
Chapter 8
The Role of Key Plant Species on Litter
Decomposition in Streams: Alder
as Experimental Model
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Abstract A key or keystone species is defined as a species with disproportionately
large effects on the ecosystem relative to its abundance. In freshwater ecology it is
often used with a bottom-up perspective, to refer to riparian plant species whose litter
resources are of particular importance for invertebrate communities and ecosystem
processes. This includes fast-decomposing species that represent an important litter
supply in terms of nutrients (e.g., alder) and slow-decomposing species that last for
long in the stream and are able to sustain communities in periods were preferred
resources have disappeared (e.g., oak). This chapter will focus on the major role that
litter of the genus Alnus (i.e., alder) plays in the decomposition process, a crucial
component of stream ecosystem functioning. Alder litter often determines overall
decomposition rates and how these are affected by factors such as plant diversity as
well as rates of nutrient cycling or secondary production. We take advantage of the
wide use of alder litter in multiple studies conducted at different spatial scales (from
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local to global) and with different approaches (from laboratory to field studies) to
illustrate how the presence and abundance of a key riparian plant species can drive
stream ecosystem functioning.

8.1 The Key Species Concept

The concept of keystone species was coined by Robert T. Paine, a zoologist and
ecologist at the University of Washington (USA), to describe the role of a predator
species for shaping community structure in a rocky intertidal zone. In his words,
“…the species composition and physical appearance were greatly modified by the
activities of a single native species high in the food web. These individual populations
are the keystone of the community’s structure, and the integrity of the community
and its unaltered persistence through time… are determined by their activities and
abundances” (Paine, 1969). That was the first time this author used the keystone
term, although he had previously described the important role of the starfish Pisaster
ochraceus as predator of mussels in an intertidal community (Paine, 1966).

The keystone species term has been broadly applied since its first use, but its
meaning has often varied (Mills et al., 1993). Key and keystone species have been
generally used with similar meaning (but see Higdon, 2002), and we use them here as
synonymous. While the original definition referred to top predators with large influ-
ence in the maintenance of community diversity and organization, in conservation
ecology it has been typically used as synonym of the umbrella species concept, which
implies the protection of overall communities or ecosystems through the manage-
ment of a single species (e.g., Rohlf, 1991). Moreover, Mills et al. (1993), in a
review about this concept, considered five categories of key species depending on
the community compartment mainly affected by their loss: (1) predators (with effects
on their prey or their competitors), (2) prey (with effects on their predators or other
prey), (3) plants (with effects on animal consumers), (4) links (e.g., pollinators or
seed dispersers, with effects on plants) and (5) modifiers (e.g., beavers, with effects
on the habitat). In recent years, as a consequence of the growing rate of biodiversity
loss (Barnosky et al., 2011; Loh &Wackernagel, 2004), the probability of extinction
of key species has increased. Given the main ecological role of these species, their
loss generally has important repercussions for ecosystem functioning, with the term
keystone process species sensu Folke et al. (1996) also being used to refer to species
that can drive critical ecosystem processes. Again, this term usually refers to players
more than resources, with a top-down perspective (Davic, 2003).

However, in freshwater ecology the key species concept is often used with a
bottom-up perspective, referring to riparian plant species whose litter is of particular
importance for stream communities and ecosystem processes such as decomposi-
tion. Several studies have pointed out the key importance of certain riparian plant
species in stream ecosystems. For example, Piccolo and Wipfli (2002) and Wipfli
and Musslewhite (2004) highlighted the role of red alder (Alnus rubra) in upland
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stream reaches in Alaska to increase invertebrate and detritus subsidies to down-
stream sites and support higher salmonid biomass through trophic linkages. Swan
and Palmer (2004) studied litter diversity effects on decomposition and concluded
that the presence of a single key species, the American sycamore (Platanus occi-
dentalis), caused non-additive effects in the decomposition of litter mixtures. These
authors reported in a subsequent study that the loss of individual riparian species
could influence consumer production and material processing, and suggested that
the presence of this single slow-decomposing species (P. occidentalis) could inhibit
detritivore growth and thus control consumer secondary production (Swan&Palmer,
2006). Also with a bottom-up perspective, França et al. (2009) studied litter inputs
to a Brazilian stream in order to identify key riparian species for energy fluxes and
nutrient cycling in tropical headwaters.

