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Folhado stream, Planalto dos Graminhais, Sao Miguel, Azores



ACKNOWLEDGEMENTS

First and foremost, I would like to express an immense gratitude to my supervisors, Pedro M. Raposeiro
and Veronica Ferreira. Thanks Pedro for the trust on the work I am doing for almost four years as
collaborator and member of your research team. Thanks for the experience and knowledge I acquired
during this period; from discovering and climbing down steepy streams to being patient identifying
almost invisible bugs at the microscope (laughter). Thanks Veronica for your expert advice and always
constructive feedback during all the thesis construction. Thanks for hosting me in Coimbra and for
giving me all your time and support while I tried to discover the amazing world of the aquatic hypho-
mycetes. Thanks both, for your time and support in the construction of the thesis, especially when time
was running very fast and I was losing strength to finish it. Thank you! I hope I will have again the

opportunity to work with you!

This project would not have been possible without the help of the FRESCO team (Research group of
Azorean Freshwater Ecology) from the University of Azores. Thanks to Vitor Gongalves for funding
this study trough GestAqua project (Ajuste Directo N° 46/DRA/2014). My thanks also to CIBIO
Acores (Research Center in Biodiversity and Genetic Resources, InBIO Associate Laboratory) for
funding the project as well. Thanks to Jodo Brum for providing field work assistance. I am especially
grateful to my closer colleagues from FRESCO; even though they did not form part of my thesis, they
contributed a lot with moral support, especially Joana Vilaverde, Fabio Rosa and Ruben Luz with
whom I spent days and days, weeks and weeks fighting under rains and storms around Azorean islands
searching for streams. Thanks also to Marta Sixto and Esther Sanchez, colleagues with whom I shared
the laboratory in the hardest period of the thesis (the statistical data analysis), who calmed me down
when | wanted to throw the computer out of the window (laughter). I also thank Hélder Faustino for
his tips and explanations with the sporulation processe. There are many other people in FRESCO team
with whom I shared important moments; even though your names are not here, all of you filled a little

part of my heart during this period. I also thank colleagues from MARE (Marine and Environmental
5



Sciences Centre), University of Coimbra, for their welcoming and formation in aquatic hyphomycetes,

especially to Sonia Serra and Sandra Ramos for their time and tips for the microscope camerawork.

I really thank to my wonderful family in Spain for their unconditional love and support. In spite of
more than 2000 km of distance, you are always very close. Mama y Papa sois increibles, mil gracias
por estar aqui siempre para todo, confiar en mi y aceptar que a veces soy una cabezota para conseguir
lo que quiero. Un millén de gracias papa por los ultimos retoques de las fotografias de lupa y micros-
copio. Abuela gordita y Tia Carmen sois maravillosas y siempre estais presentes. Sister Carmen, next
paragraph is dedicated only for you. And of course, thanks to my Azorean family for taking very well

care of me during all this time.

My huge thank you to Carmen Balibrea (my “sista”). The 9 months we worked together were very
intense. Even though I am very demanding and stressed to do everything on time you had the ability
to calm me down and relativize the work; you showed to be very engaged, hardworking, and patient.
You cannot imagine how much I thank you for your support and help during the thesis work; from
material preparation for the experiments, when we passed eternal days cutting and sewing litter mesh
bags and weighing leaves, to the field work where we passed lots of hours inside the streams with our
hands frozen and totally wet because of the rain. Of course, thanks also for your time during sample
processing after the field work, when labor days extended for more than 14 hours. Thanks a lot, because
I am very aware that without your help, fieldwork would have been exhausting. And as a sister, I can

only say that you are the best I have.

And finally, Fébio Oliveira. Thanks for giving out so much of your time, for your love, and for being
patience with my ups and down on this period, for your support and easygoingness. Thank you for
laughing while fighting for your dreams and for contagioning me with the same emotion. We form the

best team!



ABSTRACT

It is well known that shredders play a crucial role in organic matter processing. In oceanic freshwater
systems were streams are characterized by low shredder density and richness, microbes seem to be the
main litter decomposers. However, what would happen if the densities of shredders were greater?
Would they contribute actively to litter decomposition? Here we try to answer these questions by eval-
uating the effects of shredders and aquatic hyphomycetes on litter decomposition in insular streams.
Three leaf species differing in physical and chemical characteristics, A/nus glutinosa, Clethra arborea
and Cryptomeria japonica, were enclosed in bags of coarse and fine mesh to allow and avoid macroin-
vertebrate access to the litter, respectively, and incubated in six streams along a gradient of Limnephilus
atlanticus (Trichoptera) density in Sdo Miguel island. In the presence of shredders, leaf mass loss was
higher in coarse mesh bags. However, no difference in litter mass loss was found between bag types in
streams with no L. atlanticus, despite the presence of other shredder taxa. Litter decomposition in the
presence of shredder was significantly faster for 4. glutinosa than C. arborea and C. japonica. These
results suggest that when L. atlanticus are present at relatively high densities they may have a signifi-
cant role on organic matter processing, while litter decomposition is mainly driven by microbes when
L. atlanticus density is low, or they are absent. Moreover, litter decomposition depend on litter quality,
with leaves with high nutrient concentration and low concentration of secondary compounds being

more preferred by shredder and aquatic hyphomycetes.

