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Abstract

The effect of zinc on leaf decomposition by aguatic fungi was studied in
microcosms. Alder leaf disks were precolonized for 15 days at the source of the Este River,
and exposed to different zinc concentrations during 25 days. Leaf mass loss, fungal
biomass (based on ergosterol concentration), fungal production (rates of [1-**C]acetate
incorporation into ergosterol), sporulation rates and species richness of aguatic
hyphomycetes were determined. At the source of the Este River decomposition of alder
leaves was fast and 50% of the initiadl mass was lost in 25 days. A total of 18 aquatic
hyphomycete species were recorded during 42 days of leaf immersion. Articulospora
tetracladia was the dominant species, followed by Lunulospora curvula and two
unidentified species with sigmoid conidia. Cluster analysis suggested that zinc
concentration and exposure time affected the structure of aguatic hyphomycete
assemblages, even though richness had not been severely affected. Both zinc concentration
and exposure time significantly affected leaf mass loss, fungal production and sporulation,
but not fungal biomass. Zinc exposure reduced leaf mass loss, inhibited fungal production
and affected fungal reproduction by either stimulating or inhibiting sporulation rates. The
results of this work suggested zinc pollution might depress leaf decomposition in streams
due to changes in the structure and activity of aguatic fungi.
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Introduction

Leaf decomposition is essentia to the functioning of stream ecosystems [31, 32]
and includes leaching, microbia degradation and physical and biotic fragmentation [19,
50]. The predominant microorganisms associated with leaf decomposition are fungi,
particularly agquatic hyphomycetes [45] which are an ecologica group of fungi adapted to
clean and well-aerated flowing waters [5]. Aquatic hyphomycetes degrade leaf litter and
transform it into a more suitable resource for invertebrate detritivores [45].

Contamination by heavy metals in aguatic environments arises from industrial
processes (e.g. mining, smelting, finishing and plating of metals and dye manufacture) and
from pipes and tanks in domestic systems [38]. Some heavy metdls, such as zinc, are
involved in growth, metabolism and differentiation of organisms, but others have no
apparent biological function. Most heavy metals are toxic above a concentration which
varies with the organisms, the physico-chemical properties of the metal and environmental
factors[15].

Heavy metals affect fungal communities by reducing species diversity and selecting
for resistant/tolerant species [15]. The ubiquitous and sometimes dominant presence of
aguatic fungi in metal polluted streams [41] have increased interest on the effect of heavy
metals on fungi during decomposition of organic matter. If the fungal community
colonizing leaves is perturbed then the rate of decomposition and utilization by detritivores
may be affected, leading to alterations in nutrient cycling, energy flow, and hence to
changesin food web structure [28].

Miersch et al. [29, 30] found that cadmium, copper and zinc inhibit growth of
aguatic hyphomycetes and others reported that cadmium [1] and auminium [11] inhibit
both growth and reproduction of these fungi. In addition, conidium production by aquatic
hyphomycetes was found to be more sensitive to heavy metals than growth [1, 7]. In heavy
metal polluted streams, a decrease in the richness of aguatic hyphomycete species [8, 34]
and a reduction in conidium production and fungal biomass [41] were found. However,
fungal biomass and microbial respiration associated with decomposing leaves was reported
to be high at sites affected by mine drainage [34]. Leaf decomposition rates usually are low
in waters affected by mine drainage [8, 33].

Microcosm systems have played an important role in furthering the knowledge of
ecological processes in stream ecosystems and can be particularly useful when studying the

impact of harmful compounds, such as heavy metals, since in situ additions are rarely
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possible due to their toxicity and accumulation in the biota. A critical aspect of a
microcosm isits ability to accurately portray fate and effects of contaminants [13].