The review by Woodward (2009) about freshwater biodiversity, ecosystem func-
tioning and food webs discussed the importance of litter variability in terms of
ecological stoichiometry; thus, the presence of more recalcitrant litter types (e.g.,
oak) could enable consumers to persist once higher-quality resources (e.g., alder)
have been depleted (see also Haapala et al., 2001). Kominoski et al. (2011) studied
the effects of riparian species composition on stream ecosystem functioning, which
was driven by high-quality litter inputs. The revision by Swan and Kominoski (2012)
on plant biodiversity and decomposition highlighted several bottom-up effects on
aquatic food webs. Boyero et al. (2014) showed that the identity of species that are
lost from communities and of those that remain is a key driver of decomposition.
The conceptual model of litter decomposition in low-order streams by Graça et al.
(2015) suggested that riparian vegetation dominated by nitrogen (N) fixers (such as
alder) accelerates overall decomposition in streams. Tonin et al. (2017a) assessed
plant diversity effects on decomposition and identified different underling mecha-
nisms (following Loreau & Hector, 2001), one of them being positive selection (i.e.,
positive diversity effects arising when the presence of a particular species with high
decomposition rate dominates the decomposition rate of the mixture).

As shown in the above examples, the effects of key plant species on stream
ecosystem functioning have been commonly explored in the literature. In these
studies, the key species concept refers mainly to two types of species: (1) fast-
decomposing species that represent an important litter supply in terms of nutrients
(e.g., alder); and (2) slow-decomposing species that last for long in the stream and are
able to sustain communities in periods when preferred resources have disappeared
(e.g., oak). The latter species are not riparian species, at least in temperate areas,
but they are abundant in the surrounding forest; thus, they might be dominant but
not keystone species (sensu Higdon, 2002). The presence of alder litter often deter-
mines overall decomposition rates, or associated processes such as nutrient cycling
or secondary production, and how these are affected by factors such as plant diver-
sity or detritivore community density. A large number of plant litter decomposition
experiments have used alder litter for two main reasons: (1) alder species are often
dominant riparian species (mostly in Europe but also present in other areas; Fig. 8.1);
and (2) theyprovide ecosystemswith fast decomposing litter, hence beingparticularly
suitable for short-term experiments lasting a few weeks. In this chapter, we mainly
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Fig. 8.1 Natural distribution of the alder species (genus Alnus) (Image credit Ninjatacoshell—com
mons.wikimedia.org/w/index.php?curid=27474274—based on Silvester [1977])

focus on the major role that alder litter plays in the process of litter decomposition
in temperate streams.

8.2 Alder Litter in Field Experiments

Alder is the common name of a genus of riparian plants (Alnus) belonging to the
family Betulaceae. The genus comprises about 35 species, some of which are domi-
nant riparian species in Eurasia (mainly black alder, Alnus glutinosa, but also grey
alder, A. incana). Moreover, the genus is also present in the American continent,
including grey alder but with some endemic species such as Andean alder (A. acumi-
nata), red alder (A. rubra) or Arizona alder (A. oblongifolia); and in Asia, including
Japanese alder (A. japonica) and Manchurian alder (A. hirsuta). The N fixation
capacity is themost relevant functional trait of alder trees, through the symbiotic rela-
tionship with Frankia alni, a filamentous actinomycete, N-fixing bacterium (Franche
et al., 2008). Thus, they are scarcely limited by soilN content. These bacteria, found in
tree root nodules, absorb atmospheric N2, making it available to the tree in exchange
of sugars. Therefore, alder (through roots and litter) improves the fertility of the
soil where it grows, boosting ecological succession in poor soils. In aquatic ecosys-
tems it constitutes an allochthonous resource of key importance, reaching to the
stream in the form of litter with relatively low carbon (C):N and C:P ratios (Hladyz
et al., 2009). Hence, hereafter we will mainly focus on alder species as examples of
fast-decomposing, nutrient-rich litter that is of key importance in their distribution
areas.

https://commons.wikimedia.org/w/index.php?curid=27474274
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Taking advantage of the wide use of alder in multiple field studies using the litter
bag technique (Bärlocher, 2005) at different spatial scales (from local to global;
Table 8.1), we illustrate how the presence and abundance of this key riparian tree (as
an example of fast-decaying species) can drive overall stream ecosystem functioning.

