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Abstract

We compared fire exposed with normal abscised eucalyptus leaves incubated in a stream running
through eucalyptus plantations in central Portugal, in terms of breakdown rates, microbial activity,
diversity and macroinvertebrate abundance. Although leaves exposed to fire had lower nutritional value,
mass loss was similar for both leaf types (k = 0.0089 – 0.0095 d–1 for fire and k = 0.0084 – 0.00103 d–1

for normal leaves). Fungal biomass was similar among treatments, whereas sporulation and microbial
respiration were lower in fire exposed leaves. Both leaf types had similar aquatic hyphomycetes com-
munities. Physical fragmentation was important in fire exposed leaves breakdown. Invertebrates colo-
nized leaves in low numbers in both treatments. Alteration of leaf litter quality determined by fires in
streams does not seem to determine changes in ecosystem functioning in a short term.

1. Introduction

Eucalyptus globulus LABILL. was introduced in the Iberian Peninsula in 1829. Presently,
this native evergreen Australian species is very common and widespread in Portugal where
it occupies more than 21% of the forested area. Eucalyptus plantations have replaced large
areas of native deciduous forest because of their fast growth, which allows the quick
afforestation of timber harvested and burned areas (D. G. F., 2005).

Eucalyptus leaves are a primary source of energy and carbon for aquatic food webs in
streams running through eucalyptus monocultures (POZO et al., 1997a, b; MOLINERO and
POZO, 2003). Litter decomposition is a vital ecological process in these small streams, most-
ly carried out by fungi and invertebrates (GESSNER et al., 1999; HIEBER and GESSNER, 2002).
Aquatic fungi convert leaf mass into fungal biomass and spore production (GESSNER and
CHAUVET, 1994; BALDY et al., 1995) and enhance leaf consumption by shredding inverte-
brates (GRAÇA et al., 2001). One important factor controlling litter decomposition rates is its
intrinsic nutritional quality frequently expressed as lignin, N and/or P contents (GESSNER and
CHAUVET, 1994; ROYER and MINSHALL, 2001; DÍEZ et al., 2002; STELZER et al., 2003).
Changes in eucalyptus leaves quality can arise from leaves being exposed to high tempera-
tures during forest fires. During these catastrophic events, some leaves may not burn and
detach from the trees after the fires. Adult eucalypt leaves are classified as intermediate in
their resistance to combustion, and juvenile leaves are highly resistant to flaming (REGUEIRA
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et al., 2002). The unburned eucalyptus leaves may be physically and chemically altered and
remain in the catchment’s soil or accumulate in the stream channel, constituting a potential
food source for the stream communities when flow resumes.

Wildfires are frequent in Mediterranean areas. In Portugal, in the last 25 years, fires con-
sumed more than three million ha of forest (D. G. F., 2005). Most of these areas were euca-
lyptus monocultures. Consequences of these fires on the terrestrial (reviewed by CERTINI,
2005) and aquatic systems are far from being completely evaluated. Previous research indi-
cate that post fire instream alterations are largely due to the loss of terrestrial vegetation
which can lead to altered stream morphology and substratum characteristics (MINSHALL

et al., 2003a), elevated runoff, increased ions concentration and increased suspended sedi-
ments and particulate organic matter (HAUER and SPENCER, 1998; MINSHALL et al., 2001a;
FERREIRA et al., 2005), although changes in water quality may last for as short as 3 months
(STEPHENS et al., 2005). Moreover, the disappearance of the riparian vegetation may result
in a shift from a heterotrophic to an autotrophic system as the allochthonous litter input to
the stream is reduced and the water surface exposed to solar irradiation is increased (MIN-
SHALL, 2003b; MINSHALL et al., 2001b, 2003a; MIHUC and MINSHALL, 2005). However, very
little is known about the fate of the large amount of leaves that remain in the riparian areas
and saturate the stream channel after fires.

In this study, we compared the breakdown of eucalyptus leaves normally abscised and
leaves exposed to fire in terms of breakdown rates, microbial and invertebrate colonization.
Data will allow us to better predict the dynamics of litter processing in streams running
through eucalyptus plantations in the Mediterranean systems.

