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Abstract

To test the hypothesis that decomposition of leaf species in streams is influenced by afforestation with Eucalyptus

globulus, we compared decay rates, nutrient levels, fungal biomass and macroinvertebrate assemblages on alder

and eucalyptus leaf litter in three streams (two headwaters under different forests, and a mid reach) of the Agüera

catchment (northern Spain).

Whatever the reach, alder always decomposed significantly faster than eucalyptus. Litter contents in nitrogen

and phosphorus rose during breakdown at the mid reach, but not at the headwaters. No differences in fungal

biomass were found between alder and eucalyptus leaves at the headwater reaches; however, at the mid reach,

eucalyptus showed the highest values.

Alder litter, a high quality substratum, was readily colonized by shredders, and decayed rapidly at all sites.

Eucalyptus, a low quality species, had lower nutrient contents and was less favoured by shredders. Under high

nutrient levels (particularly phosphorus), however, it was readily colonized by fungi, thus shifting from medium

to high breakdown rates. The potentially negative impact of afforestation with eucalyptus on streams can thus be

reduced in situations of high concentrations of dissolved nutrients.

Introduction

Litter of terrestrial origin is the main trophic resource

for the communities of many headwater streams (Pe-

tersen & Cummins, 1974; Vannote et al., 1980).

Disturbance of the vegetation can affect the amount

and quality of litter entering the stream (Golladay

et al., 1989; Webster et al., 1990), and thus, may

have substantial impacts on the functioning of stream

systems.

There is an extensive literature on the effects of

clearcutting on streams (Meyer & Jonhson, 1983;

Griffith & Perry, 1991; Campbell et al., 1992; Tuch-

man & King, 1993; David et al, 1994), but the

large-scale substitution of tree species can also have

important effects (Griffith & Perry, 1991; Pozo et

al., 1997), although these have not been thoroughly

studied.

The large-scale plantation of eucalyptus outside

its natural range has created some concern among

limnologists (Graça, 1993; Bärlocher et al., 1995).

Eucalyptus litter has frequently been quoted as of low

quality and slow breakdown rate (Bunn, 1988a; Boul-

ton, 1991), characteristics which are linked to its high

content of phenolics and tannins, and to its waxy cuti-

cles (Bunn, 1988a; Campbell et al., 1992; Bärlocher et

al., 1995). However, the genus has hundreds of species

growing in a wide variety of climatic and edaphic con-

ditions, and showing broad differences in litter texture

and composition (Mitchell, 1988).

Eucalyptus globulus Labill is one of the most

widespread planted eucalyptus in the North of Spain

(ICONA, 1980). Recent work by Abelho & Graça



(1996) in Portugal suggests that afforestation with this

species can affect the breakdown rates of different leaf

species (e.g., eucalyptus and chestnut). Some attempts

to elucidate its impact on streams have addressed

litter decomposition in the Agüera catchment (north-

ern Spain). The first of these studies suggested that

breakdown of low quality leaves such as eucalyptus

was mainly influenced by concentrations of dissolved

nitrogen and phosphorus (Pozo, 1993). In the headwa-

ters, macroinvertebrates preferred alder over eucalyp-

tus litter, suggesting that shredding activity could be

responsible for the difference in decay rate between

both species in nutrient-poor waters (Basaguren &

Pozo, 1994). Later results (Molinero et al., 1996) con-

firmed that the loss rate of eucalyptus mass depended

on the external nutrient supply (dissolved nutrients in

stream water), and not on the type of riparian vege-

tation (deciduous forest versus eucalyptus plantation).

Nutrient enrichment of materials during decomposi-

tion suggested that microbial activity is site-dependent

and related to the nutrient concentration in water.

Chauvet et al. (1997) showed that, whatever the

stream, neither total conidial production nor number

of hyphomycete species were different between euca-

lyptus and alder litter. Furthermore, at a site richer in

phosphate, conidial production increased to the same

extent in both types of leaves.

The present work addresses the breakdown of alder

and eucalyptus litter in streams in relation to the ripar-

ian environment, nutrient availability, leaf quality, and

colonization by fungi and macroinvertebrates.

Study sites

The Agüera is a third order stream in northern Spain,

draining a catchment of 144 km2. The uplands are cov-

ered by indigenous deciduous forests in the headwa-

ters of the main channel, and by pine and eucalyptus

plantations in the others; the lowlands are occupied by

meadows and crops. The climate is temperate oceanic,

with rainfall around 1500mm yr−1, andmeanmonthly

temperatures ranging from 8 ◦C to 21 ◦C.

