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CRISTINA CANHOTO !
MANUELA ABELHO '
ManNuUEeL AuGusTo GRACGA '

EFFECTS OF Eucalyptus globulus PLANTATIONS IN LOW ORDER
STREAMS OF CENTRAL PORTUGAL

Abstract

Low order streams derive most of their energy from the mparan vegetation,
Therefore, changes in forest cover have the potential to affect stream biota. Herein we
assess the effects of Eucalyptus globulus afforestation to low order streams by
comparing (a) the structure of macroinvertebrate communities between impacted
(eucalyptus plantations) and wunimpacted (deciduous forest) streams; (b)
decomposition rates of eucalyptus leaves and some native species; (c) fungal
colonisation and (d) sporulation of decompaosing leaves. During autumn/winter, streams
flowing through eucalyptus forests contained a lower number of invertebrates and taxa
than streams running through deciduous forests. The low number of invertebrate taxa
and individuals might be a consequence of hydrology and/or low quality food resource
of leaves. Decomposition of leaves and fungal sporulation followed a same pattern:
leaves of alder decomposed at a fast rate, followed by chestnut. eucalyptus and oak.
The colonisation of eucalyptus leaves by aquatic hyphomycetes was highly limited by
the cuticle (and facilitated by stomata). it progressed predominantly in and from the
eucalyptus leaf mesophyll to the outside. Eucalyptus oils and, to a lesser extend,
polyphenals, were strong deterrents to fungal growth, A possible incorporation of
eucalyptus Iitter into secondary production in a reasonable time span is suggested. We
hypothesise that aquatic hyphomycetes play a dominant role in the eucalyptus
breakdown process overlapping shredder low consumption or low density.

Introduction

The exotic species Eucalyptus globulus (Labill) was intreduced in 1829 in the
Iberian Peninsula. Nowadays, this species 1s common and widespread in Portugal where
monocultures occupy over 21% of the forested area. The evergreen eucalyptus was
mainly planted for the paper mill industry replacing the onginal mixed deciduous forest
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and pine plantations. Given the large evidence that low order streams derive most of
their energetic requirements from senescent leaves originated in the riparian zone and
that leaves of trees differ in their quality, changes in the riparian forest have the
potential to affect the streams. Alterations of forest cover or litter input were already
documented to affect the aquatic biota (Molles 1982, Stout et al. 1993, Wallace et al.
1999).

Attempts to documnent the effects of eucalyptus afforestation on the energetics
of Portuguese low order streams are few and recent (e.g, Abelho and Graga 1996,
Canhoto and Graga 1999). However, changes in the structure and functioning of these
ecosystems were, nevertheless, expected.

In order to determine the ecological effects of eucalyptus plantations on Central
Portuguese streams we compared the macroinvertebrate community structure of low
order streams flowing through three forest types — deciduous, eucalyptus and mixed
(eucalyptus with a deciduous riparian vegetation). Moreover, because the physico-
chemical charactenstics of leaves affect decomposition through their influence on
fungal colonisation and invertebrate consumption, we also analysed fungal richness and
sporulation rates of fungi colonising decomposing leaves. Finally, we examine
mechanisms of fungal invasion of leaves and tested the potential effect of polyphenolics
and eucalyptus oils to inhibit fungal growth,

This Chapter includes information already published in Hydrobiology (1996. 324:
195-204, 1996, 333: 79-85) and Microbial Ecology (1999, 37: 163-172).

Materials and methods
Macroinvertebrate community structure

The first question to address was if the invertebrate community differed
between perturbed and unperturbed streams.We selected streams running through
the forest types classified according to the surrounding vegetation into “deciduous”
(dominated by Castanea sativa and to a lower extent Quercus spp.), "eucalyptus” (in
E. globulus forests) and “mixed” (flowing through eucalyptus forest but bordered by
indigenous deciduous trees: Salix spp., Quercus spp., and others). We collected
samples of macroinvertebrates in three deciduous (D1,02,D3). three eucalyptus (EI,
E2, E3) and four mixed forest (M|, M2, M3, M4) streams. The deciduous forest
streams were located at Mata da Margaraga and Fraga da Pena. They were compared
with streams at Serra do Caramulo. Some of which run to the Mondego basin
whereas other run to the Vouga basin. Six sample replicates were collected from
each site with a hand net (0.3 X 0.3m; 0.5mm mesh size, covering an area of 0.3 X
Im). The samples were transported to laboratory to be sorted. Animals were kept
in 70% alcohol and identified to the lowest possible taxonomic level. For each
sample, the number of individuals and taxa were calculated. Comparisons among
three stream types in terms of number of taxa and number of indviduals were made
by ANOVA,



