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INTRODUCTION

Fresh waters are presently among the most
endangered ecosystems in the world, and this situa-
tion is expected to deteriorate in the near future, in
part as a result of increases in demands for fresh
water and in loads of nutrients and pollutants into
aquatic systems from a growing human population
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ABSTRACT: Fresh waters are threatened worldwide
by water pollution and extraction, changes in ripar-
ian vegetation and global warming. Changes in com-
munity dominance are expected as an early outcome
of anthropogenic stresses, later followed by a reduc-
tion in species number and changes in species iden-
tity, which might impair ecosystem processes. Here,
we addressed the effect of changes in dominance
among species in fungal assemblages on the decom-
position of alder leaves and associated fungal activ-
ity. In laboratory microcosms, we inoculated alder
leaf discs with 2 fungal assemblages, each composed
of 3 species known to dominate communities during
early decomposition (early assemblage) and late
decomposition (late assemblage). For each assem-
blage type, the identity of the dominant species was
tentatively manipulated by inoculating the micro-
cosms with distinct proportions of conidia in 4 inoc-
ula: an even inoculum and 3 uneven inocula (each
dominated by a different species). Over the incuba-
tion time, all early assemblages became dominated
by the same aquatic hyphomycete species, while
manipulation of the number of conidia in the inocula
successfully determined the dominant species in late
assemblages. Total conidial production and respira-
tion rates differed among early assemblages, but no
differences were found in litter decomposition and
associated fungal variables among late assemblages.
The absence of a relationship between community
dominance/identity of the dominant species and
community performance/litter mass loss suggests
that assemblages, even those composed of a low
number of species, have the capacity to buffer
changes in processes due to changes in species
 dominance.

Top: Autumnal leaves shed in a temperate stream. Bottom
(right): Mycelium, conidiophores and conidia of aquatic
 hyphomycetes (mostly of Tetrachaetum elegans) developed
on a leaf blade. Bottom (left): Conidia from the species used:
(a) Articulospora tetracladia, (b) Clavariopsis aquatica, (c)
Lemon niera terrestris, (d) T. elegans, (e) Tetra cladium mar ch -
alianum, (f) Tricladium chaetocladium

Photos: E. Chauvet and V. Ferreira
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(MEA 2005). Small forest streams are also highly
vulnerable to global warming because most of their
biota have relatively low upper thermal tolerance
limits (de Koz lowski & Bunting 1981, Eaton &
Scheller 1996) and will lack thermal refugia if they
are already at their high latitude or highland limit.
Also, the hetero trophic nature of these small
streams and their strong interaction with the terres-
trial surroundings (Vannote et al. 1980, Mulholland
et al. 2001) make them most sensitive to changes in
the riparian vegetation, which can result from inva-
sion by exotic species, conversion of diverse decidu-
ous forests into tree monocultures or agricultural
fields, vegetation re mo val by forestry practices or
urban development (Chadwick et al. 2006, Ferreira
et al. 2006b, Lecerf et al. 2007, Castela et al. 2008).
All these threats have been shown to induce
changes in the structure of aquatic communities
(Bärlocher & Graça 2002, Pascoal et al. 2005, Fer-
reira et al. 2006b, Castela et al. 2008, Dang et al.
2009), which might have profound consequences for
the maintenance of ecosystem processes.

In small shaded streams, where primary produc-
tion is limited by reduced light penetration, food
webs  derive most of their energy and carbon from
alloch thonous organic matter (Fisher & Likens 1973,
Vannote et al. 1980). The decomposition of this
organic material is carried out by an array of organ-
isms, and aquatic hyphomycetes are key actors in
this process (Hieber & Gessner 2002, Gulis & Su ber -
kropp 2003, Pascoal & Cássio 2004). These fungi
cause litter mass loss directly, by mineralizing it, con-
verting it into  biomass and releasing fine particulate
organic matter through enzymatic maceration of lit-
ter, and indirectly by increasing litter palatability
towards detritivores (Suberkropp & Klug 1980, Bär-
locher 1985, Hieber & Gessner 2002, Gulis & Suber -
kropp 2003, Chung & Suber kropp 2009). Thus,
changes in the community  composition of these
microorganisms have the potential to affect aquatic
food webs and ecosystem func tioning.