In this work, microcosm experiments were used to assess the effects of zinc on |eaf
decomposition by aquatic fungi. In parallel, leaf decomposition was followed in the stream
to validate microcosm results. Stream experiments were carried out at the source of the
Este River (Northwest Portugal), where alder leaf disks were immersed for 42 days. The
Este River flows through the city of Braga and its Industrial Park where heavy metals,
including zinc, become a problem in both stream water [21] and sediments [39]. For
microcosm experiments, leaves colonized for 15 days in the stream were collected and
subsequently exposed for 25 days to zinc concentrations of 0.5, 15 and 150 uM, which are
within the range occurring in either pristine or impacted streams [e.g. 33, 34]. To evauate
zinc effects on the natural fungal assemblages, leaf mass loss, fungal biomass and

production, sporulation rates and diversity of aquatic hyphomycetes were determined.
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Methods

Sudy site and stream water

The Este River is located in the Northwest of Portugal in an agricultural area with
high demographic density, and flows through the city of Braga and its Industrial Park,
where food, textile and metalworking industries are located. Previous analytical studiesin
the stream water [21] and sediments [39] reported trace levels of heavy metds at the
source of the Este River and pollution by zinc and other heavy metals downstream,
particularly at the Industrial Park of Braga. The stream experiments were conducted at the
source of the Este River, where the stream is about 30 cm deep and 50 cm wide, the bottom
consists of granite rock, pebbles and gravel. The riparian vegetation consists of Eucalyptus
globulus Labill., Pinus pinaster Aiton, Pteridium aquilinum Khun and Juncus sp.

Temperature, pH and conductivity of the stream water were measured in situ with
field probes (Multiline F/set 3 n°® 400327, WTW). On 9 April 2002, stream water was
collected into sterile glass bottles, transported in a cold box (4 °C) and used within 24 h for
chemical and microbial analyses. Chemical oxygen demand, concentration of nitrate and
orthophosphate, and microbial population densities in the stream water were determined
according to standard methods [2]. Magnesium and calcium concentrations were
determined using a kit (4824 DR-LT, LaMotte). Data from physical, chemica and
microbiological parameters (Table 1) indicated moderately acidic softwater with elevated
nutrient concentrations and low densities of culturable microorganisms in the flowing
water. On 9 April 2002, additional stream water was collected, filtered (5 um pore size)
and sterilized (120 °C, 20 min) for further assays.

Stream experiment

The leaves of Alnus glutinosa (L.) Gaertner were collected from trees in September
2001 immediately before abscission and dried at room temperature. The leaves were pre-
leached in deionized water for 48 hours, cut into 12 mm-diameter disks and sets of 80
disks were placed into 0.5 mm mesh bags (16 x 20 cm). On 11 April 2002, 60 leaf bags
were immersed at the source of the Este River and after 30 minutes of leaf immersion 4
leaf bags were collected to determine the initial mass of leaf disks. On each sampling date
(12, 15, 28, 34, 40 and 42 days) 4 randomly chosen bags were retrieved, except after 15
days of leaf immersion when additional 32 leaf bags were collected for microcosm

experiments. In the laboratory, the disks from each replicate were rinsed with deionized



10

15

20

25

30

water to remove sediments and any adhering invertebrates. A subset of 15 leaf disks was
placed into 100 ml Erlenmeyer flasks with 40 ml of sterile stream water under aeration (2
days, 18 °C) to induce sporulation. A second subset of 8 leaf disks was stored in 5 ml of
0.8% KOH-methanol (-20 °C) for subsequent ergosterol analysis. A third subset of 57 |eaf
disks was used to determine leaf mass |oss.

