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ABSTRACT

The influence oEucalyptusplantations on the structure and composition of macroinvertebrate com-
munities associated with the aquatic f&alvinia auriculataAublet were investigated in a high altitude

lake bordered by either secondary Atlantic foresEacalyptusplantations. Comparisons of the
diversity of Chironomidae (Diptera, Insecta) larvae in the littoral zone between these two vegetation
types showed higher diversity of larvae in waters bordered Elbigalyptus The results
demonstrated that the predominance of carnivotax@among the macroinvertebrate fauna appears

to be the major controlling factor for limiting diversity in lake areas borderedumalyptus

Key words Chironomidae Chironomus macroinvertebrates, environmental impact.

RESUMO

Influéncia de plantacdes ddeucalyptussobre a macrofauna associada a
Salvinia auriculatano Sudeste do Brasil

Foi estudada a influéncia de plantacBe&dealyptussobre a composicéo e a estrutura de comunidades

de macroinvertebrados associados a macréfita aquadilvania auriculataAublet, em um lago de
altitude, margeado por Mata Atlantica secundaria e plantaco&siclyptus Comparando a di-
versidade de larvas de Chironomidae (Diptera, Insecta) entre as duas margens, foi evidenciada maior
diversidade na margem coBucalyptus Os resultados obtidos mostraram que a predominancia de
taxacarnivoros entre a macrofauna pode ser o principal fator controlador da diversidade de organismos
nas areas circundadas por plantacéeEwelyptus

Palavras-chaveChironomidaeChironomus macroinvertebrados, impacto ambiental.

INTRODUCTION charcoal production mainly consumed by
metallurgic and cellulose industries (Guerra, 1997).
The ecological consequenceskafcalyptus The Atlantic forest has been reduced to less than
plantations on aquatic biodiversity of the littoral 7% of its original vegetation. Less than 1% is
zone are still almost unknown to science. In Brazilprimary forest (Fonseca, 1985).
especially in the State of Minas Gerais, a significant A principle impact of this gradual defores-
part of the Atlantic forest was gradually replacedtation is surface water contamination by fertilizer
in the early 1920s with plantation Bfuicalyptus (200 kg/ha on average) (Guerra, 1997) and agro-
trees. These rapidly growing trees were used fochemicals, which are used to manage the
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Eucalyptusplantations. In addition, the hilly topo- examined the relationship between populations of
graphy of Minas Gerais (in conjunction with clear- Salvinia auriculataon two distinctly different
cutting) increases erosion and pollution in regionakhorelines and the diversity of its associated

lakes and streams. macrofauna during the dry and wet seasons of 1997.
Several studies have investigated the effect
of Eucalyptugplantations on the structure of natural THE STUDY AREA