Early studies have shown that aquatic hypho -
mycete species differ in terms of degradative capa-
bilities when they are inoculated individually on leaf
 litter (Suberkropp et al. 1983, Suberkropp & Arsuffi
1984, Butler & Suberkropp 1986), which would indi-
cate that communities dominated by such species
would decompose leaf litter at different rates. The
importance of dominant species in driving ecosystem
processes has been demonstrated previously (Hector
et al. 2000, Smith & Knapp 2003, Dangles & Malm -
qvist 2004, Ellison et al. 2005, Hillebrand et al. 2008).
However, leaf litter incubated in streams with dis-

tinct aquatic hyphomycete communities (different
species richness and identity) decomposes at similar
rates, which suggests a certain level of functional
redundancy among communities (Bärlocher & Graça
2002, Pascoal et al. 2005, Ferreira et al. 2006b, but
see Baudoin et al. 2008). Though different communi-
ties might decompose litter at similar rates, this prob-
ably results from the interaction between species
number, identity (i.e. individual degradative capabil-
ities that may compensate each other in species
assemblages) and environmental variables. Con-
versely, some indication for non-redundancy among
aquatic hypho mycete communities comes from stud-
ies where the effect of species richness on litter
decomposition and fungal variables was examined in
several distinct communities within each diversity
level (Bärlocher & Corkum 2003, Dang et al. 2005,
Duarte et al. 2006). Despite the conflicting results
regarding the effect of species richness among the
latter studies, a closer look at the (sometimes high)
variation of effect size among communities within a
given diversity level indicates the importance of spe-
cies composition. Never theless, the effects of chan -
ges in fungal community structure, due solely to
changes in dominance among species, on litter
decomposition have not been assessed, despite these
being expected to occur before there is a reduction in
species number and changes in species identity due
to anthropogenic stresses (Ellison et al. 2005, Hille-
brand et al. 2008). In fact, the relationship between
species evenness and ecosystem processes has been
addressed only recently (Wilsey & Potvin 2000, Dan-
gles & Malmqvist 2004, McKie et al. 2008, Gonçalves
& Canhoto 2009, Swan et al. 2009, Ward et al. 2010),
and its relevance for microbial communities has not
yet been examined.

In this experiment, we assessed whether changes
in the identity of the dominant species in aquatic
hypho mycete assemblages would affect decomposi-
tion rates of alder leaves and associated fungal activ-
ity. The identity of the dominant species was manip-
ulated within each of 2 fungal communities known to
colonize litter at different decomposition stages, to
overcome the issue of assembling species randomly
without taking into account natural co-occurrence.
Given that (1) our assemblages include aquatic
hyphomycete species that differ in their degradative
capabilities (Zemek et al. 1985) and (2) dominant
species play an important role in driving ecosystem
processes, differences in rates of leaf processing by
fungal assemblages differing in their dominant spe-
cies are anticipated. If these changes happen, then
impacts on litter processing in fresh waters might



occur well before there is species loss due to anthro-
pogenic activities.

MATERIALS AND METHODS

Microcosms

The effect of the dominant fungal species identity
on the decomposition of alder (Alnus glutinosa [L.]
Gaertner) leaf discs was assessed in laboratory
microcosms designed to simulate stream conditions
(Suberkropp 1991). Each microcosm consisted of a
50 ml glass chamber aerated from the bottom by a
continuous air flow (80 to 100 ml min−1), which cre-
ated turbulence and kept the leaf discs in permanent
agitation. A tap at the bottom allowed for the aseptic
drainage of the chamber and recovery of the conidial
suspension (see ‘Fungal sporulation’ section). Micro-
cosms were filled with a nutrient solution (75.5 mg
CaCl2, 10 mg MgSO4· 7H2O, 0.5 g 3-morpho lino -
propane sulfonic acid, 5.5 mg K2HPO4 and 100 mg
KNO3 per l of sterile distilled water) and incubated in
the dark at 15°C, for the duration of the experiment.
Fresh medium (40 ml) was added to microcosms
through the open top, which was otherwise closed
with a glass cap.

Leaf discs

Alder leaves collected just after abscission on 30
 De cember 2006 at Gibel (southwestern France;
43° 17’ 35’’ N, 1° 40’ 51’’ E) and dried at room temper-
ature were moistened with distilled water and left to
rehydrate overnight. Leaf discs were cut out with a
12 mm diameter cork borer and oven dried (105°C)
prior to use. Batches of 20 leaf discs were frozen at
−20°C, lyophilized (20 h), weighed (±0.1 mg) to
determine initial dry mass (DM), placed inside glass
tubes with 10 ml of distilled water and autoclaved
(20 min at 121°C). Six batches of 20 leaf discs were
given the same treatment and were used to deter-
mine the correction factor for mass loss due to leach-
ing during sterilization.

