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ABSTRACT  

Anthropogenic salinization has been considered as one of the main environmental 

threats leading to water quality degradation and alteration of aquatic biodiversity. However, 

little is known about its effects on microbial mediated leaf decomposition and leaf 

palatability to shredders.  

In this study we conducted a microcosm experiment to assess the effect of salinity 

(4g/L NaCL) on individual fungal species’ respiration and decomposition activity. We also 

compared the importance of fungal identity and salinization on leaf quality to the common 

endemic shredder Sericostoma vittatum Rambur (Sericostomatidae) maintained in both 

contaminated and non-contaminated environments. For this purpose, oak and alder leaves 

were selected. 

We found that salinity at a concentration of 4g/L NaCl did not affect the fungal 

decomposition activities in oak or alder leaves although a stimulation of alder degradation 

could be observed in salt-contaminated media. Adverse effects of salinity was observed in 

microbial respiration on both leaf species. Consumption of alder by Sericostoma vittatum 

larvae was depressed by the presence of salt. On the contrary, a compensatory feeding 

behaviour of the larvae towards oak leaves conditioned in salt media and when offered in 

salt media was detected.  

The results indicate that the tested concentration (4g/L) does not impair fungal-

mediated decomposition. However, the effects of salt contamination on fungal species are 

species specific and may affect invertebrates feeding behaviour. Dietary and waterborne 

effects promoted by salt contamination seem able to affect invertebrates’ performance 

particularly if available leaves are more recalcitrant. If generalised the present results 

indicate that important effects on streams nutrient cycling maybe expected due to salt 

contamination.   

Keywords: Salinization, aquatic hyphomycetes, shredder, decomposition, feeding behaviour   
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RESUMO  

A salinização por factores antropogénicos é considerada uma das principais ameaças 

ambientais que levam à degradação da qualidade da água e à alteração da biodiversidade 

aquática. No entanto, pouco se sabe acerca dos seus efeitos na decomposição foliar 

microbiana e na palatabilidade para os trituradores. 

Neste estudo, foi usado um microcosmos para avaliar o efeito da salinidade (4 g/L 

NaCl) na atividade respiratória e de decomposição de espécies de fungos isoladas. 

Comparámos também a importância do tipo de fungo e da salinização na qualidade foliar 

para o triturador endémico Sericostoma vittatum Rambur (Sericostomatidae), mantido em 

ambientes diferentes – com e sem contaminação salina. Foram escolhidas folhas de 

carvalho e de amieiro para a realização do estudo. 

A salinidade a uma concentração de 4g/L NaCl não afetou as atividades de 

decomposição fúngica, nem nas folhas de carvalho nem nas de amieiro, mas foi possível 

observar uma estimulação da degradação de amieiro no meio com contaminação salina. 

Foram detetados efeitos adversos da salinidade na respiração microbiana para ambos os 

tipos de folhas. O consumo de amieiro pelas larvas de Sericostoma vittatum foi menor na 

presença de sal. Pelo contrário, foi detetado um comportamento alimentar compensatório 

das larvas em relação às folhas de carvalho condicionadas em meio salino quando 

oferecidas em meio salino.  

Os resultados indicam que a concentração testada (4 g/L) não prejudica a 

decomposição mediada por fungos. No entanto, os efeitos da contaminação salina em 

fungos são específicos para cada espécie e podem afetar o comportamento alimentar dos 

invertebrados. As respostas promovidas pela contaminação salina, a nível da água e da 

dieta, parecem capazes de afetar a performance dos invertebrados, especialmente quando as 

folhas disponíveis são mais recalcitrantes. Se generalizados, os resultados deste estudo 

indicam que é possível esperar efeitos importantes nos ciclos de nutrientes de cursos de 

água devido à contaminação salina.  

 

Palavras-chave: Salinização, hifomicetes aquáticos, trituradores, decomposição, 

comportamento alimentar 
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1. General introduction  

Freshwater ecosystems are among the most endangered systems in the world 

(Malmqvist and Rundle 2002; Dudgeon et al., 2006). Anthropogenic influences such as 

water pollution, overexploitation, habitat degradation, species invasion, flow 

modification, eutrophication and acidification have been stated as some of the factors 

for deteriorating the quality of life in aquatic ecosystems and thus, threats the 

biodiversity in general. Since the knowledge of adverse effects of pollutants in the 

1950s (Dodds 2002), freshwater ecologists have made numerous studies on the effect of 

anthropogenic pressures on the aquatic life and ecosystem processes (Woodward et al., 

2009). As we move deeper into the Anthropocene, the scale and magnitude of existing 

and emerging anthropogenic threats to freshwater ecosystems become even more 

apparent, yet we are still surprisingly poorly equipped to diagnose causes of adverse 

change in freshwater ecosystems. 

Anthropogenic salinization has been considered as one of the environmental 

threats leading to the water quality degradation and alteration of the aquatic biodiversity 

(William 2001, Horrigan et al., 2005). It has been widely acknowledged as one of the 

most important stressors in stream ecosystem (Millennium Ecosystems Assessment  

2005) having a wide range of impacts on organisms from all trophic levels (Piscart  et 

al., 2006; Kefford et al.,  2012a).  

1.1. Low order streams  

Small streams are located at the head of the fluvial continuum and constitute up to 

85% of the total length of a lotic system (Allan and Castillo, 2007). In temperate areas, 

these running waters are heavily shaded by the surrounding riparian vegetation, which 

limits primary production. The structure and function of these systems are though 

closely linked with the supply of organic material from the riparian vegetation (Vannote 

et al., 1980).  