2. Methods

2.1. Study Site and Water Parameters

This study was carried out in a lowland 3rd order stream running through eucalyptus plantations
(Ribeira do Botão, Central Portugal; 40°18′22″ N, 8°23″37″ W). These plantations did not burn, as did
most plantations in central Portugal during summer 2005. The stream water was well oxygenated, cir-
cumneutral, mesotrophic and ion rich (Table 1). Alder (Alnus glutinosa (L.) GAERTN.) trees were pre-
sent in the riparian area, in the study reach.

During the study period (November, 2005 to February, 2006) water pH (Jenway 3150), conductivi-
ty and temperature (WTW LF 330) and dissolved oxygen (Jenway 9200) were recorded seven times.
Water depth and current velocity (Valeport 15277) were also recorded three times and used to estimate
discharge. In addition, 5 L of stream water were collected in acid washed plastic bottles. Water was
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Catchment (km2) 17.897
Discharge (m3 s–1)* 0.21–0.34
Temperature (°C)** 8–15
O2 (mg L–1)** 10.1–11.6
Conductivity (µS cm–1)** 174–199
pH** 6.8–7.4
N-NO3 (mg L–1)* 1.72–2.36
SRP (µg L–1)* 4.76– 6.40
CaCO3 (mg L–1)* 0–1.47
Ca2+ (mg L–1)* 16.24–25.28
Na+ (mg L–1)* 11.91–15.94

Table 1. Characteristics of the study stream and physical and chemical characteristics of 
the stream water (min–max; * n = 3, ** n = 7).



transported to the laboratory in a cooler, filtered and 2 subsamples frozen at –18 °C for later determi-
nation of cations and anions by ion chromatography (Dionex DX–120). Soluble reactive phosphorus
(SRP) was determined by the ascorbic acid method (APHA, 1995).

2.2. Leaf Breakdown

Leaves of Eucalyptus globulus LABILL. were collected from the same stand before the peak of litter
abscission (June/July 2005; control leaves) or in a riparian zone after a recent fire (August 2005; fire
exposed leaves). All leaves were picked up from the ground, air dried in the dark and stored until need-
ed. Groups of 4 control leaves (3.72–7.64 g initial air-dry mass) or 4 fire exposed leaves (3.26–5.20 g
initial air-dry mass) were enclosed into 10 × 15 cm coarse mesh (CM, 10 mm mesh; exposed to inver-
tebrates) and fine mesh (FM, 0.5 mm mesh; protected from most invertebrates). A total of 96 bags
(24 per treatment) were tied to nylon ropes and exposed in the stream on November 15, 2005. This day,
4 extra bags per treatment were taken to the stream and brought back to the laboratory to estimate the
initial leaf ash free dry mass (AFDM) from each leaf bag taking into account mass loss due to handling.
After 2, 7, 13, 28, 62 and 90 days of submersion 4 bags of each treatment were randomly retrieved,
placed in individual plastic bags with some stream water and transported in a cooler to the laboratory.
Each sample was gently rinsed with distilled water on top of a 500 µm mesh sieve to retain inverte-
brates (see below), and 3 sets of 5 leaf disks were cut with a cork borer (12 mm diameter) from 5 dif-
ferent leaves. Leaf disks were used to determine microbial respiration, leaf concentration in ergosterol
and aquatic hyphomycetes sporulation (see below). The remaining leaves were dried for 48 h at 105 °C
for dry mass determination, and ashed for 4 h at 550 °C for % ash and AFDM determination. Mass loss
was expressed as a percentage of initial mass (n = 4) after corrected for the disks that were retrieved
(see below).

2.3. Initial Litter Quality

Some physical and chemical parameters likely to affect litter quality were measured in control and
fire exposed leaves. Leaf material was used for the determination of initial lignin (GOERING and VAN

SOEST, 1970), phosphorus, nitrogen (GRAÇA et al., 2005) and total polyphenolics (Folin-Ciocalteau
assay; GRAÇA et al., 2005) content. The calorific value of both leaf types was measured according to
PAIVA et al. (2006).

