poréwnaniu z panstwami
takimi jak Hiszpania czy USA (Cambra i Aboal 1992; Higgins i in. 2008), w Polsce
praktycznie brakuje aktualnych informacji opisujacych réznorodnos¢ i funkcjonowanie
makroskopowych mat, w sktad ktorych wchodza zielenice. Autor dwuletnich badan
ekologii mat wystepujacych w jeziorach i stawach w Indiach, okreslil zakres
parametrow wody dla przedstawicieli rodzajow: Oedogonium, Cladophora,

Rhizoclonium, Spirogyra, Hydrodiction, Zygnema, Sirogonium, natomiast pomingt
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aspekt morfometryczny plech (Khanum 1982). Stad tez prowadzony przeze mnie
w ramach badan monitoring warunkoéw siedliskowych, przy jednoczesnej analizie
parametrow morfometrycznych plech umozliwit okreslenie gradientu srodowiskowego
I optimum rozwojowego dla makroglonow budujgcych maty. Realizacja postawionych
w mojej pracy hipotez badawczych przyczynita si¢ do poszerzenia nielicznych
1 niewystarczajacych danych dotyczacych przyczyn i skutkow tworzenia si¢ mat
makroglonowych w ekosystemach wodnych. Ponadto charakterystyka struktury mat
makroglonowych pozwolita okresli¢c nowe zbiorowiska makrozielenic i oddziatywania
pomiegdzy glonami wchodzacymi w ich sktad. Dostepne informacje o strukturze i roli
mat glonow sg zbyt ogélne 1 przede wszystkim dotycza populacji taksonow
wystepujacych w ekosystemach morskich, stad tez przeprowadzone badania w ramach
pracy doktorskiej zdecydowanie wptyna na rozwdj dyscypliny naukowe;.

Od kilkunastu lat w wodach na terenie Wielkopolski obserwuje si¢ ciagly
wzrost biomasy makroskopowych zielenic, ktére pokrywaja znaczne powierzchnie
lustra wody. W niewielkich zbiornikach wodnych kozuchy zielenicowe pokrywaja
nawet 90% powierzchni lustra wody. Obecno$¢ masowo rozwijajacych si¢ glonow
nitkowatych w ekosystemach wodnych, z ekologicznego punktu widzenia jest
negatywnym skutkiem wzrostu trofii zbiornikdow wodnych a najwigkszy przyrost
biomasy nitkowatych zielenic obserwowany jest latem, w szczycie okresu
wegetacyjnego. Prowadzona inwentaryzacja zielenic z rodzaju Cladophora na terenie
Wielkopolski wykazata jej obecnos¢ na kilkudziesieciu stanowiskach. W roku 2012
zaobserwowano obecno$¢ wielogatunkowej maty (Cladophora glomerata (L.) Kiitzing,
Rhizoclonium sp., Stigeoclonium sp., Microspora sp.) w rzece Mogilnica,
jednogatunkowej (Cladophora glomerata (L.) Kiitzing r6znigcej si¢ morfometrycznie)
w rzekach Nielba i Samica Stgszewska oraz wielkopowierzchniowa mate (90%
calkowitej powierzchni lustra wody) zdominowang przez przedstawicieli z rodzaju
Oedogonium w stawie $rodpolnym w miejscowosci Konojad. Od poczatku kwietnia
2013 roku rozpoczeto monitoring i pobdr prob zielenic nitkowatych tworzacych maty
w badanych ekosystemach wodnych, podczas ktorych zaobserwowano zmienno$¢
sktadu gatunkowego glonow nitkowatych w macie.

Maty sag modelowym uktadem do badan relacji konkurencyjnych. Dotychczas
wskazuje si¢, ze struktura gatunkowa, przestrzenna (luzna, zwarta) oraz wewnetrzna
organizacja (zageszczenie, grubo$¢, wielko§¢ zajmowanej powierzchni) mat

Zielenicowych jest efektem oddzialywan s$rodowiskowych, szczegdlnie czynnikow
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hydrodynamicznych i termicznych. Wspotwystepowanie kilku taksonéw w tym samym
miejscu moze powodowaé wystapienie interakcji, jaka jest konkurencja o przestrzen
i biogeny. Skutkiem konkurencji moze by¢ wzajemne zastepowanie lub wykluczanie si¢
gatunkéw, wspomagane przez wydzielanie substancji chemicznych. Opisano dotad
kilka strategii typu ,,obronnego” w zakresie konkurencji realizowanych przez glony
nitkowate w okresie ich licznego wystepowania w jeziorach ptytkich (Irfanullah i Moss
2005).

Niemniej jednak skutki zakwitow wody powodowane przez makroglony sg nie
tylko negatywne. Nadmierna wyprodukowana ilo$¢ biomasy makroskopowych zielenic
moze mie¢ zastosowanie do celow ekonomicznych, rozwoju nowych, proekologicznych
rozwigzan. Probujac rozwigza¢ problem z nadmierng iloscig biomasy zielenic
makroskopowych ich plechy mozna wykorzysta¢ w celach gospodarczych. Najczesciej
stosowang metodg ich usuwania jest zbieranie zielenic, odkladanie ich na brzegu
i poddawanie rozktadowi. Makroglony wykazuja zdolno$¢ kumulacji pierwiastkow
sladowych, stad tez wykorzystanie biomasy glondw moze mie¢ ogromne znaczenie
gospodarcze. Moga by¢ wykorzystane do: (i) biologicznego oczyszczania wod ze
zwigzkow biogennych (azotu i fosforu), (ii) jako skuteczny srodek w walce z zakwitami
sinic (naturalny algicyd), (iii) jako tani absorbent w oczyszczalniach $ciekow np.
biosorpcja metali cigzkich (Schroeder i in. 2013, 2015). W dobie propagowania idei
ekologicznych i coraz wigkszej tendencji konsumentow do siggania po zdrowa zywnos¢
obserwuje si¢ ciggly rozwoj rolnictwa ekologicznego. Jedng z glownych zasad
rolnictwa ekologicznego jest wyeliminowanie syntetycznych §rodkéw ochrony roslin,
czy tez nawozow. Okazuje sie, ze stodkowodne makroglony moga by¢ z powodzeniem
wykorzystywane jako naturalne pasze dla zwierzat, nawozy, biostymulatory 1 $rodki
ochrony ros$lin (Chojnacka i1 in. 2012). Co wigcej, dzigki obecnosci licznych
aminokwasow, kwasow tluszczowych, moga by¢ sktadnikiem nawozdéw 1 wzbogacaé
glebe w niezbedne pierwiastki (Messyasz 1 in. 2018).

Idea przeprowadzonych badan w ramach pracy doktorskiej byto poznanie
réznorodno$ci  taksonomicznej, wzorcow wzrostu (optima rozwoju wzgledem
parametrow siedliska) 1 nisz ekologicznych gatunkéw stodkowodnych zielenic
nitkowatych oraz ich reakcji biochemicznych w zréznicowanych warunkach
srodowiskowych, w ktérych masowo tworza si¢ maty. Badania zostaly uzupelnione
o rzadko podejmowane zagadnienie dotyczace zmian w budowie morfologicznej

1 w skladzie chemicznym plech, zachodzacych pod wplywem konkurencji
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mig¢dzygatunkowej. Waznym elementem aplikacyjnym badan jest okreslenie
mozliwo$ci ograniczenia masowych zakwitéw zielenic nitkowatych w warunkach silnej
eutrofizacji poprzez poznanie ich biologii i funkcjonowania oraz mozliwo$ci

wykorzystywania biomasy zielenic do celow gospodarczych.

5. CEL PRACY ORAZ HIPOTEZY BADAWCZE

Nieliczne informacje na temat funkcjonowania biocenoz tworzonych przez
zielenice nitkowate staty si¢ impulsem do podjecia w ramach rozprawy doktorskiej
wnikliwej ich analizy. Uzyskane dane stwierdzajagce wystepowanie ptatow (mat)
zielenic nitkowatych w ekosystemach wodnych byty podstawa do oceny faktycznej ich
roli w ekosystemach wodnych. Ponizsza praca ma na celu stwierdzenie zjawiska
zmienno$ci morfometrycznej i siedliskowej glonéw nitkowatych w ekosystemach
wodnych Wielkopolski, jak roéwniez okreslenie warunkéw Srodowiskowych, w jakich
badane gatunki osiggaja optimum rozwojowe. Istota badan bylo takze okreslenie
przyczyn i skutkdw wzajemnego pojawiania i zanikania stodkowodnych makroglonow.
Kluczowym zadaniem byto takze wykazanie zmian zachodzacych w obrebie produkcji
aminokwasow obecnych w plechach makroglonow, na skutek ich ekspozycji na
dziatanie stresu spowodowanego konkurencja.

Osiagnigcie postawionych celoéw - przeprowadzenie szczegétowych badan
dotyczacych taksonomii, ekologii i przemian biochemicznych - pozwolitlo uzupehié
1 wzbogaci¢ wiedze dotyczaca znaczenia zielenic nitkowatych w eutroficznych
ekosystemach wodnych. Postawiono nastepujace hipotezy badawcze:

Hipoteza 1. Obecno$é¢ réznogatunkowych mat prowadzi do zmian w obrebie
abiotycznych elementow siedliska badanych ekosysteméw wodnych (Publikacje I, 11,
I, 1v).

Hipoteza Il. Czynniki siedliskowe powoduja zmiany w budowie
morfometrycznej plech, sezonowos¢ wystepowania oraz produkcje duzej ilosci biomasy
glonéw nitkowatych (Publikacje 11, 111, 1V).

Hipoteza Ill. Makroskopowe zielenice wystepuja masowo w ekosystemach
srodladowych a na skutek konkurencji migdzygatunkowej obserwujemy ekspansj¢ tych
gatunkéw, ktore sg lepiej przystosowane do nowych warunkow siedliskowych oraz do
odpowiedzi na dziatanie biotycznych i abiotycznych czynnikow stresowych (Publikacje
", 1v, V).
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Hipoteza IV. Na skutek interakcji migdzy zielenicami nitkowatymi zachodza

zmiany biochemiczne w postaci zmian sktadu aminokwaséw (Publikacja V).

6. TEREN BADAN

W ramach rozprawy doktorskiej proby makroglonéw nitkowatych w latach 2012 -
2015 pobrano z 7 rdéznych ekosystemow wodnych, zlokalizowanych na terenie
wojewodztwa wielkopolskiego (Ryc. 1). Obszar monitorowania r6znorodnosci

taksonomicznej 1 ekologicznej zbiorowisk glonéw nitkowatych obejmowal: $rédpolny,

naturalny staw w miejscowosci Konojad (Publikacje I, 11, 11, 1V), sztuczny zbiornik
retencyjny w miescie Poznan - Kampus UAM (Publikacje 11, 11, 1V, V), naturalne,
ptytkie jezioro w miejscowosci Oporzyn (Publikacje IlI, 1V, V), sztuczny zbiornik
w mies$cie Poznan — Zbiornik Maltanski (Publikacje 111, 1V, V) oraz 3 rzeki Nielba,

Samica Steszewska i Mogilnica (Publikacje 11, 1V).
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Ryc. 1. Stanowiska badawcze zielenic nitkowatych na terenie Wielkopolski, Polska:
1 — Jezioro Oporzynskie, 2 — rzeka Nielba w Wagrowcu, 3 — Zbiornik retencyjny
Kampus UAM w Poznaniu, 4 — Zbiornik Maltanski w Poznaniu, 5 — Samica St¢szewska
w Steszewie, 6 — rzeka Mogilnica, gmina Kamieniec, 7 — staw w miejscowosci

Konojad.

(1) Jezioro Oporzynskie (N52°55°; E17°9°)

Intensywny wzrost zielenic nitkowatych obserwowany jest w Jeziorze Oporzynskim
potoznym w gminie Wagrowiec, oddalonym od Wagrowca o okolo 20 km.
Powierzchnia jeziora wynosi okoto 20 ha, maksymalna gtebokos$¢ to 2 m, a 1660 m to
dlugo$¢ linii brzegowej. Przez jezioro przeptywa rzeka Rudka. Jezioro znajduje si¢
w zaglebieniu o bardzo stromych zboczach, co ulatwia sptyw powierzchniowy
z okolicznych p6l uprawnych i sprzyja rozwojowi zielenic nitkowatych. Zlewnia jeziora
ma charakter rolniczy, a udzial lasow nie przekracza 5%. Obserwowany jest
postepujacy proces sukcesji roslinnosci w strefie brzegowej jeziora. Brzeg jeziora
porasta zwarty pas Phragmites australis (Cav.) Trin. ex Steud oraz Typha latifolia L.

(2) Rzeka Nielba (N52°48°; E17°12°)

Rzeka Nielba znajduje si¢ w $rodkowo-wschodniej cze$ci wojewodztwa
wielkopolskiego, w powiecie wagrowieckim. Wedlug klasyfikacji rzek, ze wzgledu na
dhugos¢ i wielkos¢ dorzecza, Nielba nalezy do niewielkich ciekow wodnych, gdyz jej
dtugos¢ wynosi niecate 30 km dtugosci, a powierzchnia zlewni wynosi 158,6 km?. Na
siodmym kilometrze biegu rzeki wptywa do niej najwiekszy jej lewobrzezny doptyw
Redgoszcz. Przeptywa przez miejscowos¢ Rgielsko i miasto Wagrowiec, pozostaty
obszar to tereny rolnicze, a uchodzi do rzeki Welny, z ktora wczesniej si¢ krzyzuje na
terenie Wagrowca. Na obszarze zlewni wystepuja cztery jeziora: kLekninskie,
Bracholinskie, Rgierskie (przez ktore przeptywa) oraz Stepuchowskie.

(3) Zbiornik retencyjny, Kampus UAM (N52°27°; E16°55°)

W ramach kolejnych badan majacych na celu okreslenie sktadu i zmian sezonowych
glonow nitkowatych materiat badawczy zbierano ze sztucznego zbiornika retencyjnego
w Poznaniu. Zbiornik retencyjny zlokalizowany jest na terenie Kampusu Morasko
Uniwersytetu im. Adama Mickiewicza w Poznaniu za Wydzialem Nauk Politycznych
I Dziennikarstwa. Gleboko$¢ maksymalna zbiornika wynosi 1,8 m. Skarpe zbiornika

wzmocniono plytami azurowymi, obecny jest wylot kanalizacji deszczowej oraz
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budowla upustowa zbiornika wyposazona W zamknigcie szandorowe umozliwiajace
pietrzenie wody w zbiorniku.

(4) Zbiornik Maltanski, Poznan (N52°24°; E16°58’)

Zbiornik Maltanski w Poznaniu, nazywany powszechnie takze Jeziorem Maltanskim
lub Malta, to najmtodsze sztuczne jezioro na terenie miasta Poznania, ktore powstato po
wojnie, w 1952 roku przez spietrzenie wod rzeki Cybiny (Mikuta 1996). Zbiornik, jest
najnizej potozonym zbiornikiem na rzece Cybinie, tuz przed jej ujsciem do Warty.
Powyzej znajdujg si¢ cztery wstepne zbiorniki zaporowe, o matej powierzchni, stad tez
nazywane sg stawami: Staw Antoninek, Staw Miynski, Staw Browarny oraz Staw
Olszak, a takze cztery naturalne, eutroficzne jeziora przeptywowe (Gotdyn i in. 1996).
Zbiornik Maltanski zajmuje powierzchni¢ 64 ha i charakteryzuje si¢ mata gltebokoscia
$rednig 3,1 m. Wystepujace czegsto zakwity wody, pogarszajace w duzym stopniu jej
parametry, majg negatywny wpltyw na intensywne wykorzystanie zbiornika w celach
rekreacyjnych oraz wzmozong aktywnos$¢ w zlewni bezposredniej. Na jakos¢ waod
w zbiorniku duzy wplyw maja takie czynniki, jak: niska jako$¢ wod doptywajacych
rzeka Cybing, mata glebokos¢ niecki jeziornej oraz procesy fizyczno-chemiczne
zachodzace w samym zbiorniku (Dondajewska i in. 2008). W celu poprawy jakosci wod
w zbiorniku przeprowadza si¢ prace rekultywacyjne. Polegaja one na chemicznej
inaktywacji fosforu w toni wodnej oraz biomanipulacji, czyli ingerencji w sktad
gatunkowy ichtiofauny, ktoéra sprzyja rozwojowi duzych filtratorow, kontrolujacych
liczebnos¢ fitoplanktonu (Dondajewska i in. 2008). Miejsca wystgpowania zielenic
nitkowatych zlokalizowane byly przy brzegu, w miejscach pozbawionych silnego
falowania wody.

(5) Samica Steszewska (N52°16°; E16°41°)

Samica Stegszewska swoj poczatek ma w okolicy Ceradza Koscielnego, w gm. Duszniki.
Przeptywa przez Jezioro Niepruszewskie, Tomickie, Kreplewskie, Witobelskie oraz
Lodzko-Dymaczewskie i uchodzi do Kanatu Mosinskiego. Rzeka ma dlugosé okoto 40
km i charakteryzuje si¢ rednim przeplywem przy ujsciu 0,8 m%sek. Zlewnia rzeki ma
charakter typowo rolniczy. Obecnos$¢ jezior oraz fakt, ze rzeka przeplywa przez
Wielkopolski Park Narodowy, sprzyja rozwojowi turystyki. Ponadto zdecydowana
wiekszos¢ obszaru zlewni nie ma systemu kanalizacji. Powyzsze czynniki majq
ogromny wplyw na jako$¢ wod powierzchniowych.

(6) Rzeka Mogilnica (N52°9°; E16°31°)
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W latach 2012-2014 przeprowadzono badania na rzece Mogilnica na odcinku
lezacym w gminie Kamieniec. Catkowita dtugos$¢ rzeki to 66,8 km, rzeka wyptywa
z Jeziora Pniewskiego i uchodzi do Kanatu Mosinskiego w miejscowosci Sepno. Rzeka
bifurkuje kanatami Prut I i Prut II. Zlewni¢ Mogilnicy budujg gliny 1 piaski,
a W obnizeniach wystgpuja torfy. Deniwelacja terenu wynosi 10-15 m. W roku 2000
stan czystosci wod rzeki Mogilnicy nie odpowiadat normom okreslonym dla III klasy
czystosci wod powierzchniowych ptynacych (Halicki i in. 2004).

(7) Staw w miejscowosci Konojad (N52°10°; E16°31°)

Proby makroskopowych zielenic nitkowatych pobrano z plytkiego (maksymalna
glebokos¢ 70 cm), srodpolnego stawu o niewielkiej powierzchni, zlokalizowanego
w miejscowosci Konojad, w gminie Kamieniec. Utworzona zielenicowa mata w stawie
stanowita do 90% powierzchni lustra wody.

Obszar badan wybrano ze wzgledu na notowany od kilkunastu lat przyspieszony
proces eutrofizacji wod srodladowych w Polsce, a w szczegdlnosci w Wielkopolsce,
sprzyjajacy gwattownemu wzrostowi biomasy makroglonow w wodach tego regionu
(Messyasz 1 Rybak 2011, Messyasz i1 in. 2015), w szczegolnosci w okresie letnim,
W szczycie sezonu wegetacyjnego. Na podstawie badan przeprowadzonych na
wymienionych wyzej obiektach poddano weryfikacji postawione hipotezy badawcze
w zakresie réznorodno$ci taksonomicznej, zmiennosci morfologicznej 1 siedliskowe;j

zielenic nitkowatych.

7. METODY BADAN

Przeprowadzone badania w ramach niniejszej rozprawy doktorskiej (Publikacje
I-V) dzielg si¢ na badania terenowe i laboratoryjne. Do zadan wykonanych na
stanowiskach  badawczych nalezato:  sporzadzenie formularza terenowego,
scharakteryzowanie maty, pobdr prob zielenic nitkowatych, pobdér prob wody,
przeprowadzenie podstawowych analiz fizycznych i chemicznych wody oraz
wykonanie dokumentacji fotograficznej stanowiska badawczego. Przy uzyciu
terenowego miernika YSI 560 Professional Plus kazdorazowo okreslano temperature
wody (°C), pH, zawarto$é tlenu rozpuszczonego (DO, mg O,-L™Y), przewodnictwo
elektrolityczne (EC, pS-cm™) oraz calkowita ilosé soli rozpuszczonych (TDS, mg-L™).
Probki wody do dalszych analiz chemicznych pobierano w sterylne butelki
wykonane z tworzywa sztucznego o pojemnosci 500 ml i utrwalano je chloroformem

(CHCIs3). Probki wody (1,5 L) do oznaczenia zawartosci chlorofilu a pobierano do
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szklanych, ciemnych butelek i zabezpieczano je przed wptywem $wiatta. Transport prob
do laboratorium Zakladu Hydrobiologii na Wydziale Biologii Uniwersytetu im.
A. Mickiewicza odbywat si¢ w warunkach chtodniczych (+4°C). W ramach prac
terenowych na Jeziorze Oporzynskim zwigzanych z okre$leniem wplywu
wielkopowierzchniowej maty na warunki siedliskowe (Publikacja V) badano
intensywno$¢ $wiatta fotosyntetycznie czynnego (PAR) stosujgc miernik LI-1500,
rejestrator danych potgczony z czujnikiem kwantowym LI-193 SA i LI1-192 SA (LI-
COR, Lincoln, USA).

Badania laboratoryjne miaty na celu analiz¢ chemiczng wody, wykonanie
pomiarow morfometrycznych plech, przeprowadzenie eksperymentu badawczego.
Proby wody przechowywano w temperaturze -10°C, az do momentu przeprowadzenia
analizy. Za pomocg spektrofotometru HACH DR 2800 zgodnie z metodyka mierzono
barwe i metnos¢ wody (FAU), zawarto§é ortofosforanow (mg P-PO,> LY, azotanow
(mg NOs-N-L™), azotu amonowego (mg N-NH,"L™?), siarczanéw (mg SO,*-L™) oraz
chlorkéw (mg CI). Analize koncentracji chlorofilu a (Chl a pg-L™) w wodzie
rozpoczynano bezposrednio po dostarczeniu prob do laboratorium, przy uzyciu metody
spektrofotometrycznej wedlug normy ISO 10260 (Publikacja Ill). Przy uzyciu metod
chromatografii  jonowymiennej dokonano analizy jakosciowej 1 ilosciowej
aminokwaséw w komorkach zielenic nitkowatych za pomocg AAA400 analizatora
aminokwasow firmy INGOS (Publikacja V). Zawarto$¢ zwiazkow fenolowych
w ekstraktach zielenic nitkowatych okreslono za pomoca spektrofotometrycznej metody
Folin-Ciocalteu (Singleton i in. 1999, publikacja V). Zawarto$¢ chlorofilu
a, b i karotenoidow w zielenicach nitkowatych oceniono na podstawie wykonanych
pomiardéw na spektrofotometrze (Lichtenthaler 1 Welburn 1983; Dere 1 in. 1998, Yoshi
i in. 2004; publikacje 1V, V).

W celu okreslenia interakcji pomiedzy makrozielenicami Cladophora glomerata
(L.) Kiitzing, Cladophora fracta (O.F.Miiller ex Vahl) Kiitzing oraz Rhizoclonium sp.
przeprowadzono eksperyment (Ryc. 2, Publikacja V). Proby makrozielenic zostaty
oczyszczone z materii organicznej oraz poddane 24-godzinnemu procesowi
aklimatyzacji przed rozpoczeciem hodowli. Hodowla prowadzona byla w
kontrolowanych warunkach (natgzenie $wiatta, temperatura) w fitotronie CONVIRON,
model CMP 6050. W pierwszej czgsci trwajgcej 7 dni przeprowadzono hodowle
Cladophora glomerata (L.) Kiitzing, Cladophora fracta (O.F.Miiller ex Vahl) Kiitzing

oraz Rhizoclonium sp. w pozywce Wanga. W drugiej czesci eksperymentu (trwajace;j
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kolejne 7 dni) do badan wykorzystano pozywke, w ktorej rozwijaly si¢ poszczegdlne
taksony i w trakcie rozwoju wzbogacily ja o metabolity wtorne (wydzieliny).
Przeprowadzono 4 warianty eksperymentu: (i) hodowle Cladophora fracta (O.F.Miiller
ex Vahl) Kiitzing w pozywce wzbogaconej w wydzieliny Cladophora glomerata (L.)
Kitzing; (i) hodowle Cladophora glomerata (L.) Kiitzing w pozywce z wydzielinami
Cladophora fracta (O.F.Miiller ex Vahl) Kiitzing; (iii) hodowlg nici Rhizloclonium sp.
w pozywce z wydzielinami Cladophora glomerata (L.) Kiitzing oraz (iv) hodowlg
Cladophora glomerata (L.) Kiitzing w pozywce z wydzielinami Rhizoclonium sp.
Probami kontrolnymi byly hodowle plech w pozywce Wang (100% pozywki w zlewce).

Do badan uzyto roztwordéw, w ktérych dodano 25, 50 i 100 % roztworu wydzielin.
PROCES AKLIMATYZACJI

ZIELENICE
c NITKOWATE
&
WYSTERYLIZOWANA
WODA Z EKOSYSTEMU
HODOWLA :
.
_ ZIELENICE
z NITKOWATE
~
POZYWKA
.
[ 0% wyDZIELIN 25% WYDZIELIN 50% WYDZIELIN 100% WYDZIELIN

PROBA KONTROLNA

Cladophora fracta
pozywka wzbogacona
w wydzieliny
Cladophora glomerata

W 3 POWTORZENIACH, 7 DN!

Ryc. 2. Schemat procesu hodowli zielenic nitkowatych (Publikacja V).
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Waznym elementem prowadzonych prac byly obserwacje mikroskopowe plech
i komorek, do ktorych stosowano przed wszystkim mikroskop $wietlny (LM),
powierzchni¢ plech pokryta licznymi okrzemkami monitorowano za pomoca
mikroskopu skaningowego (SEM) oraz przekro] komorek badano przy uzyciu
mikroskopu transmisyjnego (TEM, TESLA BS 500). Badania plech i komorek
wykonano przy uzyciu mikroskopu $wietlnego firmy Carl Zeiss, model Axioskop 2
MOT =z wbudowang kamera (ProgRes SpeedXT core 3, Jenoptic). Pomiary
morfometryczne komorek i plech wykonano za pomoca programu ProCap stosujac
obiektyw 20x, 40x i 100x z imersja. Na podstawie uzyskanych danych dotyczacych
dlugos$ci 1 szerokosci komoérek wegetatywnych i generatywnych, ksztattu komorek i
chloroplastow, liczby 1 S$rednicy pirenoidow oraz jader oznaczano poszczegdlne
taksony. W celu obserwacji pirenoidow i jader uzyto technik barwienia, pirenoidy
barwiono za pomocg ptynu Lugola (roztwér jodu w jodku potasu), a jadra 1%
acetokarminem.

Uzyskane wyniki badan zostaly poddane analizie statystycznej za pomoca
programu Statistica 12 oraz pakietu R. W celu wykazania zaleznosci migdzy
parametrami abiotycznymi $rodowiska a rozmieszczeniem gatunkéw zastosowano
wieloczynnikowa analize¢ (CCA — kanoniczng analize¢ korespondencji) wykonang
w oparciu o program CANOCO 4.5. Wzorce wzrostu zielenic nitkowatych
w ekosystemach stodkowodnych zostaty przedstawione na modelach GAM

(Ogodlny Model Addytywny) z zastosowaniem rozktadu Poissona.