The allochthonous organic matter is mainly provided to the stream in autumn and 

is largely composed of leaf litter supplied directly from the riparian vegetation through 

vertical or lateral inputs (Petersen and Cummins 1974; Abelho 2001). Besides large 

amounts of leaves, which accounts more than 60 % of the total litter fall in temperate 
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streams, the inputs of organic matter also include steams, flowers, seeds, and logs 

(Benfield et al., 1997; Abelho, 2001).  

1.2.  Leaf litter decomposition  

Leaf litter decomposition occurs in three temporarily distinct phases that may 

overlap in time:  leaching, microbial conditioning and fragmentation (Petersen and 

Cummins 1974; Webster and Benfield, 1988; Gessner et al., 1999; Allan and Castillo 

2007). In the early stage of decomposition, the loss of soluble compounds from the leaf 

occurs by the process called leaching (Abelho 2001; Bärlocher et al., 2005a). After that, 

its matrix is modified by microbial (aquatic fungi and bacteria) activities. Aquatic 

hyphomycetes plays a key role in the conversation of leaf litter into more palatable food 

resource for detritivorous macroinvertebrates (shredders); this process is called 

conditioning (Boling et al., 1975; Gessner et al., 1999). Lastly, the leaves are 

fragmented through the consumption and invertebrate manipulation (e.g. to build cases) 

and by the flow /turbulence (physical fragmentation) (Webster and Benfield 1986; 

Abelho 2001). 

Intrinsic (physical/chemical characteristics of the leaves) such as nutrient 

concentration (particularly N and P) and lignin (Ostrofsky 1997; Abelho 2001) and 

external (environmental variables) factors have been considered as determinants for 

affecting the decomposition process (Webster and Benfield, 1986). Decomposition is 

slower for leaves with higher lignin, low nitrogen and phosphorous concentrations (e.g. 

Martinez et al., 2013). External (environmental variables) are related with temperature 

(e.g. Dang et al. 2009, Gonçalves et al., 2013), pH (e.g. Medeiros et al., 2009) and 

hydro morphological parameters (e.g. Ferreira et al., 2006).  
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Figure 1:  Schematic representation of different phases involved in leaf litter decomposition in 

stream food web (in Allan and Castillo, 2007)   

Leaching: is a process in which the leaves loose a substantial mass immediately 

after immersion (Gessner 1999). It is a crucial phase for the release of soluble 

compounds including carbohydrates, amino acids and polyphenols (Graça et al., 2005). 

During this phase, the leaves may lose up to 42% of their mass (Abelho, 2001). The 

process usually lasts for 48 h depending on factors such as leaf species and dryness 

(Maloney and Lamberty, 1995; Taylor and Barlocher, 1996) and environmental factors 

such as stream water temperature and turbulence (Ferreira et al., 2006a; Ardon and 

Pringle, 2008).  For example, it was found that deciduous leaves leach at higher rates 

(20-42%) than coniferous leaves (7 %) (Maloney and Lamberty, 1995).   

Conditioning: is a phase in leaf break down process in which the leaf material is 

colonized by microorganisms, namely fungi (aquatic hyphomycetes) and bacteria. 

During this period, the chemical composition of the leaf tissue is modified and 

converted to secondary production by microorganisms (Bärlocher and Kendrick, 1975).  

Aquatic hyphomycetes are common inhabitants of low order streams and are the 

main drivers of this phase. This group of fungi is characterized by their ability to 

sporulate under water. Once the leaf is submerged, large amount of conidia start 
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detaching from the leaves (Krauss et al., 2011). Leaves become softened and its 

nitrogen and ATP contents rise (Kaushik and Hynes 1968). According to Suberkropp 

(1991), fresh water hyphomycetes can invest up to 80% of their production into 

sporulation. They have a capability of producing exo-enzymes that cleave structural leaf 

polymers such as pectin, xylan, and cellulose (Suberkropp et al., 1983). Due to this, 

fungi are responsible for the physical and chemical alteration of the leaf resulting the 

leaf mass loss after all (Gessner, 1999). Different studies suggested that the biomass, 

productivity and enzymatic substrate degradation of fungi decomposers (aquatic 

hyphomycetes) is higher than bacteria and play a predominant role in microbial 

degradation of the leaves (Bärlocher and Kendrick 1974; Gessner et al., 1997; Graça 

and Canhoto 2006; Krauss et al., 2011).  

Based on previous laboratory food preference experiments on shredder 

invertebrates, leaves conditioned by aquatic hyphomycetes were more palatable than 

bacterial conditioned leaves (Suberkropp et al., 1983; Graça 2001) and high survival 

was observed in invertebrates fed fungal over bacterial conditioned leaf material 

(Kostalos and Seymour, 1976). 

For the past years, several studies have been conducted on the effects of 

environmental factors such as acidity (Bärlocher, 1987), alkalinity (Abel and Bärlocher, 

1984), temperature (Chauvet and Suberkropp, 1988), eutrophication (Lecerf and 

Chauvet, 2008) on survival and growth of aquatic hyphomycetes hence conditioning 

process (Krauss et al., 2011).  