8.2.1 Alder and Stream Litter Processing Capacity

Alder litter is commonly used in studies dealing with land use (which implies the
replacement or removal of riparian and/or surrounding vegetation), as it usually
reflects the processing capacity of the streamdetritivore community better than lower-
quality litter. Thus, in Northern Spain, decomposition of black alder (A. glutinosa)
was 20% lower in streams flowing through exotic pine plantations (Pinus radiata)
than in streams flowing through mixed deciduous forests, possibly in relation to the
lower detritivore densities in the former; in contrast, decomposition of pine needles
was lower than that of alder and did not differ between stream types (Martínez et al.,
2013). Similarly, litter of Andean alder (A. acuminata) decomposed faster than that
of another N-fixing local tree species (cutlass guaba, Inga spectabilis) in forest and
pasture streams of Ecuador; the difference was greater for coarse-mesh than for fine-
mesh bags in forest streams (1.9- vs. 1.3-fold,) and in pasture than forest streams
(1.8- vs. 1.4-fold), and alder litter harboured almost twice more species of microbial
decomposers and showed higher sporulation rates (Encalada et al., 2010).

The above pattern, however, is not general, as other studies have shown higher
sensitivity of poorer-quality litter to land use changes. For example, black alder
decomposition did not differ between streams running through mixed deciduous
forests and beech forests in France (Lecerf et al., 2005), in contrast to common oak
litter (Quercus robur) decomposition, which was higher in mixed forest streams
in coarse-mesh bags; still, alder decomposed faster than oak, in both coarse-mesh
and fine-mesh bags. In a regional scale study, black alder also decomposed much
faster than common oak in coarse-mesh and fine-mesh bags in 11 Mediterranean
streams in Northeastern Spain with varying environmental conditions in terms of
hydrology, water quality and invertebrate assemblages; alder decomposition was
related to detritivore density and biomass, but that was not the case for oak (Monroy
et al., 2016).

8.2.2 Dissolved Nutrients and Alder Decomposition

Alder litter has lower nutrient stoichiometric imbalance for stream consumers than
most other litter types (Hladyz et al., 2009), so the availability of dissolved nutri-
ents or the stream trophic status (sensu Dodds, 2007) generally has less effect
on alder decomposition than on that of nutrient-poorer species. In consequence,
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Table 8.1 Examples of field decomposition studies (streams and rivers) using leaf litter of alder
and other species (also other substrates: wood and sticks). A brief statement about alder-derived
results is given

References Plant species Alder-related result

Lecerf et al. (2005) Alnus glutinosa Decomposition rate of alder litter
was around twice as fast as that of
oak litter

Quercus robur

Ferreira et al. (2006) Alnus glutinosa Nitrate enrichment did not stimulate
alder litter decomposition rates (as
did for oak litter)

Ochroma pyramidale (wood)

Quercus robur

Gulis et al. (2006) Alnus glutinosa Low levels of eutrophication
stimulated decomposition less for
alder than for oak litter

Quercus robur

Abelho (2008) Alnus glutinosa Alder litter was colonized earlier and
then macroinvertebrates shifted
towards harder litter

Castanea sativa

Quercus ilex

Arroita et al. (2012) Alnus glutinosa Shedders were more abundant in
alder bags and almost absent from
poplar sticks. Poplar and alder litter
belong to the fast processing group

Fagus sylvatica

Eucalyptus camaldulensis

Platanus × hispanica

Populus nigra (leaves & sticks)

Quercus robur

Ferreira et al. (2012) Alnus glutinosa Alder seemed to drive the
decomposition of litter packsCastanea sativa

Inga punctata

Quercus robur

Triplaris dugandii

Zygia cataractae

Martínez et al. (2013) Alnus glutinosa Pine plantations reduced litter
processing capacity of streamsPinus radiata

Pérez et al. (2014) Alnus glutinosa Transplantation to a nutrient-richer
site enhanced eucalypt litter
processing (but not alder one)

Eucalyptus globulus

Boyero et al. (2016) Alnus glutinosa Temperature had a large positive
influence on microbial
decomposition of alder litter