Fungal assemblages

Six species of aquatic hyphomycetes frequently
reported to be dominant in leaf litter in streams were
used in this experiment: Articulospora tetracladia
Ingold (ARTE), Clavariopsis aquatica de Wildeman

(CLAQ), Lemonniera terrestris Tubaki (LETE), Tetra-
chaetum elegans Ingold (THEL), Tetracladium mar-
chalianum Ingold (TEMA) and Tricladium chaeto -
cladium Ingold (TRCH) (Gessner et al. 1993,
Suber  kropp 2001, Ferreira et al. 2006b). Each fungal
species was isolated from a single conidia trapped in
naturally occurring foam or released from leaf-litter
accumulations in one stream. Several streams in
southern France with similar environmental charac-
teristics were used for the collection of all species.
Growing colonies were kept at room temperature, in
9 cm diameter Petri dishes with ~10 ml of sterile
growth medium (2% malt and 2% agar), until they
were used to induce conidial production. Conidial
suspensions (<24 h old) were produced at 15°C, by
agitation of agar plugs taken from the leading edge
of 7 to 14 d old colonies in 25 ml of nutrient solution
as before. A known amount of each conidial suspen-
sion was filtered (Millipore SMWP, pore size 5 µm,
Millipore), and the filters were scanned under a com-
pound microscope at a magnification of 320×. The
number of trapped conidia was used to determine the
conidial density of the suspensions and the volume of
each suspension needed to inoculate the microcosms;
when necessary, several conidial suspensions from
the same fungal strain were joined to produce
enough conidia.

Experimental setup

Half of the microcosms were inoculated with an
assemblage composed of early colonizer species
(LETE, THEL and TRCH), while the other half were
inoculated with an assemblage composed of late col-
onizer species (ARTE, CLAQ and TEMA) (Gessner et
al. 1993, Nikolcheva et al. 2003). For each assem-
blage type (early and late), there were 4 dominance
treatments: (1) an even treatment, in which micro-
cosms were inoculated with an even number of coni-
dia from each species (33.3% of each species), and
(2–4) uneven treatments with (2) Species 1, (3) Spe-
cies 2 or (4) Species 3 dominant, with that species
representing 60% of total number of conidia inocu-
lated and the other 2 species 20% each. The domi-
nance of a given species was thus favored by increas-
ing its representation in the initial conidial inoculum.
A total of 5000 conidia were inoculated in each
micro cosm, with each treatment being applied to
3 microcosms. While aquatic hyphomycete assem-
blages composed of only 3 species may be consid-
ered unrealistic (Chamier et al. 1984), the use of only
3 species is justified by our interest in assessing the



importance of the dominant species identity on the
decomposition process; this is also supported by com-
mon reports on natural assemblages, where up to 3
species compose >70% of the fungal community on
submerged  substrates (Gessner et al. 1993, Suber -
kropp & Chauvet 1995, Gessner et al. 1998, Nikol -
cheva et al. 2003, Nikol cheva & Bärlocher 2005, Fer-
reira et al. 2006a,b).

Sterilized microcosms (30 min at 121°C) were filled
with 40 ml of the nutrient solution, received the cor-
responding leaf discs (0.0954 ± 0.0011 g DM) and
were aerated for 24 h. The nutrient solution was
changed, and the microcosms were inoculated with
conidial suspensions. For the first 2 h, the microcosms
were aerated for periods of 20 min interspaced with
periods of 20 min in which the conidia were allowed
to settle to facilitate conidial attachment to the litter.
After this, microcosms were aerated continuously
until the end of the experiment. The nutrient solution
was replaced after 24 h and then every 3 d for the
duration of the experiment (28 d). All manipulations
of microcosms took place in a laminar flow cabinet.