Wykaz skrotéw Aminokwasow stosowanych w pracy:

Ala - Alanina

Arg - Arginina

Asp - Kwas Asparaginowy
Cys - Cysteina

Glu - Kwas Glutaminowy
Gly - Glicyna

His - Histydyna

lle - 1zoleucyna

Leu - Leucyna

Lys - Lizyna

Met - Metionina

Phe - Fenyloalanina

Pro - Prolina
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Ser - Seryna
Thr - Treonina
Trp - Tryptofan
Tyr - Tyrozyna
Val - Walina
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8. WYNIKI BADAN | DYSKUSJA

Uzyskane wyniki zawarte s3 w pigciu publikacjach naukowych (I — V), ktore
wchodza w cykl rozprawy doktorskiej pod tytutem ,,Interakcje migdzy zielenicami

nitkowatymi: zr6znicowanie taksonomiczne oraz efekty ekologiczne i biochemiczne”.

(1) Pikosz M. ,Messyasz B. 2015. New data on distribution, morphology and ecology of
Oedogonium capillare Kiitzing ex Hirn (Oedogoniales, Chlorophyta) in Poland.
Biodiversity Research and Conservation

Jest to praca opisujgca taksonomig, ekologie Oedogonium capillare Kiitzing ex
Hirn i towarzyszace temu taksonowi plechy Cladophora rivularis (L.) Kuntze.
Wspotwystepowanie Oedogonium capillare Kiitzing ex Hirn i plech Cladophora
rivularis (L.) Kuntze potwierdza fakt, iz Oedogonium capillare Kiitzing ex Hirn nie
tworzy jednogatunkowych mat. Khanum (1982) obserwowal wystgpowanie wraz z
Oedogonium capillare Kiitzing ex Hirn przedstawicieli z rodzaju Spirogyra oraz
Rhizoclonium. Na podstawie dostepnych danych literaturowych stwierdzono, ze staw

w miejscowosci Konojad jest 6smym stanowiskiem Oedogonium capillare Kiitzing

ex Hirn w Polsce. Po raz pierwszy obserwowano Oedogonium capillare Kiitzing ex

Hirn w rowie w miejscowosci Strzelin k./Wroctawia, (Hilse 1860), pdzniej migdzy
innymi w Domaszczynie, w zbiorniku w Koniecwaldzie oraz w rzece Przemsza
(Sieminiak 1979). Przeprowadzone obecnie badania sg cenne ze wzgledu na fakt,
iz Oedogonium capillare Kiitzing ex Hirn to gatunek obecny na czerwonej liscie
glonow w Polsce o statusie narazony na wygini¢cie (Sieminska 1 in. 2006). Badania
prowadzono w okresie letnim lipiec-sierpien w 2014 roku, gdy zielenice nitkowate
rozwijaty si¢ w plytkim, eutroficznym stawie (maksymalna gltebokos$¢ 1 m) i zaymowaty
okoto 70% powierzchni lustra wody. Nierozgatezione plechy Oedogonium capillare
Kiitzing ex Hirn dominowaty w macie, ktora wystepowata w wodzie o temperaturze
okoto 20°C. Przewodnictwo elektrolityczne wody wynosito ponad 900 uS-cm™, pH 7,3-
9,6 oraz obserwowano duze wahania zawarto$ci azotanow (0,10-0,40 mg-L'l), jonow
amonowych (0,05-0,17 mg-L™), fosforanow (0,07-0,11 mg-L™), jak i podwyzszona
zawarto$é siarczanéw (Srednio 101 mg-L™) i chlorkéw ($rednio 101 mg-L™).Wedtug
wynikow Sieminiak (1979) Oedogonium capillare Kiitzing ex Hirn wystepowato

w wodzie o niskiej temperaturze 6°C. Badania przeprowadzone w _stawie

w miejscowosci Konojad potwierdzaja szeroki zakresie tolerancji badanego
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gatunku na zmiany temperatury. Analiza morfologiczna Oedogonium capillare

Kiitzing ex Hirn obejmowatla zarowno miode plechy, ktore posiadaty komorke bazalng
i szczytowa, jak i komorki wegetatywne i generatywne dojrzatych form. W_rezultacie

uzyskane wyniki umozliwily dokladne oznaczenie gatunku tej zielenicy.

(1) Pikosz M., Messyasz B. 2015. Composition and seasonal changes in filamentous
algae in floating mats. Oceanological and Hydrobiological Studies.

W tej publikacji porownano wyniki badan sktadu taksonomicznego i zmian
sezonowych glonow nitkowatych tworzacych maty w dwoéch plytkich stawach:
naturalnym - $rodpolnym (w miejscowosci Konojad) i sztucznym - miejskim
(w Poznaniu). Roznice pomiedzy ekosystemami wodnymi byty widoczne w zakresie
parametréw fizyczno-chemicznych wody oraz sktadu taksonomicznego glonow. Mate
zbiorniki wodne czgsto moga stanowi¢ ostoje biordznorodno$ci, poniewaz
charakteryzuja si¢ jednoczesnie najwyzszym bogactwem gatunkowym oraz
najwyzszym udzialem gatunkéw rzadkich ws$rdd roznych typow  siedlisk
stodkowodnych (Scheffer 1 in. 2006, Ozgo 2010). W obu stawach wystgpowaly
zbiorowiska metafitonu (maty zielenicowo - sinicowe), ktore byty obecne od wiosny,
az do jesieni. W skladzie metafitonu pobranego ze stawu zlokalizowanego
w miejscowosci Konojad dominowali przedstawiciele Cladophorales i Oeodogoniales,
natomiast w stawie w Poznaniu Cladophorales i Zygnematales. W sumie o0znaczono
12 taksonéw w obu stawach (11 w $rodpolnym, 9 w sztucznym), z czego 5 taksonow
wystepowato jednoczesnic na obu stanowiskach (Ulothrix variabilis Kiitzing,
Tribonema aequale Pascher, Oedogonium spp., Spirogyra spp. i Mougeotia sp.). Staw
sroédpolny w miejscowosci Konojad cechowal si¢ wyzsza biordéznorodnoscia glondw
nitkowatych anizeli sztuczny staw w Poznaniu. W obu badanych ekosystemach
zaobserwowano zmienno$¢ sezonowg sktadu taksonomicznego metafitonu. Wczesng
wiosng (kwiecien, maj) w obu stawach (wyrazniej w stawie w miejscowosci Konojad),
gdy notowano nizszg temperatur¢ wody, dominowaty taksony z rodzaju Tribonema,
Ulothrix i towarzyszyli im przedstawiciele Zygnematales (Tab. 5). W nastepnej fazie od
maja do sierpnia zostaly one zastgpione przez taksony z rodzaju Cladophora
i Oedogonium. W stawie w miejscowosci Konojad dominowata Cladophora rivularis
(L.) Kuntze, a w stawie w Poznaniu Cladophora fracta (O.F.Miiller ex Vahl) Kiitzing.
To wiasnie gatunki z rodzaju Cladophora dominowaly w zbiorowiskach w badanych

ekosystemach, tak jak najczeSciej wystepujacy gatunek Cladophora glomerata (L.)
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Kiitzing dominuje nad innymi gatunkami glonéw nitkowatych. Pojawianie, zanikanie
1 dominacja poszczegélnych taksondw zwigzana jest ze strategig zyciowa i dotyczy
reakcji glonéw na zmiany czynnikow siedliskowych, na przyktad temperatury wody.
W $rédpolnym stawie w miejscowosci Konojad pH wody wynosito nawet 10,16
natomiast w zbiorniku w Poznaniu maksymalnie warto$§¢ pH wyniosta 8,75. Wedlug
Fairchild i wspotautorow (1989) Cladophora wystepuje w wodach z odczynem
obojetnym, natomiast przedstawiciele Oedogonium i Spirogyra preferuja wody
zasadowe. Przewodnictwo elektrolityczne wody w stawie $rodpolnym (Konojad) byto

nawet trzy razy wyzsze niz w stawie w Poznaniu. W_tym artykule zwrdécilam uwage

na olbrzymia role (nieproporcjonalna do ich wielkosci), jaka odgrywaja drobne

zbiorniki wodne w ksztaltowaniu bioréznorodnos$ci glonow nitkowatych.

(111) Pikosz M., Messyasz B. 2016. Characteristic of Cladophora and coexisting
filamentous algae in relation to environmental factors in freshwater ecosystems
in Poland. Oceanological and Hydrobiological Studies

Trzecia publikacja opisuje najczesciej wystgpujace zielenice nitkowate
w odpowiedzi na panujace czynniki abiotyczne w ekosystemach stodkowodnych
w Polsce. Wyniki opracowano na podstawie dost¢gpnych danych literaturowych oraz
wlasnych badan. Do grupy pospolicie notowanych glonéw nitkowatych nalezaty
gatunki z rodzaju: Cladophora (stanowity 30% sposréd wszystkich badanych
stanowisk), Spirogyra (16%), Oedogonium (11%), Ulothrix (8%), Vaucheria (7%),
Mougeotia (7%), pozostate 20% stanowily taksony z rodzaju Rhizoclonium,
Microspora, Bulbochaete, Draparnaldia, Stigeoclonium, Hydrodiction, Zygnema,
Sirogonium i Tribonema. Najliczniej zasiedlaty one rzeki (38%), strumienie (12%) oraz
stawy (20%) 1 jeziora (13%). W wodach plynacych najczesciej wystgpowaly gatunki
z rodzaju Cladophora i Ulothrix, a w stawach Cladophora i Spirogyra. W nawigzaniu
do powyzszych danych w artykule szczegdétowo opisano zbiorowiska makroglonow
w ktorych dominowaty gatunki: Cladophora glomerata (L.) Kiitzing, Cladophora
fracta (O.F.Miiller ex Vahl) Kiitzing oraz Cladophora rivularis (L.) Kuntze. Zaleznos¢
miedzy czynnikami siedliskowymi i rozmieszczeniem zielenic nitkowatych
wskazywala, ze glebokos¢ wody, zawarto$¢ chlorkéw, ortofosforanow, azotandw,
catkowita ilo$¢ soli rozpuszczonych oraz zawarto$¢ chlorofilu a w wodzie byty
kluczowymi parametrami decydujacymi o skladzie zbiorowisk glonéw nitkowatych.

Tak, jak w wynikach opisanych we wczes$niejszym artykule (II), udowodniono,
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iz gatunki z rodzaju Cladophora maja szeroki zakres tolerancji na zmiany temperatury.
Obecnos¢ Cladophora glomerata (L.) Kiitzing (powszechnie wystgpujacy gatunek
makroskopowych zielenic) byta silnie skorelowana z wysoka zyznoscig wod czyli
zawarto$cig chlorofilu a, azotanow i fosforanow. Cladophora glomerata (L.) Kiitzing
byta gatunkiem dominujagcym w zbiorowiskach makroglondow w rzekach: Samica
Steszewska, Mogilnica, Nielba oraz w Jeziorze Oporzynskim. Wystepowata w formie
przytwierdzonej do podtoza, jak 1 unoszacej si¢ na powierzchni lustra wody.
Towarzyszyly jej taksony z rodzaju Rhizoclonium, Vaucheria, Stigeoclonium
I Oeodogonium. Z kolei maty, w ktorych dominowata Cladophora fracta (O.F.Miiller
ex Vahl) Kiitzing rozwijaly si¢ w strefie przybrzeznej Zbiornika Maltanskiego oraz
w sztucznym stawie w Poznaniu i w dotyku byty migkkie i $liskie. Gatunki
towarzyszace nalezaly glownie do rodziny Zygnemataceae (Spirogyra, Zygnema i
Mougeotia). Obecno$¢ Cladophora fracta (O.F.Miiller ex Vahl) Kiitzing zalezata od
takich czynnikdw jak zawarto$¢ catkowitej ilosci soli rozpuszczonych oraz
przewodnictwa elektrolitycznego wody. Natomiast w stawie w miejscowosci Konojad
Cladophora rivularis (L.) Kuntze wraz z Oedogonium capillare Kiitzing ex Hirn,
Microspora sp., Spirogyra sp. i Mougeotia sp. wystgpowaly w wodzie o duzej
zawarto$ci chlorkow i siarczanow. W artykule scharakteryzowano roéznice wystepujace
w budowie morfologicznej plech i komorek pomiedzy 3 gatunkami z rodzaju
Cladophora, dominujacymi w matach, w ktorych wystepowaty. Plechy Cladophora
glomerata (L.) Kiitzing pobrane ze zbiornikoéw stagnujgcych posiadaty liczne
rozgalezienia i osiggaly okoto 20 cm dtugos$ci, natomiast te pobrane z wod ptynacych
mialy nieliczne rozgat¢zienia a plechy osiggaly nawet 1 m dlugosci. Obserwowano
plastyczno$¢ morfologiczna, na ktérag wskazywali duzo wczesniej Van den Hoek

(1963), Chudyba (1965) i Starmach (1972). Otrzymane wyniki maja istotne

znaczenie, poniewaz wnosza nowe oraz uzupelniajace informacje odno$nie

wymagan siedliskowych dla poszczegolnych gatunkow zielenic nitkowatych.

(IV) Pikosz M., Messyasz B., Gabka M. 2017. Functional structure of algal mat
(Cladophora glomerata) in a freshwater western Poland. Ecological Indicators

Na podstawie zgromadzonej wiedzy w kolejnym etapie badan szczegdétowo
opisano nisze ekologiczne glonéw nitkowatych oraz funkcjonowanie struktury mat.
Odpowiedz glonow nitkowatych (Cladophora glomerata (L.) Kiitzing, Cladophora
rivularis (L.) Kuntze, Cladophora fracta (O.F.Miiller ex Vahl) Kiitzing, Oeodogonium
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capillare Kiitzing ex Hirn, Rhizoclonium sp., Zygnema sp., Mougeotia sp., Spirogyra
spp., Sirogonium sp., Stigeoclonium nanum (Dillwyn) Kiitzing, Ulothrix variabilis
Kiitzing, Tribonema aequale Pascher i Tribonema vulgare Pascher) na podstawowe
czynniki abiotyczne (temperatura, przewodnictwo elektrolityczne wody, catkowita ilos¢
substancji rozpuszczonej oraz zawarto$¢ chlorkow, ortofosforanow, azotandéw i jondw
amonowych) zostata okreslona za pomoca modeli GAM. Krzywe odpowiedzi dla
najbardziej powszechnych taksondw wykazaty zroznicowanie ich nisz ekologicznych.
Znaczace réznice stwierdzono nawet dla gatunkéw nalezacych do jednego rodzaju
Cladophora, takie jak Cladophora glomerata (L.) Kiitzing, Cladophora rivularis (L.)
Kuntze i Cladophora fracta (O.F.Miller ex Vahl) Kiitzing, ktére rozwijaly si¢
w odmiennych warunkach siedliskowych. Istotne byly modele jednomodalne
z okreslonym optimum lub monotoniczne rosngce i malejace. Na podstawie modeli
powstala krzywa jednomodalna dla gatunkow z rodzaju Tribonema i Ulothrix
z optimum wystgpowania w wodzie o temperaturze okoto 12°C, a dla Oedogonium
w wodzie o temperaturze okoto 20°C. Z kolei gatunki z rodzaju Cladophora cechowaty
si¢ wysokg tolerancj¢ na zmiany temperatury i dla Cladophora glomerata (L.) Kiitzing
krzywa miata funkcj¢ monotoniczng malejacg a dla pozostalych gatunkéw z tego
rodzaju krzywa byta rosnaca. Ta analiza potwierdzita wczes$niejsze wyniki, w ktérych
omowiono sezonowos¢ wystgpowania glonow nitkowatych. Istotne modele odpowiedzi
na zawarto$¢ jonow Cl” w postaci krzywych monotonicznych dopasowano do 5 sposrod
13 analizowanych taksonéw, a kolejne 5 miato rozktad jednomodalny. Zrodtem
chlorkéw w badanych ekosystemach wodnych byt sptyw powierzchniowy z pol.
Przedstawiciele rodziny Zygnemataceae obecni byli w wodzie o nizszej zawartosci
chlorkéow (krzywa monotoniczna malejaca), zwigzkow biogennych, catkowitej ilosci
soli rozpuszczonych i w wodzie o nizszym przewodnictwie elektrolitycznym (Krzywa
jednomodalna z optimum rozwojowym przy niskich warto$ciach). Natomiast
Oedogonium capillare Kiitzing ex Hirn i Cladophora rivularis (L.) Kuntze preferowaty
wody o wysokiej koncentracji chlorkéw (krzywa monotoniczna rosngca). Dla
Cladophora glomerata (L.) Kiitzing okreslone zostaly wartosci przewodnictwa
elektrolitycznego (300-500 uS cm™) i catkowitej ilo$ci substancji rozpuszczonych (200-
400 mg L™), w ktorych wyznaczono jej optimum rozwojowe. Miescito sie ono
w nieznacznie wigkszym zakresie wartosci niz w przypadku pozostatych taksonow
Zielenic nitkowatych. Informacje zawarte w artykule maja duze znaczenie w badaniu

wzorcow wzrostu i odrebnosci nisz ekologicznych gatunkow budujacych maty glonowe
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w wodach stodkich. Wykazano, ze bogactwo gatunkowe nie wzrasta wraz ze wzrostem
stezenia zwigzkow biogennych wzdluz catego gradientu. Tylko kilka gatunkoéw jest
w stanie rozwija¢ si¢ w Srodowisku o wysokiej zawartosci zwigzkow biogennych.
Cladophora glomerata (L.) Kiitzing charakteryzowata si¢ rozktadem jednomodalnym
(chlorki, TDS - calkowitej ilosci substancji rozpuszczonych, przewodnictwo
elektrolityczne wody), natomiast Rhizoclonium sp. i Vaucheria sp. mialy krzywa
monotoniczng wzrostowg w odpowiedzi na zwiazki azotu.

Badania wykazaty, ze zielenica nitkowata Cladophora glomerata (L.) Kiitzing
ma niewielkie wymagania termiczne i Swietlne, zwlaszcza w poczatkowej fazie wzrostu
1 stad jej wczesny rozwdj wiosng, w warunkach nizszej temperatury wody (takson
wczesnowiosenny, zimnolubny), aby wytworzy¢ zwarte maty przed rozpoczeciem
sezonu wegetacyjnego. Taka strategia ,,wyprzedzania” czasowego pozwala jej wygraé
konkurencj¢ z innymi taksonami makroglonéw oraz makrofitami zanurzonymi
o pierwiastki biogenne w wodzie i powierzchni¢ w zajmowanym miejscu. Formy
Cladophora glomerata (L.) Kiitzing unoszace si¢ w toni wodnej uzaleznione sg gtownie
od chemizmu wody. Optymalny sktad chemiczny wody dla tego gatunku, pozwalajacy
na wzrost liczby plech w matach i tym samym wzrost powierzchni maty, obejmuje duze
stezenia fosforandw 1 azotu amonowego (stymulacja wzrostu plech na dhugosc).
W oparciu o masowy rozwoj Cladophora glomerata (L.) Kiitzing, ktora zajmowata
ponad 95% powierzchni eutroficznego Jeziora Oporzynskiego, przeprowadzono
szczegObtowe badania struktury gestej, jednogatunkowej maty w profilu pionowym
(strefa powierzchniowa, §rodkowa, przydenna) i w profilu poziomym (strefa brzegowa
i otwartej toni wodnej). W profilu poziomym parametry biologiczne, chemiczne
1 fizyczne wody nie wykazywaly statystycznie istotnych roznic poza temperatura,
promieniowaniem PAR i metnoscia wody. Parametry biometryczne plech Cladophora
glomerata (L.) Kiitzing pobranych z profilu horyzontalnego réwniez byly do siebie
zblizone. W przeciwienstwie do braku zmian w ujeciu przestrzennym, w profilu
pionowym zaobserwowano istotne zmiany. Roznica temperatury wody przy
powierzchni wzglgdem temperatury przy dnie wyniosta 6°C, warunki beztlenowe
wystapilty na glebokosci 130 cm, ale intensywny spadek zawarto$ci rozpuszczonego
tlenu notowano juz na glebokosci pot metra pod powierzchnig wody. Obecnos$¢ gestej
maty spowodowata statystycznie istotne zmiany badanych wskaznikow fizyczno-
chemicznych wody w profilu pionowym (0-2 m). Ponadto odnotowano istotne zmiany
w budowie komorek Cladophora glomerata (L.) Kiitzing pobranych w profilu
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pionowym. Wraz z glebokoscia Srednica pirenoidow sie zwiekszyla, a komorki byly

mniejsze. Rowniez zawartos¢ chlorofilu b i karotenoidow w plechach ulegla

zmianie. Wraz z sleboko$cia notowano wzrost zawartosci barwnikow w plechach.

Zwiekszone magazynowanie skrobi w pirenoidach bvlo odpowiedzia komorek

na czynniki stresowe.Opracowane wyniki pozwalaja lepiej zrozumiec¢ role zielenic

nitkowatych jako biowskaznikow w monitoringu wod.

(V) Pikosz M., Czerwik-Marcinkowska J., Messyasz B. 2019. The effect of
Cladophora glomerata exudates on the amino acid composition of Cladophora fracta
and Rhizoclonium sp. Open Chemistry

Pierwsze cztery publikacje odnosily si¢ gtownie do taksonomii i ekologii
zielenic nitkowatych. Natomiast ostatni aspekt rozprawy doktorskiej, aspekt
biochemiczny, zostat ujety w publikacji V. Poznanie ekologii makroskopowych
glonéw nitkowatych umozliwilo przeprowadzenie kolejnych badan, ktére miaty za
zadanie okre$lenie interakcji miedzy zielenicami nitkowatymi. Wykonano analize
ilosciowag 1 jakos$ciowa podstawowych aminokwasow biatkowych w komorkach
najczesciej wystepujacych przedstawicieli zielenic nitkowatych: Cladophora glomerata
(L.) Kiitzing, Cladophora fracta (O.F.Miiller ex Vahl) Kiitzing i Rhizoclonium spp.
We wszystkich badanych probach oznaczono obecno$¢ 18 aminokwasow. Zawarto$é
poszczegdlnych aminokwasow (wyrazona w g-100g™ biatka) w komorkach
Cladophora fracta (O.F.Miiller ex Vahl) Kiitzing zmniejszata si¢ wedtug kolejnosci:
Glu>Asp>Leu>Arg>Val>Ala>Gly>Lys>Thr>Ser>Pro>Phe>1le>Tyr>His>Cys>
Met>Trp. Natomiast sktad aminokwasow u Cladophora glomerata (L.) Kiitzing
ksztattowal ~ si¢ ~w  nastgpujacy  sposob: Glu>Asp>Leu>Arg>Val>Ala>
Gly>Lys>Thr>Pro>Ser>Phe>lle>Tyr>His>Cys>Met>Trp. Poziom aminokwasow od
najwigkszego do najmniejszego u  Rhizoclonium sp. to:  Glu>Asp>Leu>
Arg>Val>Ala>Gly>Lys>Ser>Thr>Pro>Phe>lle>Tyr>His>Cys>Met>Trp. Uktad sktadu
aminokwasow u poszczegodlnych zielenic byt bardzo zblizony, inna byta kolejnos¢ Thr
(treonina — poprawia rozw¢j generatywny roslin), Ser (seryna - niezbedna do syntezy
chlorofilu) i Pro (prolina — poprawia rozw6j generatywny roslin i reguluje gospodarke
wodng w komorce). Ponadto wsrod badanych zielenic w komoérkach Cladophora
glomerata (L.) Kiitzing odnotowano najwyzsze zawarto$¢ barwnikow i1 zwiazkow
fenolowych. Zawarto$¢ chlorofilu a, chlorofilu b i karotenoidow w biomasie

Cladophora glomerata (L.) Kiitzing byta prawie dwa razy wieksza niz u pozostatych
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zielenic. Nastgpnie na bazie przeprowadzonej hodowli zbadano wplyw wydzielin
jednego gatunku na zmiany w sktadzie aminokwaséw drugiego taksonu. Odpowiedz
Cladophora fracta (O.F.Miiller ex Vahl) Kiitzing i Rhizoclonium sp. byta widoczna juz
przy najnizszym stezeniu wydzielin Cladophora glomerata (L.) Kiitzing,
w szczeg6lnosci zmianie ulegla zawarto$¢ proliny w komorkach. W odpowiedzi na
obecnos¢ wydzielin Cladophora glomerata (L.) Kiitzing zawarto$¢ proliny wzrosta
z 4,49 az do 6,53 g-100 g™ u Cladophora fracta (O.F.Miiller ex Vahl) Kiitzing i z 4,58
do 5,12 g100 g' u Rhizoclonium sp. Wzrost produkcji proliny, ktora jest
odpowiedzialna za osmotyczng regulacje¢ uwodnienia komorek, bylo odpowiedzig
zielenic nitkowatych na stres srodowiskowy, co wczesniej sygnalizowali w swoich
badaniach Kaur i Asthir (2015). Potwierdza to koncepcje sugerujaca mozliwo$é
uruchomienia przez plechy zielenic (podobnie do roslin) fizjologiczno-biochemicznych
mechanizméw przeciwstawiania si¢ wptywowi czynnika stresowego (Chapin 1991,
Jones 1978). Przy nieduzym natezeniu stresu prolina moze petnic rolg ochraniajaca,
ze wzgledu na mozliwo$¢ wykorzystania jej do syntezy bialek i chlorofilu. Zaktadajac,
ze prolina jest wskaznikiem doznanego przez plechy Cladophora fracta (O.F.Miiller ex
Vahl) Kiitzing i Rhizoclonium sp. stresu na wydzieliny Cladophora glomerata (L.)
Kiitzing w pozywce, to szybki jej wzrost wystapi u taksondéw bardziej wrazliwych.
Zauwazono, iz istotne zmiany w sktadzie aminokwasow w komorkach Cladophora
glomerata (L.) Kiitzing, ktora dominuje i najliczniej wystgpuje w ekosystemach
wodnych, nastapity dopiero pod wptywem najwickszych stezen wydzielin Cladophora
fracta (O.F.Miiller ex Vahl) i Rhizoclonium sp., jednakze reakcja Cladophora
glomerata (L.) Kiitzing byta na nizszym poziomie, nie poréwnywalnym do zmian, ktore

zanotowano u pozostatych taksonow. Reakcja biochemiczna Cladophora glomerata

(L.) Kiitzing ukazuje strategie tego gatunku (bardziej odporny na dzialanie

stresu), ktora polega na przejeciu dominacji w zbiorowisku lub monopolizacji

powierzchni_lustra wody. Prowadzone badania wykazaly szeroki zakres reakcji

biochemicznych Cladophora glomerata (L.) Kiitzing w $rodowisku stresowym.
Konieczne jest podjecie dalszych badan zmian biochemicznych w komorkach tych
glonow, co pozwoli na ustalenie specyficznych wskaznikow metabolicznych, ktorych
zmiany pozwolg na ocene wptywu czynnikow stresowych w ksztalttowaniu tolerancji

zielenic nitkowatych i tworzeniu mat makroglonéw (jedno- lub wielogatunkowych).
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9. PODSUMOWANIE

Wyniki zawarte w zbiorze pigciu publikacji (I-V) wiaza elementy ekologii
makroglonow, struktury 1 charakterystyki mat oraz interakcji miedzy zielenicami
nitkowatymi. W pracach zastosowano roznorodne metody badawcze, aby w sposéb
spojny i doktadny przedstawi¢ relacje migdzy zielenicami nitkowatymi, a czynnikami
abiotycznymi. Odpowiedz komorkowa zielenic nitkowatych na zmiany parametréw
siedliskowych badana byla za pomoca mikroskopii $wietlnej, transmisyjnej oraz
skaningowej, jak i przeprowadzono szereg szczegétowych analiz chemicznych.