+70 local species

Monroy et al. (2016) Alnus glutinosa Alder litter decomposition was
positively correlated to the density
and biomass of shredders; that of
oak litter was not

Quercus robur
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using alder in comparison with poorer-quality litter allows examining the magni-
tude of such effects. In a Portuguese stream experimentally subjected to different
levels of N enrichment across a stream reach, decomposition of black alder was not
affected by enrichment, while decomposition of common oak (which was lower than
that of alder) was enhanced by N enrichment (Ferreira et al., 2006). Similarly, in
another study, decomposition of black alder did not consistently differ between 5
pairs of reference/eutrophic Portuguese streams, in contrast to the consistently faster
decomposition of common oak in eutrophic streams (Gulis et al., 2006); the authors
suggested that this could be due to a higher susceptibility of alder litter to mechan-
ical fragmentation and erratic detritivore colonisation and feeding, and to the lower
nutrient content of oak litter, which may trigger a more rapid microbial response to
eutrophication. Similar results were observed in a litter-bag transplantation experi-
ment in Northern Spain (Pérez et al., 2014), where black alder decomposition was
less affected by the stream trophic status than that of blue gum eucalypt (Euca-
lyptus globulus); while eucalypt decomposed faster in a midstream than a headwater
reach (the former being more affected by agroforestry), alder decomposition was
similar between reaches, even when litter had been transplanted from the other reach.
Nonetheless, other studies have shown that dissolved nutrient availability can influ-
ence variables related to alder decomposition such as the conditioning level reached
[i.e., the microbially-mediated quality change; e.g., Pozo et al. (2011)].

8.2.3 Alder: The Top of the Class

Alder litter is often a preferred resource of decomposers, being usually the one that is
decomposed fastest in studies comparing different types of litter (Casas et al., 2013).
For example, in a Portuguese stream, black alder decomposed more than 3-times
faster (k = 0.033 d−1) than sweet chestnut (Castanea sativa) or common oak (k =
0.011 d−1 in both cases) in coarse-mesh bags in a 2-month experiment; this study
showed that detritivores colonized alder earlier (with a peak at day 28) than the other
species (day 65), suggesting that they exploited their preferred resource first and then
shifted to less palatable resources (Abelho, 2008). Similarly, in a pristine stream in
Northern Spain, black alder and black poplar (Populus nigra) decomposed at a similar
rate (k = 0.012 d−1 for both) and were faster than 4 other species [common oak,
beech (Fagus sylvatica), London plane (Platanus × hispanica) and river red gum
eucalypt (Eucalyptus camaldulensis): k = 0.002 to 0.008 d−1] in coarse-mesh bags;
furthermore, detritivore densities and fungal sporulation rates were highest in alder
(Arroita et al., 2012). However, in the same study, the decomposition rate of alder in
a nearby polluted stream was reduced by 48%, a greater reduction than that for most
other species (5% for poplar, 24% for oak, 26% for beech and 36% for eucalypt),
suggesting that deleterious effects of pollutants on detritivores were not compensated
by nutrient subsidies for alder litter as they did for nutrient-poor litter types (Arroita
et al., 2012).
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8.2.4 Alder Is Always Welcome

Given the known palatability of alder litter, this substrate is a good candidate when
aiming to select a common substrate for decomposition studies conducted at large
spatial scales. For example, black alder decomposition rates were similar between
a temperate (Portugal) and a tropical (Ecuador) stream, but faster in the temperate
streamwhendatawere adjusted bywater temperature (Ferreira et al., 2012); it decom-
posed faster in coarse-mesh than in fine-mesh bags, and it showed higher fungal
biomass, taxonomic richness and sporulation rates than other species, and higher
densities of detritivores than common oak, in the temperate stream. In the same
study, litter of other species incubated with alder in 3-species mixtures decomposed
faster than in monoculture, so the presence of alder seemed to enhance decompo-
sition; in contrast, the presence of oak in mixtures had the opposite effect (Ferreira
et al., 2012).

