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Abstract — Leaf-litter decomposition is a widespread functional indicator to assess the stream ecosystem status.
However, the spatial location of leaf-bags could distort the impact assessment since intrinsic features of a given site have
an important role in the spatial distribution of macroinvertebrates, which could affect decomposition rate. A source of
variability that can be easily controlled is the water depth at which bags are incubated in stream bed. Therefore, we tested
if water depth within a same mesohabitat (riffles) can determine decomposition rates. Due to the seasonal variability
of macroinvertebrate assemblages in temperate regions, the study was performed in autumn-winter and spring to test
the consistency of the findings. In three streams from North of Spain 15 mesh bags with alder leaves were placed in
riffles covering a gradient of depths. Depth had a positive effect on decomposition rates and biomass of associated
total invertebrates and shredders in autumn-winter, fauna variables helping to explain the differences in rates. In spring,
depth affected negatively rates, the observed variability being weakly explained by invertebrates, which did not show
differences along depth. Despite the opposite trend between seasons, water depth influences the decomposition rates,
which may reduce or increase differences among systems if the water depth distribution is greatly biased. Our study
highlights the importance of covering a similar range of water depths in the different systems being compared.
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Résumé - Les différences dans la profondeur de ’eau déterminent la décomposition de la litiere dans les
rivieres : implications sur la fiabilité de I’évaluation de I’impact. La décomposition de la litiere est un indicateur
fonctionnel tres répandu pour évaluer 1’état de 1I’écosysteme en riviere. Cependant, la localisation spatiale des sacs de
feuilles pourrait fausser 1’évaluation de I’'impact puisque les caractéristiques intrinseques d’un site donné ont un rdle
important dans la distribution spatiale des macroinvertébrés, ce qui pourrait affecter le taux de décomposition. Une
source de variabilité qui peut étre facilement contrdlée est la profondeur de I’eau a laquelle les sacs sont incubés dans le
lit du cours d’eau. Par conséquent, nous avons testé si la profondeur de 1’eau au sein d’un méme mésohabitat (radiers)
peut déterminer le taux de décomposition. En raison de la variabilité saisonniere des assemblages de macroinvertébrés
dans les régions tempérées, 1’étude a été réalisée en automne-hiver et au printemps pour tester la cohérence des résultats.
Dans trois rivieres du nord de 1’Espagne, 15 sacs en filet avec des feuilles d’aulne ont été placés dans des radiers
couvrant un gradient de profondeurs. La profondeur a eu un effet positif sur les taux de décomposition et la biomasse
totale des invertébrés et celle des déchiqueteurs associés en automne-hiver, les variables de la faune aidant a expliquer
les différences dans les taux. Au printemps, la profondeur affecte négativement les taux, la variabilité observée étant
expliquée faiblement par les invertébrés, ce qui n’a pas montré de différences selon la profondeur. Malgré la tendance
inverse entre les saisons, la profondeur de I’eau influe sur les taux de décomposition, ce qui peut réduire ou augmenter
les différences entre les systemes si la distribution de la profondeur de 1’eau est fortement biaisée. Notre étude met en
évidence 1’importance de couvrir une gamme similaire de profondeurs d’eau dans différents systemes comparés.
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1 Introduction

Streams and rivers are among the most threatened habitats
in the world due to human activities (Malmgqvist and Rundle,
2002). As these ecosystems provide important services to hu-
man welfare, it is essential to understand the consequences of
anthropogenic alterations to preserve or restore their integrity
(Meybeck, 2003). Although the assessment of stream health
(a term that embodies the notion of human values in the eval-
uation of ecosystems, Rapport er al., 1998) has traditionally
been focused on structural variables such as taxonomic com-
position of aquatic organisms (e.g. Yuan and Norton, 2003), in
the last decades the functional indicators, which offer an in-
tegrative measurement of the ecosystem status (Young et al.,
2008), have grown in importance. Forested streams are en-
ergetically dependent on dead organic matter inputs (aquatic
hyphomycetes and macroinvertebrates being the primary con-
sumers) from surrounding vegetation (Tank et al., 2010), and
thus, leaf-litter decomposition is a key functional process in
these ecosystems. The use of leaf-litter decomposition as a
functional tool is greatly spread because of two reasons: the
sensitivity to a great variety of stressors such as nutrient addi-
tion (e.g. Ferreira et al., 2015), land-use changes (e.g. Martinez
et al., 2013) or water regulation (e.g. Mendoza-Lera et al.,
2012), and the simplicity of the measurement and the low tech-
nical equipment required (Birlocher, 2005).