Przede wszystkim nalezy podkreslic, ze w ramach powyzsze] rozprawy
doktorskiej przeprowadzone badania umozliwity wyznaczenie taksondéw zielenic
nitkowatych zwigzanych z warunkami woéd silnie eutroficznych. Pomimo licznie
prowadzonych dzialan majacych na celu poprawe jakosci wod, nadal istnieje tendencja
utrzymywania si¢ wysokiego poziomu trofii w wielu ekosystemach wodnych. Do
najczesciej wystepujacych zielenic nitkowatych, ktére tworza charakterystyczne
zbiorowiska w formie mat nalezg przedstawiciele z rodzaju Cladophora, Oedogonium,
Rhizoclonium i Spirogyra.

Istotnym etapem badan byto wskazanie wzorcow wzrostu makroskopowych
glonow, tworzacych sezonowe maty w wodach stodkich. Miedzy innymi opisano
wymagania siedliskowe i optima rozwojowe, jak si¢ okazalo odmienne, dla gatunkow
nalezacych do pospolicie notowanego rodzaju Cladophora. Parametry siedliskowe
uwidocznily, Zze wzor rozmieszczenia taksonow zielenic nitkowatych okreslony jest
dwoma réznymi gradientami: (i) glebokosci (temperatura, dostep Swiatla, stezenie
tlenu) oraz (ii) trofii (stezenie azotanow i ortofosforanow). Okreslono, iz gatunki
z rodzaju Tribonema i Ulothrix to organizmy wczesnowiosenne. Podczas badan
zidentyfikowano i scharakteryzowano nowe miejsce wystgpowania Oedogonium
capillare Kiitzing ex Hirn, zielenicy nitkowatej, ktora na Czerwonej Liscie Glonow
w Polsce posiada status gatunku potencjalnie zagrozonego. Na przyktadzie modelowego
uktadu, jaki stanowi jednogatunkowa (homogeniczna), zwarta mata, ktora wystgpowata
w jeziorze Oporzynskim, wykazano zmienno$¢ przestrzenng W profilu pionowym
warunkow siedliskowych oraz zaobserwowano istotne rdznice na poziomie
komoérkowym. Wraz z pogorszeniem warunkow S$wietlnych nastgpily zmiany
wewnatrzkomorkowe (np. zwigkszenie S$rednicy pirenoidow). Ponadto weryfikacja

przedstawionych w pracy hipotez przyczynila si¢ do poszerzenia nielicznych
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1 niewystarczajacych danych literaturowych, dotyczacych przyczyn i skutkéw tworzenia
si¢ mat makroglonowych w ekosystemach wodnych. Bardzo istotna okazata si¢
charakterystyka struktury mat, ktéora pozwolita okresli¢ nowe zbiorowiska
makrozielenic 1 oddzialywan pomiedzy glonami wchodzacymi w ich sktad.

Opisano zmiany w fizjologii 1 skladzie podstawowych aminokwaséw
biatkowych w plechach makroglonéw, spowodowanych ekspozycja na potencjalne
wydzieliny konkurencyjnych zielenic nitkowatych. W biomasie Cladophora glomerata
(L.) Kiitzing wykryto 18 aminokwasow bialkowych. W najwigkszej iloSci oznaczono
kwas glutaminowy i asparaginowy. W najmniejszej: cysteing i metioning. PO raz
pierwszy wykazano, ze na skutek interakcji migedzy zielenicami nitkowatymi zachodza
zmiany biochemiczne w postaci zmian sktadu aminokwasoéw obecnych w plechach
makroglonéw z uwzglednieniem cech fenotypowych badanych taksonow. Wyniki byty
omawiane w konteks$cie dominacji ekologicznej taksonow zielenic nitkowatych i ich
wspotwystepowania w matach glonowych. Dyskutowana byla rola interakcji
migdzygatunkowych i konkurencji, w ktorej posredniczg wydzieliny z plech glonow.

Znajomo$¢ czynnikéw ksztaltujacych zbiorowisko zielenic nitkowatych moga
mie¢ duze znaczenie w zarzadzaniu zbiornikami z problemem masowego pojawu mat
glonowych. Szczegodlnie w zroznicowanych pod wzgledem hydromorfologicznym
rzekach nizinnych ma bardzo wazne znaczenie uzytkowe, np. w przypadku ujeé
wodociagowych. Wiedze dotyczaca tego zagadnienia mozna dodatkowo wykorzystac¢
w ujeciu aplikacyjnym, dotyczacym: (i) mozliwosci ograniczenia masowych pojawow
zielenic nitkowatych w warunkach silnej eutrofizacji poprzez wykorzystanie ich
biologii i schematu ich funkcjonowania oraz (ii) mozliwosci wykorzystywania biomasy

zielenic do celow gospodarczych.
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Abstract: Algological investigations were focused on taxonomy, chorology and ecology of threatened filamentous green alga
species in Poland. Studies on Oedogonium capillare Kiitzing ex Hirn growing in large quantities in association with Clado-
phora rivularis (Linnaeus) Hoek in pond were conducted. The aim of these studies was to describe the distribution, ecology
and morphology of O. capillare as part of a more comprehensive study of this filamentous green alga. It is the eighth record
in Poland for O. capillare. Filaments of O. capillare were grown over a wide pH range (7.3-9.6) and in high variability of
nutrients. Vegetative cells, oogonia and antheridia were observed, which allowed taxonomic identification. O. capillare occurs

in eutrophic waters which requires protection of its habitat.

Key words: Oedogonium capillare, Poland, pond, filamentous green algae

1. Introduction

Macroscopic filamentous algae, including Chloro-
phyta, may form patches (mats) on the water surface
(free-floating thalli) and in the benthos (thalli attached
to the bottom or macrophytes) in lakes and rivers.
These algae play an important role in functioning of
aquatic ecosystems. Oedogonium species belong to
Chlorophyta, include 534 species (Mahato 1999) and
are classified as filamentous green algae. These species
are cosmopolitan in freshwater ecosystems and prefer
stagnant waters, such as small ponds, pools, roadside
ditches, marshes, oxbows, lakes, reservoirs, rivers
(Mrozinska-Weeb 1976; Burchardt 1977; Sieminiak
1979; Kuczynska-Kippen 2009; Pikosz & Messyasz
2015). However, most Oedogonium taxa were found in
small water bodies (Szymanska et al. 2015). Oedogo-
nium species may grow throughout the year, but maxi-
mum reproductive development in the lowlands was
observed in June and less in August (Mrozinska-Webb
1976). Young thalli are attached to macrophytes (mainly
on the Glyceria maxima (Hartm.) Holmh., Equisetum
fluviatile L. and Phragmites australis (Cov.) Trin. ex

Steud.) by a basal holdfast and, as mature organisms,
may form mats on the surface of water. Oedogonium
mostly form multispecies mats and might be associated
with Spirogyra, Rhizoclonium, Cladophora (Khanum
1982; Messyasz et al. 2015).

The first records of Oedogonium species in fresh-
water habitats from Poland were reported in the late
19% century by Hilse (1860), Gotowin (1964), Kirch-
ner (1878), Koztowski (1895) and Gutwinski (1897).
Mrozinska was the first Polish phycologist examining
this group in details (in terms of morphology, phenol-
ogy, ecology and distribution) and described more than
400 species (including varieties and forms), mainly
from southern Poland (Mrozinska 1958, 1981, 1984).
According to Mrozinska (1991), there are 20 groups
of Oedogonium based on phylogenetic analysis.
Szymanska et al. (2015) presented species of Oedo-
goniales from north-eastern Poland and described two
species of Oedogonium, namely Oedogonium fremyi
and Oedogonium irregular, new for the algal flora of
Poland. The first and detailed information of rare Oe-
dogonium capillare was produced by Mrozinska (1984)
and Sieminiak (1979), who described two forms of this

©Adam Mickiewicz University in Poznan (Poland), Department of Plant Taxonomy. All rights reserved.
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species: O. capillare t. stagnale Hirn and O. capillare
f. capillare Kiitzing ex Hirn.

The main aim of the study was to review distribu-
tion and morphology of the O. capillare, mainly in
Poland and to provide new information about this
taxon. In our research, O. capillare is characterized by
a slightly oval oogonium (not visible typical, cylindri-
cal shape) and grows in ponds. O. capillare was found
only in a few places in Poland, so the information on
its distribution and ecological requirements is impor-
tant. Because of its rarity, this species is considered as
threatened in Poland and is placed in the Red List of
Algae in the category: vulnerable (VU) (Sieminska et
al. 2006).

2. Material and methods

Studies on O. capillare were carried out dur-
ing summer (July-August) in 2014 in a small (area
29.48 a; length 81.86 m; width 47.29 m), shal-
low (depth 1 m), agricultural pond in Konojad in
Wielkopolska Voivodeship, Poland (N52°10°14.17,
E16°31°24.51"). During the study period, water depth
ranged from 50 up to 70 cm. Based on literature data
and our own research, sites of the O. capillare oc-
currence in Poland were marked on the map (Fig. 1).

New data on distribution, morphology and ecology of Oedogonium capillare Kiitzing...

Terminology of recorded macrophytes follows Mirek
et al. (2002).

Filaments appeared concentrated, tightly covering a
significant surface of water, which reached up to 70%
of the pond. The filaments of free-floating green algae
(like mats) were taken from the surface by hand, placed
in a plastic container and transported to the laboratory.
Next, the filaments were rinsed repeatedly with distilled
water in order to remove any biotic and abiotic particles
attached to them. The specimens were examined with
the LM and the ProCap program. The length, width and
shape of cells, and number of pyrenoids were measured.
Distinctive features were compared with morphometric
data for O. capillare recorded in Poland and Europe,
included in the Mrozinska key (1984), Sieminiak
(1979), Tiffany (1937), Novis (2003) and Venkataraman
& Natarajan (1959).

Physico-chemical parameters of water: temperature
(°C), electrolytic conductivity (uS-cm™), oxygen satu-
ration (mg-L"), TDS (mg-L") and pH at the examined
sites were measured by Y SI Professional Plus hand-
held multiparameter gauge. Water samples were also
taken for detailed laboratory analyses to measure the
content of nitrogen, phosphorus and sulphates with
HACH DR 2800 spectrophotometer (Hach Lange
20006).

Fig. 1. The location of Oedogonium capillare in Poland

Explanations: 1 — Strzelin, 2 — Ottaszyn, 3 — Domaszczyn, 4 — Soltysowice, 5 — Szczecin, 6 — Koniecwald, 7 — Przeczyce, 8 — Konojad
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Table 1. Physical and chemical parameters of water for Oedogonium capillare in midfield pond in 2014 (n=5)

Parameter Unit Minimum  Maximum Mean SD
Temperature °C 20.1 22.3 21.5 0.86
EC uS-cm! 875 963 925 37.70
pH - 7.3 9.6 8.3 1.00
(0N mg-L"! 9.6 22.5 16.3 6.10
TDS mg-L! 532 642 600 43.50
NO, mg-L! 0.1 0.4 0.26 0.11
NH, mg-L! 0.05 0.2 0.14 0.06
NH, mg-L! 0.06 0.23 0.17 0.07
PO, mg-L! 0.07 0.25 0.11 0.08
SO, mg-L"! 90 115 101 11.26
Cl mg-L! 86 122 101 16.03

Explanations: SD — Standard Deviation, EC — Electrolytic Conductivity, OS — Oxygen Saturation, TDS — Total Dissolved Substance

3. Results

The polyalgal mats in the pond in Konojad were
formed by representatives of green algae: O. capillare
Kiitzing ex Hirn and Cladophora rivularis (Linnaeus)
Hoek. It was the eighth described site of occurrence of
O. capillare in Poland (Fig. 1). Oedogonium filaments
appeared at the end of June, and in July-August were
found dominant in a macroalgal mat. O. capillare grew
over a broad pH range (7.3-9.6) and presented wide

tolerance to the content of nutrients in water (Table 1).
Significant changes were observed in the content of
nitrates, ammonia nitrogen, phosphates and rather stable
values of sulphates and chlorides were also recorded.
Other values of physicochemical habitat parameters
(electrolytic conductivity, total dissolved substance, wa-
ter temperature, oxygen saturation) also achieved large
values and amounted to 875-963 uS-cm, 600 mg-L,
20-22°C, 9.6-22.5 mg-L! respectively (Table 1).

Fig. 2. Oedogonium capillare from the pond in Konojad (photograph by M. Pikosz, 2014)
Explanations: A — young thalli, B — apical cell, C — apical cap, D — nucleus, E — vegetative cell with reticulate chloroplast, F — pyrenoids in the cell, G —

oogonium — generative cell, H — antheridial cells; scale, A, D, F — 50 um, B, E— 15 um, C, G — 10 um; H— 100 pm
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Table 2. Comparison of morphometric features (minimum-maximum) of Oedogonium capillare from different site in USA, New Zeland,

India and Poland
Features Unit Lake Erie ~ Chatham Island Kergla Przemsza  Konojad
USA! New Zeland? India’ Poland* Poland®
width of veg. cells [wm] 35-56 33-40 34-46 35-60 37-56
length of veg. cells [wm] 36-120 31-55 46-76 35-120 30-102
width of oogonium [um] 40-60 45-55 42-46 35-65 30-52
length of oogonium [wm] 35-75 39-54 34-57 45-75 30-55
width of oospory [wm] 30-50 43-49 36 30-52 n.d.
length of oospory [pnm] 35-65 32-48 30-38 35-65 n.d.
width of internal antheridium [pm] 30-48 22-26 34-38 30-48 28-38
width of external antheridium [pwm] 5-10 4-6 7-11 5-10 n.d.
number of pyrenoids No. n.d. 5-12 n.d. n.d. 6-10
diameter of pyrenoids [um] n.d. n.d. n.d. n.d. 3-5
shape of pyrenoids - n.d. n.d. n.d. n.d. discoid

Explanations: veg. cells — vegetative cells, n.d. — no data; ' — Tiffany (1937), > — Novis (2003), > — Venkataraman & Natarajan (1959), # — Sieminiak (1979),

> — own research

O. capillare filaments and their cells were subjected
to morphometric analysis. Filaments of O. capillare
were multicellular, unbranched and composed of basal,
tapered apical and vegetative cells (Fig. 2A-B). Vegeta-
tive cells had characteristic cap cells with rings (Fig.
2C), one nucleus (Fig. 2D) and reticulate multipyrenoid
chloroplasts (Fig. 2E-F). Cylindrical cells of O. capil-
lare were 37-56 pm wide and 30-102 pum long with 6,
8 or 10 discoid pyrenoids, 3-5um in diameter and one
nucleus in the central part of the cell (6-10 pm). Young
organisms were attached to substrata such as macro-
phytes or stones by a holdfast — a specially adapted
cell. In the later stage of development, free floating
filaments were observed. Only single individuals of this
species formed generative cells during research and, on
this basis, it was possible to classify them to species
as O. capillare. August was a reproductive season for
solitary, spherical oogonia with ~30 um in diameter to
be attached to female filaments (Fig. 2G). Antheridia
28-38 um wide, intercalary, 4-6 in series were noted in
male filaments (Fig. 2H).

4. Discussion

The genus Oedogonium (Oedogoniaceae, Chloro-
phyta) consists of species, which are present only in
freshwater ecosystems. Oedogonium grows in different
types of ecosystems from reservoirs, lakes, ponds to
rivers and drainage ditches. More than 100 species occur
in Poland (Central Europe), of which O. intermedium
Wittrock and O. undulatum (Brébisson) Al. Braun are
the most widespread (Mrozinska 1984). O. capillare is
a cosmopolitan species in freshwater habitats. It was
found in Europe, North America, Africa, Asia and New
Zealand (Venkalaraman & Natarajan 1959; Day et al.

1995; Baba et al. 2011; Broady et al. 2012). Untill
2015, O. capillare was found in freshwaters of Europe
taking into consideration sites in Britain (Whitton ez al.
1998; Huxley & Pentecost 2002), 6 records in Romania
(Caraus 2012), 16 locations (14 for O. capillare and 2
for O. capillare f. stagnale) in Spain (Alvarez & Gal-
lardo 1986; Cambra et al. 1998), 4 in Sweden, 1 (for
O. capillare var. fluitans) in Germany and in such other
countries as Denmark, Finland, France, Germany, Italy,
Spain, Sweden (Venkalaraman & Natarajan 1959). In
Poland, this taxon was recorded in 1860 (Hilse 1860)
in a pool and a ditch in Strzelin (near Wroctaw) where
it appeared from June till October and in Domaszczyn
(Hilse 1860) (Fig. 2). Mrozinska-Webb (unpublished)
observed this taxon in a reservoir in Koniecwatd (Mal-
bork) and in Upper Silesia in the Przemsza River in Feb-
ruary 1978 in alkaline (8 pH) water at 6°C (Sieminiak
1979). A location of the O. capillare in Wielkopolska
Voivodeship was recorded for the first time in 2012, in
Konojad village (Pikosz 2012) where it also appeared
in the following years forming mats, which occupied
large area.

The occurrence of Oedogonium species in any
particular location seems to be governed mainly by
biotic and abiotic factors. Abundance of Oedogonium
species depends on temperature, light intensity and
type of habitats. Sieminiak (1979) observed a com-
munity of O. capillare at 6°C on a muddy river bot-
tom . Sampling sites characterized by near neutral pH
values were similar to measurements from lake Erie
(Tiffany 1937), stream in New Zealand (Novis 2003)
and from the Przemsza River (Sieminiak 1979), where
O. capillare were also noted. However, it should be
noted that Oedogonium rarely reproduces in flowing
waters (Mrozinska 1984). Ponds, where water heats



up quickly, is a type of ecosystem, which is mostly
inhabited by Oedogonium species (Mrozinska 1984).
In the Konojad pond, abiotic parameters allowed large
development of filaments, which later formed consider-
able floating mats on the pond surface. The obtained
results showed that O. capillare occurred in water at
20°C and high nutrient and sulphate concentrations
played an important factor in algae growth. In previous
studies, sulphate content was not measured in waters
where O. capillare developed. However, our studies
indicate that filaments of this species were growing in
the presence of high concentrations of this compound.
O. capillare occurred with C. rivularis corroborating
the assumption of Khanum (1982), that Oedogonium
generally never formed independent mats, but co-
existed with other species, such as Spirogyra and
Rhizoclonium.

Biodiv. Res. Conserv. 40: 21-26, 2015

The specimens were slightly similar to those de-
scribed previously (Table 2). Maximum vegetative cell
lengths (more than 100 pm) were most similar to those
of O. capillare from Lake Erie (Tiffany 1937) and from
Poland (Mrozinska 1984). Oogonia, in these specimens,
were spherical and more rounded than in the illustra-
tions of Novis (2003) and Mroziniska (1984). In most
specimens in our research, we observed mainly oval
oogonia.
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Abstract

The occurrence of algal-cyanobacterial metaphyton mats
in field (Konojad village) and artificial ponds (Poznan city)
was investigated in the Wielkopolska region. The surface
area of algal mats ranged between ca. 45% (natural pond)
and 10% (artificial pond) of the total water surface, and the
mats occurred from the water surface to the bottom; the algal
diversity was similar in both types of ponds, i.e. about 10 taxa.
The most frequently recorded and dominant taxa in small
water bodies were: Spirogyra spp., Cladophora fracta in the
artificial pond and Oedogonium spp., Cladophora rivularis in
the natural pond. The dynamics of macroalgae demonstrated
a pattern comprising different phases of taxa dominance. For
example, April regarded as the first phase was characterized
by a small amount of metaphyton, represented by Tribonema
and Ulothrix taxa. In May, these species disappeared and were
replaced by: Oedogonium spp. and Cladophora spp. which
formed large aggregations in the field pond, and Spirogyra
spp. which abundantly proliferated in the artificial pond. From
June, however, Oedogonium and/or Cladophora significantly
dominated in the mat structure and at the same time covered
a large area of the water surface. The algal community was
dominated by common algal taxa, among which single
filaments of other taxa could also occur.

Key words: macroalgae, filamentous algae, metap-
hyton mats, small water bodies, seasonal dynamics,
Cladophora
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Introduction

Metaphyton is a community composed of
filamentous forms of algae forming frequently
floating mats, which include Cladophora,
Hydrodictyon, Rhizoclonium, Spirogyra, Mougeotia,
Vaucheria, Ulva (Enteromorpha) and Oedogonium
species (Wetzel 2001, Pieczynska 2008, Mares et
al. 2011). Cyanobacteria can also occurs in the
metaphyton community (Hillebrand 1983, Scheffer
2001, Zohary et al. 1998). The term “metaphyton” has
several synonyms like flab, pseudoplankton or pond
scum (Zohary et al. 1998). Mats of green macroalgae
can be characteristically organized in terms of
(i) the species composition and species diversity
because they can be single- or multi-species, (ii) the
structure — patches can be very sparse or dense, and
(iii) the area covered (Saunders et al. 2012, Pikosz
2012). Metaphyton may have varied origin, such as:
epiphyton, epipelon and epilithon (Stewenson 1996,
Pouli¢kova 2008). Filamentous green algae can co-
exist with submerged macrophytes or occur alone
(Pieczynska 2008, Lembi 2000). Traits such as: a
filament form, a wide ecological range of filamentous
green algae causes that these algae growth rapidly
and form massive blooms (Margalef 1983, Cambra
& Aboal 1992). Spirogyra and Cladophora may
triplicate their biomass in only three days (Cambra &
Aboal 1992), while a high level of nutrients stimulate
massive growth of Ulva (Messyasz et al. 2012).
According to Hillebrand (1983), the dominance
of filamentous algal species can change during a
season as habitat conditions change; for example
Cladophora glomerata (L.) Kiitz. prefers high N and
P concentration (Borchardt 1996), Mougeotia sp.
tolerates a wide range of pH (Turner et al. 1987).

It is also important to mention the role of
metaphyton mats in the functioning of aquatic
ecosystems, including mainly shading which reduces
the phytoplankton growth (Graham et al. 1995);
filamentous species are food for grazers (Graham et
al. 1996) as well as refuge for zooplankton (Scheffer
2001). Moreover, dead biomass of macroalgae can
cause anaerobic conditions due to the use of oxygen
during their decomposition near the bottom. In
small and shallow ponds, there are right conditions
for filamentous algae growth. Stagnant water, limited
wave action and movement are the factor that
favor algae development. High levels of nutrients,

L et hstoceantgtedus )

especially phosphorus and nitrogen play a crucial
role in the growth of algae. According to Scheffer
et al. (2006), shallow ponds are characterized by
high species richness and high biodiversity. The
majority of scientific works documenting the flora
of the littoral zone of different water bodies provide
information on the presence of filamentous algae.
Most often, however, the information refers only to
the mere fact that smaller or larger patches consisted
of filamentous algae without providing a description
of the species composition. When it comes to the
determination of the composition of macroalgae
communities, usually the taxonomic identification
is limited to genera and easily identifiable green
algae, such as Ulva (Enteromorpha) and Cladophora.
This state of affairs makes it difficult to study the
geographical distribution of individual filamentous
algae species in Poland and very often makes it
impossible to describe their precise trophic and
ecological characteristics. Although factors (e.g.
nutrient status) responsible for macroscopic algae
occurrence in aquatic ecosystems are rather well
characterized, it is difficult to predict the annual
recurrence of mats and the structure of their species.
Therefore, it is of special interest to obtain data
on the taxonomic and morphological diversity of
metaphyton algae taking into account their seasonal
pattern and distribution. For this study, small water
bodies were selected as having a well-developed
littoral zone where floating mats of macroalgae were
observed.

The metaphyton in ponds is one of the richest and
most heterogeneous areas regarding the filamentous
Chlorophyta and Cyanobacteria (Pieczynska 2008,
Stewenson 1996), but there are still many gaps in our
knowledge about particular algal species, especially
in terms of their seasonal changes and phenology.
Thus the main aim of this study was to present the
seasonality of macroalgae which occurred in the
form of dull green mats floating on the surface of two
small ponds of different origin (< 1 ha). The examples
were supplemented with basic physicochemical
analyses of water.

Materials and methods

Description of the study area

The research on metaphyton collected from
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small water bodies (0.02-1.0 ha) in the Wielkopolska
region was conducted in April-September 2013 in
Konojad pond and May-September 2013 in Poznan
pond (Table 1, Fig. 1). Sampling sites were located
near the shoreline, overgrown with macrophytes
in both ponds. During the fieldwork, submerged
macrophytes covered approximately 70% of the
bottom area of the ponds and emergent vegetation
occurred along the entire shoreline. Samples of
filaments were collected from a site overgrown with
Ceratophyllum demersum L., Phragmites communis
(Cav.) Trin. ex Steud., Typha angustifolia L.,
Schoenoplectus (Rchb.) Palla., Potamogeton natans
L., Lemna minor L., Alisma plantago-aquatica L.,
Sparganium emersum L., Rorippa amphibian (L.)
Besser and Oenanthe aquatica (L.) Poir.
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about three times per month (17 samples of algae
and water) and two time per month from the pond
in Morasko-Poznan (10 samples of algae and water).
The filamentous samples of free-floating green algae
(like watt) were collected from the water surface and
put into a plastic container with water coming from
the same habitat in the ratio of 3:1, and transported
to a laboratory. Next, the filaments were rinsed
with distilled water to separate any abiotic particles
attached to them. In addition to algae collection,
measurements of basic physical and chemical
properties of water, such as temperature (°C), pH,
dissolved oxygen (%), electrolytic conductivity (uS
cm) and the total dissolved substance (mg1"') were
included in the habitat analysis. These parameters
were measured using a YSI Professional Plus probe.

[ hydrotechnical construction

Figure 1

The location of sampling sites in the Wielkopolska region: A - the pond in Poznan; B — the pond in Konojad

Sampling methods

Macroscopic green algae filaments and water
samples were collected from the pond in Konojad

Chemical analysis of water was completed with
measurements of ammonium (mg 1), nitrate (mg
I'') and phosphates (mg 1) in a laboratory using a
spectrophotometer HACH DR2800.

Table 1

Main information concerning locations and morphometric characteristics of research ponds

. Max depth | Max length
Precteone |t o
a m

. . . N52°10’14.17”
midfield village, Konojad E16°31°24.51 ~0.3
artificial city, Poznari NEZZ o ~0.2

E16°55°25.62”
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Microscope identification

Microscopic slides with fresh algal filaments for
the identification of taxa were examined using a light
microscope (200x, 400x) with a built-in camera,
taking into account the shape and composition of
cells including the number of pyrenoids (staining
Lugol's solution) and nuclei (acetocarmine
stain). Taxonomical analysis was also based on
morphological features: the shape and the length
of thalli, branching, the shape and the size of cells
and thalli color. The obtained results related to
characteristic features of macroalgae were then
compared with morphometric data included in the
identification keys of Starmach (1972), Mrozifska
(1982), Kadlubowska (1972), Plinski and Hinddk
(2012).

Proportion of taxa

Proportions of taxa were based on the
determination of a percentage of filaments in the dry
weight. First, portions of macroalgae were exposed
to the drying process at 95°C for 3 hours. Next, 1
g of dry samples was weighed. These samples of
filamentous algae have again been put in distilled
water. A stereoscopic microscope was used to
determine which types of filaments were dominant
and which were rare in a sample. (This process was
repeated 10 times). During the analysis of samples,
the percentage of algae was qualitatively monitored
according to a simple rank-scale: (0) none — 0%; (1)
rare — 1-10%; (2) common — 11-30%; (3) abundant -
31-70%; (4) highly abundant - 71-100% provided by
Schories (1995).