Fungal sporulation

From Day 10, at each of the 7 times that the nutrient
solution was removed, the conidial suspensions from
all microcosms were poured into 50 ml centrifuge
tubes, the sample volume was adjusted to 42 ml with
distilled water, and the samples were preserved with
3 ml of 35% formalin. When preparing filters for coni-
dial counting and identification, 150 µl Triton X-100
(0.5%) were added to the suspension, mixed with a
magnetic stirring bar, to ensure a uniform distribution
of conidia, and an aliquot of the suspension was fil-
tered (Millipore SMWP, pore size 5 µm, Millipore).
Filters were stained with 0.05% Trypan blue in 60%
lactic acid, and spores were identified and counted
under a compound microscope at a magnification of
320× (Graça et al. 2005). The total conidial mass at
each sampling date was calculated by multiplying the
number of conidia from each species by the average
mass of individual  conidia obtained from the
literature (Chauvet & Suber kropp 1998) or calculated
from biovolume data (Bärlocher & Schweizer 1983).
Cumulative conidial production over time was calcu-
lated by summing up the numbers or mass of conidia
produced at the current and preceding sampling
dates. Results were expressed as number of conidia
microcosm−1 and as mg conidia microcosm−1. For the
last sampling date, results were also expressed as
number of conidia mg−1 leaf DM d−1.

Fungal respiration

At the end of the experiment, leaf discs were col-
lected, and a subset of 5 discs from each microcosm
were used to determine fungal oxygen consumption
rates using a closed 6-channel dissolved oxygen mea-
suring system (Strathkelvin 928 System) connected to
a computer. The oxygen electrodes were calibrated
against a freshly prepared 4% sodium sulfite solution
(0% O2) and a 100% O2 saturated nutrient solution at
15°C. Leaf discs were incubated in 3 ml chambers
filled with a sterile 100% O2 saturated nutrient solu-
tion, stirred with a magnetic stirring bar and kept at
15°C by circulation of water originating from a tem-
perature-controlled water bath. Additional chambers
without leaf discs were used as controls. After the 1 h
trial, leaf discs were enclosed in small sterile zip lock
bags and promptly frozen at −20°C for later DM
 determination and ergosterol extraction (see below).
Oxygen consumption rates were determined by the
difference in the O2 concentration in the sample and
the control over a 20 min interval during which O2

consumption over time was linear, corrected for the
chamber’s volume, time and disc mass. Results were
expressed as mg O2 g−1 leaf DM h−1.

Leaf mass loss and mycelial biomass

The remaining 15 leaf discs from each microcosm
were enclosed in small sterile zip lock bags and
promptly frozen at −20°C. All 20 leaf discs from each
microcosm were combined, lyophilized, promptly
weighed (±0.1 mg) to quantify the remaining DM
and used for ergosterol extraction as a surrogate for
mycelial biomass (Gessner & Chauvet 1993, Graça et
al. 2005). Lipid extraction and saponification were
carried out in 5 ml KOH/methanol (8 g l−1) at 80°C for
30 min. The extract was then purified by solid phase
extraction (Waters Oasis® HLB 3cc cartridges, Wa -
ters) (Graça et al. 2005) and quantified using high-
performance liquid chromatography (HPLC 360, 422
and 432, Kontron) by measuring absorbance at
282 nm. The HPLC detector was equipped with a FLT
0.5 µm A-316 precolumn (Upchurch Scientific) and a
LispRP 18-5 250 × 4.6 mm column (Thermo-Hypersil
Keystone) maintained at 33°C. The mobile phase was
100% methanol, and the flow rate was set to 1.4 ml
min−1. Ergosterol was converted into mycelial bio-
mass either using specific conversion factors (4.2 µg
ergosterol mg−1 mycelium biomass for ARTE, 4.6 for
CLAQ, 2.4 for LETE, 4.6 for TEMA and 4.7 for THEL)
or the overall conversion factor (5.5 µg ergosterol



mg−1 mycelium biomass for TRCH; no specific con-
version factor available) (Gessner & Chauvet 1993),
applied to the relative contribution of each species to
total ergosterol mass based on specific contribution
to total conidial production. Results were expressed
as mg of mycelial biomass g−1 of leaf DM.

Data treatment

Within each dominance treatment, specific relative
conidial numbers and mass observed until Day 28
were compared with those expected based on their
initial relative contributions in the inoculum, using χ2

tests (Zar 1996). Within each assemblage
type, total specific conidial productions
(numbers and mass until Day 28) were
compared within and among dominance
treatments using 2-way ANOVAs (with
dominance treatment and sporulating
species as categorical factors) (Zar 1996).
The relationships be tween specific rela-
tive and absolute conidial production
across dominance treatments and initial
relative and absolute abundance in the
inocula, respectively, were assessed
using linear regressions. The Berger-
Parker dominance index, determined as
the conidial production of the dominant
species divided by the total conidial pro-
duction, was used as a simple measure of
the dominance of the most abundant
species in each treatment (Berger &
Parker 1970). The relationships between
the dominance index and fungal vari-
ables were assessed using Pearson cor-
relations. The total conidial production,
sporulation rate (log-transformed), my -
celial biomass (log-transformed), respi-
ration rate and percentage of leaf mass
remaining at the end of the experiment
were compared among dominance treat-
ments within each assemblage type
using nested ANOVA (identity of domi-
nant species nested within dominance
treatments) (Zar 1996). Tukey’s honestly
significant difference test was used for
post-hoc multiple comparisons; when
Tukey’s test was insensitive to differ-
ences among treatments, Fisher’s least
significant difference test was used
instead. All analyses were performed
with STATISTICA 6 software (StatSoft).