To estimate decomposition rates, leaf-litter packs are incu-
bated for some time within mesh bags in spots selected in the
stream site to be assessed. However, any stream reach has a
variety of habitats such as pools, jams, riffles and different sub-
strate sizes with different trapping efficiencies (Hoover et al.,
2010) that make the distribution of leaf-litter to be patchy
(Webster et al., 2001). Moreover, these mesohabitats also dif-
fer in a number of environmental characteristics such as flow
velocity and oxygen saturation that affect biological commu-
nities (Alvarez—Cabria et al., 2010) and decomposition (Flores
et al., 2013). Thus, to reduce the intra-reach variability, leaf
bags have been mostly placed in riffles. Nevertheless, within
individual geomorphic units as riffles, smaller patches of uni-
form physical characteristics form discrete micro-habitats that
have an important role in the spatial distribution of macroinver-
tebrates (Brooks et al., 2005; Kobayashi et al., 2013), which
could determine decomposition rates. Thus, the spatial loca-
tion of leaf-bags within riffles could distort impact assessment,
reducing the reliability of leaf-litter decomposition as a tool
for this purpose. A source of variability that can be easily con-
trolled in these experiments is the water depth at which leaf
bags are incubated, and although a recent work of Solagaistua
et al. (2015) suggests that decomposition rates might covary
with it, this topic has never been specifically addressed in a
study.

Therefore, our main goal was to test if water depth can
determine leaf-litter decomposition rates. In addition, due to
the seasonal variability of macroinvertebrate assemblages in
temperate regions (Serra et al., 2015), the study was carried
out in autumn-winter and spring to test the consistency of the
findings in different seasons. We hypothesize that water depth
influence decomposition rate due to the variability of macroin-
vertebrate distribution, and that this relationship differs

between seasons because of the seasonal variability of
macroinvertebrate assemblages.

2 Material and methods
2.1 Study site and methodology

The study was carried out in three low order streams (S1,
S2 and S3) with siliceous substrata flowing into the Atlantic
Ocean (Northern Spain, mean latitude 43°12’36”” N; mean lon-
gitude 3° 16’12” W). The climate is temperate with an av-
erage annual air temperature of around 13 °C and a mean
annual precipitation of 1500 mm, evenly distributed through-
out the year. The three streams run through mixed decidu-
ous forest, Quercus robur L. being the main tree species at
watershed level and Alnus glutinosa (L.) Gaertner dominat-
ing the riparian gallery. Anthropological impacts in the wa-
tersheds are negligible, all streams showing oxygen-saturated
water (>90%), with low mineralization (<120 ps.cm™"), low
alkalinity (0.96—1.75 meq.L™"), neutral pH (6.8-7.6), and low
dissolved nutrient concentrations (nitrate: 444—834 ugN.L™!;
nitrite: 1.02—1.17 ugN.L™!; ammonium: 34.9-46.5 ugN.L™';
SRP: 7.9-12.4 ugP.L™").

The decomposition experiments were carried in autumn-
winter and spring, starting the incubations on 14 November
2013 and 25 April 2014 respectively. In each stream 15 mesh
bags (dimensions 15X 20 cm, 5-mm mesh size) with 5+0.25 g
of air-dried A. glutinosa leaves were placed at the stream bed
in riffles covering a gradient of water depths from the centre of
the channel to the margins, the ranges being 1.5-17.5cmin S1,
2.0-23.0 cm in S2, 1.5-21.5 cm in S3 during autumn-winter
and 0.5-19.5 cm in S1, 0.5-20.5 cm in S2 and 0.5—22.5 cm
in S3 during spring. Water depth of bags was measured weekly
during the experiments, the minimum and maximum values of
standard error in water depth being 0.2 and 3.2 cm, respec-
tively. The bags placed in shallowest sites were always in con-
tact with water, the leaves maintaining always wet. An addi-
tional set of 5 extra bags was used to calculate the percentage
of remnant water in air dried leaves and to estimate initial ash-
free dry mass (AFDM) in bags. After 56 d (autumn-winter) and
40 d (spring) of incubation, the bags were collected and trans-
ported to the laboratory. Leaves were rinsed with stream water
(filtered through a 0.2-mm mesh sieve) over a 0.5-mm mesh
sieve sorting out the colonizing macroinvertebrates, which
were preserved in 70% ethanol. The leaf-litter was oven-dried
to obtain the dry mass (70 °C, 72 h) and then ashed (500 °C,
4 h) to determine the remaining AFDM. Macroinvertebrates
were identified to family level (Oligochaeta to class) counted
and sorted between shredders and other functional groups fol-
lowing Tachet et al. (2002). These two groups were oven-dried
separately to determine their dry mass.