This work was carried out in three stream reaches:

site A is located in the Salderrey stream, a first-order

tributary surrounded by mature deciduous forest with

oak, chestnut, alder and hazel; site C is in an unnamed

first-order stream flowing through a plantation of Eu-

calyptus globulus; site B is in a third-order reach of the

Agüera stream, surrounded by eucalyptus plantations

but with riparian fringes of alder, sycamore and oak.

The water characteristics are similar in the two

first-order reaches: low conductivity and phosphorus

content (Table 1). Site B drains a more complex catch-

ment, which includes some villages. As a result, the

mineralization and the dissolved phosphate are higher,

although the water quality is good (Elósegui et al.,

1995).

Methods

On 15 November 1994, we filled a series of 5mm-

mesh bags (4 replicates× 2 species× 3 sites× 6

dates) with 15 g of freshly fallen leaves of either Alnus

glutinosa or Eucalyptus globulus. They were stored

overnight in a refrigerator, and placed randomly the

next day, attached to boulders in the study sites. In

total, 144 bags were filled, 72 of each leaf type. After

1, 3, 8, 14, 20 and 26 weeks of immersion, four bags

of each leaf species at each site were returned to the

laboratory. Due to rapid breakdown, no alder material

remained at site A after 14 weeks or at site C after 20

weeks. At site B, loss of bags forced termination of the

experiment at week 8 (alder) or 14 (eucalyptus).

After collection, the contents of each bag were

rinsed with distilled water on a 200 µm sieve, the

macroinvertebrates were collected and preserved in

70% ethanol, and the leaves enclosed in plastic bags

and frozen to –20 ◦C.

Thereafter, the leaf material was lyophilized,

weighed, and sorted in subsamples for the determi-

nation of ash (combustion), nitrogen (Kjeltec Auto

1030), phosphorus (Allen et al., 1974) and ergosterol

(Gessner et al., 1991). The macroinvertebrates were

sorted under a binocular microscope, identified mostly

to the species or genus level, and assigned to func-

tional feeding groups (e.g., Cummins & Klug, 1979;

Merritt & Cummins, 1996).

Leaf mass loss was expressed as percentage of

initial AFDW remaining. We calculated breakdown

rates according to the negative exponential model (Pe-

tersen & Cummins, 1974), by linear regression of ln-

transformed data. Analyses of covariance, with time

as covariant, were used to compare slopes, and signif-

icant differences were determined using Tukey’s test

(Zar, 1984). Two way ANOVAs (time versus species

and time versus site) and Tukey’s tests were used to

test differences in nutrient and ergosterol contents and

macroinvertebrate densities.



Table 1. Mean and range for selected physico-chemical characteristics of the water at the

studied sites. (TIN=Total Inorganic Nitrogen)

Site A Site B Site C

Temperature (◦C) 8.8 (5.7–12.4) 10.9 (9.0–14.8) 10.5 (7.7–13.7)

Conductivity (µS cm−1) 99 (84–120) 206 (104–260) 64 (56–72)

pH 7.2 (7.0–7.8) 8.2 (7.8–8.8) 6.6 (6.3–7.2)

TIN (µg N l−1) 806 (473–1493) 642 (373–1132) 340 (127–824)

Orthophosphate (µg P l−1) 3.8 (2.7–7.5) 10.3 (3.0–25.2) 3.2 (2.1–5.0)

Figure 1. Breakdown dynamics (mean ±S.D.) of alder ( ) and eucalyptus (!) litter at the three studied sites.

Results

Mass loss

There were large differences in breakdown dynamics

between leaf types (Figure 1). Mass loss of alder dur-

ing the first week was very similar in all sites, and

was slightly greater than that of eucalyptus. After this

period, differences between species became evident:

alder decayed much more rapidly than eucalyptus,

with less than 10% of the initial mass remaining after

14 weeks.

Breakdown was most rapid at site B and slowest at

site C, although differences were significant only for

eucalyptus (Table 2). Whatever the reach, alder always

decayed at a significantly greater rate than eucalyptus

(k from 0.0235 to 0.0321 d−1 for alder, from 0.0066

to 0.0169 d−1 for eucalyptus).

Nutrient content

Therewere significant differences in the initial compo-

sition of litter: nitrogen contents of 2.84% and 0.92%,

and phosphorus contents of 0.080% and 0.035% were

found in alder and eucalyptus respectively.

Figure 2 shows the changes in nitrogen and phos-

phorus contents of leaf litter over time. At site B, both

species underwent nitrogen enrichment, but concen-

tration was higher in alder, which resulted in increased

differences between species. In headwater reaches, the

N content in eucalyptus showed very small changes

while in alder it increased sharply at site A during the

first three weeks, and then fell to levels near the initial

values; at site C, the N content in alder increased dur-

ing the first week, then decreased, and after the eighth

week recovered its initial value.