Results

Environmental characteristic of metaphyton
habitats

The studied ponds greatly varied in terms of
habitat characteristics. For example, the pH value
varied in the range from 7.73 to 10.16 in the Konojad
pond and from 8.1 to 8.75 in the pond in Poznan. The
highest pH value was recorded in July and August.
Whereas, values of conductivity ranged from 870 to
1414 pS cm™ in the natural pond and from 225 to
475 uS cm™ in the artificial pond. The obtained data

) onel o SR

indicate that TDS and EC values were higher in the
pond in Konojad than in the pond in Poznan. The
water depth at the sampling sites in the ponds does
not exceed 1 m. Filamentous algae were found in the
water rich in biogenic compounds (Table 2).

Taxonomic and morphological diversity of
metaphyton algae

Metaphyton collected from two ponds (Fig. 1)
during the fieldwork was mostly multialgal, dense
and was present in the water from spring thawing
till autumn. During that time, a minimum of two
and a maximum of 8 taxa were observed in the mat
structure. In the field pond, macroalgal mats covered
a larger part of water surface (~45%) than in the
artificial water body (up to 2 m from the shoreline).
Some of the metaphyton algae, especially Oedogonium
taxa with a basal cell came from epiphyton, whereas
Cladophora spp. was floating on the water surface
after detachment from the bottom. Metaphyton was
characterized by the dominance of filamentous green
algae rather than cyanobacteria. Macroalgal mats in
the natural pond consisted mainly of Cladophorales
and Oedogoniales, while in the artificial pond -
Cladophorales and Zygnematales.

Twelve genera of metaphyton belonging to
the phyla: Cyanobacteria (Lyngbya, Spirulina),
Chlorophyta (Cladophora, Oedogonium,
Chaetophora, Cylindrocapsa), Charophyta (Ulothrix,
Spirogyra,  Sirogonium,  Zygnema, Mougeotia)
and Ochrophyta (Tribonema) were identified
in all samples from the two small ponds in the
Wielkopolska region (Table 3). Out of the identified
taxa, five occurred in both ponds: Ulothrix
variabilis, Tribonema aeuquale, Oedogonium spp.,
Spirogyra spp. and Mougeotia sp. However, Lyngbya
hieronymusii, Tribonama vulgare, Cylindrocapsa
geminella, Chaetophora sp., Cladophora rivularis
and Cladophora globulina were recorded only in the
small field pond. Taxa such as Spirulina sp., Zygnema
sp., Sirogonium sp. and Cladophora fracta were found
only in the artificial pond.

Metaphyton algae were also subjected to
morphological analysis based on features such as: life
form, thalli color, shape and width of filaments and
cells, shape and number of pyrenoids, the presence
of nucleus, characteristics of chloroplasts and cell
wall. Metaphyton from the studied ponds consisted
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Table 2

Seasonal variability of physical and chemical parameters [minimum-maximum (standard deviation)] at sampling sites
in Konojad and Poznan ponds in 2013

Temperature H Oxygen Saturation | Electrolytic Conductivity | Total Dissolved Substance N-NO, N-NH, P-PO,
Q) p (CO) (uS em™) (mg I'") (mg I'") (mg I'") (mg I

Konojad pond
April 16.1-18.4 8.00-9.10 70-120 940-1410 510-703 0.3-0.5  0.15-0.65 0.31-0.42
=3 0.7) (0.40) (16) (218) (74) (0.08) (0.16) (0.04)
May 14.8-22.4 8.10-8.60 103-148 870-1414 432-706 0.1-0.6  0.97-1.57  0.16-0.56
(3.4) (0.20) (20) (243) (122) (0.20) (0.27) 0.17)
18.9-23.3 8.58-9.77 90-148 916-1061 455-530 0.1-0.3 0.61-1.76  0.18-1.18
(n=3 (1.5) (0.4) (19) (47) (24) (0.06) (0.48) (0.33)
20.9-29.4 8.88-10.16 53-132 795-1025 402-511 0.2-0.2 0.34-0.84  0.09-0.32
(n=3) (4.5) (0.53) (37) (116) (57) (0.00) (0.25) (0.09)
August 23.4-27.2 8.92-10.05 48-140 942-985 478-598 0.1-0.2  0.24-131  0.14-0.28
n=3) (1.5) (0.37) (28) (13) (39) (0.04) (0.35) (0.04)
18.4-18.8 7.73-9.54 85-99 912-932 523-531 0.1-0.1 0.24-0.42  0.17-0.39
) (0.3) (1.28) (10) (14) (©6) (0.00) (0.14) (0.15)
_ Poznan pond
n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
May 23.2-23.6 8.45-8.59 102-109 286-323 143-161 0.2-0.3  0.06-0.16 0.19-0.35
(n=2 (0.28) (0.09) 5) (26) (13) (0.07) (0.07) (0.11)
June 19.2-20.1 8.3-8.35 86-99 309-368 154-184 0.3-0.3 2.0-2.86  0.12-0.33
(n=2 (0.63) (0.03) ) (41) (21) (0.00) (0.60) (0.15)
July 19.5-26.0 8.42-8.61 65-91 225-475 112-241 0.4-0.7  0.08-0.16  0.06-1.02
(n=2) (3.50) (0.10) (13) (142) (73) (0.15) (0.04) (0.50)
August 26.3-27.5 8.44-8.75 82-111 369-471 183-238 0.1-0.7  0.16-0.23  0.06-0.06
) (0.84) (0.21) (20) (72) (39) (0.42) (0.04) (0.00)

September 27.5-28.5 8.1-8.6 58-103 364-435 186-217 0.3-0.4 0.07-0.11  0.13-1.18

= (0.70) (0.35) 32) (50) (22) (0.07) (0.02) (0.74)
n.d. - no data

mainly of filamentous blue-green and green algae. Seasonal pattern of metaphyton

Some of them were branched such as Cladophora

spp. and Chaetophora sp. (Table 4). However, According to our data, the filamentous algae
different filament color plays an important role population in the examined aquatic ecosystems
because Oedogonium were bright green contrary to is characterized by seasonal changes. The pattern
usually mat dark-green Cladophora. of macroalgae dynamics consisted of phases. The

first phase with low abundance of metaphyton was

Table 3
Composition of metaphyton communities appearing in ponds (Wielkopolska region) during the samples collection

Taxonomic Composition
Konojad pond Poznasi pond

L)/ngb)/a l?z‘eronymmz‘i Lemm. + _

Spirulina sp. Turpin ex Gomont - +

Ulothrix variabilis Kiitz. 1849 + ¥
Tribonema aeuquale Pascher 1925 + +

Tribonema vulgare Pascher 1923 ¥ _

Gylindrocapsa geminella Wolle 1887 + B

Chaetophora sp. Schrank 1798 + B
Oedogonium spp. Link 1820 ¥ +
Cladophora rivularis (L.) Van Hoek 1963 ¥ _

Mougeotia sp. Agardh 1824 + +
- :
: :
- :
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Table 4

Morphological characteristic of metaphyton taxa found in mats in both ponds

Morphological Composition

nobacteria

o mean width 5
n No. nucleus life form \ reproduction other
(um)
7 1 b n 0 13 n.d.

simple filament

hormogonia

spiral filament 1-2 no akinetes n.d.

Chlorophyta

Taxon type of filament shape of roplast i il axllwititn cell shape other
‘ (um) ( pm) (um)
Gylindrocapsa geminella unbranched, 25 um long 1, star-shape 1 n.d. 13-17 elliptic thick layered membrane, basal holdfast

Chaetophora sp. branched, tapering parietal 2-3 n.d. 6-7 circular one pyrenoids

Oedogonium spp. unbranched reticulated 3-7 5-6 19-42 cylindrical one nucleus in the central part of cell
Cladophora rivularis branched parietal 5-8, discoid 5-6 38-120 cylindrical many nuclei in the cell, dark green
Cladophora globulina branched parietal 2-3 2-5 18-26 cylindrical many nuclei in the cell

Cladophora fracta branched parietal 3-6 2-4 20-31 cylindrical many nuclei in the cell, light green

rounded

Mougeotia sp. , in the central part

plate- like pyrenoids in one row

Zygnema sp. 1, in the central part two star-shape 65-68 3-4 rounded one pyrenoids in the centre

Spirogyra spp. 1, in the central part ribbon-like, spiral 28-76 4-6 rounded spiral chromatophor with pyrenoids
1, in the central part ribbon-like, simple 60-70 3-5 rounded spiral chromatophor with pyrenoids

Ulothrix variabilis 1, in the central part quadratic plate, parietal 2.5-4-6 1-2 rounded cylindrical cells, one pyrenoid

cell width
(um)

nucleus shape of chloroplast pyrenoids

Tribonema vulgare .d. parietal absence
H-shape cell, note empty cell on the end, cylindrical cell

Tribonema aeuqale n.d. 3-4, tear-like 6-8 absence

n.d. - no data

dominated by Tribonema and Ulothrix species in DISCUSSION
April, which co-existed with species from the order

Zygnematales (Table 5). In the next phase, from May Environmental characteristics of metaphyton
to August, these species almost disappeared and habitats
were replaced by Cladophora spp. and Oedogonium
sp. which formed large blooms in the field pond. The range and characteristics of metaphyton in
Subsequently, from August, Cladophora rivularis and Poland are poorly investigated, but our knowledge
Oedogoniums sp. dominated and covered a largearea ~ about the distribution and ecology of macroalgae
of the water surface. mats advances every year. Metaphyton, more
In the artificial pond (Poznan-Morasko), often than planktonic algae, contributes to the
the metaphyton community was represented by high biomass concentration, which reduces light
Zygnematales (Spirogyra sp. Mougeotia sp. and penetration through the water column in shallow
Zygenma sp.) which were common in May and aquatic ecosystems like lakes or ponds. It is very
June. Spirogyra taxa were most common in this common that filamentous green algae occurred
pond during the research and were represented by with communities of macrophytes in the littoral
four taxa. Oedogonium sp. and Cladophora fracta zone in lakes and in small water bodies (Pieczynska
dominated from July (Table 5). 2008). According to Pieczynska (2008), floating
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Table 5
Time changes in the filamentous algae distribution in

ponds in Konojad village and Poznan city in 2013

| v e

Konojad pond

1 hieronymusii 0 1 1 1
Ulothrix variabilis 0 0 0 0
Tribonema aequale 0 0 0 0

Tribonema vulgare 0 0 0

0

Gylindrocapsa geminella 0 0 0 0

o o o 0
Oedogonium spp. 2 2 3 3
Cladophora rivularis 4 4 3 3
oo 0
o o o 0
74 0

I S —
Ulothrix variabilis n.d. 1
ndo 1
o0 0 10

Spirogyra spp. 0 1 0

o o
@ |e

Cladophora fracta n.d. 0 0 2 3
nd
grei Sp-

S o A N

[ SRS

2

- n.d. - no dara,

w

7

- Darker background —~dominant and sub-dominant taxon in metaphyton community;

- The percentage of algae were qualitatively monitored according to a scale: (0) 0%; (1) 1-10%;

(2) 11-30%; (3) 31-70%; (4) 71— 100%.

mats may replace macrophytes, however, during
our study, the occurrence of vascular plants in
ponds did not change significantly. The massive
blooms of filamentous green algae were observed
in alkaline ponds, although Zygnematales and
Oedogonium prefer pH >7 (eg. Spirogyra 8.4-8.6)
but Cladophora become more dominant in neutral
pH (Fairchild et al. 1989). Our study indicates that
a more frequent occurrence of Zygnematales in the
artificial pond compared to the field pond may be
associated with the water alkalinity which was in
the range of 8.1-8.7. Furthermore, Khanum (1982)
considers that Oedogonium occurred in waters rich
in dissolved O, (from 8.0 to 10.0 mg1"). As it follows
from the obtained data, oxygen conditions for the
Oeodgonium development were more optimal in the
natural pond (6.5-12.5 mgO, I""). The studied ponds
were considerably different from each other in terms
of the total dissolved substance — significantly higher
values of TDS were recorded in Konojad pond.
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According to Khanum (1982), Cladophora formed
mats consisting of one species in water with high
dissolved organic matter.

Taxonomic and morphological diversity of
metaphyton algae

The knowledge of filamentous algae from Poland,
particularly the genera of Oedogonium (104 taxa),
Spirogyra (321 taxa), Mougeotia (117 taxa), Zygnema
(120 taxa) and Cladophora (22 taxa and 4 varietas),
comes from a few sources (Scheffer et al. 2006,
Mrozinska 1982, 1991). In Poland we know only
16 taxa of Sirogonium (Mrozinska 1982). In these
small ponds, we observed five different filaments of
Spirogyra, two filaments of Oedogonium and three
taxa of Cladophora. Among the remaining genera
of algae, only one representative was recorded.
Although filamentous algae are common and
macroscopically visible, they are poorly researched
and the presence of these species in aquatic
ecosystems is only mentioned in the literature. This is
a problem resulting from difficulties with taxonomic
identification, because the systematics is based on
morphological features, mainly the shape and the
size of oogonium and antheridium (generative cells).
Similarly as in the case of Oedogonium where only in
a few cases the name of species may be determined
based on features of vegetative cells (Starmach 1972).
In the samples collected from the studied habitat,
only vegetative cells were observed. During the
microscopic examination, it was possible to observe
differences in the shape and size of pyrenoids,
nuclei and chloroplasts. According to Power et al.
(2009), different colors of macroalgae depend on:
(i) the dominant taxa, (ii) temporal changes in their
physiological states, and (iii) ecological succession
and the environment.

The main structural part of the examined mats
is Cladophora rivularis in the natural pond and
Cladophora fracta in the artificial pond. Other types
of green and blue-green algae, except Oedogonium,
were tangled with Cladophora filaments. This
fact confirms the literature data, which indicate
the occurrence of primarily monospecies algal
mats (formed by Cladophora) or a few patches
consisting of several species such as Oedogonium
sp. and Spirogyra sp. (Khanum 1982). According to
literature, Spirogyra rarely occurs with Oscillatoria
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and Cladophora (Khanum 1982). The results
presented above indicate that Spirogyra co-occurs
with Cladophora in both ponds. In the artificial pond
in Poznan, Sirogonium occurred in the community
with Zygnema like in a perennial lake (Khanum
1982). Up to eight taxa co-occurred with Oedogonium
filaments in a mat observed in Konojad pond. This
phenomenon confirms the fact that Oedogonium
mostly forms multialgal mats consisting of several
species and might be associated with Spirogyra and
Rhizoclonium (Khanum 1982).

Seasonal pattern of metaphyton

Only a few studies focused on the spatial patterns
of metaphyton (Wu & Mitsch 1998). First, the
authors observed a small mat of Hydrodictyon in a
wetland, the cover of which increased during one
month to 70% of the total water surface (up to 86%),
followed by a decrease to 61%. However, metaphyton
later recovered with a new dominant taxon -
Rhizoclonium, which persisted for a month. The
presented study shows that the researched ponds are
characterized by a more dynamic taxa replacement.
Ulothrix, Tribonema and Mougeotia, Spirogyra
occurred first. Then, filaments of Cladophora and
Oedogonium appeared and dominated from May to
September.

Variability in the composition of metaphyton
results in many changes and usually does not repeat
from year to year (Kelehr & Rader 2008). In Konojad
pond, in August and September 2012, the dominance
of Lyngbya hieronymusii and Oedogonium capillare
over Cladophora globulina was observed (Pikosz
2012). At the same time in 2013, metaphyton in
the studied field pond consisted of Cladophora spp.
and Oedogonium spp. in equal proportions. The
Oedogonium species may grow throughout the year,
but the maximum reproductive development in the
lowlands was observed in June and, to a smaller
extent, in August (Mrozinska-Weeb 1976).

Conclusions

A seasonal survey of macroalgal abundance and
species composition of metaphyton in two different
ponds were carried out.

Metaphyton in two small
Wielkopolska region contain

L et hstoceantgtedus )

ponds in the
taxa from the

following genera: Lyngbya, Spirulina, Ulothrix,
Tribonema, Cylindrocapsa, Spirogyra, Sirogonium,
Mougeotia, Zygnema, Oedogonium, Chaetophora and
Cladophora.

The dominant macroalgal population consists
mainly of filamentous genera of Cladophora,
Oedogonium, Spirogyra and Zygnema.

Floating mats of metaphyton show three phases
of the spatial pattern among algal populations: (i)
the phase of a small abundance of metaphyton,
dominated by Tribonema and Ulothrix species in
April. Next, (ii) in May, these species disappeared
and were replaced by Oedogonium spp. which formed
intense blooms in the field pond and by Spirogyra
spp. in the artificial pond. But from August (iii),
monoalgal mats occurred mainly, covering a large
area of the water surface.

The results also demonstrated that more data are
required on filamentous green macroalgal species
growing in small water bodies to more accurately
assess their role and seasonal dynamics in the
development of littoral communities.
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Abstract

Potential factors affecting the occurrence of filamentous
algae include the morphometry of water bodies, the type of
substrate and physicochemical conditions of the habitat. This
study attempts to describe the individual filamentous algae
species recorded in Poland, taking into account the trophic
and ecological characteristics based on our own research and
available literature data. Filamentous algae attached to the
substrate as well as those forming free-floating patches (loose
or dense mats) and crusts occur in all types of water bodies.
Among the representatives of filamentous algae species,
Cladophora have the greatest time-spatial range for they grow
abundantly in all types of water bodies. In other parts of
Poland, Cladophora species are most common in rivers and
shallow lakes. In the typical filamentous algae community,
Cladophora, Spirogyra and Oedogonium occur with the
highest frequency; Zygnema, Mougeotia, Microspora and
Rhizoclonium are also present, but with smaller frequency.
According to our studies, distribution of filamentous algae
species is correlated with the eutrophic index (PO4,, N-NO_,
Chl a), chlorides of anthropogenic origin and TDS.

Key words: filamentous algae, free-floating mat,
Cladophora, Oedogonium, Spirogyra
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Introduction

Both (i) Chlorophyta — Oedogonium, Cladophora
and (ii) Charophyta — Spirogyra, Zygnema as well
as some taxa from (iii) Ochrophyta — Vaucheria,
Tribonema are classified as macroscopic filamentous
algae. Although filamentous algae have a simple
structure, they are a very diverse group in terms of
taxonomy and ecology (Van den Hoek et al. 1995;
De Clerck et al. 2012). Taxonomic identification
of filamentous algae is difficult and they grow in
various habitats and environments. This group of
algae is mostly cosmopolitan and occurs both in
oligotrophic and eutrophic water ecosystems, from
lentic to fast flowing water (Whitton 1970; Sheath
& Cole 1992; Dodds & Gudder 1992). Traditional
systematics of macroalgae is based on features
such as morphology, cell biology, life history and
reproductive strategies. There are many factors that
affect the morphometric features, including the
stage of development, seasonality, the content of
nutrients in the water and the presence of all types
of biotic/abiotic particles on the surface. Due to the
morphological and phenotypical plasticity, many of
the filamentous algae are difficult to identify.

Of the above-mentioned phylum, Chlorophyta
(green algae) are most common in freshwates
ecosystems, especially species from the Cladophora
Kiitzing genus, which are primarily limited by
phosphorus availability (Higgins et al. 2008; Malkin
et al. 2010; Young et al. 2010; Messyasz et al. 2015a).
Cladophora thalli may be attached 40 tli€yaquatic
plants or rocks, or they may float on the water sugface.
The thirty eight Cladophora taxa @te represented
by the following freshwater speéies: “Gladophora
basiramosa Schimdle, C. pdehyderma (Kjellm.)
Brand, C. glomerata vat."glemerata® (L.) Kiitz., C.
glomerata var. crassior (L) KGtzw C. rivularis (L.)
v.d. Hoek, C. fracta var. fragta (Mull. Ex.Vahl) Kiitz.,
C. fracta var. intricate (Mull. Ex.Vahl) Kiitz., C.
aegagropila (L.) Rabenh. (=Aegagropila linnaei), C.
cornuta Brand, C. surera Brand, C. kosterae Hoffm.
& Tild.

They were classified into the genus of Cladophora
by van den Hoek (1963), who reviewed in detail
the history of this algal group in Europe. Much of
the knowledge about Cladophora species in Poland
comes from the reports of Starmach (1972), Chudyba
(1965) and Plinski & Hindak (2012).

According to Leliaert & Coppejans (2003),

Cladophora are characterized by a simple,
siphonocladous  thallus  structure: branched,
uniseriate filaments with multinucleate cells.

Starmach (1972) described six taxonomic criteria
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for the identification of these genera, which
include: thalli color, branching types, structure
and dimensions of cells, the general structure of
a plant, basal cells and the shape of zoospores.
Cladophora are often the main components in the
structure of the “mat” (patch), while other types
of filamentous algae are only detached fragments,
tangled into Cladophora filaments. This is consistent
with the literature data according to which mainly
monoalgal mats occur (created by the Cladophora
genus) or a small number of patches, consisting of
several coexisting species (Khanum 1982; Pikosz &
Messyasz 2015).

The most common species from this genus
described in the available literature is Cladophora
glomerata. Morphometric variability of Cladophora
glomerata thalli from ghe mountain regions of
the Skawa river in Poland, where the strong water
flow has a positive effection the development of
Cladophora, was( deseribed)in detail by Chudyba
(1965). Furthermore, duting her research on
Oedogoniales, Mrozinska (1984) most frequently
noted the oecurrénce of Oedogonium intermedicum

and [ Oedggonium  undulatum.  Taxonomic
identifieation of this algae group is based on
generative cells (Mrozinska 1984). Likewise,

Spifegyra spp., Mougeotia spp. and Zygnema spp.
aregthe most popular filamentous algae in water
ecosystems from Zygnemataceae (Kadlubowska
1972). However, the Spirogyra species identification
has to be based on the process of conjugation and
zygospores. Typical features of Spirogyra vegetative
growth are: the type of cross walls, the cell width,
and the number of chloroplasts (Berry & Lembi
2000; Hainz et al. 2009).

The previous studies of Cladophora in
freshwaters have related to problems arising from
nuisance blooms and food web interactions in water
ecosystems, primarily in rivers (Whitton 1970;
Graham et al. 1982; Dodds & Gudder 1992; Higgins
et al. 2008; Power et al. 2008). However, filamentous
algae are still poorly researched. This article deals
with the role of individual species of filamentous
algae in relation to habitat parameters. The objectives
of this study were to determine (i) the diversity of
filamentous algae and (ii) intraspecific differences
within Cladophora glomerata, C. rivularis and C.
fracta, and to describe (iii) the abiotic conditions,
in which filamentous algae occur. The information
about genera of filamentous algae and their preferred
water ecosystems was obtained from the available
literature.
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Materials and methods

Study area

Samples of filamentous green algae were
collected in summer of 2012, 2013, 2014 in different
ecosystems, such as 3 rivers, 2 ponds, 1 lake and 1
water reservoir in the Wielkopolska Province. Sites
of the filamentous algae distribution were marked
on the map of the Wielkopolska Province (Fig. 1).
Macroscopicfilamentousalgae with thedominance of
Cladophora glomerata were sampled in Oporzynskie
Lake (52°55'N, 17°9’E) and in the lowland rivers:
Nielba (52°48’N, 17°12’E; near Wagrowiec, ca. 50
km from Poznan), Samica Steszewska (52°16'N,
16°41’E; Steszew) and Mogilnica (52°9’N, 16°31'E;
near Kamieniec), C. rivularis in a pond located in
the village of Konojad (52°10°’N, 16°31’E), C. fracta
in the Malta reservoir (52°24’N, 16°58’E) and in a
small, artificial pond (52°27°N, 16°55’E; Poznan).

Field sampling and laboratory analyses

The color of thalli as well as the presence or
absence and the type of branching were observed
during the sampling. Purified thalli were stored

POLAND

—

»

150 km

Figure 1

in plastic containers and their small portions were
preserved in 4% formalin solution. Morphometric
measurements to identify the species were
carried out on the living and preserved material.
Microscopic observations of the collected material
were performed using a light microscope (Zeiss
Axioskop 2 MOT), measurements of the length and
width of cells from the main axes of filamentous
algae were taken at x200 and %400 magnification.
To determine the number of pyrenoids, the samples
were stained with Lugol’s solution. To determine
the number of nuclei, the staining method with
acetocarmine was used. The results were compared
with morphometric data on filamentous algae
from Poland included in the identification keys by
Starmach (1972), Mrozinska (1984), Kadlubowska
(1972), Plinski & Hinddk (2012) and papers by
Zulkifly et al. (2013), Malkin et al. (2008).

During  the _ sampling, physicochemical
parameters of waterfwere imeasured: temperature
(°C), pH, dissolved Joxygen (DO%), electrolytic
conductivity (EG,uSicm™), and the Total Dissolved
Solids (EDS§, mg/1") using a YSI Professional Plus
multifinctignal probe. For a detailed analysis of
the chemical parameters, water samples (500 ml)
were collected and preserved with chloroform
(GHEI,) and stored at -10°C for further analysis.
Using a spectrophotometer HACH DR 2800, the

WIELKOPOLSKA PROVINCE

o Pila

1
Wagrowiec 2.'

Poznan
a4
Steszew
o5

6.7 Koécian

@ Leszno

Location of the study sites: 1T — Lake Oporzyniskie, 2 — Nielba river, 3 — Pond in Poznan, 4 — Malta Reservoir, 5 — Samica

Steszewska river, 6 — Pond in Konojad, 7 — Mogilnica river
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color, the water turbidity and the concentration of
orthophosphates, nitrates, ammonium nitrogen
and sulfates were determined. Chlorophyll a
(Chl a pg g') concentration was determined by a
spectrophotometer using ethanol as an extraction
solvent. Water samples (1.5 1) for pigment analysis
were filtered onto Whatman GF/F filters according
to the ISO 10260 standard method.

Determination of frequency

Frequency of filamentous algae (belonging
to 15 genera) was estimated as the number of
observations on the basis of the total number of
samples from own samplings and those from the
literature data — 70 sites (Czerwik-Marcinkowska
1997; Maciejczak & Czerwik-Marcinkowska 2010;
Czerwik-Marcinkowska & Zietarski 2011; Czerwik-
Marcinkowska & Vonc¢ina 2012; Chudyba 1968;
Krzyk 2001; Szymanska et. al. 2015; Pieczynska
& Tarmanowska 1996; Starmach 1969; Endler
et al. 2011; Pieczynska 2008; Celewicz-Goldyn
& Kuczynska-Kippen 2008; Celewicz-Goldyn
& Klimko 2008; Kuczynska-Kippen et al. 2004;
Messyasz & Rybak 2011; Messyasz et al. 2015a;
Pikosz & Messyasz 2015; Jakubas et al. 2014; Ozimek
1990; 1992; Wotowski & Kowalska 2009; Zelaznas
Wieczorek 2002; Jekatierynczuk-Rudczyk et al
2012; Szoszkiewicz et al. 2010; Staniszewskisetual.
2012; Grabowska 2006; Owsianny & Gabka 2006;
Hutorowicz 2006; Lenarczyk 2012; Dondajew Skas&
Budzynska 2009; Pigtek & Pigtek 2Q05):

Numerical analyses

All the statistical amalyseswwere performed
using the CANOCO ver. 4,5 software (ter Braak &
Smilauer 2002). The Canonical Correspondence
Analysis (CCA) to determine the relations between
the species distribution and environmental variables
was used. The Monte Carlo permutation test shows
that chlorides, orthophosphates, total dissolved
solids, nitrates and chlorophyll a were statistically
significant (P<0.05).