Fragmentation:  Leaf biological fragmentation is largely promoted by shredders 

feeding activities that give origin to fine particulate organic matter (FPOM) (plant 

fragments and faces) that will be used as a food source for other functional feeding 

group, the collectors, both in situ and further downstream (Cummins 1974, Graça et al., 

2001). Discharge, current velocity, turbulence have been reported as some of the 

environmental factors that may contribute to the leaf physical fragmentation (Abelho, 

2001).  

 

 



 

 

6 

 

1.3. Freshwater salinization  

Salinization is defined as an increase in the concentration of dissolved inorganic 

ions like Na
+
, Ca

2+
, K

+
, Cl

-
, SO4, CO3, HCO3 in the water (Cañedo-Argüelles et al., 

2013). In freshwater ecosystems, an increase in the concentration of chloride anion is 

often used to measure salinization (Kaushal et al., 2005). According to Venice system 

1959, surface waters vary depending on their salt content and the salinity concentration 

of freshwater was regarded as < 0.5 g/l. Based on the salinity preferences, the biota can 

be freshwater fauna, brackish water fauna or marine water fauna (Schröder et al., 2015). 

In fresh water ecosystem, salinization is considered as the main factor for limiting the 

distribution of biota (Cañedo-Argüelles et al., 2013).  

Freshwaters salinization can result from several natural and anthropogenic 

processes and categorized as primary or secondary salinization (Williams 2001). 

Primary salinization (natural salinization) is the accumulation of salts originating from 

natural sources without any human interference. This is due to the geology of the 

catchment and precipitation; soil rich insoluble salts or shallow saline ground water 

table leads to the dissolution of salts (Williams 2001). Besides, sea spray and 

evaporation of seawater are also an important sources of natural salinization (Herczeg et 

al., 2001). 

Salinity from anthropogenic activities are called secondary salinization. Irrigation 

and rising of ground water are the main causes of secondary salinization in freshwater 

ecosystems (Williams, 1987). Inflows from irrigation water makes the soil water to be 

more saline and leaches out through run off and end up in the streams (Lerotholi et al., 

2004). In other way, clearing natural and deep-rooted vegetation from the catchment 

and replacing by shallow rooted plant species is raising ground water tables at rates of 

0.05-1.0 m per year (Pinder et al., 2005). This makes the ground water to be saline and 

leads to flow into the streams (Williams 2001).  

Mining activities can salinize freshwater by the release of potash salts from the 

manufacture of agricultural fertilizers (e.g., Cañedo-Argüelles et al., 2012). In Europe, 

where potassium and soda industries are developed, salt mining is documented as the 

main cause of freshwater secondary salinization (Cañedo-Argüelles et al., 2012) 

especially in the Mediterranean streams, the severe impact of salinity has been reported 

(Prat and Munné, 2000). Moreover, the use of salts (especially NaCl) as de-icing agent 
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(e.g. Demers and Sage 1989; Williams et al., 2000), discharge from industrial activities 

(Kefford, 1998), gulp injection (Wood and Dykes, 2002), and sewage treatment plant 

effluents (Silva et al., 2000; Williams et al., 2003) are also reported as the drivers of 

fresh water secondary salinization.  

1.3.1. Ecological impacts of freshwater salinization  

Different studies reported secondary salinization as the main stressors in 

freshwater ecosystem and yet to increase further due to climatic changes (Millennium 

Ecosystems Assessment, 2005; Cañedo-Argüelles et al., 2013). In particular, small 

streams are subject to salinization (William, 2001) leading to substantial changes in 

flora and fauna (Horrigan et al., 2005).  

For many years, extensive studies have been done on the impacts of secondary 

salinization on different levels of ecosystem organisation.  However, most of these 

studies focused on the community and ecosystem level and little has been said on the 

role of salinity at organism/individual level (Cañedo-Argüelles et al., 2013).  

In ecosystems, increased salinity lead streams to eutrophication (Bernhardt and 

Palmer, 2001), sedimentation of suspended particles (Cañedo-Argüelles et al, 2013), 

reduction of dissolved oxygen concentration (James et al., 2003). In the riparian zones, 

high salinity can reduce the surrounding vegetation, modify the nutrient cycling 

(Dunlop et al., 2005), and increase the amount of light that enters the stream and may 

lead to a change in the ecosystem from heterotrophic to autotrophic (Millan et al., 

2011). Furthermore, it reduces the carrying capacity of the ecosystem (Schäfer et al., 

2012). 

High concentration of salinity is associated with a reduction in species richness 

and diversity (Piscart et al., 2005; Kefford et al., 2011), change in community (Cañedo-

Argüelles et al., 2012; Schafer et al., 2012) and modification of a trophic structure of 

freshwater macroinvertabrates communities (Cañedo-Argüelles et al., 2013). Studies 

suggested that, freshwater species in general act differently for different salinity levels, 

where some organisms are regarded as salt- tolerant and other may have sensitive 

response towards increased salinity (Piscart et al., 2006). For example, Ephemeroptera, 

Plecoptera and Trichoptera species richness (EPT) have been reported as the most 

sensitive taxa (Piscart et al., 2006, Kefford et al., 2011) whereas Crustacea, Coleoptera 

and certain Diptera (e.g. Ceratopogonidae) and Odonata (e.g. Coenagrionidae) are 
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among the most tolerant (Berenzina, 2002; Dunlop et al., 2008). Concerning the effect 

of salinity on the feeding habits of invertebrates, elevated salinity results in a loss of 

grazer and shredder species in favour of predators, filter and deposit feeders (Piscart et 

al., 2006; Kefford et al., 2012b). 