2.4. Microbial Respiration

One set of leaf disks was used to assess microbial respiration rates associated with decomposing
leaves (GRAÇA et al., 2005). The flow-through system, set at 15 °C, consisted of a peristaltic pump with
adjustable flow provided with Watson-Marlow orange/green tubes. One end of the tubes was connect-
ed to the respiration chambers (8 ml glass syringes) and the other end entered a reservoir containing fil-
tered stream water 100% oxygenated. Measurements of oxygen concentrations in water were made only
after the chambers’ volume was totally replaced. The water flowing through the chambers was collect-
ed with a 1 mL syringe and injected into a 0.1 mL micro-chamber adapted to an oxygen electrode
(Strathkelvin Inst. 781) and readings made after 30 seconds. After 3 measurements (with 1.5 h interval)
the out-flow was determined with a 5 mL calibrated glass vial for 20 minutes. Oxygen consumptions
were expressed as mg O2 g–1 leaf AFDM h–1.

2.5. Fungal Biomass

Fungal biomass was estimated after ergosterol content (GESSNER and SCHMITT, 1996; GRAÇA et al.,
2005). Five leaf disks from each sample were stored in 10 ml of KOH/methanol at –18 °C until ergos-
terol extraction. Ergosterol was extracted in a water bath (80 °C) for 30 min., purified by solid-phase
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extraction (Waters Sep-Pak Vac RC tC18 cartridges) and quantified by high performance liquid chro-
matography (HPLC) by measuring absorbance at 282 nm. The HPLC system (Dionex DX-120) was
equipped with the reverse phase C18 column (Brownlee SPHERI–5RP–18, Applied Biosystems) main-
tained at 33 °C. The mobile phase was 100% methanol and the flow rate was set at 1.5 mL min–1. Ergos-
terol was converted into fungal dry mass by assuming an ergosterol concentration of 5.5 µg mg–1 fun-
gal dry mass (GESSNER and CHAUVET, 1993). Results were expressed as mg fungal biomass g–1 leaf
AFDM.

2.6. Fungal Sporulation

Five leaf disks from each bag were incubated in 100 mL Erlenmeyer flasks with 25 mL of filtered
stream water (glass fiber filter, Millipore APFF) on an GFL 3017 orbital shaker (100 rpm) for 48 h at
15 °C to induce sporulation by aquatic hyphomycetes (GRAÇA et al., 2005). The conidia suspensions
were fixed with 2 mL of 37% formalin for later counting and identification. When preparing slides,
100 µL of 0.5% Triton X-100 solution were added to the suspension to ensure a uniform distribution of
conidia, stirred and an aliquot of the suspension was filtered (pore size 5 µm, Millipore SMWP). Fil-
ters were stained with 0.05% cotton blue in lactic acid (60%), and spores were identified (GRAÇA et al.,
2005) and counted with a compound microscope at 200×. Leaf disks were used to calculate remaining
AFDM (as above) and the value was used to correct for disk removal from leaves. Sporulation rates
were expressed as number of conidia released mg–1 leaf AFDM day–1.

2.7. Invertebrate Colonization

Invertebrates from coarse mesh bags retained over a 500 µm mesh sieve were preserved in 95%
ethanol for later counting and identification. Identification was done to genus/species when possible,
except for Oligochaeta (family) and Diptera (sub-family or tribe) and individuals assigned to function-
al feeding groups (scrapers, shredders and others) according to TACHET et al. (2000).

2.8. Data Analysis

Breakdown rates (k) were estimated by linear regression of ln transformed data (negative exponen-
tial model Mt = Mo · e-kt, where Mo is the initial mass, Mt is the remaining mass at time t and k is the
decomposition rate). Slopes of regression lines (ln transformed data) were compared by ANCOVA with
leaf and mesh type as categorical variables and time as continuous variable (ZAR, 1999). Remaining
mass data (arcsine transformed) at day 2 were also compared among treatments by 2-way ANOVA (leaf
type and mesh type as categorical variables) to assess differences due to leaching.

Microbial oxygen consumption, fungal biomass and aquatic hyphomycetes sporulation rates were
compared among treatments by 3-way ANOVA (leaf type, mesh type and time as categorical variables)
followed by Tukey’s test when necessary. Cumulative conidial production at the last sampling date was
calculated by summing up values of daily production at each sampling date and linearly approximated
values for each day between sampling dates. Percentage of initial litter AFDM converted into conidia
was calculated assuming a mean conidia mass of 8.17 × 10–7 mg (calculated from BÄRLOCHER and
SCHWEIZER (1983) and CHAUVET and SUBERKROPP (1998)) and initial disks AFDM of 98 (control leaves)
and 105 (fire exposed leaves) mg.