Results

Floristic diversity of filamentous algae in Poland

Based on the literature data (70 sites) and our
own research (7 sites), the most frequently recorded
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filamentous algae in freshwater ecosystems of Poland
belong to 15 genera: Cladophora, Rhizoclonium,
Microspora, Oedogonium, Bulbochaete,
Draparnaldia, Stigeoclonium, Hydrodictyon and
Ulothrix classified into the phylum Chlorophyta,
Spirogyra,  Mougeotia, Zygnema, Sirogonium
classified into the phylum Charophyta, Vaucheria
and Tribonema classified into the phylum
Ochrophyta. The dominant (>10% of all genera)
genus was Cladophora — about 30%, followed by
Spirogyra — 16% and Oedogonium — 11% (Fig. 2).

Based on the data, the most common habitats of
filamentous algae were flowing (lotic) waters such
as rivers and streams (50%), and standing (lentic)
waters: ponds and lakes (Fig. 3). Only Cladophora
occurred in all types of ecosystems. Cladophora
and Ulothrix were usually found in lotic waters.
Cladophora and Spirogyra were common in ponds
and lakes.

Tribonema
Vaucheria

Cladophora

=
>
I
Q.
& :
< : 9
5 Ny
- = )
= Rhizoclonium - 5
Mi 1?
icrospora z
P $
; . BN
Hydrodictyon 1 Oedogonium -
Stigeocionium Bulbochaete .
Drapainaldia
Figure 2

Floristic diversity of filamentous algae in freshwater
ecosystems in Poland (humbers indicate the percentage
contribution)

Characteristics of filamentous algae

Cladophora glomerata (L.) Kitzing (Fig. 4) was
observed in rivers with comparable water velocity
(0.15-1.85 ms™) and a water depth ranging from 0.5
to 1.5 m. Long, dark green filaments of Cladophora
glomerata occurred alone in the Samica Steszewska
river. Representatives of macroscopic filamentous
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Figure 3

Types of ecosystems, in which filamentous algae were
noted (numbers indicate the percentage contribution)

algae belonging to the genera: Cladophora,
Rhizloclonium, Oedogonium, Stigeoclonium and
Vaucheria were observed in the Mogilnica river
(Table 1). There were 2 types of substrate: sand
and hard substrate. Up to 2 m long filaments of;
C. glomerata with a small number of branching
occurred on the former, and less than 20 cm lofig
filaments with numerous branches dominated®en
the latter. Single filaments of Stigeoclonium nanum
(Dillwyn) Kiitzing, Rhizoclonium sp. Jitz. vand

Oedogonium sp. Kiitz. ex Hirn occurred and tangled
together. In the Nielba river, young filaments of C.
glomerata were attached to the stones and mature
filaments were free-floating on the water surface
between macroscopic tubular forms of Ulva thalli.
Cladophora glomerata occurred also in Oporzynskie
Lake, where it formed a dense, mostly monoalgal
mat. Cladophora rivularis (L) Hoek was often
observed as filaments coexisting with Oedogonium
capillare in a small agriculture pond. C. rivularis
exhibits a great morphological variation due to the
fact that cells of a varying width occur in the same
filament (Fig. 5). Moreover, taxa from the genera
Tribonema, Ulothrix, Microspora, Spirogyra and
Mougeotia were observed, but only in early spring
and only a few filaments. Cladophora fracta (Miiller
ex Vahl) Kitz. is the most characteristic taxon of
the studied Cladophora\species; its first, delicate
and slender filamentSnate followed by yellow-
green filaments,fwhi¢h dotnot reach a significant
dominance in_a‘mat. Species from Zygnemataceae
(Spirogyra §p., Zygnema sp., Mougeotia sp.) often
occurred, asyaccompanying algae in the examined
water cosystems — the artificial pond in Poznan and
the Malta Reservoir.

Eftvironmental gradients

The water temperature in the studied ecosystems
was similar — about 20°C. Concentrations of
ammonium nitrogen, nitrates and phosphates in

Table 1

Characteristics of various filamentous algaepatches at the study sites

shape of | diameter of pyrenoids

length and width of cells

dominant taxon

in pm (min-max)

(um)

accompanying filamentous P | .
G orms color sites
algae

223-634 Rhizoclonium sp. . 5
Cladophora glomerata 47131 3-12 Wt attached to the bottom and stones dark green Nielba river
r \ i
Cladophora glomerata 8;7?8828 cticulate 4-10 absent long filaments, attached to the bottom dark green SamlcaﬂS\fzizewska
Rhizoclonium sp.
116-756 . Stigeoclonium nanum . oo
Cladophora glomerata 28-133 reticulate 3-6 o —— attached, free-floating dark green Mogilnica river
Vaucheria sp.
132-225 . Oedogonium sp. free-floating, . e
Cladophora glomerata 26-50 reticulate 5-7 i dense mat bright green  Lake Oporzyriskie
Cladophora sp.
Oedogonium capillare
Ulothrix variabilis . 5
Cladophora rivularis T parietal 4-9 Tribonema aequale cotton-wool-like thick mat bright green IR n Komefnd]
36-130 . (agriculture)
Tribonema vulgare
Spirogyra spp., Mougeotia sp.
Microspora sp.
Cladophora fracta T arietal 3-7 ClaaS’”{'ﬁ mrfl: o e s o el 7o (6 o o v ellow green Malta Reservoir
P 17-25 P PIrogy 3 Pp- shore), soft to the touch yellow g
Mougeotia sp.
Spirogyra spp.
Mougeotia spp. q 3
48-146 . . . Pond in Poznan
Cladophora fracta 21-30 parietal 3-6 Zygnema spp. mat mainly slippery to the touch yellow green (artificial)

Sirogonium sp.

Cladophora sp.
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Figure 4
Photos of Cladophora glomerata: 1 - the overall view of young thalli; 2 — the number of thalli branched in the apical
part; 3 — apical cell with a hole; 4 - basal cell; 5 - stained pyrenoids; 6 — stained nuclei; 7 — reticulate chloroplast; 8 —

diatoms on the surface of cell wall
Yl DE GRUYTER

©Faculty of Oceanography and Geography, University of Gdansk, Poland. All rights reserved.



Oceanological and Hydrobiological Studies, VOL. 45, ISSUE 2 | JUNE 2016

Marta Pikosz, Beata Messyasz

5
Figure 5

Photos of Cladophora rivularis (1-4): 1 - branches diverge at right angles; 2 — morphometric variability; 3 — akinete;

4 - zoospores; and Cladophora fracta (5-6): 5 — slender filaments with branches at an obtuse angle; 6 - fragmentation

of the thallus

the water at the studied sites reflect high levels
of fertility (Table 2). The highest content of NH,*
was determined in the Konojad pond and in the
Nielba river, N-NO,” - in the Mogilnica and Nielba

) el )

rivers, and the content of P-PO 43' above 1 mg 1" was
recorded in the Mogilnica river. At the other sites,
the amount of orthophosphate was at a similar level.
The lowest value of N-NO,” was determined in the
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Table 2
Mean values of physicochemical factors of water for the

(p<0.05, Table 3). The content of chlorophyll a,

nitrates, orthophosphates, sulfates and water pH,

surveyed sites (L.O. — Lake Oporzynskie, M.R. — Malta Reservoir, dissolved oxygen, color and water turbldlty were also

PP. - pond in Poznan, PK. — pond in Konojad, N.R. — Nielba river, S.5.R. correlated with the first CCA axis, while the second

CCA axis was associated with the water depth,

. electrolytic conductivity, total dissolved solids and
M.R
n=33

— Samica Steszewska river, M.R. — Mogilnica river

X L.C PP P NR. [ SSR.
Parameters | Unit -
6 n=10 =

19.3 237 221 214 210 189 204

concentration of chlorides and sulfates (Table 4).

Table 3
Results of the forward selection of environmental

86 83 88 79 75 79 parameters (Monte Carlo permutation test in CCA,

P<0.005 are statlstlcally S|gn|ﬁcant

4l (35 [ 91 [ 9a | 4at | 43

21 12.8 188 22 28 38

0.001 18.41
- 35 42 33 52 45 03 54 Py 0.001 10.41
0.001 71
658 387 946 779 532 838 ‘\ “
\ 0.001 5.28
259 442 198 532 538 516 491
> > > > v 0.001 5.09
0.50 0.20 0.36 0.26 0.82 0.16 0.85 0.001 498
0.57 025 059 0.81 0.82 0.28 0.73
Table 4
69 81 46 109 140 67 63 Péarson’s correlation coefficients between CCA

ordination scores (the first three axes) for filamentous
114 121 59 309 101 86 1164

63 73 36 105 6l sz‘m

0.23 0.22 0.27

algae and environmental factors (n = 187; p<0.05 are

)

CCA AXIS 1 CCA AXIS 2 CCA AXIS 3
Eigenvalue: 0.79 Eigenvalue: 0.66 Eigenvalue: 0.23
D 1 AXIS 1 . 0.03 -0.51
111 93 99 l(ﬁﬁ V 73

[%]
23
Q
=
[%]
ja
0
L
<
2
Q
S
=N
0
Q
S
~
QU
S
(o}
Q
<
®
S
5
o
o
o

2

2

(
2 ElE

N N AXIS 2 0.03 - 0.04
2 4.9501.86 }z 64 825 -0.51 0.04 )
-0.10 -0.49 0.00
Samica Steszewska river (0.16 mg 17). Filamentous 0.61 0.20 -0.44
algae were observed in a wide range of electrolytic 001 0.21 0.18
conductivity (EC) and the Total Dissolved Solids 0.50 019 05
(TDS) — from 387 to 946 (uS cm') and 198-538 M o o 7
(mg 1), respectively. The pH of water in all -0.30 -0.27 0.38
ecosystems was alkaline (9>pH>7.5). 011 078 001
The relationships between 16 environmental — 020 07k 020
factors and the filamentous algae distribution in _ ' ’ '
water ecosystems were investigated. The Monte Carlo 0.33 0.14 -0.33
permutation test was used with 999 permutations 0.54 0.04 0.66
to reduce the number of ecological variables and 036 085 019
revealed that the water depth and concentration ' ’ '
of chlorides, orthophosphates, nitrates, total 0.40 -0.14 -0.54
dissolved solids and chlorophyll a are independent 0.39 013 025
environmental gradients, significantly related to 05 086 0.05
the composition of filamentous algae assemblages ' ’ '
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The occurrence of Cladophora glomerata, which
was the most common species of all filamentous
algae, and the accompanying taxa (Rhizoclonium
sp., Vaucheria sp. and Stigeoclonium nanun) was
strongly correlated with water fertility (high values
of chlorophyll a, nitrates and orthophosphate). The
occurrence of C. rivularis, Oedogonium capillare
and Cladophora sp. was correlated with high
concentrations of chlorides and sulfates in shallow
water ecosystems. At the same time, the occurrence
of Cladophora fracta and Zygmenataceae was
associated with inconsiderable TDS and electrolytic
conductivity (Fig. 6).

Q aVau.sp.
Rh.sp.
gStigI?nan
\PO,”
Cl.glom.A[P N-NO,
Chla
TDS
O.sp.1
color;
EC
S0, a0.s5p.2  Msp. z.sp.
h Timp N K1 frac. |
cr Spsp-1-, aSp.sp-2 |
Sp.sp.4 Sp.sp.3
NaCl ASirsp. |
© pH
<Q |
-1.0 1.0
Figure 6

Canonical correspondence analysiS9(CCA) diagram
showing the correlation betweentspedies distribution
and environmental variables. All'axes were found to be
highly significant (p<0.005;\Monte Carlo Simulation).
Vau. sp. — Vaucheria sp., Rh. sp.’— Rhizoclonium sp., Stig.
nan. — Stigeoclonium nanum, Cl. glom. — Cladophora
glomerata, O. sp.1 — Oedogonium sp. 1, Cl. glob. -
Cladophora globulina, O. sp. 2 — Oedogonium sp. 2,
M. sp. — Mougeotia sp., Z. sp. — Zygnema sp., Cl. frac.
— Cladophora fracta, Sp.sp.1. Spirogyra sp. 1, Sp.sp.2
— Spirogyra sp. 2, Sp.sp.3. — Spirogyra sp. 3, Sp.sp.4.
— Spirogyra sp. 4, Sir. sp. — Sirogonium sp., C. sp. —
Cladophora sp., O.cap. — Oedogonium capillare, Cl.riv.
— Cladophora rivularis, Mic. sp. — Microspora sp., U. var.
— Ulothrix variabilis, T. vul. — Tribonema vulgare, T. aeg. -
Tribonema aequale

) e i s e aE )

Discussion

Floristic diversity of filamentous algae

Our study and the review of the literature data
relate to Cladophora species and the accompanying
filamentous algae in Poland. According to
Whitton (1970), Cladophora glomerata, C. rivularis
and C. fracta are the most common species of
the genus Cladophora occurring in eutrophic
freshwater ecosystems. Our research confirms
this finding, because we found all three species
within a short distance between the studied sites
in the Wielkopolska Province. Most of the aquatic
ecosystems in Poland are characterized by moderate
or highly trophic conditions (Goldyn et al. 2013;
Messyasz et al. 2015b)\and therefore, they are
potential habitats of filamentous algae. Additionally,
small lakes (1-5 ha) deminate in Poland and account
for 44% of the “total/number of lakes (Choinski
1991), whefe filamentous algae, i.e. Oedogoniales
and Zygnematales occur and may form dense mats.
As reported, in the literature, however, the largest
numbets _of the taxon Oedogonium were observed
in, small water bodies, such as small ponds, pools,
roadside ditches, marshes, oxbow lakes, lakes,
resefrvoirs, rivers (Mrozinska-Weeb 1976; Burchardt
1977; Sieminiak 1979; Kuczynska- Kippen 2009;
Pikosz & Messyasz 2015). The large-scale occurrence
of Cladophora was previously observed in the Great
Lakes of North America (Erie, Michigan, Ontario)
in the 1950s and 1980s (Higgins et al. 2008). The
extensive development of C. glomerata was also
observed in the lake surveyed during our research
(Oporzynskie Lake) — the species densely covered the
water column (Messyasz et al. 2015¢). The maximum
development of Cladophora glomerata in the Skawa
river was determined by a few factors, such as the
type of substrate, temperature (optimum growth in
15-20°C) and in pH of water (optimum 8.8) (Chudyba
1968). We also noticed that Stigeoclonium nanum
occurred in small numbers in the Mogilnica river
— only a few filaments entangled with Cladophora
glomerata. Similar observations were made in the
Jalala river in spring, where S. nanum was found
attached to other algae growing in slow flowing
waters (Akhtar & Rehman 2009). Species belonging
to the genus Stigeoclonium show a wide range
of ecological tolerance and high morphological
plasticity, and may be found in different ecosystems,
e.g. rivers, lakes, canals and ponds (Francke 1982).
Only free-floating forms of Spirogyra species were
observed during our research, which confirms the
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previous studies that the genus is represented mostly
by free-floating (rarely attached) filamentous algae
(Chalotra et al. 2013).

Our study demonstrates that representatives of
filamentous algae may occur in all types of water
ecosystems, such as lakes or rivers, despite the fact
that these habitats are significantly different in
term of their physicochemical parameters. Their
occurrence is, among others, a result of a high
tolerance to changes in temperature and light
conditions.

Characteristics of filamentous algae

Numerous floristic data confirm the occurrence
of filamentous algae in lowland lakes and rivers,
but the studies usually do not take the structure
of species and ecological characteristics into
account (South & Whittick 1987; Pieczynska 2008).
Knowledge of filamentous algae from Poland,
particularly of the genera Oedogonium, Spirogyra
and Cladophora (most commonly recorded), comes
from a few sources. The filamentous algae are an
important component of the littoral communities in
aquatic ecosystems, because they are one of the main
primary oxygen producers. Nonetheless, studies of
the vegetation in the littoral zone generally relate
to macrophytes (Cambra & Aboal 1992). In Spaif,
the most common filamentous algae belonged te,7
genera, including the most frequent Oedogeniumi,
Spirogyra and Mougeotia (Cambra & AbGal 1992).
In Poland, Chudyba (1968) divided“Cladophora
glomerata from the Skawa river inte twe, groups
based on the morphological vatiations Samples
collected from the fast flowingiwaterwere referred
to as C. glomerata rheobénthicum and from the slow
flowing water - as C. glomeratar limnobenthicum.
We also observed intraspegific variability between
C. glomerata from the surveyed rivers and from the
lake. Thalli of C. glomerata in the lentic waters were
fruticose and relatively short (up to 20 cm), while in
the river waters — long and characterized by a small
number of branches. Significant changes at the
cellular level (length, width, the number of pyrenoids
and cell nuclei) were observed in the filaments of C.
glomerata collected from the lowland rivers (Nielba,
Mogilnica, Samica Steszewska). These changes
could result mainly from hydrodynamic (diverse
water flow) and thermal differences in the surveyed
habitats. Morphological plasticity is characteristic of
filamentous algae, which frequently causes problems
during taxonomic identification (van den Hoek
1963; Starmach 1972). Even the degree of branching
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in each individual plant can affect the cell size (Ross
2006). Some information on the cell structure,
morphological variation and biology of Cladophora
genera are provided by van den Hoek (1963) and
Whitton (1970).

Environmental gradients

According to van den Hoek (1963) and Robinson
& Hawkes (1986), physiological requirements of
most freshwater filamentous algal species restrict
their distribution to eutrophic conditions (high
nutrient concentrations and alkaline conditions).
In addition, Cladophora species grow well at
temperatures ranging from 15 and 25°C, in hard
and alkaline waters (Wong et al. 1978, Whitton
1970). A similar trend was observed in the case
of other filamentous ‘green algae, i.e. Cladophora
glomerata, C. rivulawis and C. fracta — relatively
high values of nutrients Were determined in our
study whenfanalyzing the chemical composition of
their habitats. Although all these species occurred
in shdllow gvaters, the optimum for Cladophora
glomerata_development was in the conditions of
high concentrations of nitrate and orthophosphate
and\Cladophora rivularis requires a high content of
chlorides and sulfates. There are other macroscopic
green algae species such as representatives of Ulva,
which occur mostly in eutrophic waters with high
concentration of NaCl of anthropogenic origin
(Messyasz & Rybak 2011; Messyasz et al. 2015a).

On the other hand, small values of TDS and
electrolytic conductivity characteristic of slightly
eutrophic waters (e.g. the pond in Poznan) were
clearly favored by Cladophora fracta. Moreover, the
accompanying Zygnemataceae taxa occur mainly
in waters rich in dissolved oxygen and often form
a filamentous mass overgrowing aquatic plants
(Worobiec & Worobiec 2008). From environmental
factors, both nitrogen depletion and light intensity
have been regarded as key factors inducing the
conjugation of Spirogyra (Zwirn et al. 2013).
Additionally, the low level of nutrients determines
the development and growth of Spirogyra filaments,
rather than water temperature (Wongsawad &
Peerapornpisal 2015). The obtained data show that
individual species of filamentous algae occurred in
specific environmental conditions.

Conclusions

1. Despite the common occurrence of filamentous
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algae in Poland, they have been studied very
superficially.

2. Large-scale development of filamentous algae
corresponds to eutrophic water conditions.

3. The following environmental factors (CI,
TDS, water depth, N-NO,’, PO 43', Chl a) were
statistically significant for the occurrence of
filamentous algae.

4. Species from Cladophora, Oedogonium and
Spirogyra are most frequent in water ecosystems
in Poland.

5. The results also demonstrated that more data
are required on the growth of filamentous algae
species in small water bodies, lakes and rivers
to more accurately assess their role in the entire
littoral community.
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GAMs (Generalized Additive Models) present a growth pattern for the common filamentous algae (FA)
taxa in freshwater ecosystems in Poland. Tribonema, Ulothrix taxa are an early spring species. In com-
parison with Rhzioclonium, Cladophora and Oedogonium taxa, the algae Zygnemataceae (e.g. Zygnema,
Spirogyra) occurs in waters with lower levels of nutrients, total dissolved substances and electrical con-
ductivity. Cladophora glomerata shows different responses to environmental gradients than C. rivularis, C.
fracta. Furthermore, the algae Cladophora glomerata (Chlorophyta, Ulvophyceae) forms a thick monoalgae

K.ey words: mat (from the surface to the bottom) in the shallow and eutrophic Lake Oporzynskie in Wielkopolska
Filamentous algae mats R . L . .
GAMs Region in Poland (Central Europe). Detailed algal mat characteristics, physical and chemical parameters of

water, and pigments in thalli were measured vertically (surface, middle, bottom) and spatially (marginal
and central part) in the stationary mat phase during maximal algal growth. Temperature, dissolved oxy-
gen and PAR irradiation significantly declined as the depth of the mat increased. Water turbidity was
greater in the surface layer than in deeper parts, in contrast to the concentrations of N-NO3, N-NH,4 and
TDS. Pigment content in the cells of C. glomerata, cell lengths and diameters of pyrenoids changed through-
out the mat, from top to bottom. The obtained data were used for statistical analyses. In conclusion: dense
mats of C. glomerata show a vertical stratification while the mats remain spatially homogenous. Our data
suggest that mat structure be considered a biological indicator of freshwater eutrophication.

© 2016 Elsevier Ltd. All rights reserved.

Mat heterogeneity
Freshwater Cladophora
Filamentous algae
Eutrophic indicator

optimum, requirements of temperature, pH or nutrients (Mikulski,
1982). The understanding of FA ecology is important due to the

1. Introduction

Macroscopic filamentous algae (FA) are the primary producer
of organic matter in aquatic ecosystems. Due to human activ-
ity affecting aquatic ecosystems, the biomass of FA is drastically
increasing (Khanum, 1982). Rapid growth of FA is difficult to predict
even during one vegetation season. At the bottom, single filaments
are tangled together into long filaments (hairlike strand) forming
colonies, the growth of which is directed towards the water’s sur-
face. In midsummer, these colonies form a dense mat, which traps
gases and enable algae to free-float on the water surface. However,
usually only one species occupies all available water space until
late summer.

FA can grow massively in eutrophic, shallow lakes, ponds and
lowland rivers (Van den Hoek et al., 1995). Various species of fila-
mentous algae prefer different conditions for a temporary increase
during vegetation seasons. The presence and the growth inten-
sity of the individual species are determined by their ecological
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role they play as indicators of environmental gradients, especially
inrelation to the nutrient content in freshwater ecosystems. More-
over, the knowledge about their within-the-range distribution and
also on how to predict species’ occurrences, can be used to avoid
algae bloom.

In the ecological status assessment of water ecosystems, FA
occurrence is related to high eutrophy of water ecosystems (Bricker
et al., 2008; Borja et al., 2008). Filamentous algae can be used
as biological indicators to assess the condition of the environ-
ment and water pollution by nutrients as well as by heavy metals
(Chmielewska and Medved, 2001). These algae have features char-
acterizing good indicators: wide distribution, significant tolerance
to high concentrations of contamination, presence at eutrophic
sites, easy identification, and longevity (Whitton, 1984; Philips,
1990). Due to the ability of forming dense mats and algal blooms,
FA are often considered a nuisance algae in freshwaters (Dodds and
Gudder, 1992). Excessive growth creates environmental and recre-
ation problems in a reservoir. Dense mats can also significantly
affect the ecology in many ways exerting positive and negative
effects. Mats often cause shading, anoxic conditions, and distur-
bances in biogenic compounds cycles (Green and Fong, 2015). Mats
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absorb nutrients from the sediments and, therefore, reduce the
availability of nutrients to phytoplankton and floating macrophytes
(Ozimek, 1990).

The biomass of algae in mats has increased due to eutrophication
but their effects on physico-chemical parameters have rarely been
tested in field experiments. Light conditions is the most important
factor for green algae in mats, so much so that algae in different
layers have different light conditions: due to high light upper lay-
ers may suffer from oxidative stress and photoinhibition whereas
bottom layers have to cope with very low light levels (Vergara et al.,
1997). Laboratory studies on vertical heterogeneity in macroalgal
mats have been carried out on Ulva spp. (Vergara et al., 1997; Malta
et al., 1999), Cladophora sericea (Hudson) Kiitz. (Thybo-Christesen
and Blackburn, 1993) and Chaetomorpha linum (O.F. Miiller) Kiitz.
(Krause-Jensen et al., 1996, 1999; McGlathery et al., 1997).

Although factors such as temperature, pH and nutrients have
been proven to be significant, our study targeted still other eco-
logical determinants which may influence the distribution and
abundance of filamentous algae. Understanding the role and the
functional structure of dense mats in water ecosystems and envi-
ronmental gradients is important not only from the fundamental
and practical perspectives but also for biological conservation.

Filamentous algae, especially the Cladophora species — the
most common one in all types of water ecosystems are generally
considered as the best bioindicators of aquatic ecosystem contam-
ination (Chmielewska and Medved, 2001). Cladophora glomerata
(L.) Kiitz. is a worldwide, cosmopolitan, ubiquitous filamentous
green macroalga, widely recognized as stress resistant, that grows
rapidly and reproduces aggressively, and was classified as an “r
strategist” opportunistic species (Littler and Littler, 1980). More-
over, Cladophora glomerata, is one of the most common species
of macroalgae bloom (Duarte, 1995), which is potentially able to
monopolize space (Hard, 1992) and achieve high biomass in a short
time. Cladophora glomerata (Chlorophyta, Ulvophyceae) is charac-
terized by a high variability of morphometric traits, multinucleated
cells, a pseudodichotomus type of branching and a usual color
of dark green. Its thalli can reach up to several meters in length
(Whitton, 1970; Van den Hoek et al., 1995; Messyasz et al., 2015a).
The aim of our study was to answer the following questions: what
are the principal environmental parameters affecting the occur-
rence and quantitative response of filamentous algae, what is the
niche specialization of either species in small water bodies, what is
the biometrical, physical and chemical differences in vertical and
spatial Cladophora glomerata mat profiles?

2. Material and methods
2.1. Models of ecological niches

2.1.1. Database used

Ecological research of filamentous algae was carried out in
aquatic ecosystems in Western Poland (Central Europe) during veg-
etative algae seasons 2012-2015. We used our database (~200
samples) of the occurrence and habitat of filamentous algae (see
detailsin Pikosz and Messyasz,2016). Special attention was given to
filamentous algae belonging to the common genera Cladophora (L.)
Kiitz., Oedogonium Link ex Hirn, Rhizoclonium Kiitz, Stigeoclonium
Kiitz., Vaucheria A.P. de Condolle, Spirogyra Link, Zygnema Agardh,
Mougeotia Agardh, Sirogonium Kiitz., Tribonema Derbés & Solier and
Ulothrix Kiitz. from 7 sites. Algae were collected from Lake Oporzyn-
skie (N52°55’, E17°9’), the Malta Reservoir (N52°24/, E16°58'), a
pond in Konojad (N52°10’, E16°31’), a pond in Poznan (N52°27/,
E16°55’), the Mogilnica river (N52°9’, E16°31’), Samica Steszewska
(N52°16/, E16°41’), and the Nielba river (N52°48', E17°12’) (Pikosz
and Messyasz, 2016).