Zinc experiments in microcosms

The content of each of 32 bags retrieved after 15 days of stream immersion were
placed in 250 ml Erlenmeyer flasks with 100 ml of sterile stream water. A total of 24 flasks
were supplemented with ZnCl, at pH 6.0 £ 0.2 to give fina concentrations of 0.5, 15 and
150 uM. The remaining 8 flasks served as controls. All flasks were continuously aerated
with agquarium pumps during the experiment at 18 °C. Every 2 days (but consecutively on
days 4 and 5), all leaf disks of each replicate were transferred to another Erlenmeyer flask
containing fresh solution with the same zinc concentration. After 2, 13, 19 and 25 days of
zinc exposure, conidium suspensions from 4 replicates of each treatment were filtered to
estimate sporulation rates. Four replicates of each treatment were sacrificed after 13 and 25
days of zinc exposure and leaf disks from each replicate were used as follows: 8 leaf disks
were stored for ergosterol measurements as indicated above, 12 leaf disks were used to
estimate fungal production and 60 leaf disks were used to estimate leaf mass | oss.

Soorulation rates

Suspensions of conidia released from leaf disks during 2 days were mixed with 50
pl of 0.5% Tween 80 and filtered (5 um pore size, Millipore); the retained conidia were
stained with 0.1% cotton blue in lactic acid. At least 300 conidia were identified and
counted to determine the relative proportion of each species. Sporulation rates were

expressed as conidiamg* detrital dry massd™.

Fungal biomass

Concentration of ergosterol was measured to estimate fungal biomass associated
with decomposing leaf disks. Lipids were extracted from leaf disks by heating in 0.8 %
KOH-methanol (30 min, 80 °C) and the extract was purified by solid-phase extraction,
according to Gessner and Schmitt [20]. Ergosterol was quantified by high performance
liquid chromatography (HPLC) using a Lichrospher RP18 column (250 x 4 mm, Merck)
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connected to a Beckmann Gold liquid chromatographic system. The system was run
isocratically with HPL C-grade methanol at 1.4 ml min™ and 33 °C. The peaks of ergosterol
were detected at 282 nm and standard series of ergosterol (Sigma) in isopropanol were
used to estimate the ergosterol concentration in the samples. Ergosterol concentration was
converted to fungal biomass assuming an ergosterol concentration of 5.5 pg mg™* mycelial
dry mass [16].

Fungal production

Fungal production on decomposing leaf disks was estimated by measuring rates of
[1-C]acetate incorporation into ergosterol [18, 48], using an empirical conversion factor
of 19.3 ug fungal biomass nmol™ of acetate incorporated [48]. Sets of 6 leaf disks were
placed in 25 ml Erlenmeyer flasks containing 4 ml of sterile stream water. In one set of |eaf
disks per replicate microcosms, 200 ul of formaldehyde (2% final concentration) was
added 30 min before the addition of radiolabeled acetate to determine background level of
radioactivity. The reaction was started by the addition of sodium [1-'*C]acetate
(Amersham) to afinal concentration of 5 mM (specific activity, 48 MBg mmol™). After 2
hours of incubation at 18 °C on a shaker (100 rpm, 25 mm path, Certomat HK, B. Braun
Biotech International), the uptake of radiolabeled acetate was stopped by adding
formaldehyde (2% final concentration). Leaf disks were filtered (glass microfibre filters,
GF/C Whatman), washed twice with 4 ml of cold deionized water, placed in 5 ml of 0.8 %
KOH-methanol and stored at -20 °C until ergosterol extraction as indicated above. The
eluting ergosterol fractions from HPLC (2 injections per replicate) were collected into a
vial containing 10 ml of scintillation fluid (Optiphase Hisafe 2, Perkin-Elmer), stored
overnight and the radioactivity was counted in a Packard Tri-Carb 2200 CA.

Under these experimental conditions the isotope dilution was negligible,
incorporation of acetate was linear for a least 4 h and saturation of acetate had been
achieved (data not shown).

Leaf mass loss
Leaf disks of each replicate collected on each sampling date were dried at 50 °C to
aconstant mass (72 h + 24 h) and weighed to the nearest 0.001 g.
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Satistical analyses

Rate of leaf decomposition (k) was estimated according to the exponential model
[37] after In transformation as follows: In (M/Mg) = -kt + b, where M; is the leaf detrital
dry mass remaining at timet, Mg istheinitial dry mass, t isthetimein daysand b isthe Y
intercept.