RESULTS

Early assemblages

Manipulation of the number of conidia inoculated
into the microcosms did not determine the specific
relative abundances in early assemblages (χ2 tests,
Fig. 1). Early assemblages tended to be dominated by
THEL (50 022 conidia microcosm−1 in the LETE treat-
ment to 350 876 conidia microcosm−1 in the THEL
treatment; Berger-Parker dominance index: 0.65 to
0.86), irrespective of the relative abundance of THEL
conidia inoculated into the microcosms (Fig. 1); how-
ever, THEL conidial production across treatments

            Expected                Observed
   Late assemblages

Even
p = 0.001

ARTE
p = 0.049

CLAQ
p = 0.292

TEMA
p = 0.996

      Early assemblages
            Expected               Observed

Even
p < 0.001

LETE
p < 0.001

THEL
p < 0.001

TRCH
p < 0.001

jARTE jCLAQ h TEMAj LETE jTHEL  jTRCH

Fig. 1. Expected (based on the number of conidia in the initial inocula) and
observed relative specific conidial production (based on the number of
conidia per microcosm) accumulated by Day 28 for each assemblage type
and dominance treatment. p-values from χ2 tests performed within each
dominance treatment to compare the observed and expected assemblages
are given. The same pattern was observed when conidial production was
expressed in terms of mass. Even: equal mix of species; LETE: Lemonniera
terrestris, ARTE: Articulospora tetracladia, THEL: Tetrachaetum elegans,
CLAQ: Clavariopsis aquatica, TRCH: Tricladium chaetocladium, TEMA: 

Tetracladium marchalianum



was related to its abundance in the inocula (linear
regression, R2 = 0.95, p = 0.023) (Fig. 1). The conidial
production by TRCH across treatments was related
to its abundance in the inocula (linear regression,
R2 = 0.94, p = 0.028) (Fig. 1), and TRCH (56 294 coni-
dia microcosm−1) co-dominated with THEL (111 901
co nidia microcosm−1) in the TRCH treatment
(Tukey’s test, p = 0.980) (Fig. 1). LETE conidial pro-
duction was not related with its initial abundance
(linear regression, R2 < 0.001, p = 0.973) (Fig. 1), and
LETE (30 352 conidia microcosm−1) co-dominated
with THEL (50 022 conidia microcosm−1) in the LETE
treatment (Tukey’s test, p = 0.999) (Fig. 1). Similar
patterns of species abundance across treatments
occurred when considering conidial production in
terms of conidial mass (data not shown).

Total conidial production over the 28 d was signifi-
cantly higher for the THEL treatment (415 301 coni-
dia microcosm−1) than for the LETE treatment (95 050
conidia microcosm−1) (Tukey’s test, ANOVA, p =
0.040) (Fig. 2A). Sporulation rates associated with
alder discs at Day 28 varied between 119 and 404
conidia mg−1 DM d−1 but were not significantly
affected by dominance treatment (nested ANOVA,
p = 0.187 for dominance level [even vs. uneven] and
p = 0.220 for dominance type nested within domi-
nance level) (Fig. 2B).

The mycelial biomass on alder discs at the last day
varied between 97 and 143 mg g−1 DM but was not
significantly affected by changes in assemblage type
or identity of the dominant species (nested ANOVA,
p = 0.088 for dominance level and p = 0.839 for dom-
inance type nested within dominance level) (Fig. 2C).
Respiration rates of fungi were significantly lower in
the Even treatment (0.09 mg O2 g−1 DM h−1) than in
the LETE treatment (0.24 mg O2 g−1 DM h−1; Tukey’s
test, p = 0.040) (Fig. 2D). The mass of alder discs
remaining after 28 d varied between 48 and 59% and
did not significantly differ among treatments (nested
ANOVA, p = 0.321 for dominance level and p = 0.089
for dominance type nested within dominance level)
(Fig. 2E).