Decomposition rates

Leaves of alder (Alnus glutinosa), chestnut (Castanea satva), oak (Quercus faginea)
and eucalyptus (E globulus) were collected during senescence from individual trees, and
stored dry until needed. They were dried (50°C; 48h), weighed and assembled in
groups of 3 g in nylon bags (0.5 mm mesh size). A total of |60 packs tied to 10 ropes
(4 replicates of each species per rope) were placed in Ribeira do Sobral Cid, Coimbra.
At days 0,3,7, 14,21,28,42,56, 70 and 84, one rope was randomly retrieved from the
stream. The leaves from the bags were then washed, incubated for sporulation (see
below), and dried at 50 "C for 48h.Weight loss was expressed as a percentage of initial
weight (n = 3). Decomposition rates were esurmated using the exponental decay
model W\ =W e, where W, is the remaining weight at time t,Wh is the initial weight
and k is the decay coefficent (Petersen and Cummins |974). Regression lines (In
transformed data) were compared by Covarnance Analysis followed by a Tukey test
(Zar 1984).

Before drying the leaves, leal fragments were individually incubated in petn dishes
flooded with sterile water for 2 days (15°C). This time was enough to get abundant
detached conidia. Identification of fungal comdia was made under an inverted
microscope.

Fungal colonisation: invasion processes and growth limitations

In a second decomposition expernment. changes in leaves nitrogen content
(Kjeldah! method: Wilde et al. 1972) and total phenolics (Folin Denis assay; Martin and
Martn 1982) were analysed. Eucalyptus leaf fragments were also prepared for
observations at light and electron microscopy. To observe cuticle changes and fungal
invasive processes small eucalyptus leafl sections were fixed in 2.5% glutaraldehyde,
post-fixed in |% buffered osmium tetroxide and dehydrated in graded ethanol senes
(20-100%). SEM observations were made on small leaf sections critical-point dried
with carbon dioxide as transition fluid, coated with geld and mounted on aluminium
stubs. For optical microscopy, the samples were dehydrated and embedded in Spurr’s
resin (Spurr 1969). Semithin sections were than stained with 0.2% toluidine blue before
observation.

To test the effects of eucalyptus secondary compounds on fungal growth,
increasing concentrations (0-7.5%) of tannic acd or eucalyptus essential oils were
added to a malt extract agar mediumn. Laboratory cultures of aquatic hyphomycetes
involved in leafl decomposition were used to inoculate the agar plates (at least 3
replicates per treatment). We used the following species: Articulospora tetracladia,
Heliscus lugdunensis, Lemonniera aquatica, Lunutospora curvulo, Tneladium angulatum and
Triclaciurn graole. Fungal growth was allowed for |5 days and expressed as the increase
in the colony size (squared mean diameter — cm’). Results were treated using one-way
ANOVA followed by a Student-Newman-Keuls test. The EC50 values were obtained
using a Probit analysis (Finney [971).
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Results

In terms of quantity of invertebrates, the number of indviduals was significantly
higher in the deciduous forest streams than in the eucalyptus or mixed forest streams
(H = 594, P < 0.05). In terms of taxa, higher richness was observed in the deciduous
forest streams (Fig. |) but the difference was just above the significative limit (H = 5.66,
P > 0.05).The proportion of individuals per functional group was similar in all streams
with predominance of collectors and shredders.
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Frg 1. Mumber of indinduals (dark bars) and number of taxa (light bars) of iwertebrates (mean + SE)
collected in the streams flowing through deciduous, mixed and eucalyptus forests (after Abelhe and
Graca 1996)

Leaves of the four tested species differed in their breakdown rates (ANCOVA; P <
0.05). Processing was faster on A. glutinosa (K — 0016 day") followed by C samva (K —
0.008 day "), E globulus (K — 0007 day') and, finally, Q. faginea (K — 0.004 day') (Fig. 2a).