communities and their diversity (e.g., Bunn, 1988;
Pozo, 1993; Canhoto & Graca, 1995; Molinero Lagoa Teobaldo is located within the Severo
et al.,1996; Pozet al.,1997). Sabara (1994) also Stream watershed (13'84"S; 4247'28"W; 900
demonstrated that the monoculturesafcalyptus  m altitude), a tributary of the Piracicaba River in
produces a low-quality allochthonous contributionMinas Gerais. The lake has a triangular shape, an
of carbon from the woody litter of branches, inarea of 10 ha, a maximum depth of 7.0 m, and a
comparison to that produced by secondary Atlantienean depth of 1.3 m. The lake is relatively warm
forest whose leaves are easily decomposed. with temperatures ranging between Y& Zdry
Sabara (1994) evaluated the potential impactseason) to 27°C (rainy season). The lake waters
of Eucalyptusplantations on two natural lakes in tend to be acidic during the rainy period (pH =
Minas Gerais and pointed out that the contributiorb.2), and neutral (pH = 7.0) during the dry period.
of allochthonous biomass from secondary foresThe oxygen concentration shows considerable
vegetation is ca. 2.5 times greater than that fronvariation between 0.2 mg/L during the rainy period
Eucalyptus Furthermore, the former contributes and 10.4 mg/L during the dry period. Electrical
ca. 3 times more soluble carbohydrates, lipids, andonductivity ranges between 8.5 uS/cm during the
crude protein. dry season to 59.5 uS/cm during the rainy season.
Due to the littoral zones of freshwater Increased conductivity during the rainy season is
ecosystems, normally have greater macroinverindicative of greater allochtonous inputs during
tebrate diversity especially in association withthis period. Ammonium (N} is the dominant form
aquatic macrophytes than do in the lake, bottomsf nitrogen in the water column and during this
the richness in microhabitats, Macrophytes offerstudy it increased up to 221.8 ug/L during the rainy
protection from predators, are a direct and indirecseasonThe highest recorded nitrate (NOevel
source of food, increase the amount of habitat pewas 81.8 pg/L during the dry season. Nitrate
area of benthos (Newman, 1991; Humphriespitrogen normally stays below 11 ug/L for most
1996), and are sites for the completion of the lifeof the year. Soluble phosphorus ranged between
cycles of several aquatic and semi-aquati.0 and 30.3 pg/L during the wet and dry seasons,
organisms (e.g., Pelli, 1988, 1994). Chironomidagespectively.
larvae (Diptera, Insecta) are usually present in the
fauna of the littoral zone. They are excellent MATERIAL AND METHODS
organisms for the study of human impacts on
aquatic ecosystems because they exhibit high In situ measurements of temperature, pH,
species richness, wide distribution, and havalissolved oxygen, and electrical conductivity, were
species that are representative of many functionahade using a H 20 Water Quality Multiprobe (Hy-
groups such as shredders, gathering collectors, filteirolab). Water samples were collected with a Van
feeders, herbivores, and carnivores (CranstorDorn bottle and fixed for subsequent chemical
1995; Callistoet al., 1996). analysis using the techniques of Mackeretlal.
This study compared shorelines of a lake,(1978) and Goltermaat al. (1978). Samples of
one bordered bfucalyptusplantations and the S. auriculatawere collected in triplicate using a
other by natural forest upon the composition andhand net (250 um mesh, 0.62%)muring the dry
structure of the macrofauna associated withand rainy periods of 1997. Samples were preserved
Salviniaauriculata Two distinct shorelines of a with formaldehyde solution (10%) for later ana-
natural high altitude lake were studied, one directhfysis. The S. auriculata samples were rinsed
influenced by &ucalyptusplantation, and the other through a 250 um mesh sieve and insects sorted
bordered by a secondary Atlantic forest. This studyinder a stereomicroscope. Identification of ma-
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croinvertebrates was performed according to Wieby Nanocladius(Cranston, 1995); and e) other
derholm (1983), Merritt & Cummins (1988), Epler common genera such d@heotanytarsusand
(1995), and Pescador (1997). Chironomidae larvaganytarsini genera variaGenera of the Ortho-
were identified at 400X after mounting using a 10%cladiinae (e.g.NanocladiusandOrthocladiug might
lactophenol solution. Richness, density, andbe expected to be found in Lagoa Teobaldo because
Shannon diversity at base 2 were calculated aftesf its high altitude. Genera belonging to the

larvae identification. subfamilies Tanypodinae and Chironominae were
also found within the sediments (unpublished data)
RESULTS AND DISCUSSION underneath the dense populationSalvinia auri-
culata
At both shorelines, the results showed that It was observed that the increase of alloch-

the stand of5. auriculatais the preferred site (ca. thonous organic matter into the littoral zone during
80% total organisms) for macroinvertebrate colo-the rainy period enhanced resources available to
nization when compared to the leaves. The majoritghe macroinvertebrate community by presenting
of organisms were fixed to plant detritus attachedhew opportunities for colonization, refuge, and
to the roots, probably attracted by bacteria, fungiforaging. Increased inputs of allochthonous carbon
and yeasts living on the plant detritus. For $he directly results in an increase in Chironomidae
auriculata populations bordered bgucalyptus larvae diversity. However, increased pressure from
plantations, undecomposed bark and leaves prgredators also occurred during the rainy season
dominated which probably limited colonization because of the increase in nymphae of Odonata
by macroinvertebrates. The shoreline bordered band larvae oAblabesmyiandLabrundinia(Table
secondary forest was observed to have highly det). These observations are supported by increases
composed material, and a higher observed totakgistered in richness, equitability, and Shannon
number of macroinvertebrates. diversity index (p < 0.05) (Fig. 1).

Numerically, macroinvertebrates were mainly During the rainy period, the taxonomic com-
represented by Chironomidae larvae (55.68% position of Chironomidae larvae associated with
4.87%), Oligochaeta (17.1%10.5%), the Odonata populations oSalvinia auriculateon the shorelines
(4.1%= 3.2%), and the Amphipoda Gammaridaeinfluenced byEucalyptusplantations showed a
(7.6%= 6.5%) (Table 1). Planariidae, Hydracarina,decreased number of carnivorous taxa and an in-
Ephemeroptera, Lepidoptera, Coleoptera, Heteroperease in general diversity (p < 0.05). In contrast,
tera, Diptera, Ceratopogonidae, Culicidae, Stratioduring the dry period, the number of carnivorous
myidae, and Tipulidae were found in low numberstaxa increased and biodiversity decreased (p <
Among the Chironomidae larvae, 18 genera wer@.05). A similar trend was noted for the macrophyte
identified, not including those belonging to the tribecommunity, associated with auriculatapordered
Tanytarsini, most of which have not yet beenby natural vegetation (Fig. 1).
described for this neotropical region (Fittkau & Our results show a distinct relationship be-
Reiss, 1973). tween shoreline vegetation, the composition of the