Keywords: Litter decomposition; Shredder macroinvertebrates; Aquatic hyphomycetes; Island fresh-

water systems; Azores Islands



RESUMO

E bem conhecido que os trituradores desempenham um papel crucial no processamento de matéria
organica. Nos sistemas oceanicos dulgaquicolas, onde os ribeiros sdo caracterizados por uma baixa
densidade e riqueza de trituradores, os microrganismos (hifomicetes aquaticos) parecem ser o0s
principais decompositores da folhada. No entanto, o que aconteceria se a densidade de trituradores
fosse maior? Contribuiriam ativamente para a decomposi¢ao da folhada? Aqui tentamos responder a
estas questdes avaliando os efeitos dos trituradores e hifomicetes aquaticos na decomposi¢ao da folhada
em ribeiros insulares. Trés espécies de folhas com caracteristicas fisicas e quimicas distintas, Alnus
glutinosa, Clethra arborea e Cryptomeria japonica, foram colocadas em sacos de rede com malha
grossa e fina para permitir e evitar a entrada de macroinvertebrados, respectivamente, e incubadas em
seis ribeiros ao longo de um gradiente de Limnephilus atlanticus (Trichoptera) na ilha de Sao Miguel.
Na presenca de trituradores, a perda de massa foliar foi maior nos sacos de malha grossa. No entanto,
nenhuma diferenca significativa foi encontrada na perca de massa entre os tipos de sacos em ribeiros
sem L. atlanticus. A decomposicao da folhada na presenca de trituradores foi significativamente mais
rapida para A. glutinosa do que C. arborea ¢ C. japonica. Os resultados mostram que, quando L.
atlanticus esta presente em densidades altas, pode ter um papel significativo no processamento de
matéria organica, enquanto que a decomposi¢ao da folhada ¢ principalmente mediada por
microorganismos quando a densidade de L. atlanticus € baixa, ou estdo ausentes, mesmo na presence
de outros trituradores. Além disso, a decomposi¢do depende da qualidade da folhada, sendo as folhas

com alta concentragdo de nutrientes e baixa concentracdo de compostos secundarios preferidas pelos

trituradores e hifomicetes aquaticos.

Palavras-chave: Decomposicao de folhada; Macroinvertebrados detritivoros; Hifomicetes aquaticos;

Sistemas de dgua doce em ilhas; Ilhas dos Acgores.
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INTRODUCTION

Streams, i.e. small water courses (order < 4; Strahler, 1957), represent the majority of water courses in
hydrographic basins, both in number and length (Allan and Castillo, 2007). This is especially true for
volcanic insular systems, where watersheds exhibit a predominantly radial drainage pattern, as streams
flow away from the central peaks, the center of volcanic activity, dropping dramatically in altitude
(Hughes, 2005). These streams are thus characteristically very steep with near vertical valley walls, short,
narrow, shallow, and straight, and have a turbulent, torrential, and often seasonal flow regime (Malmqvist,
2002; Hughes, 2003; Smith et al., 2003). This is the case of streams in Atlantic islands that are geologically
young and truly oceanic, i.e. with no physical connection to continental landmass at any time. Specifically,
in the Azores archipelago there are 763 hydrographic basins draining the 2322 km? of land surface (Cruz
and Soares, 2018; DROTH and INAG, 2001) and streams have a maximum length of 29 km (Raposeiro
et al., 2013).

Many of these streams are covered by dense riparian vegetation that decreases the amount of solar energy
that could be used by instream primary producers (Graga and Canhoto, 2006). Thus, allochthonous or-
ganic matter constitutes the primary source of energy and matter for aquatic food webs (Anderson and
Sedell, 1979; Wallace et al., 1997; Graga, 2001; Abelho, 2001), and it is present generally in the form of
leaf litter (Abelho, 2001). Litter decomposition is mainly a biological process in which microbes (mostly
aquatic hyphomycetes) and macroinvertebrate shredders are the main players (Cummins et al., 1973;
Hieber and Gensser, 2002; Pascoal et al., 2005; Cornut et al., 2010). Microbes colonize leaf litter soon
after leaf immersion, mostly after leaching of soluble secondary compounds (Canhoto and Graga, 1996).
Microbes decompose litter through respiration and incorporation of carbon into reproductive structures
(spores) and biomass (Hieber and Gessner, 2002; Cornut et al., 2010). Also, aquatic hyphomycetes pro-
duce exoenzymes that depolymerize pectin, xylan and cellulose from litter leading to litter softening and