No relationship was found between the dominance
index and conidial production, mycelial biomass, O2

consumption or alder mass remaining across treat-
ments (Pearson correlation, −0.43 [respiration rate] <
r < 0.57 [total conidial production], p > 0.050).

Late assemblages

Late assemblages tended to be dominated by the
species most represented in the inoculum (χ2 tests,

R
em

ai
ni

ng
 m

as
s

(%
 D

M
)

S
p

or
ul

at
io

n 
ra

te
(c

on
id

ia
 m

g–1
 D

M
 d

–1
)

R
es

p
ira

tio
n 

ra
te

(m
g 

O
2 

g–1
 D

M
 h

–1
)

M
yc

el
ia

l b
io

m
as

s
(m

g 
g–1

 D
M

)
C

on
id

ia
l p

ro
d

uc
tio

n
(n

o.
 ×

 1
03  

m
ic

ro
co

sm
–1

)

0

200

400

600

0

500

1000

1500

0

50

100

150

200

0

0.1

0.2

0.3

0

20

40

60

A F

B G

C H

D I

E J

Even LETE THEL TRCH Even ARTE CLAQ TEMA

Dominance treatment

Early
assemblage

Late
assemblage

ab ab

a

b

a

a

a
a

a

a a a

a a

a

a

a

a
a a

a
a

a
a

a

b

ab

ab

a
a

a
a

a a

a a a a
a a
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Fig. 1). In the Even treatment, all 3 species co-domi-
nated (Fig. 1). ARTE conidial production was higher
in the Even and ARTE treatments (171 581 and
171 402 conidia microcosm−1, respectively) than in
the TEMA one (59 301 conidia microcosm−1; Fisher’s
test, p < 0.042) (Fig. 1, Table 1). ARTE tended to dom-
inate in the ARTE treatment, although differences
between its conidial production (171 402 conidia
microcosm−1) and that of the second best-performing
species (TEMA; 100 489 conidia microcosm−1) were
non significant (Fisher’s test, p = 0.107) (Fig. 1,
Table 1). CLAQ conidial production was related with
its abundance in the inocula (linear regression, R2 =
0.97, p = 0.015); CLAQ tended to dominate in the
CLAQ treatment (203 143 conidia microcosm−1),
despite the difference from TEMA (96 777 conidia
microcosm−1) being non-significant due to high vari-
ation (Fisher’s test, p = 0.062) (Fig. 1, Table 1). TEMA
conidial production did not significantly differ among
treatments (Fisher’s test, p > 0.112), and TEMA domi -
nated in the TEMA treatment (Fisher’s test, p < 0.039)
(Fig. 1, Table 1). Similar patterns of species abun-
dance across treatments occurred when considering
conidial production in terms of conidial mass (data
not shown).

Despite differences in specific conidial production
within and among dominance treatments, the total
conidial production over 28 d did not significantly
differ among treatments (297 636 to 498 173 conidia
microcosm−1; nested ANOVA, p = 0.105 for domi-
nance level [even vs uneven] and p = 0.811 for domi-
nance type nested within dominance level) (Fig. 2F).
Sporulation rates associated with alder discs at
Day 28 varied between 441 and 861 conidia mg−1 DM
d−1, but due to high variability did not significantly
differ among treatments (nested ANOVA, p = 0.623
for dominance level and p = 0.641 for dominance
type nested within dominance level) (Fig. 2G).

The mycelial biomass in alder discs (102 to 128 mg
g−1 DM), respiration rate of fungi (0.17 to 0.23 mg O2

g−1 DM h−1) and mass of alder discs remaining (50 to
56%) at the last date were not significantly affected
by dominance treatment (nested ANOVA, p = 0.199,
p = 0.555 and p = 0.938 for each dominance level,
respectively; p = 0.505, p = 0.268 and p = 0.725 for
dominance type nested within dominance level, re -
spectively) (Fig. 2H,I,J).

The Berger-Parker dominance index was high for
all treatments (0.54 to 0.62). No relationship was,
however, found between the dominance index and
conidial production, mycelial biomass, O2 consump-
tion or litter-induced mass loss across treatments
(Pearson correlation, 0.14 [respiration rates] < r < 0.62
[fungal biomass], p > 0.050).