The difference in nitrogen content between species

was significant in all sites (Table 3), the values al-

ways being higher in alder. For this species, there were

significant differences between sites: nitrogen content

was lowest at site C, medium at site A and highest at

site B. In the case of eucalyptus, site B also showed

significantly higher concentrations than the headwa-

ters, but there was no difference between sites A and

C.

The dynamics of phosphorus in the decaying litter

differed greatly between headwater and downstream

reaches (Figure 2). At sites A and C, litter showed a

general downward trend, which was especially clear

in alder. In contrast, at site B both leaf species exhib-

ited an increase of phosphorus content, and eucalyptus

litter reached values close to initial concentrations of

alder leaves. ANOVAs stressed the difference between



Table 2. Breakdown rates (d−1) and 95% confidence intervals of alder and

eucalyptus in the studied reaches. Summary of multiple inter-site comparisons

(Tukey’s test) after analysis of covariance is also shown, underlining the cases

where no significant differences were found

Site Alder Eucalyptus Ancova

A –0.0288 (±0.0050) –0.0097 (±0.0023) Euc.<Ald.

B –0.0321 (±0.0094) –0.0169 (±0.0053) Euc.<Ald.

C –0.0235 (±0.0055) –0.0066 (±0.0023) Euc.<Ald.

Inter-site

comparisons C A B CAB

Figure 2. Nitrogen and phosphorus concentration (mean±S.D.) in alder ( ) and eucalyptus (!) litter.

species at all sites (Table 3), and the higher phosphorus

content of litter downstream.

As a result of the variations of nitrogen and phos-

phorus content, the N:P ratio of litter, especially that of

alder, increased in the headwaters and suffered small

variations at site B (Figure 3). N:P ratio of alder was

significantly higher than that of eucalyptus at all sites.

Inter-site differences were only significant in the case

of eucalyptus (Table 3).

Fungal biomass

Figure 4 shows the ergosterol content of decaying

leaves. In headwaters, the general pattern of both

species was very similar: although slightly different

between site A and C, peaks of ergosterol occurred

Table 3. Results of Tukey’s tests after two way ANOVAs

(time× site and time× species) for nitrogen and phospho-

rus contents and N:P ratio. The cases where no significant

differences were found appear underlined

Site %N %P N:P

A Euc.<Ald. Euc.<Ald. Euc.<Ald.

B Euc.<Ald. Euc.<Ald. Euc.<Ald.

C Euc.<Ald. Euc.<Ald. Euc.<Ald.

Species

Alder C<A<B C A<B B C A

Eucalyptus A C<B A C<B B<C A



Figure 3. N/P atomic ratio (mean ±S.D.) of alder ( ) and eucalyptus (!) litter.

Figure 4. Ergosterol contents (mean ±S.D.) of alder ( ) and eucalyptus (!) litter.

Table 4. Results of

Tukey’s tests after two

way ANOVAs (time× site

and time× species) for

ergosterol contents. The

cases where no significant

differences were found appear

underlined

Site Ergosterol

A Ald. Euc.

B Ald.<Euc.

C Ald. Euc.

Species

Alder B C A

Eucalyptus A C<B

during the first 8 weeks, then the levels decreased

slowly, from 200–250 to around 150µg g−1. At site B

an alder peak was reached within 3 weeks, and mean

values were always lower than 150 µg g−1. Concen-

trations in eucalyptus, on the other hand, continued to

rise during the whole study period, reaching a maxi-

Table 5. Results of Tukey’s tests after two way

ANOVAs (time× site and time× species) for

macroinvertebrate and shredder densities (ind g

AFDW –1) in the litter bags. The cases where

no significant differences were found appear

underlined

Site Invertebrates Shredders

A Euc.<Ald. Euc.<Ald.

B Euc.<Ald. Euc.<Ald.

C Euc.<Ald. Euc.<Ald.

Species

Alder A B C B<A C

Eucalyptus A C<B B<C A

mum ergosterol concentration of 360 µg g−1 after 14

weeks. ANOVAs (Table 4) showed significant differ-

ences between species only at site B, where eucalyptus

was significantly richer in ergosterol than any of the

other site× leaf combinations.



Figure 5. Log. of the number of macroinvertebrates and shredders g−1 AFDM (mean ±S.D.) in alder ( ) and eucalyptus (!) litter bags.

Macroinvertebrates

The density of macroinvertebrates found in alder leaf

bags rose during the first 3 or 8 weeks of colonization

(depending on site), and then leveled off (Figure 5).