1.3.2 The impact of salinization on leaf litter decomposition 

Despite salinization has been widely recognized as an environmental threat 

(Millennium Ecosystems Assessment, 2005), few studies have been conducted on leaf 

litter decomposition (Schäfer et al., 2012; Cañedo-Argüelles et al., 2014). Studies show 

that high concentration of salinity leads to a reduction in the breakdown of 

allochthonous organic matter (e.g., Reice and Herbst 1982, Schäfer et al., 2012). This 

results in a reduction of the abundance of shredder invertebrate since their growth and 

survival is dependent on the leaf type (Butler and Suberkropp 1986) and colonisation 

(Suberkropp 1992). In spite of extensive studies on the effects of salinity on 

invertebrates, little is known on the physiology and functioning of aquatic 

hyphomycetes. Studies suggested that freshwater aquatic hyphomycetes have different 

levels of salinity tolerance (Ristanovic and Miller 1968). Their salinity tolerance is 

determined by their ability to regulate internal osmotic concentration against external 

gradient (Hart 1991). Other related inhibition of their reproduction to the increased level 

of salinity (Byrne and Jones 1975). Moreover, increased salinity was found to reduce 

leaf associated fungal biomass (Schäfer et al., 2012) and, change the community 

composition of freshwater aquatic hyphomycetes (Mohamed, 2011). Considering the 

fact that high preference of shredders for leaf colonized by aquatic hyphomycetes 

(Graça, 2001), any alteration by increased salinity on aquatic hyphomycetes would 

affect the feeding preferences of shredders and alter the nutrient cycling and the stream 

functioning.     

Even though numerous studies have focused on the deleterious effects of 

increased salinity on invertebrates and some ecosystem processes, little information 

exists on the implication of increased salinity in the colonization of leaf material by 

aquatic hyphomycetes. Since shredders feed on conditioned leaf and have capabilities to 

differentiate leaf patches conditioned by different fungi (Arsuffi and Suberkropp 1985; 

Gonçalves et al., 2014), the effect of increased salinity on their feeding behaviour is 

clearly unknown. Moreover, less evidence is presented on the effects of increased 
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salinity on microbial-mediated leaf decomposition, invertebrate behaviour and 

consequent community composition of the ecosystem. 

1.4.Main objective  

The aim of this study was to assess the effect of increased salinity (NaCl) on 

individual fungal species respiration and decomposition activity. We also compared the 

importance of fungal identity and salinization on leaf quality to the common endemic 

shredder Sericostoma vittatum Rambur (Sericostomatidae) maintained in both 

contaminated and non-contaminated salt rich-environments. We hypothesize that a 

species specific depressed metabolism will negatively affect decomposition activity of 

fungi in salt-rich media. The presence of salt in the media will not affect the 

invertebrates’ feeding behaviour. Deleterious consequences will likely be more 

pronounced in less salt-tolerant fungal species colonizing more recalcitrant leaves, i.e., 

oak. 
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2. Materials and Methods  

 

2.1.Experimental set up  

Alder (Alnus glutinosa) and oak (Quercus robur) leaves were collected 

immediately after abscission from the forest floor, air-dried and stored, in the dark, at 

room temperature until needed. The leaves were further cut with a 9mm-diammeter cork 

borer and oven-dried (105
o
C for 24 h).  For each leaf species, discs were distributed by 

a total of 12 Erlenmeyer flasks. Each flask contained 36 pairs of leaf discs for 

consumption tests and 20 discs for the evaluation of microbial respiration and mass loss. 

In this last case, leaves were previously cut symmetrically in relation to the leaf main 

vein. Half were oven dried (60
o
C for 48 h) and used to determine initial dry mass 

(DMi). Microcosms were filled with 40 ml of autoclaved (20 min, 121°C) NaCl 

enriched (4g/L) solution; the other half was filled with the same volume of distilled 

water. 

Three species of aquatic hyphomycetes - Heliscus lugdunensis (HELU), 

Lemonniera aquatica (LEAQ) and Articulospora tetracladia (ARTE) - were used in this 

experiments (Fig. 2). Based on previous studies, the palatability of these aquatic 

hyphomycetes to shredder invertebrates are usually raked as: Heliscus lugdunensis 

(Unpalatable; Butler & Suberkropp, 1986), Articulospora tetracladia (Intermediate; 

Graça et al., 1993), and Lemonniera aquatica (Unpalatable; Suberkropp et al., 1983). 

On the other hand, these species present distinct tolerance towards NaCl: HELU> 

ARTE> LEAQ (Simões et al, submitted). The species were grown for 3 weeks in Malt 

Extract Agar (MEA). Discs of each fungal species were used to promote leaf discs 

colonization in microcosms. The Erlenmeyer flasks were filled with distilled water or 

distilled water supplemented with the same concentration of NaCl (from now on 

referred as salt-enriched water). Two microcosms filled with distilled or salt-enriched 

water, but with no mycelia, were used as controls. The treatments are represented 

below. Microcosms were incubated on a shaker 120 (rpm) under 12h light: 12 h dark 

photoperiod at 16°C for 15 days; the media were replaced every 2 days.  
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Figure 2: Conidia a) Heliscus lugdunensis b) Lemonniera aquatica and c) Articulospora 

tetracladia (adapted from Gonçalves et al. 2013; 400x amplification) 

