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Introduction
The limnology of altitudinal rivers in Brazil is poorly
understood, especially with regards to its biodiver-
sity. Although several years of study are necessary for
an evaluation of the aquatic biodiversity at the spe-
cies level, it is of great importance to start this
approach with the characterization of abiotic param-
eters and an inventory of aquatic communities. Spe-
cial attention must be paid to the assessment of the
distribution and structure of the aquatic communi-
ties, the diversity of habitats and microhabitats,
available trophic resources and the associated ecolog-
ical processes (e.g. energy flux and nutrient cycling).

In seeking a wider knowledge of the aquatic biodi-
versity in Brazil, the concept of the watershed as the
study unit has been used as a tool for the definition
of environmental politics, conservation and manage-
ment (TUNDISI & BARBOSA 1995). This approach also
introduces new space and time scales, the need for
the development of interdisciplinary activities, and a
new concept for building capacity to act in the solu-
tion of different environmental problems.

The main objective of this study was to inventory
the aquatic biodiversity along the altitudinal gradi-
ent in the upper Doce River, Parque Nacional da
Serra do Cipó. The structure and function of
benthic macroinvertebrate communities, yeasts and
microbiologic indicators, and the assessment of phy-
toplankton primary and bacteria production, were
studied in the rainy and dry seasons of 2000.

Study area
Serra do Cipó is located in the central part of Minas
Gerais State (19° 12'–19° 34' S, 43° 27'–43° 38' W),
and separates two important watersheds: São Fran-
cisco River basin and Doce River basin. The main
vegetation in the area is altitudinal rupestrian fields
(regionally called ‘campos rupestres’) and, in the
lower areas (<1000 m), the savanna (locally called
‘cerrados’) predominates. The waters of the Doce
River basin are used by more than 3 million inhabit-

ants in about 300 municipalities. The streams and
rivers in Serra do Cipó are sites of major importance
for the maintenance of the wildlife in this altitudinal
area, possessing a high aquatic biodiversity.

Serra do Cipó has a subtropical climate with a
marked dry season, and an annual hydrologic deficit
of up to 60 mm. The annual median temperatures
oscillate between 17 and 19 °C and the median pre-
cipitation between 1450 and 1800 mm, allowing an
annual potential evapotranspiration of between 700
and 850 mm.

The streams in the Doce River basin show a longi-
tudinal zonation, with eucrenon and hypocrenon
zones (headwater stretches), epirhithron, metar-
hithron and hyporhithron (upper reaches, with mid-
dle water temperatures, not exceeding 20 °C, rapid
current and well oxygenated) having been identified.
In this part, the absence of appreciable plankton,
and a benthic fauna with morphological, behavioral
and physiological adaptations, are directly or indi-
rectly related to cool water and current velocity. In
the epipotamon and metapotamon zones, water
temperatures exceed 20 °C, and oxygen deficiency
can occasionally occur. The water possesses greater
turbidity, fine substrate materials are more abun-
dant, the current is slower, and the benthic fauna
exhibits some special adaptations. Serra do Cipó has
some regions in nearly pristine conditions while oth-
ers have been affected by human activities at several
stages. Lotic zonation was observed along the upper
Doce River, with an aquatic biota well adapted to
the diversity of habitats and available trophic
resources (e.g. mosses, angiosperms, biofilm,
CPOM, FPOM, aquatic macrophytes, riparian vege-
tation).