Cumulative species richness of aquatic hyphomycetes over time was compared among treatments by
ANCOVA with leaf and mesh type as categorical variables and time as continuous variable. Shannon’s
diversity and Pielou’s evenness indices (for day 7 to 90) of aquatic hyphomycete communities colo-
nizing leaves were calculated from conidial abundances (PRIMER 6) and compared among treatment
by 3-way ANOVA (leaf type, mesh type and time as categorical variables) followed by Tukey’s test
when necessary. Differences in overall aquatic hyphomycete communities between leaf types (for day
7 to 90) were assessed by analysis of similarities (ANOSIM, PRIMER 6; CLARKE and GORLEY, 2001).
Data on conidial abundances from day 2 were excluded from indices and analysis of similarities because
in most samples there was yet no conidia production. Total invertebrate, scrapers and shredders abun-
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dance in coarse mesh bags were compared between leaf types by 2-way ANOVA with leaf type and
time as categorical variables. Data was transformed when necessary to achieve normality (ZAR, 1999)
and analyses were performed with STATISTICA 6 software, unless otherwise indicated.

3. Results

3.1. Leaf Quality and Breakdown

Lignin content was higher for fire exposed than for control leaves while the opposite was
true for phosphorus, nitrogen, energy and polyphenols content (Table 2). Leaching was
intense and after only 2 days in water mass loss varied between 15% (fire exposed CM) and
25% (fire exposed FM), although no significant differences were detected among treatments
(2-way ANOVA, P = 0.781). Leaves lost between 48% (control FM) and 57% (control CM)
of their initial mass after 90 days incubation in the stream. Breakdown rates (k) ranged from
0.0084 d–1 (control FM) to 0.0103 d–1 (control CM) with no significant differences among
treatments (ANCOVA, P = 0.833 for leaf type and 0.536 for mesh type) (Table 3).

3.2. Microbial Respiration

Microbial oxygen consumption in coarse mesh bags rapidly increased until day 28
(0.32 mg O2 g–1 AFDM h–1 in fire exposed leaves and 0.39 mg O2 g–1 AFDM h–1 in control
leaves) and declined sharply thereafter. Microbial oxygen consumption in fine mesh bags
peaked at lower levels (0.17 mg O2 g–1 AFDM h–1 in fire exposed leaves and 0.25 mg O2 g–1
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Table 2. Lignin, nitrogen, phosphorus, phenols and calorimetric content of control and fire
exposed eucalyptus leaves (min–max; n = 2 for lignin, n = 3 for N and P, n = 4 for poly-

phenolics and energy). DM = Dry Mass.

Control Fire exposed

Lignin (% leaf DM) 13.1–13.7 15.9–16.5
Nitrogen (% leaf DM) 1.27–1.52 0.62–0.75
Phosphorus (% leaf DM) 0.110–0.123 0.049–0.052
Phenols (% leaf DM ) 4.7–6.2 4.5–4.9
Energy (J mg–1) 27.2–29.3 23.1–23.6

Table 3. Decomposition rates (k) of control and fire exposed eucalyptus leaves in coarse
and fine mesh bags. CL = confidence limits. Comparisons were made among leaf and mesh
type (ANCOVA, same letters indicate no significant differences (P > 0.05) among slopes).

Leaves Mesh k (d–1) 95% CL R2 ANCOVA

Control Coarse 0.0103 0.0015 0.84 a
Fine 0.0084 0.0009 0.79 a

Fire exposed Coarse 0.0089 0.0009 0.82 a
Fine 0.0095 0.0009 0.81 a



AFDM h–1 in control leaves) and earlier for control than for fire exposed leaves (d13 vs.
d28) (Fig. 1). Microbial oxygen consumption was significantly higher in control than in fire
exposed leaves in coarse mesh bags (3-way ANOVA, P = 0.001) and in coarse mesh than
in fine mesh bags (3-way ANOVA, P < 0.001).