2.1.2. GAMs

Ordination methods were used to establish relationships
between water quality and FA occurrence. Due to the skewed
distributions of most variables, square root transformation was
performed. To reduce the number of variables, a forward selec-
tion procedure using Monte Carlo test with 999 permutations was
performed (variables were discarded until a significance thresh-
old of p<0.05 was reached). Ordination was performed using the
CANOCO software package (ter Braak and Smilauer, 2002).

Changes of algal occurrence in response to major environmen-
tal factors were modelled using the GAMs (Hastie and Tibshirani,
1990). We used Poisson distribution while smooth term complex-
ity was selected using the Akaike information criterion (Leps$ and
Smilauer, 2003).

2.2. Mat heterogeneity

2.2.1. Study area

The present study in the aspect of the structure of mats was
carried out in the Lake Oporzynskie (52°55’'N, 17°9’E), situated in
the north-western part of Wielkopolska Region (West Poland), near
Wagrowiec (Fig. 1A). It has an area of 15 ha, a mean depth of 1.2 m
and maximum depth of 2.0 m; there is no permanent stratification
(Messyasz et al., 2015b). The lake is surrounded by fields, and is fed
with high nutrient loads by the streams, therefore the lake receives
a high load of nutrients. The resulting eutrophic conditions give rise
to a large Cladophora glomerata mats.

2.2.2. Field sampling

The field experiment was conducted in June 2015 at C. glom-
erata’s stationary development phase. Studies were carried out
after detailed study of the growth phase of the mat. Mat structures
of green algae were examined with regard to spatial and vertical
profiles (Fig. 1B). Samples of filamentous algae (about 100 g fresh
weight) and water (1 L) were collected from the spatial profile from
the central and marginal parts in the lake, however the vertical
profile was divided into three zones: surface (0-50cm), middle
(50-150 cm)and bottom (150-200 cm). The surface zone of the lake
was defined as the depth which light can penetrate - the euphotic
zone.

The cross-section through the lake was extrapolated by the
ArcGIS 10.2. program. To assess the preferences of macroalgal
mats we collected water samples from different depths with a
customized sampler. Each algae sample was carefully picked and
placed in a plastic bag and transported in cool storage conditions
(12°C) to the laboratory. Samples for phycological, chlorophyll-a
and chemical analyses were extracted immediately using a cen-
trifugal pump supplied by hoses (10 mm @) adapted to bring up
water from a particular sampling depth into a calibrated vessel.

2.2.3. Field measurements

The following environmental variables were measured at each
sampling site (20 vertically and 25 horizontally) in order to charac-
terize the general nature of each habitat: water temperature (°C),
electrical conductivity (EC, in wScm~1), pH, total dissolved sub-
stance (TDS, in mgL-1), dissolved oxygen (DO, in mg O, L) and
oxygen saturation (OS, in%). All of these variables were measured in
the field using a YSI 560 professional plus multi-parameter probe.
Underwater photosynthetically active radiation (PAR) light inten-
sity was measured using a LI-1500 current meter and data logger
combined with a spherical quantum sensor LI-193 SA and quantum
sensor LI-192 SA (LI-COR, Lincoln, USA).

2.2.4. Laboratory analysis and measurements
Water samples were collected in the field from each sampling
site, one of them were immediately conserved with chloroform,
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Fig 1. A - Location of Lake Oporzynskie in Western Poland (Central Europe) with marked cross-section; B — vertical and spatial profiles.

and next stored at —10°C for future water chemistry analysis, fol-
lowing samples were not conserved. Laboratory analysis, with a
view to measure turbidity (FAU), the content of nitrate (mg NO3-
N L-1), ammonium (mg N-NH,* L-1) sulphate (mg SO42~ L-1) and
ortophosphate (mg P-PO,43~ L~1)with a HACH DR 2800 spectropho-
tometer was made.

The collected algae samples were examined in the aspect of
the morphology of cells (Ilengths, widths, dimensions of pyrenoids)
using a light microscope (40x ) with a camera (ProgRes® SpeedXT
core 3, Jenoptik).

Photosynthetic pigments (chl a, chl b and carotene) in filaments
(0.1 g fresh weight) were analyzed by modified methods (Yoshii

et al., 2004; Dere et al., 1998) and were determined spectropho-
tometrically by means of equations proposed by Lichtenthaler and
Wellburn (1983).

Analyses of algae were performed no later than 24 h after the FA
collection; some water analyses (like turbidity measurement) were
performed immediately after the samples’ arrival to the laboratory
and others within the next 72 h.

2.2.5. Data analysis

Differences in vertical profile were assessed through the
Kendalls concordance coefficient (W), which is the normalization
of the non-parametric Friedman x2 ANOVA statistics. Differences
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in spatial profiles were tested by t-tests for dependent samples.
The Mann-Whitney U test was also applied to ascertain whether
any biometric characteristics of C. glomerata such as length and
width of cells, and diameter of pyrenoids of FA differed signifi-
cantly between the vertical and depth sites. The Shapiro-Wilk test
was used to assess the equality of variance in comparable groups.
To normalise the distribution of the analyzed variables, the outliers
were removed in justified cases, though not exceeding one per par-
ticular group. These statistical analyses were performed using the
R 3.0.1 statistical package (R Development Core Team 2013, using
the vegan package; Oksanen, 2011).

3. Results
3.1. GAMs

Monte Carlo tests revealed that temperature (p=0.01), elec-
trical conductivity (p=0.03), and concentration of total dissolved
substance (p=0.02),chloride (p=0.001), nitrate (p=0.01) and
orthophosphates (p=0.04) are the only independent environ-
mental gradients significantly related to the composition of FA
assemblages (p<0.05). The response of FA to the most impor-
tant environmental factors was studied using GAM modelling.
Significant differences were demonstrated between the responses
of species to individual factors. The FA common in freshwater
ecosystems presented different quantitative response curves to
physico-chemical changes of water quality (a monotonic decreas-
ing, a unimodal with optimum around the centre, and a monotonic
increasing) (Fig. 2).

The same response curves (unimodal with optimum around
centre) to temperature changes were observed in Tribonema vul-
gare Pascher, T. aequale Pascher and Ulothrix variabilis Kiitz. and
have their optimum of occurrence in water below 20 °C. However,
Oedogonium capillare Kiitz. ex Hirn dominates at higher tem-
peratures (20-25°C). The GAMs show that Cladophora glomerata
has a stronger response to colder water (monotonic decreasing
curves), in contrast to C. fracta (O.F.Miiller ex Vahl) Kiitz. and C.
rivularis (L.) Hoek (Fig. 2A). The sensitivity of other algae to tem-
perature change is low. Chlorides of anthropogenic origin have
a significant impact on the occurrence of filamentous algae in
freshwater ecosystems because Zygnemataceae taxa (Mougeotia,
Zygnema, Spirogyra, Sirogonium) prefer water with up to 40 mgL-!
of chloride, whereas at a chloride concentration of 60 mgL~! their
concentrations are near zero. Cladophora glomerata has its highest
concentration between 40 and 80mgL-! CI- (Fig. 2B) whereas O.
capillare and C. rivularis occur in water with high ionic chloride con-
tent. Zygnemataceae do not occur in water with higher electrical
conductivity than 600 wScm~1 (Fig. 2C). Out of all the Cladophora
species C. glomerata exhibits the strongest response to TDS changes
and prefers occurring in water with 200-400mgL-! TDS. Oedo-
gonium capillare, C. rivilaris, Ulothrix variabilis and Tribonema taxa
occur in water with the highest electrolytic conductivity (EC) and
concentration of total dissolved substance (TDS) (Fig. 2C,D). More-
over, the response of C. glomerata to biogenic compounds (N-NO3~,
P-PO43~) indicates that the algae prefer water with higher nutrient
concentrations (Fig. 2E,F). Taking into regard all water parame-
ters, C. glomerata occupies a distinct niche in the studied water
ecosystems.

3.2. Vertical and spatial profile in cladophora mat

3.2.1. Water chemistry

Temperature in the surface layer (0-50 cm) varied from 21.4 to
19.0°C, in the middle layer (50-150 cm) it decreased from 18.5 to
15.8°C and at the bottom (150-200 cm) it decreased from 15.7 to

15.3°C(Fig. 3B, Table 2A). The temperature difference between the
surface (0 cm) and the bottom (200 cm) was 6 °C. Dissolved oxygen
decreased from 17.0 to 0.23 mg O, L~! from the surface to the bot-
tom. (Fig. 3B). Nearly anoxic conditions (<2 mg O, L~!) appeared
at the depth of 130 cm. In the surface layer (0-40 cm) light inten-
sity ranged from 0.4 to 15.6 umol quanta m—2s~! depending on
depth. The range of pH values gradually decreased (from 9.11 to
7.06) with depth. In the vertical profile, changes of physical and
chemical parameters such as temperature, PAR (Photosynthetically
Active Radiation) irradiance, OS, DO, pH, TDS, turbidity were of
statisticall significan (Table 1). Nutrient concentrations indicated
the eutrophic character of the lake. The nutrient concentrations in
the water column increased with depth but only the changes in
nitrates and ammonium concentrations were statistically signifi-
cant (Table 1A). In contrast to the vertical heterogeneity profile, the
spatial profile was homogeneous (Fig. 3A), and showed no signif-
icant differences in physical, chemical and biological parameters,
except for temperature, PAR irradiance and turbidity (Table 1B).

3.2.2. Structure of cladophora mats

Cladophora glomerata in Lake Oporzynskie extensively devel-
oped in the water column and covered 95% of the lake surface.
Free-floating filaments were frequently arranged in very thick mats
from the surface to the bottom, with the greatest biomass found in
the surface layer.

No significant difference was observed in chlorophyll a content
in C. glomerata between the layers (p < 0.05). The chlorophyll b and
carotenoids content was significantly different only in the verti-
cal profile (Table 2A). There was also significant differences in cell
length, width and diameter of pyrenoids in filaments from surface
tobottom (Table 3). Changesin all of the studied biometrical param-
eters between marginal and central areas were not statistically
significant.

4. Discussion
4.1. GAM profile

Earlier research shown that distribution of filamentous algae
species is correlated with the orthophosphorates, nitrates, chloro-
phyll a, chlorides of anthropogenic origin and TDS (Pikosz and
Messyasz, 2016). Moreover, our results have shown that also tem-
perature and EC are responsible for filamentous algae development,
it is temperature and chloride in particular that differentiate the
ecological niche of FA. According to many authors the ecological
tolerance and occurrence of Cladophora spp., Spirogyra spp. and
Oedogonium spp. is broad (Dodds and Gudder, 1992; Garcia and
Aboal, 2014; Hainz et al., 2009; Simons and van Beem, 1990).
Especially Spirogyra was found at pH values between 6.2-9.1, at
electrolytic conductivities between 75 and 1500 uScm~!, indicat-
ing meso- to eu-trophic conditions as optimal growth ranges (Hainz
et al.,, 2009). In contrast, Oedogonium sp. is a useful indicator of
EC and sulphate concentration; it showed optimum conductivity
lower than 100 pScm~! in tropic nature (Montoya-Moreno and
Aguirre-Ramirez, 2013).In our studies, Spirogyra prefers water with
lower conductivity than 200 wScm™1, but O. capillare in higher EC
(>1000 uScm1).

In many previous studies, temperature was thought to be one
of the most important variables responsible for C. glomerata’ abun-
dance. The temperature tolerance of C. glomerata is different due
to geographical regions (Hoffmann and Graham, 1984); in Sweden
C. glomerata showed optimum photosynthetic activity between 7
and 15° C (Herbst, 1969), in Poland Chudyba (1965) found C. glom-
erata when the water temperature was only 9°C, in contrast to
Lake Michigan (USA), where the same species could grow between
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Fig. 2. Type of species response curves (Horsak et al., 2007) and Generalized Additive Models - the response of filamentous algae taxa for six explanatory variables: A - Tem-
perature; B - Chloride; C - Electrical Conductivity; D - Total Dissolved Substance; E - Nitrate; F - Orthophosphate. (C.glom. = Cladophora glomerata, C.riv. = Cladophora rivularis,
C.frac.=Cladophora fracta, O.cap. = Oedogonium capillare, Rhiz.sp. = Rhizoclonium sp., Z.sp.=Zygnema sp., M.sp.= Mougeotia sp., Spir.spp. = Spirogyra spp., Sir.sp. = Sirogonium sp.,
S.nan. = Stigeoclonium nanum, U.var. = Ulothrix variabilis, T.aeq. = Tribonema aequale, T.vul. = Tribonema vulgaris).

28 and 31°C (Lester et al., 1988). Response curves of C. glomer- but reveals a decreasing response to increasing temperature, while
ata from freshwater ecosystems in Wielkopolska Region does not the response of other Cladophora species and filamentous algae are
show a clear correlation with water temperature gradients (Fig. 2A) completely different. Rapid growth and development of C. glom-
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marginal, n=15 for central, n=5 for surface, n=11 for middle and n=>5 for bottom layer).

erata at low temperature is a strategy which allows it to achieve
dominance over other FA and over macrophytes in water ecosys-
tems. Strategies of C. glomerata provide success in variable habitats
and form an extension of its ecological niche (Ensminger et al.,
2001). Such behavior is similar to those of the cosmopolitan Ulva
species, which appear in freshwaters with a high chloride concen-
tration of anthropogenic origin (Messyasz and Rybak, 2011), and,
also, of C. rivularis and O. capillare, which are found only in fresh-
water ecosystems and have a strong occurrence response in higher
chloride concentrations. Many species have a preference for alka-
line, eutrophic waters where they can appear as a large biomass
(Messyasz et al., 2015a). On the other hand, massive develop-
ment of filamentous algae does not occur in oligotrophic locations
but commonly indicates an increasing trophic state. Freshwater
ecosystems, in which filamentous algae form dense mats, are often
characterized by high levels of nutrients such as nitrogen and/or
phosphorus (Higgins et al., 2008). Among the analyzed FA, which
commonly occurred in water ecosystems in Poland, O. capillare, C.
rivularis, C. fracta show lower aqueous nitrate concentrations than
C. glomerata, Rhizoclonium sp. and Vaucheria sp.

Macroalga C. glomerata characteristically dominate in eutrophic
waters (Whitton, 1970) and our findings have confirmed this
dependence. The fact that each species needs a specific set of
environmental conditions for its development confirms the niche
concept that yields a competitive advantage or persistence con-
tingent on environmental conditions which provides trade-offs of
species traits that favor coexistence (Hutchinson, 1957).

4.2. Vertical and spatial profile in cladophora mat, water
chemistry

Dense algal mat in Lake Oporzynskie occupied the whole water
column in shallow basins such as in eutrophic non-tidal lagoons,
where the mat thickness was 1.5m (Lenzi et al.,, 2011). In high-
density mats the upper layer causes shading of the lower layers
and may lead to stratification of physical and chemical parame-
ters and nutrients in the water column (Lenzi et al., 2013). In this
study PAR irradiance drastically decreased after the first 10 cm,
and b formed a disphotic zone below 40 cm. Similar behavior was
reported within dense mats of Chaetomorphora linum (Miiller) Kiitz,
where the photic zone was only 8 cm deep (Krause-Jensen et al.,
1996). In Strzeszynskie Lake, before and at the time of phytoplank-
ton bloom, significant changes in vertical gradients of PAR and the
availability of light in the water column were also observed, and
the euphotic zone decreased from 7 to 5m (Joniak et al., 2013).
The presence of mats in zones with low light was interpreted as
resulting from C. glomerata’s acclimation to different light envi-
ronments and its link to C. glomerata’s development succession
(Ensminger et al., 2000). In the marginal zone the level of light was
lower than in the central zone, which was caused by shading of
surrounding trees. According to Krause-Jensen et al. (1996), maxi-
mum dissolved oxygen concentrations occurred within the photic
zone of the mats, and our results confirm those collected from the
surface layer where PAR irradiance reached the concentrations of
15.6 wmolm~2s~1 and DO was higher than 15mgL-1. However,
in our studies, filaments of Cladophora glomerata occurred at all
depths, from the surface to the bottom layer. Moreover, Vaucheria
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The chemical composition of water in Lake Oporzyiskie along: A - vertical profile and B - spatial profile (mean & SD). Bold represents statistical significance, p <0.05, degrees

of freedom df=2 for Friedman tests and df=13 for t- tests.

A. Vertical profile

Surface Middle Bottom Friedman’s Kendall's W p

0-40cm 50-150cm 160-200cm ANOVA x?

(n=5) (n=11) (n=5)
Temperature (°C) 204409 17.1+£0.9 15.5+0.2 10.94 0.45 0.0042
EC (nScm™1) 519.8+7.8 564.0 +56.1 661.4+£2.3 5.89 0.25 0.0525
TDS (mgL-1) 228.8+29 281.14+48.9 364.0+0.1 10.94 0.45 0.0042
0S (%) 183.9+6.2 58.89+57.1 7.12+1.35 37.84 0.57 0.0000
DO (mgL~") 16.58+0.5 495+5.1 0.53+0.2 10.94 0.45 0.0042
pH 8.96+0.17 7.84+0.44 7.10+£0.05 15.07 0.28 0.0005
Turbidity (FAU) 5.19+0.78 2.75+1.25 1.85+0.45 10.00 1.00 0.0067
N-NO3;~ (mgL-1) 0.46+0.15 0.70+0.53 0.70+0.55 11.84 0.54 0.0027
N-NH4* (mgL~1) 0.31+£0.02 0.61+£0.26 0.74+0.33 8.44 0.84 0.0146
P-PO43- (mgL-1) 0.15+0.05 0.28-+0.17 0.48+0.48 5.20 0.52 0.7428
S042~ (mgL~1) 68.6 +2.96 69.0 +1.41 68.4+1.14 0.13 0.13 0.9355
PAR irradiance (pumol quantam—2s1) 4.14+6.46 0.00+0.00 0.00 +£0.00 9.50 0.95 0.0086
B. Spatial profile

Marginal Central t statistic p
(n=10) (n=15)

Temperature (°C) 20.49+0.76 21.41+0.67 -2.29 0.0390
EC (nScm™') 529.6 +£2.31 529.6 +£2.89 -1.86 0.0849
TDS (mgL-1) 2359+3.11 232.8+£3.52 -1.74 0.1038
0S (%) 116.2+£63.1 146.9+£5.50 -1.89 0.0802
DO (mgL-") 13.29+0.32 13.42+1.13 —2.00 0.0665
pH 8.74+0.13 8.84+0.16 -1.95 0.0719
Turbidity (FAU) 2.27+261 4.984+3.08 -2.33 0.0359
N-NO3~ (mgL-") 0.32+0.12 0.34+0.18 0.06 0.9460
N-NH4* (mgL-1) 0.62+0.24 0.54+0.21 -0.37 0.7166
P-PO43~ (mgL-1) 0.18+0.07 0.17+0.01 -0.47 0.6436
S04%~ (mgL") 68.9+3.38 69.8+2.51 -1.95 0.0720
PAR irradiance (pumol quanta m=2s1) 15.09+0.53 15.92+0.18 —2.34 0.0353

Table 2
The pigment content in Cladophora glomerata filaments in Lake Oporzynskie along:
significance, p<0.05, degrees of freedom df =2 for Friedman test and df =13 for t-tests.

A - vertical profile and B - spatial profile (mean =+ SD). Bold represents statistical

A. Vertical profile

Surface Middle Bottom Friedman'’s Kendall's W p
0-40cm 50-150cm 160-200cm ANOVA x?
(n=5) (n=11) (n=5)
Chla(pngg™) 132.9+56.18 259.75+106.44 317.38+139.25 2.80 0.28 0.2466
Chlb(pgg™) 56.77 £37.64 171.06 £86.37 169.91+68.01 13.44 0.20 0.0012
Carotenoids(pgg™1) 65.91+17.33 101.41+£37.24 105.14+21.08 13.37 0.61 0.0013
B. Spatial profile
Marginal Central t statistic p
(n=10) (n=15)
Chla(pgg™) 106.78 £49.98 91.87 £28.67 -0.36 0.7222
Chlb(pgg™) 55.27 £35.65 41.64+17.75 0.13 0.8991
Carotenoids 71.08 £31.07 65.44+18.18 —-0.60 0.5564
(ngg™)
Table 3

Comparison of biometric parameters in Cladophora glomerata filaments under different

water depth (surface, middle, and bottom). Values represent means =+ SE. Sample size:

125 data in each group. Means followed by different letters are significantly different at P<0.05.

Vertical profile

SURFACE0-40 cm MIDDLE50-150 cm BOTTOM160-200 cm
Cell length (pm) 234.1+35.6 199.6 +18.6 175+16.8
Cell width (um) 51.5+23 52.1+3.8 47.1+6.6
Diameter of pyrenoids (jpm) 63+0.4 7.0+0.3 7.8+0.2

dichotoma, which also belongs to FA, formed a belt in Lake Mikola-
jskie at the depth of 3.0-4.5 m, where light penetrated only 1% of the
surface, because it prefers fertile environments with a high content
of nutrients (Ozimek, 1990). In the bottom zone the concentrations

of nutrients in the water were higher than in the surface layer, so it
was easier for Cladophora filaments to take up nitrate, ammonium
and orthophosphates. This pattern suggested a light limitation and
anincreased content of biogenic compounds towards the bottom of
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the mat. The phosphorus content never decreased below the critical
level (0.01 mgL~1) for Cladophora (Painter and Kamaitis, 1987).

4.3. Functional structure of cladophora mats

Mats are likely to play a key role in the functioning of ecosys-
tems, and a massive development of FA can have a significant
impact on the environmental conditions in shallow lakes, rivers and
ponds (Irfanullah and Moss, 2005; Pikosz and Messyasz, 2015). The
extensive development of Cladophora glomerata in shallow Lake
Oporzynskie was found beginning in 2013 (674 gd.w m~2) and reg-
ularly repeated every year since then (Messyasz et al., 2015b). Till
now, however, the impact of mats on water conditions has not
been studied. The mat structure of FA creates a different environ-
ment from that of open waters, and that may have great impact on
the trophic levels. Changes associated with the location where the
mat of C. glomerata in the lake was present may cause it to deplete
nutrient supplies in surrounding waters.

Many factors, including light intensity, pH, dissolved oxygen,
water temperature and nutrient concentrations may influence
the growth, distribution and morphology of Cladophora (Whitton,
1970; Painter and Kamaitis, 1987; Higgins et al., 2008). The capac-
ity for phenotypic plasticity of Cladophora glomerata enables it
to respond to these changing environmental factors, not only by
increasing the fitness of individuals but also by significantly affect-
ing their distribution in water ecosystems (Ensminger et al., 2001).
In Oporzynskie Lake, in the vertical profile, the following signifi-
cant changes in C. glomerata filaments were observed: increased
pigment contents, with shorter cells and with pyrenoids diam-
eters increasing with depth. Higher starch deposition may be a
response of green algae to the abiotic stress caused by variable
environmental conditions. Literature data show that phosphorus
is effective in carotenoid production in algae and at higher tem-
peratures may increase total chlorophyll concentrations in algal
cells (Khuantrairong and Traichaiyaporn, 2009). Other research
suggested that the amount of chlorophyll b sometimes increases in
green algae that are transferred from high-light to low-light growth
conditions (Berner et al., 1989). In the studied Lake, the amount
of all measured pigments increased with lower temperature. The
abundant occurrence of Cladophora glomerata from the surface to
the bottom confirms that vegetative cells are able to withstand a
wide range of unfavorable environmental conditions (Ensminger
et al., 2001).

5. Conclusions

To conclude, we have shown that in the shallow lake with dense
FA monospecies mats, physical and chemical factors have (first
of all) a major impact on the vertical distribution of Cladophora
glomerata. Our data provide a better understanding of the fac-
tors that determine the variations in the distribution of Cladophora
glomerata filaments in the spatial profile. From a practical point
of view our findings suggest that, because of spatial homogeneity
in the macroalgal mats, monitoring programs for the collection of
thalli could be based on sampling points anywhere in mats of the
marginal or central layer. Despite the homogeneity of water chem-
istry, the structure of the mat is specific and shows the diversity of
biometric features.

The data presented confirm the usefulness of filamentous algae
for the ecological monitoring of freshwater ecosystems while
increasing our knowledge on the distribution and ecological range
of some species. However, more experimental work is needed to
know the tolerance range of species living in shallow ecosystems.
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Abstract: Filamentous green algae (FGA) frequently forms
dense mats which can be either mono- or polyspecies.
While various defense mechanisms of competition in
algae are known, little is known about the interactions
between different species of FGA. An experiment in
controlled laboratory conditions was conducted to gather
data on the changes in amino acids (AA) concentrations
in FGA species in the presence of exudates from different
other species. The aim of the present study was to identify
the AA whose concentrations showed significant changes
and to assess if the changes could be adaptation to
stress conditions. The major constituents of the AA pool
in Cladophora glomerata, C. fracta and Rhizoclonium
sp. were Glutamic acid (Glu), Aspartic acid (Asp) and
Leucine (Leu). In response to chemical stress, that is the
increasing presence of exudates, a significant increase
in the concentrations Proline (Pro) and Tryptophan (Trp)
was noted. The increase in Proline levels was observed in
C. fracta and Rhizoclonium in response to chemical stress
induced by C. glomerata exudates. As the concentration of
exudates increased in the medium, there was a progressive
shift in the pattern of AA group in FGA.
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1 Introduction

Cosmopolitan filamentous green algae (FGA) such as
branched Cladophora and unbranched Rhizoclonium
often experience massive growth in eutrophic water
ecosystems, forming dense, seasonal mats [1-4]. The mats
are varied in many ways and one of their characteristic
features is the number of taxa forming them [5-7]. In some
cases they are formed from only one taxon whose rapid
growth monopolizes the space on the water; other species
co-exist with the dominant one or disappear enhancing
the dominant species [8,9]. According to Khanum [8]
Cladophora glomerata (L.) Kiitzing, the most common
Chlorophyta in the world, forms mainly monoalgal mats
but sometimes becomes dominant in an algal community.
The C. glomerata algae may co-exist with other Cladophora
species or with other FGA taxa such as Rhizoclonium,
Oedogonium [3,10]. Filaments of C. glomerata formed
monoalgal mats in the Samica Steszewska river, Lake
Oporzynskie; they co-existed with Rhizoclonium sp.
Kiitzing in Mogilnica river and with Cladophora fracta (L.)
in Malta reservoir [11,12]. The wide ecological range and
fast growth of C. glomerata is a strategy which allows it
to establish dominance over other macroalgae in water
ecosystems [13]. This fact, confirmed in previous studies,
has shown that the species belonging to the genus
Cladophora (C. glomerata, C. rivularis, C. fracta) well
tolerates a wide range of habitat requirements [12,14].
Additionally, mat formation, morphological variability,
and chemical defense strategies used by FGA are the
components of its stress avoidance mechanisms.

Several types of interactions between algae are seen
in nature, e.g. allelopathic, non-allelopathic interactions
and responses to different factors like resource competition
or environmental stresses [15]. In water environments,
Cladophora displays a high level of interactions with other
organisms (microalgae, macroalgae, macrophytes) related
to competing for light exposure, nutrients, and attachment
substrate [16]. Much of the available evidence demonstrates
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competition between macroalgae and phytoplankton
including periphytic algae and macroalgae-macrophytes
but not between macroalgae and macroalgae. C. glomerata
can prevent overgrowth by periphytic diatoms because
dense coverings of diatoms would interfere with nutrient
uptake by Cladophora and therefore inhibit growth [16,17].
According to Tarmanowska [18] C. glomerata inhibits the
growth of Elodea canadensis Michx. Moreover, Cladophora
is an example of a freshwater chlorophytes species
which is capable of mediating allelopathic interactions,
causing an increase in allelochemical concentration in
response to competitors [1,19]. The green alga C. glomerata
synthesizes a wide variety of toxic fatty acids (capric and
palmitoleic acids) which have been demonstrated to be
allelopathic [1]. Extract from C. glomerata slightly reduces
the photosynthetic rate of diatoms [17].