After two weeks incubation, the leaf discs from each treatment were used for the 

invertebrates feeding experiment (see below) 

  

 

  i)  ii) iii)  iv)  

Figure 3: Illustration of the experimental design. Scheme considers one leaf species 

(alder or oak) and a single fungal species (out of 3): i) Non-conditioned leaves 

incubated in salt-enriched water, ii) Non-conditioned leaves incubated in distilled water, 

Species of fungi used for inoculation of microcosm filled with distilled water (iii) and 

distilled water supplemented with 4g/L NaCl (vi). Additional controls run without 

inoculation. 
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2.2.Microbial Respiration  

Microbial respiration associated with decomposing the leaf discs were estimated 

from the measurements of dissolved oxygen before and after discs incubation in   

oxygen saturated distilled water or salt-enriched water, according to the conditioning 

treatment (see above). Groups of five alder or oak leaf discs from each treatment were 

immersed in 50ml falcon tubes filled with the medium of origin (n=4). All the falcon 

tubes were covered with aluminium foil to promote darkness. Oxygen consumption by 

the discs’ microbial community was allowed for 24 h. The final dissolved oxygen was 

measured using DO Meter probe (YSI model 55, Yellow Springs, OH, U.S.A). Oxygen 

consumption of discs were expressed as mg O2/ g M leaves /h.  

2.3.Mass loss  

Immediate after the microbial respiration experiment, the leaf discs were oven-

dried and reweighted (± 0.1 mg). Loss of dry mass was calculated as the difference 

between the initial mass of the symmetrical discs (see above) and the final mass of the 

20 leaf discs incubated in each flask. The percentage of dry mass (% DM) was 

calculated as (DMi - DMF)/ DMi · 100%), where DMi is the initial dry mass of the leaf 

discs and DMf, is the final dry mass.   

2.4.Invertebrate consumption tests 

2.4.1.  Test species  

In this experiment, we used the caddisfly Sericostoma vittatum Rambur 

(Trichoptera; Sericostomatidae), an endemic species in streams of Iberian Peninsula. 

According to previous studies, this species plays a key role in the fragmentation of 

organic matter of streams in central Portugal (Feio and Graca, 2000) and has been 

previously used as test species (Gonzalez et al., 1992; Graça et al., 2001; Carvalho and 

Graça 2007; Campos and González 2009).  

Larvae were collected in Ribeira de S. João’, Lousã (40°05′59′′N; 8°14′02′′W; 

drainage basin area – 18 km
2
), a 4th order stream in Central Portugal. They were 

acclimatized to laboratory conditions (12h light:12 dark photoperiod; 16ºC) in a plastic 

container filled with stream water. The bottom was covered with sediment from the 
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stream of origin (Fig. 4). They were fed ad libitum with leaf litter from the stream of 

origin. The shredders dry mass was calculated according to DM = 0.0136 
X
 CO – 

0.0162 (R
2 

= 0.83) where DM is dry mass (mg) and CO is the anterior maximum case 

opening (mm) (Ferreira et al., 2010).  

 

Figure 4: Sericostoma vittatum (Trichoptera; Sericostomatidae) (by Ana Gonçalves) 

Consumption tests were performed with a total of 9 larvae per treatment (1.37 mg 

- 14.15mg). Larvae were starved for 24 hours before the experiment. Shredders were 

individually maintained in cups (70 mm diameter × 85 mm high) filled with 200 ml of 

stream water or stream water supplemented with salt (4 g/L NaCL) (Fig. 4). A disc from 

the same treatment was offered to each invertebrate kept in a feeding cup while the pair 

was placed in a small fine mesh bag (0.55mm mesh) attached to the cup using a plastic 

clothespin and used as a control. All the cups were covered with a fine layer of ashed 

(550° C; 6 h) stream sediment. 

The cups were continually aerated using aquarium pumps. Experiments run at 16° 

C with a 12:12 dark: light photoperiod. The experiment was stopped when half of the 

discs were eaten in 50% of the microcosms, and both leaf discs (Control and Exposed) 

were collected, oven dried and weighed (± 0.1 mg). Consumption (C) was estimated as 

the difference between leaf discs dry mass in the control (DMi) and treatment (DMf) and 

expressed per mg dry mass of individual larva (DMt), per day (d) according to the 

equation C = (DMi – DMf) / (DMt × d) (Graça et al., 2005). 

https://en.wikipedia.org/wiki/X
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The treatments for each leaf species were as follows,  

i. Leaf discs conditioned in distilled water by HELU, LEAQ, or ARTE were 

offered to the invertebrates maintained in microcosms filled with regular stream 

water or stream water enriched with salt (4g/L NaCL).   

ii. Leaf discs conditioned in salt-enriched solution by HELU, LEAQ or ARTE were 

offered to the invertebrates maintained in microcosms filled with regular stream 

water or stream water enriched with salt (4g/L NaCL).  In all cases parallel 

experiment for controls were run.  

 

Figure 5. An example of a consumption experiment. Each feeding cup contained one 

Sericostoma vittatum larvae, oak or alder leaf discs conditioned in distilled water or salt 

enriched water NaCl (4g/L) by distinct species of fungal species. Consumption test was 

performed by offering the leaf discs to the animals kept in regular stream water or 

stream water enriched with salt. A) Fine mesh bag containing the control leaf disc B) 

leaf disc for consumption, the discs for consumption were over the sediment so that the 

animal could eat them. 