The colonization of eucalyptus bags was slower, and

the density of macroinvertebrates in this substrate con-

tinued to rise until the end of the experiment at all

sites. The fauna associated with litter bags in head-

waters was dominated by chironomids and shredders

(e.g., Protonemura sp., Echinogammarus tarraconen-

sis, Nemoura sp., Capnioneura sp. and Leuctra sp.,

at site A; Capnioneura sp., Leuctra sp. and Protone-

mura sp., at site C). In the mid reach, scrapers and

collectors were dominant (e.g., Potamopyrgus jenk-

insi, Ephemerella ignita, Baetis spp. and Simuliidae),

shredders being less important (e.g., Echinogammarus

berilloni and Lepidostoma hirtum). All the mentioned

taxa were found in bags of both leaf species, although

differences occurred in terms of density. The shred-

ders followed dynamics quite similar to those of total

macroinvertebrates, although at site B shredder den-

sity was much lower (Table 5) and the increase slower

than at the headwaters (Figure 5). In all sites, the

density of both macroinvertebrates and shredders on

eucalyptus was significantly lower than on alder (Ta-

ble 5). Although the density of macroinvertebrates

on eucalyptus was significantly greater at site B than

at the headwaters, shredder density was significantly

lower.

Discussion

Litter breakdown is a complex process, which involves

leaching, physical abrasion, microbial conditioning

and processing by macroinvertebrates (Cummins et

al., 1973; Cummins & Klug, 1979; Webster & Ben-

field 1986). The relative importance of these factors

can change, resulting in highly variable species- and

site-specific dynamics (Tuchman & King, 1993).

The present study has not shown an effect of the

type of riparian vegetation (deciduous forest versus

eucalyptus plantation) on the breakdown rates of alder

or eucalyptus. In contrast, Abelho & Graça (1996)

reported that, in Portugal, litter processing (eucalyp-

tus included) was slower in streams under eucalyptus

plantations than in those flowing through deciduous

forests. However, these authors used fine mesh bags

in their experiments compared to large mesh in the

present study, which limits the comparison. Our re-

sults support previous observations from the Agüera

stream (Pozo, 1993; Molinero et al., 1996), which

suggested that, in this catchment, factors other than

riparian vegetation influence the decomposition of

several leaf species.



Pozo (1993) reported that alder decomposed more

rapidly than eucalyptus in oligotrophic headwaters,

while at mid and low reaches dissolved nutrient

availability allowed enhancement of conditioning and

palatability of eucalyptus, thus promoting decay rates

as fast as those of alder. In the present study, al-

though the quality of eucalyptus litter at site B was

enhanced, alder always decayed faster. The break-

down rate for a given species varies from year to year

within the same reach (Pozo et al., 1994). In addition,

the present experiment was carried out with freshly

fallen leaves, instead of the dry material used in pre-

vious studies. The alder leaves used here were richer

in nutrients (2.8% N and 0.08% P) than the material

(1.7% N and 0.04% P) used by Pozo (1993), while

eucalyptus leaves showed only minor differences be-

tween both studies. Thus, the higher quality of alder

in this study may have promoted a faster breakdown,

and produced significant differences with respect to

eucalyptus breakdown rates even at site B.

While nitrogen concentration often increases as lit-

ter decays (Suberkropp et al., 1976; Tate & Gurtz,

1986; Chauvet, 1987; Bunn, 1988a; Gessner, 1991),

the pattern of change in phosphorus is less regular. De-

spite differences in the initial condition of leaves (fresh

or dried), the nutrient dynamics of the present study

are similar to those of Pozo (1993). The most interest-

ing point is that nutrient enrichment of leaves is site-

dependent. An increase of both N and P concentrations

in leaves is clear only at site B, where dissolved phos-

phorus concentrations were always highest. Uptake of

N and P at this site was observed by Molinero et al.

(1996), while release of both elements predominated

in nutrient-poor water reaches, such as sites A and C.

The enhancement of microbial activity on leaf mater-

ial by nutrients has also been shown in other studies

(Jenkins & Suberkropp, 1995; Newell et al., 1995;

Suberkropp & Chauvet, 1995). However, this enrich-

ment of litter does not have the same effect on the

decay rate of all species: only eucalyptus, the species

of lowest quality, shows enhanced decomposition at

the nutrient-rich site (Molinero et al., 1996).

The increase in N and P concentrations of alder

leaves at site B changes the litter quality, but, given

its rapid mass loss, it is difficult to prove an uptake

of dissolved nutrients, because we did not find in-

creases of absolute amounts in any of both elements.