In a large-scale study across Europe, decomposition of black alder and common
oak in coarse-mesh bags (and less so in fine-mesh bags) showed a humped-shaped
response (i.e., a subsidy stress response) to increasing nutrient concentrations; rates
were low at the extremes, and low to high at intermediate concentrations, where nutri-
ents were not limiting and other stressors were not too high, so other drivers became
important (Woodward et al., 2012). In another large-scale study including multiple
tropical sites around the world, black alder litter decomposed faster than most native
littermixtures, with few exceptions; differences between alder andmixtures occurred
for both coarse-mesh and fine-mesh bags, and variation across sites was larger for
alder than for mixtures, possibly reflecting differences in detritivore and microbial
assemblages (Boyero et al., 2015).

In other global-scale studies, decomposition of black alder was mainly driven
by temperature, mostly through its direct influence on microbial decomposition rate
(Boyero et al., 2011, 2016). Alder decomposition was higher in more alkaline waters
in warmer streams (possibly through effects on microorganisms and detritivores that
are sensitive to low pH), but higher in more acidic waters in cooler streams (where
detritivores typical of acidic waters dominate).

8.3 Alder Litter in Laboratory Experiments

Here we mainly refer to litter decomposition experiments conducted in microcosms,
which are enclosed, simplified and relatively small ecological systems containing
a reduced assemblage of living organisms (Canhoto et al., 2005). While artificial
stream facilities (which are in between field and microcosms approaches) are also
used sometimes (e.g., Zubrod et al., 2017), the low number of studies so far precludes
any generalization. Microcosms can be of very different sizes, from little flasks
or test tubes to big tanks; however, for litter decomposition studies, microcosms
often consist of glass jars filled with stream water, sediment and litter as the main
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resource for detritivores and microorganisms, and provided with a natural photope-
riod and aeration to mimic streams conditions (for further details see chapter 20 in
this volume). The present section draws some generalizations derived from the use
of alder litter in microcosm experiments using a selection of ten stream microcosm
studies (Table 8.2).

8.3.1 Alder Is a Good Resource for Consumers

As occurred in field studies, alder litter usually is the highest-quality resource in
microcosm experiments, due to its low C:N ratio. This implies that it is usually the
resource preferred by detritivores, resulting in higher consumption, and rendering
higher detritivore growth rates. Most microcosm experiments have measured
consumption rates (and other associated variables) of litter types of contrasting
quality, which are generally offered separately to consumers (monocultures). Thus, in
most cases [but see Solagaistua et al. (2019)], alder has shown the highest consump-
tion rate. This is despite the fact that different detritivorous consumers have been used,
with caddisflies (e.g., Sericostoma pyrenaicum, S. vittatum, Limnephilus atlanticus)
and amphipods (e.g., Gammarus pullex, G. fossarum, Echinogammarus berilloni)
being the most common ones; an exception is Fidalgo et al. (2013), who used the
red swamp crayfish Procambarus clarkii. All these microcosm experiments have
allowed the study of variables associated with the decomposition process that are
very difficult or impossible to measure in the field. This includes, for example, detri-
tivore growth and survival rates (Balibrea et al., 2017; Larrañaga et al., 2014a), or
nutrient assimilation efficiency (Santonja et al., 2018), all of which are usually higher
when invertebrates feed on alder. These physiological variables appear to be accurate
short-term ecological indicators of different stressors (Landeira-Dabarca et al., 2019;
Pérez et al., 2021).

8.3.2 Alder Is a Key Driver of Litter Diversity Effects
on Decomposition

Even if some relevant studies have focused on detritivore consumption preferences
(e.g., Balibrea et al., 2017; Foucreau et al., 2013; Graça&Cressa, 2010), themajority
of experiments conducted in the last couple of decades have examined the conse-
quences of losing litter diversity on decomposition. These studies have shown that
litter diversity loss significantly alters the rates of decomposition and other related
processes, such as nutrient cycling and the production of fine particulate organic
matter (Fernandes et al., 2015; López-Rojo et al., 2018, 2019). Some diversity effects
might be driven by a small supply of alder (Larrañaga et al., 2020), stimulating
the consumption of low quality litter. Furthermore, the simultaneous assessment of
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Table 8.2 Examples of laboratory decomposition studies (stream microcosms mainly) using alder
and other litter species. A brief statement of alder-derived results is given

References Plant species Alder related result

Villanueva et al. (2011) Alnus glutinosa Larvae lost phosphorus at higher
temperature when fed oak or eucalypt litter,
but not when fed alder litter