 

 

 

 

A 
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2.5.Data analysis  

Comparisons of mass loss and microbial respiration associated with each leaf 

species were done by 2-way ANOVA with fungal species and conditioning media 

(distilled water or salt-enriched water) as categorical variables. 

Leaf consumption of each species was compared among treatments by 3-way 

ANOVA with fungal species, conditioning media (distilled water or salt-enriched water) 

and consumption media (regular stream water or stream water enriched with salt) as 

categorical variables. When significant statistical differences were detected (P < 0.05), 

planned comparisons were used to identify the significant effects of one factor within 

the other.  Tukey’s HSD test was performed whenever necessary.  

The data was transformed (log(x+1)) when necessary to achieve the assumptions 

of normality and homoscedasticity of variance. Mean and SE were calculated using 

non-transformed data. All statistical analysis were performed using STATISTICA 7.  

The P value of 0.05 was considered as a significance level.  
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3. Results  

 

3.1.Leaf mass loss 

Oak: The lowest leaf mass loss value (18.47%±4.32) was observed in leaf discs 

conditioned by A. tetracladia in salt-enriched media whereas leaf discs conditioned by 

L. aquatica in distilled water presented the highest mass loss (24.53±1.65).  

Leaf mass loss wasn’t significantly different among fungi (two-way ANOVA, F0, 

01 = 1.28, P=0.98; Fig. 6A) or conditioning media (two-way ANOVA, F0, 49 =46.27, 

P=0.48; Fig.6A).  

 

Alder: Mass loss of alder leaf discs wasn’t different across fungal species (two-

way ANOVA, F2,54 = 117.54, P=0.10), but was found to be significantly affected by the 

conditioning media (two-way ANOVA, F5,17 =238.94, P=0.03): higher mass loss was 

observed in leaf discs conditioned in a salt-enriched water than distilled water.  H. 

lugdunensis was the species that induced the highest mass loss (27.93%±3.50) in salt-

enriched water, while the opposite occurred with the leaf discs conditioned by A. 

tetracladia in distilled water (13.77%±3.64, Fig. 6B).  

In both leaf species, parallel experiments for control were performed at the same 

time indicated values very close to zero.   
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Figure 6: Leaf mass loss (%, ± SE) of oak (A) and alder leaf discs (B) conditioned in distilled 

and salt-enriched water by three district species of aquatic hyphomycetes H. lugdunensis 

(HELU), L. aquatica (LEAQ) and A. tetracladia (ARTE). No statistical differences were 

observed among treatments. 
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3.2.Microbial respiration 

Oak: Microbial respiration associated with oak leaf litter was highly affected by 

the identity of fungi (two-way ANOVA, F26,13=1.47 P<0.00; Fig. 7A) and the 

conditioning media (two-way ANOVA, F72,47 =4.10, P=0.00). Higher values were 

registered in leaves conditioned in distilled vs. salt-enriched water. The interaction 

effect between fungal species and the conditioning media was found to be significant 

(two-way ANOVA F3,88=0.22, P=0.03). The highest value (3.39 mg O2/g leaf /h) was 

registered in leaf discs conditioned by A. tetracladia in distilled water media (Tukey P< 

0.00); the lowest value (1.57 mg O2/g leaf /h) was observed in leaf discs conditioned by 

H. lugdunensis (Tukey P<0.00) in salt-enriched water.  

 

Alder: Respiration associated with alder leaf varied between 2.48 mg O2/g leaf/h± 

0.21 and 1.28 mg O2/g leaf/h±0.31. Both the identity of fungi (two-way ANOVA, F4,89= 

1.47, P= 0.02) and the conditioning media (two-way ANOVA, F6,81=2.05, P= 0.01, 

Fig.7B) affected the microbial respiration in alder leaf discs. Microbial respiration was 

higher in alder leaves conditioned in distilled water than salt-enriched water. However, 

the interaction effect of fungal species and conditioning media was not significant 

(Two-way ANOVA, F0,63 = 0.19, P > 0.54).  

In both leaf species, parallel experiments for control were performed at the same 

time indicated values very close to zero.   
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Figure 7:  Microbial respiration (Mean ± SE) of oak (A) and alder (B) leaf discs conditioned in 

distilled and salt-enriched water by three distinct species of aquatic hyphomycetes; H. 

lugdunensis (HELU), L. aquatica (LEAQ) and A. tetracladia (ARTE). Significant differences 

within each fungal species between the conditioning media (salt-enriched and distilled water) 

are represented by (*). Bars with the same letters are not significantly different when tested 

within each conditioning treatment, salt-enriched water (lowercase letters) and distilled water 

(capital letters).   
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3.3 Consumption tests 

Oak: The lowest consumption value of oak (0.01 mg leaf DM/mg animal) was 

registered in leaves conditioned in distilled water by H. lugdunensis and offered to 

animals in distilled water whereas the highest (0.54 mg leaf DM/mg animal) was 

gathered in leaves conditioned by the same species in distilled water and offered to 

animals in salt enriched water (Planned comparisons, F6,81 >0.07, P<0.01, Fig. 8A). 