Although the morphological variability related to the
effect of different biotic and abiotic factors is well-known,
the changes in the contents of proteins synthesized in
algae biomass are little known. According to literature,
only changes in Proline accumulation in response to
environmental stress have been studied. The defense
of resources by FGA involves competition, which may
influence biochemical and morphological changes in
cells and filaments - which have not been yet sufficiently
studied [20]. This study focuses on C. glomerata, the
most common and dominant FGA in the world and other
species interaction with C. fracta and Rhizolonium sp. We
hypothesize that the presence of C. glomerata exudates
have a significant impact on the amino acid content in C.
fracta and Rhizoclonium sp. The results of this study could
provide first data for understanding the mechanisms of
C. glomerata response to competition and its strategy of
stress avoidance.

2 Materials and methods

2.1 Raw materials and their collection

The study was carried out in June 2015 when freshwater
populations of FGA were in the optimal phase of
development. Samples of Cladophora glomerata were
taken from the shallow Lake Oporzynskie (N52°557; E17°9"),
Cladophora fracta from the surface of the Malta Reservoir
in Poznan (N52°24"; E16°57") and Rhizoclonium sp. from a
pond in Poznan (N52728"; E16°55") in Wielkopolska Province
in Poland. All samples were randomly selected from the
mat at a depth of about 10 cm from the water surface.
The filamentous green algae samples were collected
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into a plastic container and transported in a refrigerated
container (at 4°C) to a laboratory. Next, the filaments were
rinsed repeatedly with distilled water.

2.2 Microscopic identification

Morphometric measurements of the length and width of
cells, pyrenoids (stained with Lugol’s) and nuclei (stained
by 1% acetocarmine) were made using a light microscope
(LM). Images of opportunistic C. glomerata were made
using a transmission electron microscopy (TEM), scanning
electron microscopy (SEM) and light microscopy (LM).
TEM images were recorded of filaments in control samples
and filaments in the presence of 100% exudates. For the
TEM technique, the filaments of C. glomerata were fixed in
amixture of glutaraldehyde (3%) in 0.1 M phosphate buffer
(pH= 7.2) for two hours, washed several times in a buffer
and postfixed in 1% osmium tetroxide (0sO,) in the same
buffer. The cells were dehydrated by an ascending ethanol
series, according to the method proposed by Farias et al.
[21]. Finally, the samples were embedded in Spurr’s resin
(Low viscosity, ProScitech) [22] to produce a solid block,
which was cut with and ultramicrotome (Leica EM UC7) at
60 nm, the ultrathin sections were contrasting in uranyl
acetate, according to methods described by Reynolds
[23]. Observations and photographs were carried out on a
TESLA BS 500 transmission electron microscope.

2.3 Determination of total phenolic content

The total phenolic content of the filamentous green
algae extract was determined by the Folin-Ciocalteu
spectrophotometric method [24]. First, 30 pL of crude
extract (10 mg/mL) were diluted with distilled water to
achieve 1.8 mL, mixed thoroughly with 1.5 mL of Folin-
Ciocalteu, followed by the addition of 4.5 mL of 20%
(w/v) sodium carbonate and 5.7 mL of distilled water.
The mixture was allowed to stand for further 2 hours in
the dark, and absorbance was measured at 760 nm. The
total phenolic content was calculated from the calibration
curve, and the results were expressed as mg of gallic acid
equivalent per g dry weight.

2.4 Determination of pigments

Photosynthetic pigments: chlorophyll a, chlorophyll b
and carotenoids concentrations in the filaments were
analyzed according to the methods proposed by Yoshii
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et al. [25] and Dere et al. [26] and were determined
spectrophotometrically using the equations proposed by
Lichtenthaler and Welburn [27].

2.5 Experimental set-up

The first experiment was designed to observe the mutual
impact of filamentous green algae (C. glomerata, C.
fracta, Rhizoclonium sp.) exudates on each other and on
the composition of their amino acids. For the laboratory
experiments, ca. 500 g fresh weight (FW) of either C.
glomerata, C. fracta and Rhizoclonium sp. were placed into
3 aquaria which were fully filled up with 10 L of filtered and
sterilized freshwater. FGA were acclimated and maintained
in aquaria for 24 h. Then, cultures of FGA species were
incubated in Wang’s medium at a temperature of 21°C
and in a diurnal regime (16/8 h light/dark cycle, 250 pmol
photons m? s?) in phytothron (CONVIRON model CMP
6050). The cultures were left to rest for 7 days so that the
green algae species secreted the exudes to the medium.
Upon commencing the experiment, algal pieces of ca. 5.0
g FW (only filaments in good condition, without evidence
of necrosis) were placed into 200 mL beakers. In the
experiment the control sample contained Wang’s medium
(100 % medium) and three samples with the medium
containing algae exudates at different concentrations (25,
50, 100% exudates in medium). Each level was studied in
triplicate using glass containers with 200 mL of medium
and 5 g of fresh algae biomass. Four series of experiments
were performed; the first with C. fracta cultured in the
medium with C. glomerata exudates; the second with C.
glomerata cultured in the medium with C. fracta exudates;
the third with Rhizoclonium sp. with C. glomerata exudates
and the fourth with C. glomerata filaments in the presence
of Rhizoclonium sp. exudates. Each time, after completion
of the series of experiments, the FW of FGA filaments
was determined, as well as their DW after drying in a
laboratory oven for 2 hours at 105°C. Then, the filaments
were put into plastic 100 mL containers.

2.6 Amino acids analysis in biomass

The algae samples were analyzed using the modified
Kjeldahl procedure (AoAC 2007) for dry matter (method
no. 934.01) and ash (method no. 942.05). Hydrolysis of
total protein was performed according to the protocol
described by Malmer and Schroeder [28]. The amino acid
standards alanine (Ala), aspartic acid (Asp), arginine
(Arg), cysteine (Cys), glutamic acid (Glu), glycine (Gly),
histidine (His), isoleucine (Ile), leucine (Leu), lysine (Lys),
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methionine (Met), phenylalanine (Phe), proline (Pro),
serine (Ser), tyrosine (Tyr), threonine (Thr) and valine
(Val) were from Sigma-Aldrich (Steinheim, Germany), and
the amino acid standard tryptophan (Trp) were purchased
from Merck (Darmstadt, Germany). The ground algae
samples were subjected to acid hydrolysis with 6 M HCI at
the temperature of 383.15 K for 23 hours. Amino acids were
determined using a AAA 400 amino acid analyzer (INGOS,
Czech Republic) with ion exchange chromatography. Post
column ninhydrin-based detection and sodium citrate
buffer were used. The ninhydrin amino acid derivatives
were detected using packing of column OSTION Lg ANB
(column height: 35 x 0.37 cm) at 570 nm for primary
amino acids and at 440 nm for secondary amino acids.
Amino acid concentrations in samples were calculated
from calibration plots obtained by analysis of working
solutions of different concentration. The contents were
expressed as g-100g? of total proteins.

2.7 Statistical analysis

The homogeneity of the variance was analyzed using
Levene’s test. A One-way ANOVA followed by Tukey’s RIR
post hoc test was used to determine significant differences
between the control and treatment groups. Statistical tests
were performed with the program STATISTICA (ver. 12).
Differences were considered to be significant at p<0.05.

Ethical approval: The conducted research is not
related to either human or animal use.

3 Results

3.1 Freshwater filamentous green algae:
morphology and chemical composition

The studied FGA formed dense, monoalgal, free-floating
mats in eutrophic freshwater ecosystems. The morphology
of algae taxa was studied carefully, and the taxa were
identified as C. glomerata, C. fracta and Rhizoclonium sp.
classified as Order: Cladophorales, Class: Ulvophyceae and
Phylum: Chlorophyta. The detailed taxonomic description
is included in Table 1. The C. glomerata filaments were
strongly branched and inhabited by large numbers of
periphytic communities which were responsible for their
roughness (Figure 1). Each cell in the branching filaments
of C. glomeratais multinucleate and contains many discoid
chloroplasts in peripheral arrangement. The pyrenoid
is bilenticular and is divided into two hemispheres by a
single thylakoid, and each hemisphere is covered by a
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Figure 1: Details of the ultrastructure of Cladophora glomerata thalli: a — general view of branched filaments (LM); b - surface of filament
inhabited by periphytic diatoms (SEM); ¢ — TEM micrograph of mitochondrion (M) in the vicinity of chloroplast (Chl) and pyrenoid (P)
surrounded by chloroplast; the arrangement of thylakoids (Th) in chloroplast; internal singular vacuole (V) well organized; d - cell wall (CW),
external layer and internal division of two cells; lipids on the chloroplast (Chl); (c, d — scale bar = 0.5 pm).

Table 1: Morphology and chemical characteristic of freshwater green algae (values: minimum — maximum or mean+SD, n=30 for
morphology data, n=3 for chemical data).

Taxon
Features

Cladophora glomerata

Cladophora fracta

Rhizoclonium sp.

MORPHOLOGY Filaments characteristic

CHEMICAL
COMPOUNDS

Cell shape

Cell width (um)

Cell length (um)

Shape of chloroplasts
Diameter of pyrenoids (um)
Diameter of nuclei (um)

Pigments (ugmL?Y):
Chla

Chlb

Carotenoids

Amino Acid
(g-100g™) of total protein)

Total phenolic content

mg gallic acid equivalent (GAE)/g DW

dark green, rough in touch,
often trichotomies and
subtending branching

cylindrical, elongated
30-70

125 - 400

reticulate

4.5-7.2

3.8-8.5

8.45£0.18
6.36£0.11
2.32£0.03

18 AA
91.17+0.24

17.32£0.23

yellow green,
delicate,
branching frequent

cylindrical
20-31
50 - 155
parietal
2.8-5.6

1.9-4.1

3.1320.12
2.95£0.07
0.72+0.05

18 AA
90.33x0.28

11.5520.21

dark green, long, rough
in touch, mainly without
branched or only with
short branched

cylindrical

20-55

70-174
reticulate/parietal
2.9-5.5

2.2-4.6

4.43£0.10
2.81£0.08
1.15£0.03

18 AA
90.30+0.37

12.28£0.14
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Figure 2: Amino acid profile in study algae (g-100g™ of total protein).

bowl-shaped starch grain. Each chloroplast is densely
packed with tightly appressed thylakoids which are often
paired. Grains of starch are distributed through the stroma
of the chloroplast. The nucleus has a very large nucleolus.
Each cell contains a single Golgi body, and two, sometimes
three large, elongated mitochondria with very long cristae.
In the cell cross-section, the greater part of the cell can be
seen occupied by a central vacuole surrounded by a thin
layer of cytoplasm. The cell walls are multilayered and
composed of microfibrils (1222 nm in diameter) arranged
in parallel to each other. In contrast, C. fracta cells were
more delicate, its filaments were thinner than those of
the other FGA studied and were like cotton to the touch.
Filaments of Rhizoclonium sp. were characterized by the
same width close to 50 pm. Among the studied algae, C.
glomerata had got the highest content of pigments, amino
acids and total phenolic content (Table 1). The chl a, chl
b and carotenoids concentration in C. glomerata biomass
was almost twice higher than in C. fracta or in Rhizoclonium
sp. In the studied FGA the same 18 amino acids have
been identified (Figure 2). The relative abundance of AA
in C. fracta decreases in the order: Glu> Asp> Leu> Arg>
Val> Ala> Gly> Lys> Thr> Ser> Pro> Phe> Ile> Tyr> His>
Cys> Met> Trp. The analogous order for C. glomerata
was: Glu> Asp> Leu> Arg> Val> Ala> Gly> Lys> Thr> Pro>
Ser> Phe> Ile> Tyr> His> Cys> Met> Trp. In Rhizoclonium
sp. the distribution order from higher to lower was: Glu>
Asp> Leu> Arg> Val> Ala> Gly> Lys> Ser> Thr> Pro> Phe>
Ile> Tyr> His> Cys> Met> Trp. The abundance of AA in the
studied FGA decreased in similar order and varied only in
the sequence of Thr, Ser and Pro (underlined). Moreover, a
considerable difference in phenols content was noted for
the taxa studied and its highest concentration was in C.
glomerata.
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1 Cladophora fracta

¥ Cladophora glomerata

Rhizoclonium sp.

Ser Pro Phe lle Tyr His Cys Met Trp

3.2 Amino acid composition

3.2.1 Impact of exudates from C. glomerata on C. fracta
amino acids production

In C. fracta filaments the presence of 18 amino acids was
identified. Glutamic acid (Glu), Aspartic acid (Asp) and
Leucine (Leu) were the most frequent (>10% of total AA
content) while the least frequent (<1% of total AA content)
was Methionine (Met) and Tryptophan (Trp) (Table 2).
Production of AA in C. fracta cells was significantly higher
for the filaments growing in the medium with C. glomerata
exudates than in the control sample. For 12 AA the changes
were statistically significant (Table 2). The concentration
of 6 AA in the C. fracta cells was increased in response to
increasing the exudates content. The greatest changes were
observed for Proline: from 4.497 g-100g! of total protein
in the control sample to 6.523 g-100g* of total protein in
the medium with 100% of algal exudates and Tryptophan
(Trp) from 0.359 to 0.466 g-100g’, respectively. However
the content of Asp, Glu significantly increased only in the
medium with the highest exudates concentration (100%),
in contrast to the contents of Ala, Lys and Phe which
decreased (Table 2, S1).

3.2.2 Impact of exudates from C. fracta on C. glomerata
amino acids production

The data in Table 3 show changes in the 18 amino acids
levels in Cladophora glomerata thalli from the culture in
the medium with C. fracta exudates. The most abundant
amino acids in C. glomerata filaments were Glu, Asp, Leu
and Arg. The results indicate a gradual increase in the
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Table 2: The content of amino acids (AA) in Cladophora fracta biomass cultured in medium with exudates from C. glomerata in 3 series
(g-100g" of total proteins; df=3; bold - statistically significant, P<0.05; gray selection - fluctuation in the content of amino acid > 10%).

Impact of exudates extracted from C. glomerata on C. fracta AA production

AA Control 25% exudate

Glutamic acid (Glu) 12.690£0.008 12.706£0.007

Aspartic acid (Asp) 10.527+0.002 10.52810.004

Leucine (Leu) 9.646+0.002 9.646+0.004
Arginine (Arg) 7.412+0.001 7.409+0.002
Alanine (Ala) 5.457+0.001 5.456+0.004
Valine (Val) 5.512+0.001 5.510+0.002
Glycine (Gly) 5.173+0.001 5.171+0.003
Lysine (Lys) 4.82410.001 4.82510.001
Proline (Pro) 4.496+0.002 4.553x0.005
Serine (Ser) 4.502£0.001 4.504+0.002
Threonine (Thr) 4.527+0.001 4.525+0.007
Phenylalanine (Phe) 4.410%0.001 4.410+0.002
Isoleucine (Ile) 3.401+0.002 3.392+0.005
Tyrosine (Tyr) 2.873£0.002 2.871£0.002
Histidine (His) 2.207+0.001 2.209£0.002
Cysteine (Cys) 1.505+0.002 1.5010.003
Methionine (Met) 0.798+0.002 0.797+0.003
Tryptophan (Trp) 0.357+0.002 0.364+0.002

50% exudates 100% exudate Fq P

12.704+0.002 12.731+0.003 8.939 0.000120
10.532+0.002 10.567+0.004 1.561 0.000001
9.650£0.002 9.651£0.002 2.224 0.162901
7.413+0.002 7.414+0.001 5.333 0.026000
5.459+0.002 5.164+0.510 0.990 0.444947
5.512+0.002 5.517+0.005 4.444 0.040679
5.174+0.001 5.179+0.003 7.379 0.010840
4.82710.002 4.79910.003 1.186 0.000000
5.4640.004 6.52310.03 5.290  0.000000
4.506+0.002 4.506+0.003 2.119 0.176059
4.530£0.001 4.536+0.117 3.916 0.054420
4.412+0.002 4.345£0.001 0.939 0.465777
3.402+0.001 3.407%0.003 17.194 0.000756
2.870+0.005 2.876+0.002 2.733 0.113590
2.209£0.002 2.212+0.003 4.471 0.040118
1.503+0.001 1.509£0.005 6.925 0.012961
0.81110.001 0.81510.002 26.589 0.000164
0.38210.001 0.46610.001 30.667 0.000000

contribution of all AA in C. glomerata, but significant
changes occurred only for the samples from the medium
containing 50% or 100% of C. fracta exudates. The effect
was the same for all of amino acids in C. glomerata (Table
S2). The content of Proline was increased from 4.5 to 4.9
g:100g! of total proteins and it was the highest change in
the AA compositions.

3.2.3 Impact of exudates from C. glomerata on
Rhizoclonium sp. amino acids production

Amino acids in Rhizoclonium sp. showed a different
response to addition of exudates from C. glomerata. The
effect of experiment wasirregular: the level of AA increased
or decreased in response to addition of the exudates
(Table 4). The contents of Proline and Lysine increased in
the sample with the maximal concentration of macroalgal
exudates when compared to those in the control sample.

However, the contents of Asp, Ile and Tyr were reduced
in the sample with 100% exudates relative to those in the
control sample. The changes in the concentration of the
other AA were less pronounced, although all changes in
AA were statistically significant (Table S3).

3.2.4 Impact of exudates from Rhizoclonium sp. on C.
glomerata amino acids production

The results shown in the Table 5 indicate a gradual
increase in the contribution of all AAs in C. glomerata in
response to the addition of Rhizoclonium sp. exudates. The
results were statistically significant for all of the amino
acids in C. glomerata. Changes in Proline content varied
from 4.58 to 5.12 g-100g! of total proteins and its increase
was the highest from among all AA studied (Table S4).
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Table 3: The content of amino acids (AA) in Cladophora glomerata biomass (g-100g™ of total proteins; df=3; bold - statistically significant,

p<0.05; gray selection - fluctuation in the content of amino acid > 10%).

Impact of exudates extracted from C. fracta on C. glomerata AA production

Control 25% exudate 50% exudate 100% exudate F, P
Glutamic acid (Glu) 12.781£0.001 12.787£0.002 12.789£0.001 13.14910.003 24.74  0.000000
Aspartic acid (Asp) 10.648x0.002 10.652£0.003 10.657x0.001 11.006x0.003 16.27  0.000000
Leucine (Leu) 9.735£0.001 9.740+0.001 9.747+0.001 9.967£0.002 21.19 0.000000
Arginine (Arg) 7.30210.002 7.3070.001 7.31110.001 7.633£0.002 30.29  0.000000
Alanine (Ala) 5.49210.001 5.50310.002 5.50910.001 5.586+0.002 28.03 0.000000
Valine (Val) 5.50710.002 5.50910.001 5.51310.001 5.53210.003 1.79 0.000000
Glycine (Gly) 5.18510.002 5.19310.002 5.20010.001 5.22410.001 2.48 0.000000
Lysine (Lys) 4.862£0.002 4.867%0.002 4.903x0.001 4.939£0.002 1.38 0.000000
Proline (Pro) 4.581+0.002 4.594£0.003 4.609£0.001 4.996£0.010 3.14 0.000000
Serine (Ser) 4.512£0.002 4.513£0.001 4.518+0.001 4.554+0.004 2.74 0.000000
Threonine (Thr) 4.586£0.002 4.590£0.001 4.596£0.001 4.627£0.002 5.44 0.000000
Phenylalanine (Phe) 4.406£0.002 4.411£0.002 4.417x0.001 4.445£0.003 1.93 0.000000
Isoleucine (lle) 3.392£0.002 3.404%0.003 3.743£0.001 3.767+0.578 0.77 0.544255
Tyrosine (Tyr) 2.875£0.002 2.878x0.004 2.886£0.001 2.917%0.001 2.69 0.000000
Histidine (His) 2.213£0.002 2.216£0.002 2.219+0.001 2.240%0.002 1.29 0.000000
Cysteine (Cys) 1.5080.002 1.51110.001 1.51910.001 1.546+0.003 1.34 0.000000
Methionine (Met) 0.810£0.002 0.8140.002 0.819+0.001 0.832+0.003 6.91 0.000000
Tryptophan (Trp) 0.765£0.002 0.836+0.001 0.861:0.001 0.943£0.002 6.89 0.000000

3.3 Changes in Cladophora glomerata cell
structure

Cell components such as chloroplasts, mitochondria,
starch grains, lipid bodies, nuclei, and small vacuole
were well organized and visible in the control samples.
Changes caused by the presence of exudates were also
observed in morphological features, i.e. the width of cell
wall, shape and diameter of pyrenoids and in chloroplast
arrangement. We observed (using TEM) these changes in
C. glomerata in the control samples (Figure 3a,c,e) relative
to the analogous features in the samples cultured in the
medium with the highest concentration of exudates
(Figure 3b,d,f). High magnification image of the cell wall
clearly shows the parallel organization of the cellulose
fibrils and the cell wall thinner (3.5 pm) in the control
medium (Figure 3a) than (4.3 pm) in the medium with
100% exudates (Figure 4). The difference in diameter
of pyrenoids were up to 3pm and the external layer was
fuzzy (Figure 3c,d). Mitochondria were well organized

in the control sample cells, and the parallel thylakoids
membranes of the chloroplast were well preserved.
Chloroplasts were in peripheral arrangement and were
densely packed with tightly appressed thylakoids but
under stress condition they were more rarely packed
(Figure 3e,f).

4 Disscusion

The results of our study have evidenced that filamentous
green algae respond to the presence of other FGA species
in the natural environment. The competition between
different species of macroalgae may lead to the exchange
of particular species in the community structure. We have
shown for the first time the evidence of morphological
changes at the cellular level in the filaments of C. glomerata
in response to a biotic factor which is the appearance of
exudates as a result of thalli accumulation. The effect
of abiotic factors on morphological changes has been
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Table 4: The content of amino acids (AA) in Rhizoclonium sp. biomass (g-100g™ of total proteins; df=3; bold - statistically significant, p<0.05;
gray selection - fluctuation in the content of amino acid > 10%).

Impact of exudates extracted C. glomerata on Rhizoclonium sp. AA production

Control 25% exudate 50% exudate 100% exudate Flq p
Glutamic acid (Glu) 12.431+0.002 12.702£0.006 12.566+0.003 12.716£0.004 4.12 0.000000
Aspartic acid (Asp) 10.863+0.001 10.541+0.002 10.702+0.003 10.551+0.003 1.29 0.000000
Leucine (Leu) 9.73110.002 9.697+0.002 9.714x0.003 9.72110.002 1.64 0.000000
Arginine (Arg) 7.298+0.001 7.253+0.040 7.276+0.004 7.313£0.002 5.0 0.027661
Alanine (Ala) 5.469+0.001 5.470+0.002 5.469+0.004 5.481£0.002 1.3 0.002032
Valine (Val) 5.509£0.002 5.514+0.006 5.512+0.004 5.531+0.002 2.5 0.000192
Glycine (Gly) 5.178+0.001 5.182+0.002 5.180+0.001 5.207+0.002 1.57 0.000000
Lysine (Lys) 4.84210.001 4.84410.002 4.84310.002 8.520+0.001 4.34 0.000000
Proline (Pro) 4.51410.001 4.567+0.002 4.5410.007 6.946%0.013 7.39 0.000000
Serine (Ser) 4.612+0.001 4.616x0.005 4.61410.002 4.627+0.002 1.4 0.001374
Threonine (Thr) 4.536+0.001 4.53810.002 4.537+0.001 4.547%0.002 3.9 0.000039
Phenylalanine (Phe) 4.40210.001 3.387+0.002 3.895+0.002 3.406x0.004 12.88 0.000000
Isoleucine (lle) 3.38710.002 2.872+0.002 3.130£0.003 2.89810.008 9.9 0.000000
Tyrosine (Tyr) 2.869+0.001 2.21210.003 2.541+0.002 2.22510.002 7.89 0.000000
Histidine (His) 2.211%0.001 2.21810.001 2.215+0.001 2.22310.002 6.7 0.000005
Cysteine (Cys) 1.35610.001 1.359+0.001 1.357+0.001 1.370£0.002 7.2 0.000004
Methionine (Met) 0.824+0.001 0.81810.008 0.821+0.002 0.83710.003 1.0 0.004162
Tryptophan (Trp) 0.268+0.001 0.27510.002 0.271+0.003 0.31410.002 3.31 0.000000

Table 5: The content of amino acids (AA) in Cladophora glomerata biomass. (g-100g™ of total proteins; df=3; bold - statistically significant,

p<0.05; gray selection - fluctuation in the content of amino acid > 10%).