DISCUSSION

In early assemblages, THEL became the dominant
species (based on reproductive output) irrespective
of its relative abundance in the initial inocula, indi-
cating that THEL has high competitive ability and
that the important factor was the initial number of
THEL conidia in suspension. In contrast, TRCH and
LETE were weak competitors, even when inoculated
in 3-fold higher density than THEL. In a previous
study (Treton et al. 2004), THEL was shown to control
the growth and reproductive activity of Flagellospora
curvula by delaying and inhibiting F. curvula germ-
tube production and by limiting the area in which it
could grow; this could also have been the case here.
In late assemblages, dominance was predicted from
the relative abundance of conidia in the inocula, indi-
cating that, in some cases, species dominance is
ruled by this factor. Differences between the specific
relative abundance of conidia produced over the
incubation time and that initially present in the
inoculum might be attributed to (1) interspecific
interactions and/or (2) differences in the attaching
success of different conidial species due to differ-

df Early assemblage Late assemblage
Number Mass Number Mass

F p F p F p F p

Intercept 1 12 915.1 0 1718.9 0.000 11 885.7 0.000 1548.6 0
Dominance treatment 3 3.5 0.030 3.5 0.030 0.6 0.594 0.6 0.594
Sporulating species 2 37.6 <0.001 74.7 <0.001 1.0 0.366 7.3 0.003
Dominance × Species 6 3.7 0.010 3.7 0.010 3.1 0.022 3.1 0.022
Error 24

Table 1. Summary table for 2-way ANOVAs performed on total specific conidial production (numbers and mass) associated 
with alder leaf discs, accumulated by Day 28



ences in conidial shape, size and/or length of the
germ tube before appressorium formation (Dang et
al. 2007). These might also explain why in some
cases the structure of the conidial production associ-
ated with submerged litter does not mirror that of the
conidia in stream water (Shearer & Webster 1985,
Nikolcheva et al. 2005).

In early assemblages, total conidial production and
respiration rates significantly differed among treat-
ments, which can not be attributed to a distinct iden-
tity of the dominant species given that THEL domi-
nated in all 4 assemblages. These differences can,
however, be partially attributed to differences in the
density of the dominant species. For instance, total
conidial production was higher in the THEL treat-
ment, in which this species was inoculated at the
highest density and where its conidial production
over the incubation period was the highest, than in
the LETE treatment, in which THEL was inoculated
at lower density and where its conidial production
over the incubation period was the lowest. In
 contrast, late assemblages did not significantly differ
in any of the fungal variables assessed (reproductive
activity, fungal biomass and respiration), even
though they were dominated by distinct species.

Note, however, that dominance was assessed
based on specific conidial density (reproductive out-
put), which might not necessarily reflect specific
mycelial biomass in the leaf litter. Once established
on the litter, interactions among fungal species take
place at the mycelial level, which makes the specific
mycelial biomass and its relative contribution to total
fungal biomass more relevant than specific conidial
density. Therefore, if specific mycelial biomass does
not relate to specific conidial production, studies of
the fungal diversity and function relationship might
be biased. Current standard methods for the deter-
mination of fungal biomass, e.g. ergosterol solid-
phase extraction (Graça et al. 2005) or microwave-
assisted ergosterol extraction (Young 1995), do not
facilitate the assessment of species contributions to
total fungal biomass. The determination of specific
fungal biomass using species-specific antibodies
(Bermingham et al. 1997) is not a practical alternative
because it is highly time consuming and expensive.
Identification of species contributions to total fungal
biomass in microcosm experiments could, however,
be achieved with molecular techniques (e.g. real-
time PCR) (Krauss et al. 2011). Also, the substitution
of the conidial suspension with sterile nutrient solu-
tion every 3 d might have affected the assemblage
structure. In streams, the unidirectional flow of water
washes the conidia away from the litter at the same

time that it brings conidia from upstream reaches, so
there are always suspended conidia that may colo-
nize the leaf litter and influence the development of
the community.

Despite the differences in dominance/evenness
and/or identity of the dominant species among
assemblages, there were no significant differences in
litter-mass loss, which seems to indicate functional
redundancy among aquatic hyphomycete assem-
blages, as suggested by some field experiments (Bär-
locher & Graça 2002, Pascoal et al. 2005, Ferreira et
al. 2006b). Still, because the identity of the dominant
species changed in late assemblages, and the various
species have been reported to differ in their abilities
to decompose litter (Suberkropp & Klug 1980, Arsuffi
& Suberkropp 1984, 1985, Butler & Suberkropp
1986), functional redundancy was not expected.