Consumption of leaves was significantly affected by the media where the animals 

were maintained (salt enriched or regular stream water) (three–way ANOVA, 

F5,88=0.065, P=0.017; Fig. 3). However, the identity of fungi (three–way ANOVA, 

F0,93=0.010, P > 0.39) and the conditioning media of the leaves (salt enriched vs. 

distilled water) (three–way ANOVA, F1.19=0.13, P >0.27) didn’t affect the consumption 

of the invertebrates. No interaction between the three main factors was observed (three–

way ANOVA, F2.28=0.025, P >0.10). Invertebrates kept in salt-enriched water consumed 

more leaves conditioned in salt enriched media (0.35 mg leaf DM/mg±0.04) than when 

they were kept in regular stream water and fed leaves conditioned in distilled water 

(0.10 mg leaf DM/mg±0.06) (Planned comparisons, F6,19 >0.06, P<0.01, Fig. 8A).  

 

Alder: Larvae consumed more alder leaves conditioned in distilled water by H. 

lugdunensis species when maintained in regular stream water (0.49 mg leaf DM/mg 

animal /day). In opposition, lower consumption  (i.e. 0.02 mg leaf DM/mg animal) was 

observed in leaves conditioned by the same species with salt enriched water and offered 

to the animals in the same medium (Planned comparisons, F15.99 >0.14 , P<0.00, Fig. 

8B)  

Consumption rates on alder were significantly affected by the conditioning media 

(salt enriched vs. distilled water) (three–way, ANOVA, F6,05=0.05, P= 0.01), and by the 

medium were the consumption occurred (salt enriched or regular stream water) (three – 

way ANOVA, F3,96=0.03, P= 0.04).  Significant interactions were also detected between 

fungal species and the consumption media (three – way ANOVA, F3,33=0.02, P= 0.03).  

 Invertebrates kept in regular stream water consumed more leaves conditioned in 

distilled water than when they were kept in salt-enriched water and offered leaves 

conditioned in sat-enriched water (Planned comparison , F9,90>0.08, P<0.002). No 
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interaction between the three main factors (fungi species, conditioning media and 

consumption media) was observed (three – way ANOVA, F2.01=0.018, P > 0.13). 

 

 

Figure 8:  Relative consumption rate (Mean ± SE) of S. vittatum fed on oak (A) and alder (B) 

conditioned in distilled and salt enriched water by three district species of aquatic 

hyphomycetes; H. lugdunensis (HELU), L. aquatica (LEAQ) and A. tetracladia (ARTE). The 

consumption took place in cups filled with stream water and salt enriched stream water. 

Lowercase letters indicate significant differences between treatments (P<0.05). 
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4. Discussion  

 

Little information exists on the relevance of increase salinity on leaf litter 

decomposition and invertebrates’ consumption (Schäfer et al., 2012). Most studies that 

have been conducted on salinization focused mainly on the structural changes in 

macroinvertebrates, reduction in diversity and modification in the trophic structure of 

the stream community (Piscart, et al., 2005; Cañedo-Argüelles et al., 2013). In this 

study, we examined the effect of increased salinity on individual fungal-mediated 

decomposition and respiration and, the importance of fungal identity and salinization on 

conditioned leaf quality to shredder maintained in both contaminated and non-

contaminated salt rich environment. 

          In this study, we expected to observe an effect of salinity on fungal-mediated 

decomposition; however, the presence of salt (4g/L) during the microbial conditioning 

did not affect the mass loss of oak leaf.  In a previous study (Simões et al., submitted), 

using fungal assemblages that included HELU and ARTE, a clear depressing effect was 

observed at this concentration. In alder leaves, even though species capabilities to 

decompose didn’t vary across the treatments, leaves conditioned in salt-enriched media 

were found to have a consistent higher mass loss than leaves conditioned in distilled 

water. This suggests that the concentration of 4g/L may stimulate alder leaves 

decomposition. Whether this is the result of an hormesis effect triggered in the presence 

of a high quality substratum is not known. 

Aquatic hyphomycetes have different responses to salinity; some species may be 

more salt-tolerant than the others (e.g. Mohamed, 2011). Their tolerance against salinity 

is determined by their ability to maintain the optimal internal osmotic concentration 

regardless of external changes (Hart et al., 1991). Simões et al., (submitted), found 

variability in salinity tolerance of the species based on species-specific growth rate for 

EC50 (effective concentration that led to a 50% inhibition in growth rates) where, H. 

lugdunensis was the most tolerant species that showed a significant increase in its 

growth rate at 20 g/L and EC50 value for A. tetracladia and L. Aquatica was 31.45g/L 

and 12.57 g/L respectively. In this study, in spite of such distinct tolerances mass loss 

was not different across species.  Although their function seems to remain intact, 

sporulation is highly affected by the presence of salt which may have serious 
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consequences if salinization is chronic (their reproductive output becomes non-existent 

and though decomposition). 

For the past years, microbial respiration has been considered as a good indicator 

of microbial utilization of organic matter in streams (Fuss and Smock, 1996; Ramirez et 

al., 2003; Graça et al., 2005). In this study, microbial respiration was depressed in both 

alder (even though, the interaction effect of fungal species and conditioning media 

wasn’t significant; P > 0.54) and oak leaves where highest microbial respiration was 

obtained by conditioning leaves in distilled water than salt-enriched water. Our study is 

in accordance with Simões et al., (submitted) that found significant reduction in 

respiration rates of oak leaves at lower salt concentrations under laboratory conditions. 

Connolly et al. (2014) also found a significant decrease in microbial respiration in 

Phragmites sp conditioned in wetlands.  