Quercus robur

Eucalyptus globulus

Jabiol and Chauvet (2012) Alnus glutinosa Mixing litter increased walnut consumption
but not that of alder or oak litterBetula pendula

Juglans regia

Quercus robur

Foucreau et al. (2013) Alnus gutinosa Consumption rates on alder litter were
significantly higherCarpinus betulus

Quercus robur

Larrañaga et al. (2014a) Alnus glutinosa Detritivores feeding on alder litter had
higher growth rate and recovered the mass
lost in reproduction in short time

Eucalyptus globulus

Quercus robur

Campos et al. (2014) Alnus glutinosa Cadmium exposure only affected the mass
loss of alder litter, reducing detritivore
feeding

Eucalyptus globulus

Arce-Funck et al. (2016) Acer pseudoplatanus Consumption and energetic storage, but not
consumer tolerance to silver, was higher on
alder litter

Alnus glutinosa

Tonin et al. (2017a) Alnus glutinosa Alder litter decomposed faster than other
species. Detritivores fed preferentially on
alder litter

Populus nigra

Robinia pseudoacacia

Salix atrocinerea

Santonja et al. (2018) Alnus glutinosa Consumption was higher in alder than in
oak litter. Assimilation was twofold higherQuercus robur

López-Rojo et al. (2018) Alnus glutinosa Alder litter monocultures showed the
highest consumption and growth rate. Plant
diversity effect increased in presence of
alder litter

Corylus avellana

Ilex aquifolium

Quercus robur

Solagaistua et al. (2019) Alnus glutinosa Alder litter was the second preferred
resource; consumption of European ash
litter was higher, following a quality index

Corylus avellana

Fagus sylvatica

Fraxinus excelsior

Quercus robur
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microcosms containing monocultures and mixtures has enabled to understand the
mechanisms underlying such diversity effects. Nutrient-poor species such as oak
can benefit from the presence of nutrient-rich species such as alder, which suggests
possiblemechanisms. For example, alder leaching could enhancemicrobial coloniza-
tion and detritivore-mediated consumption of poor resources; thus, the presence of
alder can increase themagnitude of diversity effects on decomposition and associated
processes (López-Rojo et al., 2018).

Results of microcosm studies are not always consistent or easily comparable. This
could be related to different methodological procedures, such as the use of different
substrates, even within the same species, which might differ in nutrient contents
(e.g., litter from different areas or years, Lecerf & Chauvet, 2008), or consumers
with different conditions (e.g., life stage, physiological status, acclimation period).
For example, some studies found alder consumption to be variable (sometimes lower
than expected) when offered together with lower-quality litter in mixture (Jabiol &
Chauvet, 2012; Little & Altermatt, 2018). Solagaistua et al. (2019) suggested that
special care should be taken when comparing microcosm experiments with different
incubation times.

8.3.3 Alder Can Inform About Early Effects
of Environmental Change

As alder litter is a fast-decomposing litter, it can be used to detect early ecolog-
ical consequences of environmental change such as increases in water tempera-
ture, dissolved nutrients or pollutants, using experiments of relatively short duration.
For example, Villanueva et al. (2011) examined the metabolic rates of Sericostoma
vittatum larvae feeding on black alder, blue gum eucalypt and common oak at two
different temperatures, concluding that litter type modulated the effects of tempera-
ture; while larvae fed poor-quality litter lost P and reduced N assimilation efficiency
at higher temperature, this did not occur for larvae fed alder. Also, Tonin et al. (2017a)
showed that microbial activity was enhanced by dissolved N availability on N-poor
poplar, but not on N-rich alder. Similarly, studies assessing effects of other pollutants
on decomposition have been usually conducted using a single litter type, often black
alder (e.g., Zubrod et al., 2017). Campos et al. (2014) examined the decomposition
of black alder and eucalyptus that were pre-incubated in water with cadmium; alder,
but not eucalyptus, was decomposed more slowly at higher cadmium concentrations.
In contrast, Arce-Funck et al. (2016) conducted and experiment where G. fossarum
previously fed black alder or sycamore maple (Acer pseudoplatanus) were exposed
to different water silver concentrations; although consumption rate and energetic
storage was higher for individuals fed alder, this did not increase their tolerance to
dissolved silver, so alder litter was unable to compensate for the negative effects of
this metal. Therefore, taking these studies into account, some toxicological effects
could be litter type-dependent (Arce-Funck et al., 2018; Cornejo et al., 2020).
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8.4 Comparisons Between Alder and Poor-Quality Litter