3.3. Fungal Biomass

Fungi were already in leaves before the beginning of the experiment (22 and 42 mg g–1

AFDM in control and fire exposed leaves, respectively). Fungal biomass declined, howev-
er, to values < 5 mg g–1 AFDM after 2 days incubation, increasing thereafter until the last
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Figure 1. Microbial respiration (mean ± 1 SE) in control and fire exposed eucalyptus leaves in coarse 
and fine mesh bags.
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Figure 2. Mycelial biomass (mean ± 1 SE) in control and fire exposed eucalyptus leaves in coarse and
fine mesh bags.



sampling date in control leaves (79–82 mg g–1 AFDM in CM and FM, respectively) or peak-
ing before in fire exposed leaves (by day 28 for CM with 70 mg g–1 AFDM and day 62 for
FM with 63 mg g–1 AFDM) (Fig. 2). There were no significant differences in fungal bio-
mass either between leaf or mesh types (3-way ANOVA, P = 0.384 and 0.506, respectively).

3.4. Fungal Sporulation

Sporulation by aquatic hyphomycetes did not occur until 2 weeks after immersion, but it
peaked by day 28 in all treatments with 254 conidia mg–1 AFDM d–1 in fire exposed leaves
(FM) and 3226 conidia mg–1 AFDM d–1 in control leaves (CM) (Fig. 3). Differences between
leaf types were found only for fine mesh bags (3-way ANOVA, P < 0.001) with values being
higher in normal leaves than in fire leaves. For fire leaves, sporulation was significantly
higher in coarse than in fine mesh bags (3-way ANOVA, P = 0.001). The percentage of ini-
tial litter AFDM converted into conidia ranged from 9.1 (FM) to 10.0 (CM) in control leaves
and 1.6 (FM) to 3.7 (CM) in fire exposed leaves; i.e., 3–5 times higher in control leaves.

3.5. Aquatic Hyphomycetes

A total of 22 species of aquatic hyphomycetes was found in this study (Table 4).
Lunulospora curvula and Tetrachaetum elegans were the most representative species in all
treatments. T. elegans was an early colonizer and dominated conidial production in the first
4 weeks of incubation in both leaf and mesh types (up to 98% contribution to the total num-
ber of conidia). L. curvula replaced T. elegans after day 28 and dominated (up to 87%) until
the last sampling date. Between 76 and 88% of species contributed with <5% to the total
conidial production in a given treatment.

Cumulative species richness over time was higher in coarse mesh than in fine mesh bags
(ANCOVA, P = 0.014), although there were no significant differences between leaf types
(ANCOVA, P = 0.471). Shannon’s diversity index was not significantly different between
treatments (3-way ANOVA, P = 0.297 for leaf type and 0.578 for mesh type) (Table 4).
Pielou’s evenness index was significantly higher for fire exposed than for control leaves in
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Figure 3. Fungal sporulation rate (mean ± 1 SE) of aquatic hyphomycetes in control and fire exposed
eucalyptus leaves in coarse and fine mesh bags.
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fine mesh bags (3-way ANOVA, P = 0.008), but no significant difference was found
between mesh types for either substrate (3-way ANOVA, P = 0.240). Fungal communities
colonizing submerged substrates were always more different among sampling dates
(ANOSIM, R > 0.83 and P = 0.001) than among leaf types (ANOSIM, R < 0.51 and
P < 0.022) for both mesh types.

3.6. Invertebrate Colonization

Invertebrate colonization of leaf bags was low (<10 ind g–1 AFDM; <3 shredders g–1

AFDM). Invertebrate abundance increased until the last sampling date in control leaves while
in fire exposed leaves it peaked by day 7 after which it decreased to peak again at the last date
(Fig. 4). Total invertebrate abundances in coarse mesh bags were not significantly different
between leaf types (2-way ANOVA, P = 0.196), although shredders demonstrated a preference
for fire exposed leaves when compared to control leaves (2-way ANOVA, P = 0.001).
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Table 4. Mean relative abundances (%, for day 7 to 90) of aquatic hyphomycete conidia
from control and fire exposed eucalyptus leaves in coarse and fine mesh bags. Total num-
ber of species and mean Shannon’s diversity and mean Pielou’s evenness indices (SE) are
given. Comparisons were made among leaf and mesh types (3-way ANOVA, same letters 

indicate no significant differences (P > 0.05) among treatments).