In the case of oak all species are significantly affected by salinity which may be 

related with more energetic requirements needed to degradate more recalcitrant leaves. 

In spite of the existence of species-specific deleterious effects on distinct species, the 

fungal metabolic activity (evaluated through respiration) guaranties in distinct ways and 

rates) both leaves’ degradation. This may indicate investment of reduced energy on 

growth and enzymatic degradation of leaves in expense of respiration. In this study, 

however, the investment was clearly seen in oak than alder leaves. This could be due to 

the difference in the intrinsic characteristics and substratum properties of the two 

species (Gonçalves et al., 2013). 

           Most investigation on the importance of salt contamination on stream 

invertebrates has been centred on water borne exposure rather than dietary exposure. 

The concentration (4g/L) that is used in this experiment is environmentally realistic and 

may critically affect the ecosystem functioning; lethal and sub lethal impacts on 

invertebrates may occur at values as low as 1g/L (Kaushal et al., 2005). Previous studies 

indicate that the concentration of salt of 1g/L- 3 g/L can change the macroinvertebrates 

community structure (Piscart et al., 2005).  

It is generally accepted that the identity of fungal species, the leaf traits and the 

conditioning period are main factors for determining palatability of the leaf to the 

invertebrates (Suberkropp et al, 1983; Gonçalves et al., 2014). In this study, we 

hypothesized that lower consumption rates will be observed in invertebrates maintained 
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and fed detritus conditioned by fungal species in NaCl rich media. Our finding 

contradicts the initial hypothesis: oak consumption was promoted by increased salinity; 

animals fed more leaves conditioned in salt enriched water when maintained in salt 

enriched stream water. The results from oak leaf consumption suggested that S. vittatum 

may present a compensatory feeding behaviour (e.g., Anderson and Cummins, 1979; 

Campos and González 2009, Flores et al. 2014) towards oak leaves conditioned in salt 

media and when offered in salt enriched water. This feeding strategy of the species 

might determine the energy allocation strategy of the species. (Cornut et al., 2015). 

Besides, oak was regarded as less palatable than many other leaves in streams’ (Butler 

and Suberkropp 1986; Petersen and Cummins 1974) 

In contrast to oak, consumption of alder leaf by S. vittatum larvae was reduced by 

the presence of salt. Animals kept in salt enriched water and fed alder conditioned in 

salt-enriched water consumed ~31% less than the individuals kept in regular stream 

water and fed conditioned leaf by distilled water. This maybe related with a 

compensatory consumption in order to overpass the feeding and waterborne toxicity; 

such behaviour seems to be triggered only when in the presence of low quality food.  

In the case of alder an over conditioning due to a (non-significant) stimulation of 

decomposition may result in lower consumption in the presence of salt in comparison 

with the treatment with no salt in any case, even if alder per se is a highly consumed 

species (e.g. Canhoto and Graça  2006; Foucreau et al., 2013).  

The lowest consumption rate (0.1 leaf DM/mg animal /day) of oak was recorded 

when animals were maintained in stream water and fed leaves conditioned in distilled 

water by H. lugdunensis.  The lowest consumption towards leaves conditioned by this 

species might be due to inherent fungal properties (that may, for instance, be related 

with their stoichiometric composition (e.g. Gonçalves et al., 2014)) or to the presence of 

distasteful compounds (Graça 2001). In fact, this behaviour is in accordance with Butler 

& Suberkropp (1986) that report less palatability of oak leaf conditioned by the same 

species to  Psychoglypha sp. (Trichoptera: Limnephilidae) larvae. 

In contrast to oak, animals fed higher alder leaves conditioned by H. lugdunensis 

in distilled water and offered in stream water than leaves conditioned in salt enriched 

water and offered in stream water enriched with salt.  Considering that this is a species 
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that can “cope” with salinity, changes in its stoichiometric composition (eventually due 

to maintenance of osmolarity) may determine changes in preferences. 

Globally the present results indicate that responses to contamination by salt, both 

by fungi and invertebrates, are largely dependent on the leaf quality existent in streams 

(e.g. Barlocher & Kendrick, 1973; Gonçalves et al., 2014). Consequences may occur in 

the availability of leaves to invertebrates (faster processing by fungi and/or 

invertebrates) in salt contaminated streams and cascading effects can be expected 

through the food chain.   
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5. Final remarks 

This study concluded that, salinity at a concentration of 4g/L didn’t affect the 

fungal decomposition activities of oak leaves, yet tend to enhance their activity in alder. 

The adverse effects of salinity in microbial respiration of both alder and oak leaves were 

detected. Moreover, the feeding rates of the shredder Sericostoma vittatum towards 

alder leaves was influenced by the presence of salt. On the contrary, likely due to a 

compensatory feeding behaviour, salinity of 4g/L enhanced their feeding towards oak 

leaves.  

As stated by different studies (e.g. William 2001; Cañedo-Argüelles et al., 20013) 

salinization can be the result of several ions.  Therefore, for a better understanding of 

the effect of salinization on leaf litter decomposition, nutrient cycling and leaf 

incorporation into secondary production should consider other ionic compositions, the 

inclusion of more species along with field approaches.   

The present study is ecologically relevant considering the fact that global 

warming is expected to increase stream salinity (Cañedo-Argüelles et al., 2013). This 

will result an important effect on streams nutrient cycling and ecosystem functioning.  
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