Some of the above sections have mentioned the utility of analysing patterns of
decomposition of high-quality, fast-decomposing alder in comparison with those of
poor-quality, slow-decomposing species (mainly oak). Here we explore the useful-
ness of calculating ratios between alder and oak decomposition rates (hereafter
A/O) for different purposes. The use of decomposition ratios as indices of stream
ecosystem functioningwas suggested byGessner and Chauvet (2002), who proposed
the use of ratios between impact and reference sites as indicators of impairment, or
between coarse-mesh and fine-mesh bags as indicators of detritivore activity. They
also suggested that ratios of fast-decomposing and recalcitrant litter could be useful;
for example, they could inform about different mechanisms contributing to decom-
position, or about the different time scales required for impact assessment. Still, the
use of such ratios is scarce, even if the experimental comparison of litter types of
contrasting quality is a common practice. An exception is Larrañaga et al. (2014b),
who explored black alder (A) and eucalyptus (E) decomposition rates and associated
detritivore densities and presented both of them as A/E ratios.

While ratios cannot replace original data on decomposition rates of different
species, they provide complementary information. For example, they can reflect the
influence of different factors or the relative importance of different decomposition
agents (e.g., alder may better reflect the processing capacity of detritivores, and oak
the degree of microbial conditioning). Here, taking advantage of the abundance of
decomposition field studies using black alder and common oak, especially deriving
from the RivFunction European project (Chauvet et al., 2016), we present A/O ratios
from coarse-mesh and fine-mesh bags (representing total and microbial decomposi-
tion, respectively) and explore the potential of such ratios to provide useful informa-
tion about stream ecosystems. The following comments should be considered only
as tentative explanations of the patterns evidenced by A/O ratios, supported by the
empirical observations of studies revised here.

Firstly, we plotted mean values of A/O ratios of decomposition rates for the
different regions (Fig. 8.2) included inWoodward et al. (2012), who explored effects
of nutrient enrichment in 100 streams greatly differing in dissolved nutrient avail-
ability (the 1st workpackage of RivFunction). In most cases, alder decomposed
considerably faster than oak. Only sites in Northern Sweden (with very low temper-
ature and dissolved nutrient availability) presented A/O ratios below 2 in coarse-
mesh and fine-mesh bags, meaning that decomposition of alder and oak was very
similar; these low ratios (and rates) suggested biotic limitation, usually observed in
such environmental conditions. In general, A/O ratios from both coarse-mesh and
fine-mesh bags showed values between 2 and 6. Several regions of Europe, all of
themwithin the upper range of water temperature values (Switzerland, Spain, France
and Portugal), showed marked differences between coarse-mesh and fine-mesh A/O
ratios, the latter being lower; this suggests a higher preference of detritivores for
alder, while microbial decomposers appeared to be less determined by litter quality,
as usually observed. The A/O ratios within each of these regions were rather similar,
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Fig. 8.2 Mean A/O ratios (±SE, n = 10 sites per region) of exponential decomposition rates in
coarse-mesh (dark circles) and fine-mesh bags (light triangles), with regions ordered by mean water
temperature (ºC). Mean dissolved nutrient availability (µg L−1) in terms of dissolved inorganic
nitrogen (DIN) and soluble reactive phosphorus (SRP). The grey dot line means no difference
between alder and oak decomposition rate (i.e., A/O = 1) (Data credit Woodward et al. [2012])

with only French sites showing high intra-regional variability in coarse-mesh ratios.
Regional similarity in A/O ratios could be related to ecogeographic features (e.g.,
climate, hydrology, biological communities, etc.) determining the processing capac-
ities of the different regions, and intra-regional variability of the ratio might point to
high environmental variability among sites.