2.2 Statistical analysis

Decomposition rates were calculated using the negative ex-
ponential model (Petersen and Cummins, 1974), as follows:
M, = My - e™¥, where M, is the remaining AFDM at the end
of incubation, M is the initial mass, k is the decomposition
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rate and ¢ the incubation time (56 and 40 d since implanta-
tion in autumn-winter and spring respectively). Differences in
decomposition rates and the macroinvertebrate variables (total
density, shredder density, total biomass and shredder biomass)
were compared by linear models (factors: mean depth and
stream) using the /m function in R version 2.11.0 (R Devel-
opment Core Team, 2010). The relationships among macroin-
vertebrate variables and decomposition rate were also tested
(factors: each macroinvertebrate variable and stream) using the
Im function. When necessary data were log-transformed.

3 Results

During autumn-winter decomposition rates ranged from
0.014-0.037 d~' in S1, from 0.010-0.036 d~' in S2 and
from 0.012-0.080 d~!' in S3. A total of 44 macroinverte-
brate taxa were identified, 14 of which, mainly of the fam-
ilies Leuctridae, Nemouridae, Gammaridae, Sericostomati-
dae and Limnephilidae, were shredders. The density of total
macroinvertebrates and shredders ranged from 8-63 and 0-
26 ind.bag‘1 in S1, from 5-99 and 2-16 ind.bag‘1 in S2, and
from 4-50 and 4-27 ind.bag‘1 in S3. Meanwhile, the biomass
of total invertebrates and shredders ranged from 1.3-37.4 and
1.3-30 mg.bag™" in S1, from 0.9-35.6 and 0.1-24.5 mg.bag~!
in S2, and from 4.4-57.3 and 1.8-51.0 mg.bag~" in S3. In this
season, the depth of bag immersion had a positive effect on
decomposition rate, total invertebrate biomass and shredder
biomass (Figure 1; Table 1). Decomposition rate showed a pos-
itive relationship with total invertebrate biomass and shredder
biomass (Table 2).

During spring decomposition rates ranged from
0.037-0.124d7" in S1, from 0.016-0.111 d~' in S2 and
from 0.012-0.101 d~! in S3. A total of 45 macroinvertebrate
taxa were identified, 9 of which, mainly of the families
Nemouridae, Gammaridae, Sericostomatidae, Limnephilidae
and Lepidostomatidae, were shredders. The density of total
macroinvertebrates and shredders ranged from 5-52 and
1-46 ind.bag™! in S1, from 14-144 and 3-23 ind.bag™! in
S2, and from 5-109 and 1-16 ind.bag™' in S3. Meanwhile,
the biomass of total invertebrates and shredders ranged from
1.1-98.6 and 0-98.6 mg.bag™! in S1, from 1.0-45.2 and 0.2—
43.7 mg.bag~! in S2, and from 3.4-78.5 and 0-62.6 mg.bag™!
in S3. In this season, the decomposition rate differed in
relation with depth and among streams (Figure 1; Table 1), but
the relationship was not consistent in S1 (see interaction effect
on Table 1; 2 = 0.007; p = 0.763). However, the relationship
between water depth and decomposition rate was negative,
contrary to the observed in autumn-winter. The macroinver-
tebrate variables did not show a significant relationship with
depth (Figure 1; Table 1) and only total macroinvertebrate
density was positively related to decomposition rate (Table 2).

4 Discussion

Our results indicate that bottom depth has an effect on
leaf-litter decomposition rates. In autumn-winter, the observa-
tions by Solagaistua et al. (2015), also carried out in autumn-
winter, were confirmed, depth enhancing decomposition rate.
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Fig. 1. Mean bag depth (cm) vs. measured variables during autumn-
winter and spring.

This variability was related to the differences in biomass of
total invertebrates and shredders. The spatial distribution of
stream macroinvertebrate assemblages in riffles is greatly ex-
plained by the hydraulic conditions created by combinations of
velocity, substrate roughness and depth (Brooks et al., 2005).
These authors reported that macroinvertebrate abundance was
negatively related to depth, a relationship that we did not
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Table 1. Results from the linear model analyses for effects of depth and stream on measured variables during autumn-winter and spring.

Significant values are highlighted in bold.