However, in eucalyptus litter, the absolute amounts

increased by the third week in 44% and 93%, respec-

tively. Molinero et al. (1996) have also pointed out

that the relative immobilization of P at this site was

higher than that of nitrogen. This fact was not seen

neither at site A nor at C, where dissolved phosphorus

was clearly lower (see Table 1). Phosphorus appears

to be the limiting nutrient in stream water since inor-

ganic N:P ratios were high at all sites (N:P > 100).

The higher P concentrations at site B coinciding with

higher P immobilization in leaves (Figure 2) which

resulted in lower N:P ratios (Figure 3) are consistent

with this hypothesis.

The dynamics of ergosterol on decaying leaves

demonstrates the importance of fungal activity (e.g.,

Newell, 1992; Gessner & Chauvet, 1994; Maharn-

ing & Bärlocher, 1996). With the exception of site

B, where ergosterol contents were higher in euca-

lyptus than in alder, fungal biomass showed similar

dynamics in both species within a given site. Bär-

locher et al. (1995) found that conidial production of

fungi on E. globulus lagged 2 weeks behind alder,

because of the slow leaching of phenols. The same

lag was found in conidial production in our studies

(Chauvet et al., 1997) but was not found for ergos-

terol. Peaks of ergosterol clearly occurred after those

of conidial production, as has been shown for different

leaf species (Maharning&Bärlocher, 1996). Although

eucalyptus litter has usually been considered as a poor

quality substrate for aquatic fungi, it appears to be

comparable with alder, itself one of the most readily

colonized substrates in European streams (Bärlocher,

1992). The sporulation rates and specific diversity of

hyphomycetes measured in our samples were similar

for alder and eucalyptus (Chauvet et al., 1997), which

confirms the suitability of eucalyptus as a substrate for

these fungi.

The identical ranking of sites by nutrient or ergos-

terol contents suggests that fungi are responsible for

the enrichment of eucalyptus leaves. Furthermore, the

correlation between ergosterol and nitrogen or phos-

phorus contents at site B is significant for eucalyptus

(data not shown). Thus, increased loss rate, nutri-

ent enrichment and high concentrations of ergosterol

are characteristics that differentiate eucalyptus litter

breakdown between the mid reach and the headwaters.

What role do macroinvertebrates play? Our results

show that alder is colonized by significantly higher

densities than eucalyptus, whatever the stream. The

fast breakdown of alder has often been associated

with its high nutrient contents, which would make

it a prime substrate for shredders (Hassage & Har-

rel, 1986), even without prior microbial colonization

(Gessner & Schwoerbel, 1989; Cortes et al., 1995).

Our results point also in this direction, since nutrient



contents, total macroinvertebrate and shredder densi-

ties were usually higher in alder than in eucalyptus.

Only at the end of the experiment did eucalyptus reach

faunal densities similar to those previously registered

by alder. This suggests that eucalyptus leaves need a

conditioning period before being used by macroinver-

tebrates, which agrees with other reported data (e.g.,

Bunn, 1988b; González et al., 1998).

There is some controversy on the relative impor-

tance of microbial versus macroinvertebrate activity

on litter decay. For instance, Pearson et al. (1989)

reported that the importance of invertebrates in the

breakdown of different litter species is highly variable:

in some cases 77%, but in others only 6% of the mass

loss can be explained by invertebrates. Our results,

and those from a previous experiment (Basaguren &

Pozo, 1994), suggest that microbial activity is respon-

sible for the rapid decay of eucalyptus in mid reaches,

where shredders have lesser importance, and water

chemistry makes the nutrient enrichment of litter eas-

ier. On the other hand, selection of macroinvertebrates

against eucalyptus, due to its low nutrient enrichment,

could explain the slow breakdown of this species in

the headwaters, where microbial activity seems to be

more limited, according to ergosterol levels or conidial

production (Chauvet et al., 1997).

Thus, Alnus glutinosa is a species with high ni-

trogen and phosphorus contents, readily colonized

by shredders, that breaks down rapidly in all sites.

Eucalyptus globulus, on the other hand, has lower

nitrogen and phosphorus contents, is less preferred

by shredders, but under high nutrient levels (partic-

ularly phosphate) can be readily colonized by fungi,

thus shifting from medium to rapid breakdown rates.

Although afforestation with E. globulus can produce

severe changes in the timing, amount and quality of

litter inputs into streams (Pozo et al., 1997), in north-

ern Spain it has no influence on the breakdown rates

of leaf species. Moreover, the factors discussed above

lead us to conclude that even material as low in qual-

ity as eucalyptus leaves can be readily used when an

exogenous nutrient supply facilitates microbial activ-

ity, thus reducing the potential negative impact of such

afforestation practices.
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