To achieve normality for analysis of variance (ANOVA) arcsine square root
transformation was applied to data in percentage and In transformation was applied to all
other data. Two-way analysis of variance (Two-way ANOVA) with zinc concentration and
exposure time as factors was used to test for differences in leaf mass loss, fungal biomass,
richness and sporulation rates [51]. Two-way ANOVA was also used to test for differences
between stream and microcosm controls during the time of experiment. To determine
where differences occurred the multiple comparison Tukey’s test was used [51]. All the
analyses were performed with P<0.05 as the criterion of significance. For univariate
statistical analysis the program Prism 4.0 for Macintosh (GraphPad software Inc., San
Diego) was used. Nontransformed data were used for graphic presentation of the means
and standard errors of the mean (SEM).

Similarities in aguatic hyphomycete assemblages among treatments were quantified
by Bray Curtis index [9] after In (x+1) transformation. The resulting symmetric matrices
were subjected to cluster analysis by Unweighed Pairgroup Method Average (UPGMA)
[25], using the statistical package ADE-4 for Macintosh [49].
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Results

Leaf mass loss, fungal biomass and sporulation in the stream

The decomposition rate of alder leaf disks at the source of the Este River was 0.074
+ 0.005 d* (k + standard error; intercept=121%, r°=0.89). Leaf mass loss was highest
between 15 and 34 days of leaf immersion (Fig.1), this corresponds to the time where
maximum values for fungal biomass (ranging from 124 to 141 mg g™ leaf detrital dry
mass) were reached. Sporulation rates of aguatic hyphomycetes reached a peak (2900
conidia mg® leaf detrital dry mass d) after 15 days of leaf immersion and declined
thereafter (Fig.1). A total of 18 aguatic hyphomycete species were found over the entire
stream study (Table 2), with a maximum of 16 species after 28 days of leaf immersion.
Articulospora tetracladia was the dominant species making up more than 50% of the total
number of conidia released till 34 days of leaf decomposition. Other major species were
Lunulospora curvula and two unidentified species with sigmoid conidia (Sigmoid 1 and
Sigmoid 2). Tricladium chaetocladium and Tricladium splendens increased their relative

contribution to conidium production in the later stages of |eaf decomposition.

Effects of zinc on leaf decomposition by aquatic fungi in microcosms

Alder leaf disks colonized for 15 days at the source of the Este River had lost about
25% of the initial detrital dry mass (Fig. 1) when they were exposed for 25 days to
different zinc concentrations. Leaf mass loss was significantly affected by both
concentration of zinc and exposure time (Two-way ANOVA, P=0.0002 and P<0.0001,
respectively; Fig. 2A). After 13 days in microcosms, leaf mass loss was significantly lower
than in the controls only at the highest zinc concentration (Tukey, P<0.05), whereas at 25
days leaf mass loss was significantly lower at all tested concentrations (Tukey, P<0.01 for
all comparisons). Similar leaf mass loss was observed in both control microcosms and
stream experiment during the study period (Two-way ANOVA, P=0.58).

Fungal biomass associated with ader leaf disks, estimated from ergosterol
concentration, was 124 mg g leaf detrital dry mass after 15 days of stream immersion but
before zinc exposure (Fig. 1). Fungal biomass was not significantly affected by subsequent
exposure to zinc for up to 25 days (Two-way ANOVA, P=0.69 and P=0.26, respectively;
Fig. 2B). In control microcosms fungal biomass on leaves was similar (13 days) or higher
(25 days) than that in the stream at the corresponding time of the experiment (Two-way
ANOVA, Tukey, P>0.05 and P<0.05, respectively).
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Rates of fungal production, assessed as rates of radiolabeled acetate incorporation
into ergosterol, were significantly affected by both zinc concentration and exposure time
(Two-way ANOVA, P=0.02 and P<0.0001; Fig. 2C). Lower fungal production was found
after 13 days of fungal exposure at the highest zinc concentration in comparison with either
the control or the other treatments, but these differences were not significant (Tukey,
P>0.5). However, significantly lower fungal production was found after 25 daysin al zinc
treatments (Tukey, P< 0.01 for all comparisons).