Depth 1,36 | 10.53 | 0.003 | 1,39 | 5.62 0.022

Decomposition rate (d~!) Stream 2,36 1.36 | 0.268 | 2,39 | 5.52 0.007
Depth x Stream | 2,36 | 0.75 048 | 2,39 | 3.69 0.034

Depth 1,37 | 0.37 | 0.546 | 1,38 | 0.19 0.669
log Total density (no. ind) Stream 2,37 | 0.10 | 0.906 | 2,38 | 11.55 | <0.001
Depth x Stream | 2,37 | 1.57 | 0.222 | 2,38 | 0.06 0.943

Depth 1,37 | 3.62 | 0.065 | 1,38 | 0.18 0.672

log Shredder density (no. ind) Stream 2,37 | 1.25 | 0.299 | 2,38 | 2.50 0.095
Depth x Stream | 2,37 | 2.37 | 0.107 | 2,38 | 0.59 0.561

Depth 1,36 | 12.99 | 0.001 | 1,38 | 2.93 0.095

log Total biomass (mg) Stream 2,36 | 0.68 | 0.511 | 2,38 1.76 0.187
Depth x Stream | 2,36 | 0.94 | 0.400 | 2,38 | 0.05 0.952

Depth 1,35 | 10.66 | 0.002 | 1,38 | 2.32 0.136

log Shredder biomass (mg) Stream 2,35 | 030 | 0.745 | 2,38 | 3.18 0.053
Depth x Stream | 2,35 | 0.34 | 0.714 | 2,38 | 0.03 0.972

Table 2. Results from the linear model analyses for effects of invertebrate variables and stream on decomposition rate during autumn-winter

and spring. Significant values are highlighted in bold.

log Total density (ind) 1,36 | 2.66 0.112 1,38 | 7.05 | 0.011
Stream 2,36 | 3.29 0.048 | 2,38 | 3.94 | 0.027
log Total density (ind) x Stream 2,36 | 6.50 0.004 | 2,38 | 0.96 | 0.391
log Shredder density (ind) 1,36 | 0.78 0.382 1,38 | 0.35 | 0.558
Stream 2,36 | 2.65 0.084 | 2,38 | 4.06 | 0.025
log Shredder density (ind) x Stream 2,36 | 4.35 0.020 2,38 | 1.52 | 0.231
log Total biomass (mg) 1,35 | 9.76 0.003 1,38 | 0.17 | 0.683
Stream 2,35 1.03 0.367 | 2,38 | 4.72 | 0.015
log Total biomass (mg) x Stream 2,35 | 0.25 0.778 | 2,38 | 0.32 | 0.729
log Shredder biomass (mg) 1,34 | 15.74 | <0.001 | 1,38 | 0.00 | 0.992
Stream 2,34 1.04 0.364 | 2,38 | 4.60 | 0.016
log Shredder biomass (mg) x Stream | 2,34 1.62 0.211 2,38 | 0.20 | 0.820

found. However, our results of biomass (both of total inverte-
brates and shredders) distribution agree with Kobayashi et al.
(2013), deepest areas presenting higher values of invertebrate
biomass than shallower ones.

In spring, the effect of depth on decomposition rate showed
a trend opposite to that in autumn-winter. Despite the expected
seasonality of the structure of macroinvertebrate assemblage
(Serra et al., 2015), it was expected the spatial distribution of
macroinvertebrates to be related to depth. Again, density or
biomass would be the explanatory variables for the decompo-
sition rates measured. However, the observed variability in de-
composition rates in spring was weakly explained by the den-
sity and biomass of macroinvertebrates, which did not show
differences along depth. This lack of differences may be re-
lated to the sampling technique rather than the spatial distri-
bution of assemblages. We studied the macroinvertebrates col-
onizing the leaf bags, and in spring, the remaining AFDM in
the shallower areas was lower than 15%, with only the most re-

fractory portion of leaf material (nerves and petioles) left. This
part of the leaves is not attractive for consumers because of its
low nutritional quality and toughness. Thus, although we can
predict higher densities and abundances of invertebrates in the
benthos of shallower parts in spring from the decomposition
rates observed, we might just had collected the bags after the
invertebrates had abandoned them due to the lack of nutritious
portions of leaves.

In any case, even if we have observed positive and neg-
ative relationships depending on the season, our study high-
lights that leaf decomposition rate can correlate with the water
depth the bags are placed on. This covariation may reduce or
increase differences among systems if the water depth distri-
bution is greatly biased. Although it is difficult to standardize
the incubation of bags for water depth, our study highlights the
importance of covering a similar range of water depths in the
different systems being compared.
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