A few studies have to date addressed the relation-
ship between community dominance (or its comple-
mentary notion of evenness) and ecosystem pro-
cesses (in contrast with the vast literature on the
relationship between species richness and ecosystem
functions), but the results are still somewhat conflict-
ing, although dominant species identity plays an
important role. For instance, in an old-field ecosys-
tem, total plant biomass increased with increasing
evenness, independently of the identity of the domi-
nant species, while the relationship between above-
ground biomass and species evenness depended on
the identity of the dominant species (Wilsey & Potvin
2000). The identity of the dominant litter species
influenced the decomposition of litter mixtures in a
peatland (Ward et al. 2010). In stream ecosystems,
Dangles & Malmqvist (2004) reported a strong posi-
tive relationship between shredder dominance and
litter decomposition, with a strong effect of dominant
species identity, and McKie et al. (2008) found that
leaf-processing efficiency in some invertebrate
assemblages was affected by the identity of the dom-
inant species. Decomposition of submerged litter
mixtures also seems to be affected by the relative
abundance of component species (Gonçalves & Can-
hoto 2009, Swan et al. 2009). In our case, the absence
of a relationship between community dominance or
identity of the dominant species and community
 performance or litter-mass loss indicates that assem-
blages, even those composed of a low number of spe-
cies, have the capacity to buffer changes in species
dominance in an important ecosystem process.

Changes in the identity of the dominant species in
aquatic hyphomycete assemblages might neverthe-
less indirectly influence litter decomposition through
a bottom-up effect. Aquatic detritivores have been



shown to have feeding preferences for litter colo-
nized by certain fungal species (Bärlocher & Ken -
drick 1973, Arsuffi & Suberkropp 1984, 1985, Butler
& Suberkropp 1986, but see Chung & Suber kropp
2009), which translates into differences in consump-
tion rate, growth rate and survivorship (Arsuffi &
Suberkropp 1986). Leaf litter colonized by more
palatable fungal species is therefore expected to be
preferentially consumed by detritivores and conse-
quently to decompose faster. This, however, depends
on the detritivore being a key species in litter pro-
cessing in the system and on its ability to distinguish
among fungal species.

Aquatic hyphomycetes have the capacity to re -
trieve nutrients from both the organic substrate and
the water column (Suberkropp 1998), and it is well
known that changes in dissolved nutrient concentra-
tion induce shifts in fungal species abundance (Dang
et al. 2005, Artigas et al. 2008, Ferreira & Chauvet
2011). Therefore, distinct dominance patterns could
have been obtained if lower nutrient concentrations
had been used in this study. Nevertheless, future
increases in temperature (IPCC 2007) might lead to
increases in evaporation and evapotranspiration and
increases in water extraction to satisfy the needs of a
growing human population (Murdoch et al. 2000),
which, together with increases in nutrients loads
from agricultural activities and urban and industrial
effluents, will most likely aggravate the trophic state
of freshwaters. Such a scenario might favor high-
demanding species or species with low enzymatic
capabilities.

The effect of changes in fungal community struc-
ture, and species dominance, on litter decomposition
might be stronger if low-quality litter is considered.
Alder is a common riparian tree species and con-
tributes much to the instream organic matter pool
(Molinero & Pozo 2006), being preferably colonized
and decomposed by aquatic communities than other
more recalcitrant litter species (Gessner & Chauvet
1994, Canhoto & Graça 1995, 1996). However, the
contribution of this soft, nutrient-rich litter to the
autumn litter bulk might become reduced in many
streams as a consequence of the infestation of alder
trees by the fungus Phytophthora alni, which causes
rapid death of infected trees and is presently wide-
spread in many European countries (Brasier et al.
2004, Thoirain et al. 2007). This problem might be -
come even more serious under global warming
because the sporulation by P. alni increases with
temperature (Chandelier et al. 2006). Also, litter
quality (nitrogen concentration) is expected to
decrease under future atmospheric CO2 enrichment

(Cotrufo et al. 1998). Under these scenarios, aquatic
food webs might have to rely more on poorer quality
litter, whose decomposition will be more demanding
in terms of enzymatic capabilities. This might favor
the dominance of aquatic hyphomycete species
which are usually poor competitors on nutrient-rich
litter. The identity of the dominant fungal species on
these poorer quality substrates might become more
important for determining the feeding activities of
invertebrates. More investigation of the relationship
between fungi and invertebrates under changing
environments is necessary to allow the identification
of cascading effects on aquatic food webs.
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