Sporulation rates of aquatic hyphomycetes from alder leaf disks were significantly
affected by zinc concentration, exposure time to zinc and time-zinc concentration
interaction (Two-way ANOVA, P<0.0001 for al factors; Fig. 2D). After 2 days of zinc
exposure no significant differences in sporulation rates of aguatic hyphomycetes were
observed between the control and al the treatments (Tukey, P>0.5). At other sampling
dates, 150 uM of zinc significantly decreased the sporulation rates in comparison with
those from either the control or lower zinc concentrations (Tukey, P<0.001 for all
comparisons). After 25 days of zinc exposure, the sporulation rate of aquatic
hyphomycetes exposed to 15 pM was significantly greater than those from either the
control (Tukey, P=0.02) or all the other treatments (Tukey, P<0.01 for all comparisons).

A total of 17 aguatic hyphomycete species were observed during the microcosm
experiment (Table 2). The comparison of the aquatic hyphomycete assemblage on leaves
in the stream with that developing in the microcosm control revealed that the relative
contribution of A. tetracladia to the total released conidia decreased (Two-way ANOVA,
Tukey P<0.001 for al times), while that of Sigmoid 1 increased (Two-way ANOVA,
Tukey, P<0.01 for all times). The presence of zinc depressed the relative contribution to
total conidium production by L. curvula for either the highest concentration at the earliest
time or all concentrations at later times (Two-way ANOVA, Tukey, P<0.05). The highest
zinc concentration (150 pM) led to a substantial decrease in the relative abundance of
Sigmoid 1 (Two-way ANOVA, Tukey, P<0.01 for al times) and a strong increase in the
relative importance of Sigmoid 2 (Two-way ANOVA, Tukey, P<0.01 for all times), which
accounted for more than 70% of the total conidium output. The richness in aquatic
hyphomycetes was not significantly affected by zinc, except after 13 days of exposure to
150 uM (Two-way ANOVA, Tukey, P<0.05).

The similarity in the structure of aquatic hyphomycete assemblages among

treatments, classified by UPGMA cluster analysis, showed two major hierarchical

10
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divisions (Fig. 3). Treatments with 150 uM of zinc at later exposure times (days 13 and 25)
had similar aquatic hyphomycete assemblages, that differed from those of the other
treatments. Among the latter, controls and the lowest zinc concentration at earlier exposure
times (days 2 and 13) diverge from the remaining treatments, namely the lowest zinc
concentration at the latest time, intermediate zinc concentration at all times and the highest
zinc concentration at the earliest time. Overal, the dendogram suggested that both zinc
concentration and exposure time affected aquatic hyphomycete assemblages on

decomposing alder leaves.

11
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Discussion

Decomposition and fungal colonization of alder leavesin the Este River

Alnus glutinosa is reported as having fast decomposing leaves [37], with
decomposition rates for this species ranging from 0.011 d™* [36] to 0.064 d™ [4]. At the
source of the Este River the rate of alder leaf decomposition was very high (k=0.074 d*%
and 50% of the initial mass of the leaves was lost in 25 days. Severa factors could have
contributed to the rapid decomposition of alder leaves in the current study. Firstly, elevated
concentrations of nutrients, such as nitrate and phosphate, could have stimulated |eaf
decomposition as observed in other studies [23, 35, 46] by increasing microbia activity
[23, 40, 46]. Secondly, the temperature in the stream water may aso have been partly
responsible for the high fungal activity and the rapid leaf mass loss since this study was
conducted in Spring, when temperatures between 17 and 20 °C are commonly found in
streams of this region (C. Pascoal, persona observation). The stream water temperature
reported in this work was not particularly high (Table 1) probably because it was measured
at the beginning of the study. Thirdly, the use of pre-leached leaf disks might have
accelerated the remova of soluble compounds, such as phenolics that inhibit fungal
colonization [6]. And finally, the low frequency of sampling at earlier times of the stream
experiment may have aso contributed to overestimate leaf decomposition rate, as
suggested by the high Y intercept value of the linear regression.