Initial nitrogen {N), expressed as a % of leaf dry weight, ranged from 0.78%
(chestnut) to 2.8% (alder). Oak and eucalyptus presented intermediate values (1.3%
and 1.5%, respectively). Following immersion of leaves in the streams, N contents
increased with conditioning tme in all leaf species to a maximum at 2| days in alder
and over 60 days for the other species. Higher initial polyphenolic percentages were
observed in |eaves of cak (14.1%) followed by chestnut (9.2%), eucalyptus (6.1%) and
alder (5%) (Fig. 2b). Soon after immersion, the leaves polyphenolic contents decreased
rapidly and, by day 28, it stabilised in about 2%,
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Fig. 2 (a) Percentage of mass loss and k values of leaves of alder (A), chestnut (C), oak (Q) and eucalyptus
(E) decompaosing, tver 84 days, in a stream: (b) Intal phenalic content each leaf type {after Canbioto
and Graga 1996).

Conidial production of fungi colonising decomposing leaves followed the same
pattern as breakdown rates being quicker on the faster processed leaves of A. glutinosa
and C. sativa than in the E globulus and Q. faginea. However, a clear increase in the
number of fungal species occurred with time for all leaf species (Fig. 3).
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Fig. 3. Cumulative number of taxa of aquatic hyphomycetes in decomposing alder chestnut, oak and
eycalyptus leaves over B4 days A = alder; C = chestnut: O = oak; E = eucalyptus.

Transverse sections of eucalyptus leaves showed a coherent and resistant waxy
cuticle over the epidermis with thinner extensions lining the substomatal cavities. This
barrier was practically unaltered through 5 weeks of immersion isolating the leaf
parenchyma from the exterior. Mycelial penetration, apparent soon after immersion,
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Fig. 4. Scanming electron micrograph of hyphae crossing stomata (x525) of an eucalyptus leaf after 2 weeks
immersion in a stream.

occurred mainly through stomata (Fig. 4). The oil vesicles of the eucalyptus leaves
largely remain intact over time.

The addition of eucalyptus oils or tannic acid to the solid media completely
inhibited or depressed fungal growth (Fig. 5). In fact, H. lugdunenss, L curvula and T.
angulatum growth was significantly decreased by the addition of either oils (P < 0.001;
35.96 < F < 63.14) or tannic acid (P < 0.001;33.77 < F < 243.49) while the other fungal
species (A. tetracladia, L aquatica and T. gracile) did not grow at all.

Higher percentages of tannic acid were always needed to get a signficative
inhibrtion of fungal growth (Student-Newman-Keuls test; P < 0.05) of fungal growth
~ 0.75% for L. curvula, 0.25% for T. angulatum and H. lugdunensis (vs. 0.1% oils in all
cases). For the same concentration of tannic acid or oils, these species consistently
exhibited smaller colonies in the presence of oils. Consistently, smaller amounts of
oils were also needed to completely suppress growth of H. lugdunensis and L curvula.
In fact, low and similar values for EC50 were obtained when oils were present: 0,248
(0.086 - 0.717 95% CL) for H. lugdunensis, 0.290 (0.186 — 0.45 95% CL) for L curvula
and 0.358 (0.234 — 0.55 95% CL) for T. angulatum. Lunulospora curvulg was the most
tolerant species to tannic acid (EC50 = 2.202; |.56 — 3.104 35% CL) followed by H.
lugdunensis (ECS0 = |.1914,0.83 — 4.43 95% CL) and T. ongulatum (EC50 = 0.528:
0.39 — 0.715 95% CL).
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Fig. 5. Growth of 3 speces of aquanc hyphomycetes in malt extract agar medium supphed with increasing
concentrations of (a) tannic acid and (b) eucalyptus essential oils. Growth was allowed for |5 days. HI
= Heliscus lugdunensis; Lc = Lunulesorn curvula; Ta = Tridedium enguigturn. The symbol * indicates the
lowest concentration of tannic acid or oils that induced a significant (P < 0.05) decrease in fungal
growth (after Canhoto and Graga [999).