Since Chironomidae dominates the macro-smacrofauna community, and the health and density
fauna and thus have an important ecological rol®f S. auriculatapopulations on the two shorelines.
in this lake community, we grouped them into five A more stable community structure was observed
major categories: a) carnivores, mainly representeih the littoral zone bordered by natural vegetation
by Ablabesmyia, Labrundiniaand Tanypus b)  (no significant changes in species composition and
miners, represented I§oeldichironomus, Beardius, total area used between dry and rainy periods).
Polypedilum, Nimbocera, Parachironomus, Asheumk-or the littoral zone bordered IBucalyptusplan-
Harnischia, PhaenopsectrandXestochironomus tations, populations of less develofduriculata
(following Epler, 1995); c) indicators of eutrophic occurred (lower number of leaves and less de-
conditions, i.e., well adapted to low oxygenveloped stand), with an associated community
concentrations such &adopelma, Chironomus, formed by organisms with smaller body size, lower
andPhaenopsectrgWiederholm, 1983); d) taxa diversity, and dominated basically by Chironomidae
characteristic of high altitudes, mainly representedarvae and a few Odonata.
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TABLE 1
Density (ind/m?) and standard deviation, relative percentage (% ind/rf) of macroinvertebrates associated
with Salvinia auriculata (Aublet) stands at Lagoa do Teobaldo, Southeast Brazil, surrounded by natural
vegetation andEucalyptusspp. plantation during rainy and dry periods of 1997.
Natural vegetation Eucalyptusplantation
Taxa
Rainy Dry Rainy Dry
Planariidae - - - 7+3(0.2)
Oligochaeta 1,918 +25(0.1) 273 + 3 (10.6) 798 + 15 (16.0) 315+ 30 (9.6)
Hydracarina 7+2(0.1) 7+1(0.3) 14 £6 (0.3) -
Aracnida (terrestrial) 7+1(0.1) 7+5(0.1) -
Amphipoda Gammaridag 273 +13 (4.7) 420 £5 (16.3) 49 +2 (1.0) 280+ 18 (8.4)
Ephemeroptera 42 +12 (0.7) 56 + 3 (2.2) 364 +19 (7.2) 7+3(0.2)
Lepiddptera 7+3(0.1) - - -
Coledptera 35+5(0.6) 21+4(0.8) 28 +£9 (0.6) 28 + 4 (0.8)
Odonata 329 +12 (5.5) 42 +7(1.6) 406 + 29 (8.0) 42 +5(1.3)
Trichoptera - - - 21 +6 (0.6)
Polycentropodidae
Polycentropuglarvae) | 7 +4 (0.1) 49 +8 (2.0) - 14+2(0.4)
Heteroptera
Belastomatidae
Belostomgnymphs) - 14+ 2 (0.5) 63+3(1.3) 7+3(0.2)
Belostomgadult) - 7+3(0.3) - -
Naucoridae 42 +2(0.7) 14 £ 2 (0.5) 21+5(0.4) 7+3(0.2)
Notonectidae 21+3(0.3) - 42 +3(0.8) 21+2(0.6)
Gerridae 7+1(0.1) 7+2(0.3) 14 +5(0.3) -
Diptera 7+1(0.1) - - 7+2(0.2)
Ceratopogonidae 56 + 3 (0.9) 224 +12 (8.7) - 791 + 55 (23.9)
Culicidae 21+1(0.3) - - -
Stratiomyidae 14+4(0.2) 7+3(0.3) - 28+4(0.8)
Pupae of Chironomidae 77+5 (1.3) 35+5(1.4) 112+3 (2.2) 7716 (2.3)
Tipulidae - - - 7+1(0.2)
Chironomidae (larvae)
Orthocladiinae
Nanocladius - 14 +3(0.5) - -
Orthocladius - - 7+1(0.1) -
Tanypodinae
Ablabesmyia 1,645 +215 (27.7) | 1,043 +67 (40.6) 644 + 54 (12.8) 1,120 + 328 (33
Labrundinia 1,057 +257 (17.8) | 203 +119 (7.9) 392 +112 (7.8) 343 + 65 (10.4)
Procladius - 21+2(0.8) - -
Tanypus - - 14 £8(0.3) 98 £17 (2.9)
Chironominae
Asheum - - 7+4(0.3) -
Beardius - 21+7(0.8) 175 + 35 (3.5) 28+ 11 (0.8)
Cladopelma - - 609 + 112 (12.0) -
Chironomus 21+3(0.3) - 735+ 25 (14.6) -
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TABLE 1 (Continued)