Secondly, we discuss some coarse-mesh A/O ratios from studies derived from
the 2nd workpackage of RivFunction, which was focused on the effects of riparian
forest modification. Lecerf et al. (2005) compared effects of forest type (beech vs.
mixed) on decomposition across sites in France. These authors indicated that there
were significant differences in decomposition rates of coarse-mesh bags only when
considering the interaction between forest type and litter type. Using data from this
study, we obtained A/O ratios of ca. 4.0 in mixed forest sites and 1.8 in beech
forest sites, indicating the important influence of riparian vegetation in supporting
detritivore assemblages.Riipinen et al. (2010) examined alder andoakdecomposition
at 30 sites in 3 European regions; the A/O ratios in coarse-mesh bags were ca. 6.0 in
England, but much lower in Ireland and Poland (2.5–3.0 and 1.0–1.5, respectively),
regardless of the surrounding vegetation type. Similar results were found in a study
comparing litter decomposition in streams surrounded by deciduous forest or pasture
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in 3 European regions (Hladyz et al., 2010): the A/O ratio of coarse-mesh bags
was independent of riparian vegetation in Ireland (3.8 vs. 3.9 in forest and pasture,
respectively) and Romania (4.3 vs. 4.5), but not in Switzerland (2.5 vs. 1.0). The latter
was the only region showing differences in decomposition between land use types,
possibly due to differences in detritivore assemblages (Hladyz et al., 2010). Ferreira
et al. (2015) found differences in alder and oak decomposition in coarse-mesh bags
between streams sites surrounded by mixed forest and eucalyptus plantations in
Spain and Portugal; we observed A/O ratios of 2.9 and 2.5 in mixed forest streams
(Spain and Portugal, respectively) and 1.1 and 2.0 in eucalyptus streams, suggesting
greater effects of plantations on detritivores at the Spanish sites (which held higher
invertebrate densities than the Portuguese sites), as discussed by the authors.

Finally, we consider studies other than those from RivFunction. A study in
Northern Spain found that decomposition of litter differing in quality (black alder,
beach and common oak) had similar sensitivity to temperature along an altitu-
dinal gradient, possibly due to small variations in detritivore assemblages along
the gradient (Martínez et al., 2016); A/O ratios derived from this study ranged from
4.5 to 4.7, supporting their conclusions. Monroy et al. (2016) found high variability
in decomposition rates across 11 streams of the Ebro river basin in Northeastern
Spain; A/O ratios from these streams were in general high but also highly variable
(2.8–8.0), possibly reflecting the effects of high environmental variation in terms of
hydrology, water quality and invertebrate assemblages.

8.5 Conclusions

We have reviewed knowledge about key riparian species, in particular alder, which
presence and/or abundance are often main drivers of stream ecosystem functioning.
This information may help with the selection of litter types to be used in decomposi-
tion experiments, depending on the study design and hypotheses to be tested in each
case. Thus, the use of alder litter may be particularly useful when short-term patterns
are of interest, while slow decomposers such as oak (or any other local recalcitrant
species) may be more informative in the long term. Moreover, alder litter, which is
a highly preferred resource, could act as ‘bait’ for detritivores in a reach depleted of
good-quality litter (e.g., Martínez et al., 2015); this could be useful in some cases,
but may also lead us to biased conclusions. Alder litter also has characteristics, other
than its fast decomposition, which make it useful in experiments; this includes high
nutrient concentrations derived from the N-fixing capacity of the tree, which makes
this species particularly suitable for studies exploring the role of litter quality on
decomposition, or the role of functional trait diversity (as alder presents special traits
such as the N-fixing capacity).

The same could apply to other fast-decomposing species in areas where alder is
not present. For example, in tropical regions (e.g., França et al., 2009), a similar role
may be played by other (N-fixing or non-fixing) species, and most likely by a variety
of species, as tropical riparian forests are more diverse (Boyero et al., 2017; Tonin
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et al., 2017b). Lianas (woody vines), which are structural parasites of shade-tolerant
trees with fast-growing capacity, might be a good example of key plant species in
tropical moist forest (van der Heijden et al., 2013) and also for litter decomposition
in streams. Some fast-decaying Ficus species might play a similar key role in the
tropical streams, as its decomposition rate is similar to that of Alnus species (López-
Rojo et al., 2020). Overall, key plant species (alone or in combination with other
species) deserve special consideration in studies assessing litter decomposition and
related processes that are fundamental components of stream ecosystem functioning.
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