Fungal biomass (based on ergosterol concentration) and sporulation rates of aquatic
hyphomycetes associated with alder leaves immersed in the Este River increased rapidly to
maximum values and then declined. In contrast to conidium production, fungal biomass
levelled off during the period of greatest leaf mass loss. The pattern of changes in fungal
sporulation and biomass during leaf decomposition was similar to that found by other
authors [17, 27, 43]. In the present work, maximum values for both conidium production
(2900 conidiamg™ leaf detrital dry mass d*) and fungal biomass (141 mg g™ leaf detrital
dry mass) were within the upper range of values reported for decomposing alder leaves in
other streams (conidia[6, 12, 17, 41] and biomass [4, 14, 22]).

During ader leaf immersion in the Este River, a total of 18 aguatic hyphomycetes
species were recorded and the species richness was comparable with that found in both
Portuguese [6, 36] and Spanish [12] streams. Changes in the aguatic hyphomycete
assemblage were mainly due to shifts in the relative frequencies of a few species that

appeared early and persisted during leaf decomposition, which agrees with an earlier

12
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suggestion by Béarlocher [5]. A. tetracladia was the dominant species during the whole
study, followed by L. curvula and two unidentified species with sigmoid conidia. T.
chaetocladium and T. splendens were present at all sampling dates, but their relative

contributions to conidium production were higher at later times of leaf decomposition.

Effects of zinc on leaf decomposition by aquatic fungi in microcosms

In control microcosms, fungal biomass (from ergosterol concentration) associated
with decomposing leaves equalled or exceeded that in the stream, but was similar to the
maximum reported in the literature [47]. Differences in temperature and oxygen supply
regimes might have contributed to the differences found between fungal biomass in the
stream and microcosms, since these abiotic factors are known to affect the growth of fungi
[26]. Fungal biomass was not significantly affected by zinc, even at the highest
concentration (Fig. 4). The elevated fungal biomass associated with leaves before zinc
exposure could have contributed to this finding. Because ergosterol is considered to be a
good indicator of fungal biomass [47], it is unlikely that zinc affected mycelium viability.
Some aguatic hyphomycete species are relatively tolerant to heavy metals [1, 24, 29] and
concentrations of zinc up to 400 uM did not affect the radial growth in 9 out of 10 aquatic
hyphomycete isolates [29]. In addition, fungal biomass on decomposing leaves was found
to be high at sites with elevated concentration of zinc [34], but was reported to be low in
streams polluted by heavy metals [41].

The estimates of fungal production based on rates of radiolabeled acetate
incorporation into ergosterol can be used as a measure of fungal activity in leaf
decomposition studies [48]. In this work, the maximum funga production on ader leaves
was similar to or higher than reported from studies in both streams [3, 44] and microcosms
[18]. The presence of zinc at al tested concentrations significantly inhibited fungal
production after 25 days of exposure. This fact could account for the decreased leaf mass
loss caused by zinc, particularly at later exposure time. The significant inhibition of fungal
production by zinc was not accompanied by an equal effect on fungal biomass. Fungal
biomass on leaves is the net result of several processes of gains and losses, thus it is
conceivable that, even when fungal production is diminished, a considerable portion of
fungal biomass might remain on leaves if mycelium fragmentation and/or sporulation are
reduced.