Taxa Natural vegetation Eucalyptusplantation

Rainy Dry Rainy Dry
Goeldichironomus 154 + 31 (2.6) 35+ 12 (1.4) 77+ 17 (1.5) 28+ 13 (0.8)
Harnischia 28 +11 (0.5) 7+3(0.3) - -
Parachironomus - - 14 +8(0.3) 21+3(0.6)
Phaenopsectra 7+3(0.1) - 42 + 12 (0.8) -
Polypedilum 28 + 11 (0.5) 42 + 4 (1.6) 98 + 31 (1.9) 21+ 11 (0.6)
Xestochironomus 7+2(0.1) - - -
Nimbocera 7+2(0.1) - 154 + 25 (3.0) 7+3(0.2)
Rheotanytarsus 21+5(0.3) - 14 +1 (0.3) -
Tanytarsinigenera varia 112 +11 (1.9) - 147 + 13 (2.9) -
Total 5,957 (100) 2,569 (100) 5,040 (100) 3,325 (100)

Eucalyptus spp. plantation Secondary natural vegetation

Small waterfall

Input of
allochthonous
matter

Low biomass of Salvinia auriculata The carnivorous abundance "control" High biomass of Salvinia auriculata

the biodiversity of chironomids

. High stability in litoral zone
Rainy season:

low carnivorous; high biodiversity Rainy and dry seasons:

Dry season: high carnivorous; low biodiversity high carnivorous; low biodiversity

Rainy Dry Rainy Dry
N 425 238 N 425 199
R 13 8 R 10 9
H 281 1.49 H 151 1.33
E 076 0.50 E 045 0.42

Fig. 1 — Diagram of the main ecological characteristics of Lagoa do Teobaldo in the rainy and dry seasons of 1997. Note
the differences comparing the littoral zone near vegetatidbuchlyptusspp. plantation to the littoral zone near second-

ary natural vegetation. N = number of individuals, R = taxonomic richness of chironomids, H' = Shannon diversity at base
2, E = evenness.

Where the littoral zone is bordered by naturalindividuals, taxonomic richness, and abundance of
vegetation, the floating populations®fauriculata  most of the commonest taxa of phytophilous macroin-
are dense and have plants with more leaves and morertebrates in the macrophyte communities with the
developed stands. In this area, no differences wemaost complex structure. This author also stated that
observed in the diversity of macroinvertebratedifferences in total invertebrate abundance among
between the dry and rainy periods. macrophyte species cannot be explained only by

Similar conclusions were reached by Humph-differences in plant biomass or water depth. Other
ries (1996) who found greater total abundance o¥egetational variables such as plant surface area,
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number of available microhabitats, and/or other factorEONSECA, G. A. B., 1985, The vanishing Brazilian Atlantic
may play a key role in macrofaunal colonization. ~ Forest.Biological Conservation, 34): 17-340.
In summary, our results clearly suggest thaGOLTERMAN, H. L., CLYMO, R. S. & OHNSTAD, M. A.

: : M., 1978,Methods for physical and chemical analysis
dense, healthy pOpUIatlonS 8f auriculatacan of freshwater Blackwell Scientific Publication, Londres,

support higher diversity and more stable popu- 5145

lations of macromvertebrate's. On the ot'her han.dGUERRA‘ C. B.. 1097, Environment and work in the Eu-
our results demonstrated a higher diversity of Chi-  cayptus world: a case study from the Piracicaba River
ronomidae larvae associated whlvinia auri- region, in Minas Gerais, BrazilConferéncia IUFRO
culataat the littoral zone surrounded Bycalyptus Sogfe 3"V'C1U7'tgf e Melhoramento de Eucalipt&al-
plantations when compared with the area surroun- 290" PP- 2/=2%.

ded by natural vegetation. This, suggests no impa&UMPHRIES, P., 1996, Aquatic macrophytes, macroinver-
f thi lanted v tation on diversit f th tebrate associations and water levels in a lowland Tas-
or this planted vegetation o ersity oF theé  anian RiverHydrobiologia, 3213): 219-233.

Chironomid assemblage. However, changes in the

itv struct dt . it MACKERETH, F. J. H., HERON, J. & TALLING, J. F,,
communily structure and taxonomic composiuon 1978,Water analysis: some revised methods for limnolo-

were evident, probably due to the differences in gists Freshwater Biological Association, Cumbria, n. 36,
microhabitats and the pressure exerted by the 120p.

carnivorougaxa (specially Tanypodinae). MERRITT, R. W. & CUMMINS, K. W., 1988An introduc-
tion to the aquatic insects of North AmericZ¢ ed.
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