Impact of exudates extracted Rhizoclonium sp. on C. glomerata AA production

Control 25% exudate 50% exudate 100% exudate Fi, p
Glutamic acid (Glu) 12.774%0.002 12.778£0.002 12.783+0.002 12.896£0.002 2.64 0.000000
Aspartic acid (Asp) 10.639+0.001 10.643+0.002 10.646+0.001 10.970+0.003 2.84 0.000000
Leucine (Leu) 9.728+0.002 9.73010.001 9.733+0.002 9.835+0.003 3.78 0.000000
Arginine (Arg) 7.302£0.001 7.306+0.002 7.309£0.002 7.431+0.002 4.60 0.000000
Alanine (Ala) 5.487+0.002 5.491+0.002 5.507+0.001 5.523+0.002 1.20 0.000001
Valine (Val) 5.501+0.001 5.504+0.002 5.518+0.001 5.521+0.002 3.50 0.000000
Glycine (Gly) 5.183+0.002 5.193£0.002 5.205+0.002 5.223£0.002 9.08 0.000000
Lysine (Lys) 4.861+0.001 4.87110.002 4.8950.001 4.92510.002 41.47 0.000000
Proline (Pro) 4.579+0.001 4.59910.001 4.637+0.002 5.123+0.004 4.47 0.000000
Serine (Ser) 4.508+0.001 4.51120.001 4.51910.003 4.548+0.001 7.05 0.000003
Threonine (Thr) 4.587+0.001 4.59210.004 4.603+0.004 4.612+0.002 2.78 0.000000
Phenylalanine (Phe) 4.405+0.001 4.40810.002 4.41310.001 4.439+0.003 6.51 0.000000
Isoleucine (lle) 3.39040.001 3.39310.002 3.402+0.001 3.427+0.001 2.11 0.000000
Tyrosine (Tyr) 2.872+0.001 2.87510.002 2.881+0.002 2.91310.004 1.63 0.000001
Histidine (His) 2.207+0.001 2.21110.002 2.221+0.003 2.23310.002 1.46 0.000000
Cysteine (Cys) 1.508+0.001 1.512+0.001 1.524+0.001 1.529+0.002 1.17 0.000000
Methionine (Met) 0.805+0.001 0.81010.002 0.810£0.001 0.827+0.002 2.16 0.000000
Tryptophan (Trp) 0.76710.001 0.82510.002 0.825+0.003 0.915+0.003 2.64 0.000000
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Cladophora glomerata, Cladophora fracta and Rhizoclonium sp. exudates = 321

Figure 3: Ultrastructure analysis by transmission electron microscopy (TEM) of Cladophora glomerata with (right side) and without stress
(left side): a — thin cell wall (CW) and normal chloroplast (Chl), b — multilayered cell walls (CW) and chloroplast (Chl); c, d — pyrenoid (P)
surrounded by the chloroplast (Chl); e — multilayered cell wall (CW), chloroplast (Chl) and pyrenoid (P), f — cross section of filament showing

chloroplast (Chl) (scale bar: 0.2 ym).

partly described by Whitton [16], Pikosz and Messyasz
[12]. Filamentous green algae often form monospecies
mats in water ecosystems. Ecological characteristics of
certain species may lead to their definite domination, as
e.g. C. glomerata which is the most common FGA in the
world [16]. Other species of filamentous green algae, as
Cladophora rivularis (L) Kuntze and Rhizoclonium sp.,
do not occur so frequently or are less abundant [12]. The
important outcome of our study is the evidence that the
interactions between the macroalgae species can lead to
changes in their biochemical structure. The green algae
species selected for our study responded to the presence
of exudates of other species recognized as competitors
for the environment resources through changes in the
quantitative composition of amino acids. In C. fracta and
Rhizoclonium sp. the changes in AA profile were visible at
the lower exudates concentration than in C. glomerata.
It may explain, why C. fracta and Rhizoclonium sp. more

rarely formed monoalgal mats and are rarely dominant in
algae structures. Furthermore, different responses in AA
contents were observed for C. rivularis and Rhizoclonium
sp. under C. glomerata pressure. In C. fracta the changes
in the content of three AA were more pronounced in the
sample having the highest concentration of exudates
(100%) than in the control sample. Ala decreased from
54 to 5.1 g-100g! of total proteins, Trp increased from
0.36 to 0.46 g-100g” of total proteins (30% of fluctuation
in the content of amino acid) and the most pronounced
changes were observed for Pro whose content increased
from 4.49 to 6.5 g-100g" of total proteins (45%). However,
in Rhizoclonium sp. the following changes in the contents
of seven amino acids were observed, the concentrations
of Pro (53% of fluctuation in the content of amino acid),
Lys (75%), Trp (17%) and Glu increased, while those of
Asp, Phe (22%) and Tyr (22%) decreased. The highest
changes were noted for Lysine from 4.8 to 8.5 g:100g? of
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Figure 4: Diagram of Proline concentration in algae cell in control and in medium with 100% of exudates (C. fracta with 100% of C. glomerata
exudates, C. glomerata | with 100% of exudates of C. fracta, C. glomerata |l with 100% of exudates of Rhizoclonium sp. and Rhizoclonium sp.

with 100% of C. glomerata exudates).

total proteins (30%) and Proline increased from 4.8 to 6.9
g-100g" of total proteins (53%). An interesting observation
is that the changes in the AA composition of C. glomerata
in response to the presence of C. rivularis and Rhizoclonium
sp. exudates are different. The changes in concentrations
in AA in C. glomerata in response to the presence of C.
fracta exudates were detected for seven amino acids (Leu,
Glu, Asp, Arg, Pro — 11%, Ile, Trp — 19%), while in response
to the Rhizoclonium sp. exudate only in one (Pro - 9% -
30% of fluctuation in the content of amino acid). This
phenomenon confirms the C. glomerata plasticity and the
fact that this species shows a wide ecological range [16].
The protein content of algae can vary according to
the species, seasonal period, environmental condition
and geographic area [29]. Amsler [30] determined the
amino acid composition of 8 species of macroalgae and
the most abundant AA were Asp, Glu, Lys, His, Val and
Ala. C. glomerata contained 17 amino acids and Glutamic
acid and Aspartic acid were detected in the highest
contents in the filaments collected from the lake [11,31].
According to our results, the same AA were dominant,
but we also observed the presence of Tryptophan. The
major abundant amino acids (from 17 AA) identified in
the freshwater Rhizoclonium hieroglyphicum (C. Agardh)
Kiitzing from Northern Thailand were Tryptophan,
Tyrosine and Phenylalanine [32]. Their content was lower
than that of AA in freshwater Rhizoclonium sp. from our
study, in which also Arg was noted. Interestingly, protein
concentration in marine C. glomerata range about 20%
of dry basic [33], while total protein content was slightly

smaller and ranged from 12.75% to 14.45% in freshwater
Cladophora [31].

Kaur and Asthir [34] suggest that accumulation of
Proline is a common physiological response in plants
exposed to various environmental stress, mainly high soil
salinity, drought, oxidative stress, heavy metals presence.
In the control samples for all individual taxa, the Proline
content was at the same level (about 4.5 g-100g" of total
proteins). The Proline content increased as a result of
increasing content of exudation, a biotic stressor, both in
C. glomerata, C. fracta and Rhizoclonium sp. However in
C. fracta and Rhizoclonium sp. there was a higher increase
in Proline production than in C. glomerata (Figure 4).
Slight differences were observed in the changes of Proline
content in C. glomerata cultured in the medium with
exudates of different macroalgae. The content of Proline
in C. glomerata cultured with exudates of Rhizoclonium
sp. (C. glomerata 11 in Figure 4) was higher than in C.
glomerata cultured with exudates of C. fracta (C. glomerata
Iin Figure 4).

There are a lot of factors which influence the
morphometric features of C. glomerata, including
seasonality, stage of development, physicochemical
parameters of water. The thickness of the C. glomerata
cell wall may show seasonal variations, for example the
samples from June had thinner cell walls than the samples
from July [35]. However, results of this study indicate that
also biotic factors may affect the morphological structure
of the cell.
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5 Conclusions

The results of the experiment with the three taxa of green
algae C. glomerata, C. fracta and Rhizoclonium sp., show
that the changes in amino acids production depend on
FGA species and exudates concentration. Generally, the
amount of some amino acids increased with increasing
exudates concentrations. C. fracta and Rhizoclonium
sp. react (by changes in AA profile) at the minimum C.
glomerata exudates in medium, it was visible mainly in
Proline concentration. We also observed, that C. glomerata
produced more amino acids in response to exudates
from the other FGA, but its response was noted only in
the highest exudate concentration. Important are results
which show that one species can have different strategies.
To find out why C. glomerata monopolizes water surface,
although this species occupies the same niche as the
other filamentous green algae, a future study is needed to
establish the composition of its secretions.
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Supplement: The effect of Cladophora glomerata
exudates on the amino acid composition of
Cladophora fracta and Rhizoclonium sp.

Supplementary Table S1: Post-hoc comparison for statistically significant amino acids in Anova analysis (AA) in Cladophora fracta biomass
cultured in medium with exudates from C. glomerata in 3 series (g-:100g™ of total proteins; bold - statistically significant, P<0.05).

Glutamic acid (Glu)

Control 25% exudate 50% exudate 100% exudate
Control 0.032052 0.054072 0.000276
25% exudate 0.032052 0.980860 0.002373
50% exudate 0.054072 0.980860 0.001617
100% exudate 0.000276 0.002373 0.001617
Aspartic acid (Asp)
Control 25% exudate 50% exudate 100% exudate
Control 0.911420 0.234268 0.000231
25% exudate 0.911420 0.512569 0.000231
50% exudate 0.234268 0.512569 0.000231
100% exudate 0.000231 0.000231 0.000231
Arginine (Arg)
Control 25% exudate 50% exudate 100% exudate
Control 0.197805 0.942722 0.399562
25% exudate 0.197805 0.091668 0.019617
50% exudate 0.942722 0.091668 0.694322
100% exudate 0.399562 0.019617 0.694322
Valine (Val)
Control 25% exudate 50% exudate 100% exudate
Control 0.800617 0.998696 0.120733
25% exudate 0.800617 0.720801 0.033671
50% exudate 0.998696 0.720801 0.149074
100% exudate 0.120733 0.033671 0.149074
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contimsca SUPPlementary Table S1: Post-hoc comparison for statistically significant amino acids in Anova analysis (AA) in Cladophora fracta
biomass cultured in medium with exudates from C. glomerata in 3 series (g-100g™" of total proteins; bold - statistically significant, P<0.05).

Glycine (Gly)
Control 25% exudate 50% exudate 100% exudate
Control 0.791154 0.877299 0.031814
25% exudate 0.791154 0.396250 0.009269
50% exudate 0.877299 0.396250 0.090140
100% exudate 0.031814 0.009269 0.090140
Lysine (Lys)
Control 25% exudate 50% exudate 100% exudate
Control 0.636628 0.106362 0.000231
25% exudate 0.636628 0.503554 0.000231
50% exudate 0.106362 0.503554 0.000231
100% exudate 0.000231 0.000231 0.000231
Proline (Pro)
Control 25% exudate 50% exudate 100% exudate
Control 0.061286 0.000231 0.000231
25% exudate 0.061286 0.000231 0.000231
50% exudate 0.000231 0.000231 0.000231
100% exudate 0.000231 0.000231 0.000231
Isoleucine (lle)
Control 25% exudate 50% exudate 100% exudate
Control 0.009679 0.989473 0.118230
25% exudate 0.009679 0.006608 0.000685
50% exudate 0.989473 0.006608 0.180239
100% exudate 0.118230 0.000685 0.180239
Histidine (His)
Control 25% exudate 50% exudate 100% exudate
Control 0.503554 0.384146 0.027351
25% exudate 0.503554 0.994631 0.207600
50% exudate 0.384146 0.994631 0.285242
100% exudate 0.027351 0.207600 0.285242
Cysteine (Cys)
Control 25% exudate 50% exudate 100% exudate
Control 0.272631 0.711869 0.168950
25% exudate 0.272631 0.806437 0.011173
50% exudate 0.711869 0.806437 0.037351
100% exudate 0.168950 0.011173 0.037351
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comtimca SUPPlementary Table S1: Post-hoc comparison for statistically significant amino acids in Anova analysis (AA) in Cladophora fracta
biomass cultured in medium with exudates from C. glomerata in 3 series (g:100g™" of total proteins; bold - statistically significant, P<0.05).

Methionine (Met)

Control 25% exudate 50% exudate 100% exudate
Control 0.978975 0.003925 0.000775
25% exudate 0.978975 0.002556 0.000589
50% exudate 0.003925 0.002556 0.393012
100% exudate 0.000775 0.000589 0.393012
Tryptophan (Trp)

Control 25% exudate 50% exudate 100% exudate

Control 0.002939 0.000231 0.000231
25% exudate 0.002939 0.000231 0.000231
50% exudate 0.000231 0.000231 0.000231
100% exudate 0.000231 0.000231 0.000231

Supplementary Table S2: Post-hoc comparison for statistically significant amino acids in Anova analysis (AA) in Cladophora glomerata
biomass cultured in medium with exudates from C. fracta (g-100g™ of total proteins; bold - statistically significant, p<0.05).

Glutamic acid (Glu)

Control 25% exudate 50% exudate 100% exudate

Control 0.015893 0.003548 0.000231
25% exudate 0.015893 0.636906 0.000231
50% exudate 0.003548 0.636906 0.000231
100% exudate 0.000231 0.000231 0.000231
Aspartic acid (Asp)

Control 25% exudate 50% exudate 100% exudate
Control 0.244946 0.006032 0.000231
25% exudate 0.244946 0.095559 0.000231
50% exudate 0.006032 0.095559 0.000231
100% exudate 0.000231 0.000231 0.000231
Leucine (Leu)

Control 25% exudate 50% exudate 100% exudate
Control 0.012642 0.000243 0.000231
25% exudate 0.012642 0.001453 0.000231
50% exudate 0.000243 0.001453 0.000231
100% exudate 0.000231 0.000231 0.000231
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Supplementary Table S2: Post-hoc comparison for statistically significant amino acids in Anova analysis (AA) in Cladophora glomerata

biomass cultured in medium with exudates from C. fracta (g-100g™ of total proteins; bold - statistically significant, p<0.05).

Arginine (Arg)

Control 25% exudate 50% exudate 100% exudate

Control 0.021645 0.000636 0.000231
25% exudate 0.021645 0.043578 0.000231
50% exudate 0.000636 0.043578 0.000231
100% exudate 0.000231 0.000231 0.000231
Alanine (Ala)

Control 25% exudate 50% exudate 100% exudate
Control 0.000264 0.000231 0.000231
25% exudate 0.000264 0.003335 0.000231
50% exudate 0.000231 0.003335 0.000231
100% exudate 0.000231 0.000231 0.000231
Valine (Val)

Control 25% exudate 50% exudate 100% exudate
Control 0.285242 0.010413 0.000231
25% exudate 0.285242 0.149189 0.000231
50% exudate 0.010413 0.149189 0.000231
100% exudate 0.000231 0.000231 0.000231
Glycine (Gly)

Control 25% exudate 50% exudate 100% exudate
Control 0.004433 0.000251 0.000231
25% exudate 0.004433 0.005691 0.000231
50% exudate 0.000251 0.005691 0.000231
100% exudate 0.000231 0.000231 0.000231
Lysine (Lys)

Control 25% exudate 50% exudate 100% exudate
Control 0.035626 0.000231 0.000231
25% exudate 0.035626 0.000231 0.000231
50% exudate 0.000231 0.000231 0.000231
100% exudate 0.000231 0.000231 0.000231
Proline (Pro)

Control 25% exudate 50% exudate 100% exudate
Control 0.106978 0.001933 0.000231
25% exudate 0.106978 0.053583 0.000231
50% exudate 0.001933 0.053583 0.000231
100% exudate 0.000231 0.000231 0.000231
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comtimca SUPPlementary Table S2: Post-hoc comparison for statistically significant amino acids in Anova analysis (AA) in Cladophora glomerata
biomass cultured in medium with exudates from C. fracta (g-100g™ of total proteins; bold - statistically significant, p<0.05).

Serine (Ser)

Control 25% exudate 50% exudate 100% exudate

Control 0.819957 0.033938 0.000231
25% exudate 0.819957 0.115179 0.000231
50% exudate 0.033938 0.115179 0.000231
100% exudate 0.000231 0.000231 0.000231
Threonine (Thr)

Control 25% exudate 50% exudate 100% exudate
Control 0.023389 0.000307 0.000231
25% exudate 0.023389 0.005305 0.000231
50% exudate 0.000307 0.005305 0.000231
100% exudate 0.000231 0.000231 0.000231
Phenylalanine (Phe)

Control 25% exudate 50% exudate 100% exudate
Control 0.169305 0.003241 0.000231
25% exudate 0.169305 0.066602 0.000231
50% exudate 0.003241 0.066602 0.000231
100% exudate 0.000231 0.000231 0.000231
Tyrosine (Tyr)

Control 25% exudate 50% exudate 100% exudate
Control 0.186328 0.000806 0.000231
25% exudate 0.186328 0.008486 0.000231
50% exudate 0.000806 0.008486 0.000231
100% exudate 0.000231 0.000231 0.000231
Histidine (His)

Control 25% exudate 50% exudate 100% exudate
Control 0.153364 0.003199 0.000231
25% exudate 0.153364 0.072496 0.000231
50% exudate 0.003199 0.072496 0.000231
100% exudate 0.000231 0.000231 0.000231
Cysteine (Cys)

Control 25% exudate 50% exudate 100% exudate
Control 0.530019 0.003972 0.000231
25% exudate 0.530019 0.023536 0.000231
50% exudate 0.003972 0.023536 0.000231
100% exudate 0.000231 0.000231 0.000231
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Supplementary Table S2: Post-hoc comparison for statistically significant amino acids in Anova analysis (AA) in Cladophora glomerata

biomass cultured in medium with exudates from C. fracta (g-100g™ of total proteins; bold - statistically significant, p<0.05).

Methionine (Met)

Control 25% exudate 50% exudate 100% exudate
Control 0.154499 0.002427 0.000231
25% exudate 0.154499 0.050267 0.000240
50% exudate 0.002427 0.050267 0.000532
100% exudate 0.000231 0.000240 0.000532
Tryptophan (Trp)

Control 25% exudate 50% exudate 100% exudate

Control 0.000231 0.000231 0.000231
25% exudate 0.000231 0.000231 0.000231
50% exudate 0.000231 0.000231 0.000231
100% exudate 0.000231 0.000231 0.000231

Supplementary Table S3: Post-hoc comparison for statistically significant amino acids in Anova analysis (AA) in Rhizoclonium sp. biomass
cultured in medium with exudates from C. glomerata (g-100g" of total proteins; bold - statistically significant, p<0.05).

Glutamic acid (Glu)

Control 25% exudate 50% exudate 100% exudate
Control 0.000231 0.000231 0.000231
25% exudate 0.000231 0.509244 0.007119
50% exudate 0.000231 0.509244 0.048725
100% exudate 0.000231 0.007119 0.048725
Aspartic acid (Asp)

Control 25% exudate 50% exudate 100% exudate
Control 0.000231 0.000231 0.000231
25% exudate 0.000231 0.203580 0.004375
50% exudate 0.000231 0.203580 0.079613
100% exudate 0.000231 0.004375 0.079613
Leucine (Leu)

Control 25% exudate 50% exudate 100% exudate
Control 0.000231 0.000232 0.000840
25% exudate 0.000231 0.000266 0.000231
50% exudate 0.000232 0.000266 0.003337
100% exudate 0.000840 0.000231 0.003337
Arginine (Arg)

Control 25% exudate 50% exudate 100% exudate
Control 0.097584 0.991157 0.793744
25% exudate 0.097584 0.065082 0.026815
50% exudate 0.991157 0.065082 0.917511
100% exudate 0.793744 0.026815 0.917511
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contimca SUPPlementary Table S3: Post-hoc comparison for statistically significant amino acids in Anova analysis (AA) in Rhizoclonium sp.
biomass cultured in medium with exudates from C. glomerata (g-100g™ of total proteins; bold - statistically significant, p<0.05).

Alanine (Ala)

Control 25% exudate 50% exudate 100% exudate
Control 1.000000 0.202902 0.003208
25% exudate 1.000000 0.202902 0.003208
50% exudate 0.202902 0.202902 0.054479
100% exudate 0.003208 0.003208 0.054479
Valine (Val)

Control 25% exudate 50% exudate 100% exudate
Control 0.202346 0.001241 0.000445
25% exudate 0.202346 0.015217 0.002686
50% exudate 0.001241 0.015217 0.516262
100% exudate 0.000445 0.002686 0.516262
Glycine (Gly)

Control 25% exudate 50% exudate 100% exudate
Control 0.049440 0.000303 0.000231
25% exudate 0.049440 0.002683 0.000231
50% exudate 0.000303 0.002683 0.000234
100% exudate 0.000231 0.000231 0.000234
Lysine (Lys)

Control 25% exudate 50% exudate 100% exudate
Control 0.311339 0.005968 0.000231
25% exudate 0.311339 0.072496 0.000231
50% exudate 0.005968 0.072496 0.000231
100% exudate 0.000231 0.000231 0.000231
Proline (Pro)

Control 25% exudate 50% exudate 100% exudate
Control 0.000274 0.000231 0.000231
25% exudate 0.000274 0.000231 0.000231
50% exudate 0.000231 0.000231 0.000231
100% exudate 0.000231 0.000231 0.000231
Serine (Ser)

Control 25% exudate 50% exudate 100% exudate
Control 0.356289 0.022154 0.001292
25% exudate 0.356289 0.253446 0.009113
50% exudate 0.022154 0.253446 0.146559
100% exudate 0.001292 0.009113 0.146559
Threonine (Thr)

Control 25% exudate 50% exudate 100% exudate
Control 0.197805 0.001133 0.000249
25% exudate 0.197805 0.013574 0.000433
50% exudate 0.001133 0.013574 0.028601
100% exudate 0.000249 0.000433 0.028601
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continsca SUPPlementary Table S3: Post-hoc comparison for statistically significant amino acids in Anova analysis (AA) in Rhizoclonium sp.
biomass cultured in medium with exudates from C. glomerata (g-100g™ of total proteins; bold - statistically significant, p<0.05).

Phenylalanine (Phe)

Control 25% exudate 50% exudate 100% exudate
Control 0.000231 0.000231 0.000231
25% exudate 0.000231 0.000244 0.000258
50% exudate 0.000231 0.000244 0.903350
100% exudate 0.000231 0.000258 0.903350
Isoleucine (lle)

Control 25% exudate 50% exudate 100% exudate
Control 0.000231 0.000231 0.000231
25% exudate 0.000231 0.087860 0.000568
50% exudate 0.000231 0.087860 0.008930
100% exudate 0.000231 0.000568 0.008930
Tyrosine (Tyr)

Control 25% exudate 50% exudate 100% exudate
Control 0.000231 0.000231 0.000231
25% exudate 0.000231 0.002668 0.000396
50% exudate 0.000231 0.002668 0.144294
100% exudate 0.000231 0.000396 0.144294
Histidine (His)

Control 25% exudate 50% exudate 100% exudate
Control 0.000329 0.000240 0.000231
25% exudate 0.000329 0.225337 0.005045
50% exudate 0.000240 0.225337 0.084840
100% exudate 0.000231 0.005045 0.084840
Cysteine (Cys)

Control 25% exudate 50% exudate 100% exudate
Control 0.047232 0.000792 0.000231
25% exudate 0.047232 0.030080 0.000239
50% exudate 0.000792 0.030080 0.000625
100% exudate 0.000231 0.000239 0.000625
Methionine (Met)

Control 25% exudate 50% exudate 100% exudate
Control 0.430389 0.683509 0.023071
25% exudate 0.430389 0.097723 0.003139
50% exudate 0.683509 0.097723 0.111552
100% exudate 0.023071 0.003139 0.111552
Tryptophan (Trp)

Control 25% exudate 50% exudate 100% exudate
Control 0.007376 0.000233 0.000231
25% exudate 0.007376 0.000613 0.000231
50% exudate 0.000233 0.000613 0.000231
100% exudate 0.000231 0.000231 0.000231
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Supplementary Table S4: Post-hoc comparison for statistically significant amino acids in Anova analysis (AA) in Cladophora glomerata
biomass cultured in medium with exudates from Rhizoclonium sp. in 3 series (g-100g™ of total proteins; bold - statistically significant,

P<0.05).

Glutamic acid (Glu)

Control 25% exudate 50% exudate 100% exudate
Control 0.013141 0.000411 0.000231
25% exudate 0.013141 0.025380 0.000231
50% exudate 0.000411 0.025380 0.000231
100% exudate 0.000231 0.000231 0.000231
Aspartic acid (Asp)

Control 25% exudate 50% exudate 100% exudate
Control 0.045828 0.005359 0.000231
25% exudate 0.045828 0.414172 0.000231
50% exudate 0.005359  0.414172 0.000231
100% exudate 0.000231 0.000231 0.000231
Leucine (Leu)

Control 25% exudate 50% exudate 100% exudate
Control 0.243393 0.014209 0.000231
25% exudate 0.243393 0.243393 0.000231
50% exudate 0.014209 0.243393 0.000231
100% exudate 0.000231 0.000231 0.000231
Arginine (Arg)

Control 25% exudate 50% exudate 100% exudate
Control 0.043711 0.002287 0.000231
25% exudate 0.043711 0.163900 0.000231
50% exudate 0.002287 0.163900 0.000231
100% exudate 0.000231 0.000231 0.000231
Alanine (Ala)

Control 25% exudate 50% exudate 100% exudate
Control 0.008492 0.000231 0.000231
25% exudate 0.008492 0.000231 0.000231
50% exudate 0.000231 0.000231 0.000231
100% exudate 0.000231 0.000231 0.000231
Valine (Val)

Control 25% exudate 50% exudate 100% exudate
Control 0.171528 0.000231 0.000231
25% exudate 0.171528 0.000238 0.000231
50% exudate 0.000231 0.000238 0.171528
100% exudate 0.000231 0.000231 0.171528




S10 —— Marta Pikosz, Joanna Czerwik-Marcinkowska, Beata Messyasz

Continued

DE GRUYTER

Supplementary Table S4: Post-hoc comparison for statistically significant amino acids in Anova analysis (AA) in Cladophora glome-

rata biomass cultured in medium with exudates from Rhizoclonium sp. in 3 series (g-100g™ of total proteins; bold - statistically significant,

P<0.05).
Glycine (Gly)

Control 25% exudate 50% exudate 100% exudate
Control 0.000389 0.000231 0.000231
25% exudate 0.000389 0.000273 0.000231
50% exudate 0.000231 0.000273 0.000232
100% exudate 0.000231 0.000231 0.000232
Lysine (Lys)

Control 25% exudate 50% exudate 100% exudate
Control 0.000692 0.000231 0.000231
25% exudate 0.000692 0.000231 0.000231
50% exudate 0.000231  0.000231 0.000231
100% exudate 0.000231 0.000231 0.000231
Proline (Pro)

Control 25% exudate 50% exudate 100% exudate
Control 0.000234 0.000231 0.000231
25% exudate 0.000234 0.000231 0.000231
50% exudate 0.000231 0.000231 0.000231
100% exudate 0.000231 0.000231 0.000231
Serine (Ser)

Control 25% exudate 50% exudate 100% exudate
Control 0.077922 0.000288 0.000231
25% exudate 0.077922 0.001550 0.000231
50% exudate 0.000288 0.001550 0.000231
100% exudate 0.000231 0.000231 0.000231
Threonine (Thr)

Control 25% exudate 50% exudate 100% exudate
Control 0.046260 0.000272 0.000231
25% exudate 0.046260 0.001650 0.000239
50% exudate 0.000272 0.001650 0.006768
100% exudate 0.000231 0.000239 0.006768

Phenylalanine (Phe)

Control
Control
25% exudate 0.242788
50% exudate 0.003454

100% exudate 0.000231

25% exudate

0.242788

0.049440

0.000231

50% exudate
0.003454
0.049440

0.000231

100% exudate
0.000231
0.000231
0.000231
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continue SUPPlementary Table S4: Post-hoc comparison for statistically significant amino acids in Anova analysis (AA) in Cladophora glome-
rata biomass cultured in medium with exudates from Rhizoclonium sp. in 3 series (g-100g" of total proteins; bold - statistically significant,

P<0.05).

Isoleucine (lle)

Control 25% exudate 50% exudate 100% exudate
Control 0.205367 0.000232 0.000231
25% exudate 0.205367 0.000245 0.000231
50% exudate 0.000232 0.000245 0.000231
100% exudate 0.000231 0.000231 0.000231
Tyrosine (Tyr)

Control 25% exudate 50% exudate 100% exudate
Control 0.474098 0.005267 0.000231
25% exudate 0.474098 0.037924 0.000231
50% exudate 0.005267  0.037924 0.000231
100% exudate 0.000231 0.000231 0.000231
Histidine (His)

Control 25% exudate 50% exudate 100% exudate
Control 0.104321 0.000292 0.000231
25% exudate 0.104321 0.001349 0.000231
50% exudate 0.000292 0.001349 0.000469
100% exudate 0.000231 0.000231 0.000469
Cysteine (Cys)

Control 25% exudate 50% exudate 100% exudate
Control 0.071585 0.000231 0.000231
25% exudate 0.071585 0.000237 0.000231
50% exudate 0.000231 0.000237 0.009669
100% exudate 0.000231 0.000231 0.009669
Methionine (Met)

Control 25% exudate 50% exudate 100% exudate
Control 0.005117 0.000231 0.000231
25% exudate 0.005117 0.000309 0.000231
50% exudate 0.000231 0.000309 0.000642
100% exudate 0.000231 0.000231 0.000642
Tryptophan (Trp)

Control 25% exudate 50% exudate 100% exudate
Control 0.000231 0.000231 0.000231
25% exudate 0.000231 0.000231 0.000231
50% exudate 0.000231 0.000231 0.000231
100% exudate 0.000231 0.000231 0.000231
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