the release of fine particulate organic matter (Gulis and Suberkropp, 2003). Litter softening and microbial
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biomass accumulation increase litter palatability to shredders, which incorporate it into secondary pro-
duction and promote the release of fine particles leading to further litter mass loss (Arsuffi and Su-
berkropp, 1989; Graga, 2001; Gulis et al., 2006; Graca and Cressa, 2010). Often, leaves may contain large
quantities of structural polymers (e.g. cellulose and lignin) that are indigestible to shredders. Mycelia of
aquatic hyphomycetes generally contain higher concentration of lipids and proteins and can be assimilated
more efficiently. Thus, higher survival and growth rates were found when shredders fed on microbial-
conditioned than on unconditioned leaves (Barlocher 1985; Graga and Canhoto, 2006; Béarlocher and Sri-
dhar, 2014). Invertebrates cannot feed exclusively on aquatic hyphomycetes mycelia that is within the leaf
matrix; however, some small invertebrates can scrap mycelia from leaf surfaces (e.g. chironomidae in
some tropical streams) (Wantzen and Wagner, 2006; Bérlocher and Sridhar, 2014).

It is well known that macroinvertebrate shredders play an important role in leaf decomposition in conti-
nental temperate streams (Graga, 2001; Graca and Canhoto, 2006; Pozo et al., 2011). However, oceanic
island freshwater assemblages are subject to ‘biogeographical filters’; strong physical barriers such as
distance from continental counterparts and the open ocean, influence dispersal and species colonization
(Bilton et al., 2001; Covich, 2009) resulting in less diverse biotic assemblages compared to continental
systems (Hughes, 2006). In the Azores archipelago, isolation and numerous geological events and vol-
canic eruptions contributed to the low diversity of freshwater species (Whittaker and Fernandez-Palacios,
2007), but high level of endemism (11% of the Azorean freshwater invertebrate fauna; Raposeiro et al.,
2012). In fact, only few shredder taxa have been identified in Azorean streams: Jaera insulana (isopod),
Limnephilus atlanticus (caddis fly), Dicranomyia sp., Tipula macaronesica and T. oleracea (crane flies)
(Borges et al., 2010; Raposeiro et al., 2012; Ferreira et al., 2016), and abundances are generally low
(Raposeiro et al., 2013). In these, and other, oceanic island streams characterized by low shredder density
or even absence, microbes seem to be the main litter decomposers (Larned, 2000; Benstead et al., 2009;
Raposeiro et al., 2014; Ferreira et al., 2016). In some island streams, however, shredder density is high,
and they are active players on litter decomposition (e.g. Longo and Blanco, 2014; Li and Dudgeon, 2009).

In fact, several studies showed that high shredder density is a crucial driver of litter decomposition and
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shredder density and decomposition rate are positively correlated (Encalada et al., 2010; Rinc6n and Co-
vich 2014; Raposeiro et al., 2018).

Litter decomposition rates also depend on litter intrinsic characteristics. Soft leaves, with high concentra-
tion of nutrients (e.g. nitrogen) and low concentration of structural (e.g. lignin) and secondary compounds
(e.g. polyphenols) are generally colonized and decomposed faster than tough litter, with low concentration
of nutrients (Canhoto and Graga, 1995; Ferreira et al., 2016; Raposeiro et al., 2018). Shredders are espe-
cially sensitive to the concentration of secondary and structural compounds that affect litter palatability,
and therefore these characteristics may be more important determining biological litter decomposition
than litter nutrient concentrations (Graga and Cressa, 2010; Claeson et al., 2013; Ferreira et al., 2016). In
fact, stronger differences in litter decomposition have been found among litter species in the presence of
shredders than when decomposition is only microbial-driven (Pereira et al., 1998; Hieber and Gessner,
2002; Ferreira et al., 2012; Raposeiro et al., 2018).

This study evaluates litter decomposition in relation to macroinvertebrate shredder density and litter char-
acteristics by comparing decomposition of three litter species with distinct physical and chemical charac-
teristics (4Alnus glutinosa (L.) Gaertn., Clethra arborea Aiton, and Cryptomeria japonica D. Don.) incu-
bated in streams along a gradient of shredder densities (from absence to high density) in Sao Miguel island
(Azores archipelago). The following hypotheses were tested: (1) litter decomposition is higher in the pres-
ence of shredders and is positively correlated with benthic shredder density, (2) litter decomposition varies
among litter species and is higher for soft litter with high nutrient concentration, and (3) there is an inter-
action between shredder density and litter species on litter decomposition with (3a) shredders playing a
stronger role on the decomposition of more palatable litter and (3b) differences among litter species being

stronger in the presence of shredders.
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