Discussion

Allochthonous organic matter plays a major role in energy and matter flow in low
order streams. Abelho and Graga (1998) showed that perturbations of npanan areas
as eucalyptus afforestations induced great changes in the patterns and quality of litter
inputs to the streams. Ongnally dependent on autumn-shed [eaf litter as the main
energy source, many low order streams of Central Portugal rely now on a similar but
continuous supply (with a peak in summer when discharge 15 minimal) of organic
matter of low quality.
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Streams running through eucalyptus and deciduous forests differed in
macroinvertebrate assemblages. These differences may be related with two main
factors: first, a direct result of changes in the seasonality of litter inputs (Abelho and
Graga 1996). Life-cycles with larval stages in autumn (when food was abundant) may
be at higher risk of being eliminated by the eucalyptus new timing of food supply.
Secondly, the leaves themselves may be a low quality resource. Previous papers
(Canhoto and Graca 1992, 1995) demonstrated that Sericostoma vittatum (Rambur)
and Tipulo lateralis (Meig.), two common shredders in Portuguese streams, were unable
to grow and survive in a diet of conditioned eucalyptus leaves. Leaf toughness, high
phenolic and oll contents (up to 5% of leaf weight; Costa 1964) have been considered
responsible for the low food quality of these leaves (Mellilo et al. 1982, Campbell and
Fuchshuber 1995, Canhoto and Graca 1995). A third factor may explain the differences
in macroinvertebrate assemblages: changes in the streams hydrological regime. Abelho
and Graga (1996) reported higher hydrophobic soils in eucalyptus forests. f this
characteristic is a consequence of eucalyptus plantations, than rapid run-off in the rainy
season prevents mfiltraton and therefore less water available in summer with a
consequent drying of some small streams.

Eucalyptus leaves have some physico-chemical similarities with the deciduous oak
and chestnut. Processed at a medium rate, as chestnut, the colonisation of the exotic
leaves by aquatic hyphomycetes seems to be ruled by the particular presence of a
resistant waxy cuticle that hardens the leaves and reduces hyphal penetrating capacity.
A constrained (stomatal) area of fungal access to the leaf mesophyll is, most probably,
the primary cause of the delayed. not decreased, conidia production observed in these
leaves. Barlocher et al. (1995) showed that, given enough time, maximal conidia
production in fully conditioned eucalyptus leaves was higher than in alder; furthermore,
the cumulative number of species 1s similar between both leaf species, Nevertheless,
distnct patterns of fungal colomisation of eucalyptus from the other leaf species were
detected (see Canhoto and Graga 1996) suggesting the possibility of a resource
specificity of some fungi (Chamier and Dixon 1982).

The role of phenols and terpenes as defensive compounds against fungi is
generally accepted (Bunn | 988, Bennett and Wallsgrove 1994, Barlocher et al, 1995)
and was carroborated by our study. As in marine and terrestrial environments
(Steinberg 1988) oils showed a stronger depressing effect on fungal growth than
phenols. Protected by the cuticle, the deterrent effects of both leaf defences in
eucalyptus leaves seem to last for a long time: a slow initial decrease in polyphenolic
leaf contents and an elongated integrity of the oil vesicles in the leaf matrix may
inhibit fungal enzymatic actvity and limit microbial colonisation (Canhoto and Graga
1999).

In summary, the microbiological breakdown of eucalyptus leaves, highly dominated
by aquatic hyphomycetes, seem to proceed predominantly in and from the leaf
mesophyll to the outside, primarily because of a resistant cuticle, The predominance of
apparently intact but "hollow’ leaves, common in eucalyptus streams, suggests that such
degradation process may overlap shredders (low) consumption or density (see
Canhoto and Graca 1999).




In our experiments, mixed streams had an intermediate number of invertebrates.
This is relevant for forest management since it seems to indicate that the presence of
an unperturbed riparian corridor may attenuate the effects of eucalyptus plantations.
A possible incorporation of eucalyptus litter inta secondary production in a reasonable
time span was also suggested by our work. However, differences in the timing of supply
of eucalyptus detritus, distinct stream hydrolagy, potential changes in the stream fungal
microflora and eucalyptus low quality to some shredders are crucial factors that must
be carefully considered.
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