13
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Conidium production is considered an indirect measure of aquatic hyphomycete
decomposing activity [27], since strong correl ations between leaf decomposition rates and
peaks of ergosterol and sporulation have been found [17]. It has been recognised that
fungal reproduction is more sensitive than mycelial growth to heavy metals [1, 7] and
conidium production was severely restricted in heavy metal polluted streams [41]. In the
present study, the exposure of fungi colonising leaves to the highest zinc concentration led
to a significant decrease in conidium production, while the lowest zinc concentration did
not show any significant effect. The synthesis of sulphur-rich compounds by aquatic
hyphomycetes [29, 30] is a common fungal response to heavy metal exposure [15] and
may constrain the energy available for reproduction, which could explain the decreased
conidium production at high zinc concentration. Moreover, since zinc is an essential metal
ion, it is possible that zinc may aso stimulate conidium production. In thiswork, 15 uM of
zinc led to an increased conidium production, which was not accompanied by an increase
in fungal biomass and production. On the contrary, in that treatment fungal production and
leaf mass loss were significantly reduced at the end of the experiment.

Severa studies have shown that the diversity of aquatic hyphomycetes colonizing
leaves is restricted in streams receiving mine effluents [8, 34]. However, atotal of 17 and
24 species were recorded associated with exposed leaves, natural plant detritus and foams
in two extremely heavy metal polluted streams [42]. In the current study, both zinc
concentration and exposure time affected the structure of aguatic hyphomycete
assemblages, as shown by cluster analysis. Changes in the relative abundance of dominant
species were noticed (Table 2). The relative abundance of L. curvula decreased in either
the highest zinc concentration at earlier exposure times or lower concentrations at later
times; and the relative abundance of Sigmoid 1 substantially decreased, while Sigmoid 2
became dominant at the highest zinc concentration. Nevertheless, the overall species
richness of aguatic hyphomycetes was not severely affected by zinc, since effects were
only found after13 days of exposure to the highest concentration.

It has been demonstrated that downstream of a mine effluent discharge the rate of
leaf decomposition was reduced [8]. This was accompanied by decreased microbial
metabolic activity and a decline in the richness of aquatic hyphomycete species colonizing
leaves [8]. In the present work, leaf mass loss was affected by both zinc and exposure time.
The highest zinc concentration led to a significant decrease in leaf mass loss during the

whole treatment, whereas lower zinc concentrations only had a significant effect at later

14
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exposure time. The reduction in leaf mass loss was probably due to the negative effects of
zinc on the structure and activity of aguatic fungal assemblages associated with
decomposing leaves. Microcosms seemed appropriate to study the impact of zinc on leaf
decomposition by aquatic fungi, since leaf mass loss was similar in both the microcosm
control and the stream. However, microcosms are simplified representations of red
ecosystems and extrapolating these observations to the broader environment should be
done with caution.
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Table 1 - Physical, chemical and microbiological characteristics of the stream water at the source of the Este River on 9 April 2002.

Parameter Vaue
pH 5.8*
Conductivity (us cm™) 42+
Temperature (°C) 14.1*
Nitrate (mg NOs 1Y) 4
Orthophosphate (mg PO, 31 ™) 0.17
Magnesium (ppm) 2
Calcium (ppm) 10
Chemica oxygen demand (mg O, 1) 28
Total heterotrophs (CFU ml™) 80
Total coliforms (CFU ml™) <1
Feca coliforms (CFU mi™) <1

CFU, colony-forming units;
* measurements weredonein situat 9 am.



Table 2 - Percentage contribution of individual aguatic hyphomycete species to the total conidium production during alder leaf disks
decomposition at the source of the Este River (ST) and in microcosms (M) exposed to different zinc concentrations. Microcosm
treatments: MO, control; M0.5, 0.5 uM zinc; M15, 15 uM zinc; and M 150, 150 uM zinc. Numbers in parentheses indicate exposure time

to zinc. Values represent mean of 4 replicates.