Control Fire exposed

Coarse Fine Coarse Fine

Alatospora acuminata INGOLD s.l. 4.39 0.53 3.78 3.01
Alatospora pulchella MARVANOVÁ 0.09 0.28 0.04 0.13
Anguillospora crassa INGOLD 0.15 0.10 0.36 0.39
Anguillospora filiformis GREATH. 0.44 0.40 1.00 0.56
Articulospora tetracladia INGOLD 0.20 0.13 0.12 0.82
Clavariopsis aquatica DE WILD. 0.07 0.03 0.23 0.07
Heliscus submersus HUDS 6.05 1.37 4.96 7.28
Heliscus lugdunensis SACC. and THERRY 0.64 4.87 0.86 18.46
Lemonniera aquatica DE WILD. 0.05
Lemonniera terrestris TUBAKI 0.05
Lunulospora curvula INGOLD 35.70 54.55 24.26 28.89
Margaritispora aquatica INGOLD 0.04 0.03 0.59
Stenocladiella neglecta (MARVANOVÁ

and DESCALS) MARVANOVÁ and DESCALS 0.04
Tetracladium marchalianum DE WILD. 1.95 0.44 3.57 4.51
Tetrachaetum elegans INGOLD 43.88 34.57 47.58 27.75
Tricladium chaetocladium INGOLD 0.94 0.83 3.53 1.29
Tricladium splendens INGOLD 0.09
Triscelophorus acuminatus NAWAWI 3.81 1.33 7.68 3.96
Triscelophorus monosporus INGOLD 1.54 0.46 1.75 2.14
Varicosporium sp. 0.04 0.07
Unidentified tetraradiate 0.08 0.09 0.06
small sigmoid (< 60 µm) 0.03

Total no. species 17. 16. 19. 17.
Shannon’s diversity, H’ 0.81(0.16)a 0.59(0.05)ab 0.98(0.19)a 1.12(0.15)a

Pielou’s evenness, J 0.47(0.06)a 0.40(0.04)ab 0.55(0.08)ab 0.63(0.06)b



4. Discussion

Every summer wild fires consume vast areas of Eucalyptus plantations in Central Portu-
gal (DOERR and CERDÀ, 2005) supplying large amounts of shed fire exposed leaves to the
riparian areas and stream channels. Exposition of eucalyptus leaves to high temperatures dur-
ing fires resulted in the impoverishment of its nutritional quality. However, normal abscised
and fire exposed leaves had similar breakdown rates (k = 0.0084–0.0103 d–1), with values
included in the upper range of those previously reported for eucalyptus leaves (CANHOTO

and GRAÇA, 1996; MOLINERO et al., 1996; POZO et al., 1998). This suggests an incorporation
of fire exposed leaves into secondary production in a reasonable time span. But results must
be interpreted with caution as breakdown values (k) are single constants that describe an
often complex process (WEBSTER and BENFIELD, 1986). This simplified mathematical
description of the process may mask (as we believe happened in this case) important bio-
logical differences in the degradation process and always expresses results from specific
environmental conditions. Biomass of aquatic fungi accounted for 6 to 8% of the remaining
leaf detritus, which is in accordance with results reported for other leaf types (GESSNER and
CHAUVET, 1994; BALDY et al., 1995), including eucalyptus leaves (POZO et al., 1998). How-
ever, although fungal biomass was similar among treatments, its dynamics varied between
leaf types. An expected increase over time was observed in controls (POZO et al., 1998)
whereas in fire exposed leaves fungal biomass decreased after an incubation of 4 to 9 weeks.
This may be the result of a faster exhaustion of more readily digested leaf tissues when com-
pared with control leaves that had higher initial nutrient content.

Overall microbial activity (oxygen consumption) associated with decomposing leaves was
also in the range previously reported for submerged substrates (NIYOGI et al., 2003; GULIS

and SUBERKROPP, 2003a; STELZER et al., 2003), and was higher in control than in fire
exposed leaves. Fungal activity may be partially responsible for this difference as the pat-
tern in microbial oxygen consumption and fungal sporulation was similar in control leaves.
On the other hand, we cannot rule out the possibility that bacteria increase their activity on
leaves that are more nutritious without affecting processing rates significantly. Other stud-
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Figure 4. Invertebrate abundance (mean ± 1 SE; SE bars smaller than symbols) associated with con-
trol and fire exposed eucalyptus leaves in coarse mesh bags.