Time of experiment (days)

Species 12 15 28 (13) 34 (19) 40 (25)

ST ST ST MO MO5 M15 M150 ST MO MO5 M15 M150 ST MO MO5 M15 M150
Alatospora acuminata Ingold 0.5 0.8 14 0.6 0.5 0.1 - 16 0.2 0.7 01 - 21 0.2 19 <01 -
Anguillospora filiformis Greathead 0.1 0.9 0.1 0.3 0.3 04 - 01 0.4 0.3 0.3 0.1 <01 32 <01 02 <01
Articulospora tetracladia Ingold 81.4 58.8 655 109 6.0 210 25 510 33 32 81 31 3.7 69 53 149 173
Cylindrocarpon sp. - - - - <01 01 - - 0.1 - 06 <01 - - - - -
Clavariopsis aquatica De Wildeman - - - - - - - 0.1 - - - - - - - - -
Dimorphospora foliicola Tubaki 0.3 0.2 10 <01 01 0.1 01 04 - <0.1 - 0.6 <0.1 - <01 01 0.3
Heliscus lugdunensis Saccardo and
Thérry - - <0.1 - - - - - - - - - - - - - -
Lemonniera aquatica De Wildeman 1.0 2.3 0.5 0.9 0.2 0.3 5.2 11 13 0.2 0.3 1.2 2.3 4.7 0.3 0.3 0.7
Lemonniera terrestris Tubaki - - - - - - - - 02 <01 01 0.8 - - - - -
Lunulospora curvula Ingold 35 15.0 2.7 75 8.0 79 1.0 80 190 27 29 0.7 231 207 21 16 0.8
Mycocentrospora sp. - - - - <0.1 - - - - - - - - - - - -
Sigmoid 1 (40-60 x 1.0-1.5 pm) 9.0 16.4 138 748 689 551 103 155 468 672 761 116 185 544 835 771 92
Sigmoid 2 (20-30 x 1.0-1.5 pm) 24 33 112 41 154 145 802 81 281 251 112 808 90 94 57 51 703
Sigmoid 3 (40-60 x 3.5-4.0 pm) 0.3 05 06 02 02 02 0.2 03 02 02 0.1 0.3 - - 03 03 1.0
Tetracladium breve Roldan 0.2 - - <0.1 - - - - - <0.1 - - - - - - 0.1
Tricladium chaetocladium Ingold 0.7 12 0.2 0.3 01 <01 03 55 0.3 0.2 0.1 0.5 5.2 04 0.6 0.4 01
Tricladium splendens Ingold 0.5 <0.1 02 <01 <01 o041 01 4.0 - <01 <01 01 7.8 - 0.1 - 0.2
Triscelophorus sp. - 0.1 18 - <0.1 - - - - - - - - - - - -
Varicosporium elodeae Kegel 0.1 0.2 0.4 0.3 0.1 0.2 01 19 - 01 <01 01 0.2 01 0.2 - -
Total number of species 13 15 16 13 15 13 10 15 11 14 13 13 11 9 12 10 11




L egends

Fig. 1. Decomposition of alder leaf disks at the source of the Este River. Leaf mass loss
(m), sporulation rates of aquatic hyphomycetes (O) and fungal biomass (®). N=4,

5 error barsindicate + 1 SEM.

Fig. 2. Leaf decomposition by fungal assemblages on leaf disksimmersed at the source of

the Este River for 15 days and subsequently exposed to zinc in microcosms. (A)

Mass loss of alder leaf disks, (B) fungal biomass, (C) fungal production and (D)

10 sporulation rates of aguatic hyphomycetes. Treatments: MO, control; MO0.5, 0.5
MM zinc; M15, 15 uM zinc; and M150, 150 pM zinc. Horizontal bars above

histograms indicate a lack of significant differences between treatments (Tukey’s

multiple comparison, P>0.05). N=4, error barsindicate £ 1 SEM.

15 Fig. 3. Dendogram from UPGMA cluster analysis based on Bray-Curtis similarity matrix
constructed from aquatic hyphomycete assemblages on leaf disks immersed at the
source of the Este River for 15 days and subsequently exposed to zinc in

microcosms. Treatments areindicated in Fig. 2.
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