ies report that bacterial activity is stimulated on high quality substrates (GULIS and
SUBERKROPP, 2003b; STELZER et al., 2003) and/or in nutrient enriched streams, although bac-
terial contribution to leaf decomposition is highly surpassed by fungi (PASCOAL and CÁSSIO

2004).
The lower microbial activity in fire exposed leaves was not translated into lower break-

down rates as would be expected. A compensatory effect of physical degradation due to
absence/reduction of the cuticle in this leaf material (pers. obs.) might have occurred. The
lack of this protective layer may increase the susceptibility of the leaves to the effect of cur-
rent velocity. CANHOTO and GRAÇA (1999), in a study with eucalyptus leaves, stated that the
cuticle is the warrant of the elongated integrity of the senescent leaves after immersion.

Twenty-two species of aquatic hyphomycetes were identified in this study, with no major
differences in community structure among treatments. Tetrachaetum elegans and Lunulospo-
ra curvula dominated the conidial production in the first 2 weeks and after day 28, respec-
tively, in all treatments. T. elegans has been reported to be an earlier colonizer (BÄRLOCHER,
1991; GESSNER et al., 1993) while L. curvula usually appears in later stages (CHAUVET et al.,
1997). Despite the recognized preference of this species for warmer waters (reviewed by
BÄRLOCHER, 1992; in the study stream water temperature was 15 °C) L. curvula has been
frequently reported as being associated with eucalyptus (BÄRLOCHER et al., 1995; CHAUVET

et al., 1997; BÄRLOCHER and GRAÇA, 2002; FERREIRA et al., 2006a).
The abundance of macroinvertebrates in decomposing leaves was very low, which is prob-

ably related with the presence of alder leaves in the study reach. Shredding invertebrates
have preferences for less recalcitrant high nutrient substrates, as alder, when compared with
eucalyptus leaves (CANHOTO and GRAÇA, 1995, 1999). Nevertheless, and although the low
number of shredders suggest caution, this functional group seemed to prefer fire exposed
over control leaves. This could be attributed to their lower contents in secondary compounds
as polyphenolics and/or to the loss of essential oils promoted by fire; both are inhibitors of
invertebrates’ consumption (CANHOTO and GRAÇA, 1995, 1999). In fact, and in spite of the
high heat combustion of the eucalyptus oils, we could not observe (or smell) the oil vesi-
cles in the inner leaf tissues in leaves exposed to fire (vs. control leaves; pers. obs.). How-
ever, MIHUC and MINSHALL (1995) reported that only one out of eleven macroinvertebrate
species was able to grow when fed with burned organic matter. Considering that normal
eucalyptus leaves are a poor substratum for invertebrates (CANHOTO and GRAÇA, 1995, 1999)
and that eucalyptus leachates may be toxic to shredders (CANHOTO and LARANJEIRA, 2007)
we suggest that eucalyptus leaves were mainly used as a substratum rather than as food
source. The observed dominant microbial breakdown of both leaf types (ratio k CM: k
FM ≈ 1) points in this direction.

In conclusion, the breakdown of fire exposed leaves was clearly promoted by fungi and
accelerated by physical fragmentation. It is nevertheless noteworthy that no significant dif-
ferences were found in the breakdown rates of leaves contained in bags with different mesh
size. It seems that both mesh sizes were similarly affected by the current; the reduced num-
ber of invertebrates did not seem to contribute to stimulate leaves degradation in coarse mesh
bags. FERREIRA et al. (2006b) in a study performed in artificial channels demonstrated that,
in the absence of invertebrates, no significant differences in k values were also found
between coarse and fine mesh bags in low or high current.

The results reported here suggest that changes in quality of allochthonous inputs in post-
fire streams do not result in altered ecosystem functioning in a short term. However, changes
in environmental conditions, community structure and/or stream energy pathways are likely
to occur after fires (MINSHALL et al., 2001a; MIHUC and MINSHALL, 2005) modulating the
present results – this study was conducted, in autumn, in an eucalyptus stream unaffected
by fire events. Further investigation on postfire scenarios and comparative long-term stud-
ies using eucalyptus streams affected and unaffected by fire are needed for a correct evalu-
ation of the structural and functional changes in stream ecosystems affected by fires.
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