Material and methods
The abiotic variables in the water column were mea-
sured in situ with a multiprobe Horiba model U-22.
In the laboratory, the organic carbon content was
determined using a TOC-5000 Shimadzu, total
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alkalinity was determined by the Gran method,
modified by CARMOUZE (1994), and chlorophyll a
according to the methods of LORENZEN (1967).
Benthic samples were collected from 19 sampling
stations at Indaiá Stream (1st up to 5th orders) and
Peixe River (7th and 9th orders). The organisms
were collected in mosses, angiosperms, algae biofilm
and riparian vegetation using a Surber dredge (30 ×
30 cm, 250-µm mesh). Following sorting and identi-
fication using a stereomicroscope, the organisms
were deposited in the Reference Collection of
Benthic Macroinvertebrates of the Instituto de Ciên-
cias Biológicas/UFMG, Belo Horizonte. The water
for the microbiological analyses was collected in ster-
ile bottles, transported to the laboratory on ice, and
analyzed within 4 h of collection. The analyses of the
coliform group and heterotrophic bacteria were con-
ducted according to the methods of APHA (1992).
The isolation and identification of yeasts were done
using standard methods (KURTZMAN & FELL 1998).
Primary productivity was determined by the light
and dark bottle (65 mL) method with 0.5 mL of
NaH14CO3 (2 µCi/mL) over 4 h. In the laboratory,
20 mL were filtered through a 0.45-µm Millipore fil-
ter and transferred to scintillation vials. Bacteri-
oplankton productivity was determined by 3H leu-
cine (166 Ci/mmol) incorporation, at a final
concentration of 10 nM, in a 1.5-mL vial according
to the methods of SMITH & AZAM (1992).

Results and discussion

There is a continuous gradient of physical con-
ditions from the headwaters to downstream in
altitudinal watersheds, including width, depth,
and flow volume, thus forcing the benthic
organisms to rapidly adjust to the available
energy (e.g. available trophic resources and bio-
logical relationships). In Serra do Cipó, the
headwaters (orders 1–2) are not influenced by
the riparian vegetation, which does not exist at
that altitude. Therefore, the consequences of
shading and the input of large amounts of
allochthonous detritus are not present. The
whole area constitutes a spring system, formed
by a very humid soil, that concentrates the
water and goes through small creeks to the
main waterbody, and the terrestrial vegetation is
formed by rupestrian fields. In these stretches
(1st and 2nd orders), a high content of dis-
solved organic carbon (11.3 and 8.2 mg/L,
respectively) and lower pH (4.3 and 4.2, respec-
tively) were detected (Table 1). The presence of

riparian vegetation is important in the 3rd and
4th orders only, where the water surface is par-
tially covered by terrestrial vegetation and sig-
nificant amounts of allochthonous organic mat-
ter input. In the 5th-order stretch, mosses and
angiosperms grow on stone surfaces, and are
correlated with the highest benthic diversity of
the entire watershed studied, especially for may-
flies (mainly Baetidae, Leptophlebiidae and
Leptohyphidae). In the 7th-order part, the
autochthonous producers are probably mainly
responsible for the aquatic metabolism (charac-
terized by submerged aquatic macrophytes and
periphyton in the margins and algae biofilm
attached over the stones). Downstream, in the
9th-order stretch, the main source of energy for
invertebrate feeders comes from outside the
river, in the form of detritus and FPOM. The
periphyton is highly developed on riparian veg-
etation leaves, permanently washed by the
water. The substratum of this stretch is formed
by fine particles such as sand, silt and clay, with
a high amount of organic matter (ca. 40%
DW). The water column is highly turbid and
the autochthonous primary producers have low
light availability. This stretch is becoming
eutrophicated due to prevailing organic loads,
mainly from surrounding farm lands (GALDEAN

et al. 1999). These stretches showed high pH
values (7.3 in both) and low values of dissolved
organic carbon (0.9 and 0.6 in 7th and 9th
orders, respectively).

The phytoplankton primary production was
reduced, as expected for this type of freshwater
system. In the rainy period there was no net pri-
mary production at any of the sampling sta-
tions. In the dry period the highest value (754.3
mg C/m3/h) was measured in the 4th-order
stretch, followed by the 3rd-order stretch
(376.0mg C/m3/h). The lowest value was found
in the 5th-order stretch (0.2 mg C/m3/h). The
chlorophyll a concentration values in the water
were also reduced, with 5.1 mg/L being the
highest value, found in the 2nd-order stretch in
the rainy season, and 0.3 mg/L, the smallest
value, being found in the 1st- and 4th-orders
stretches. The bacterioplankton production
showed the highest values in the rainy season,
873.9 and 747.8 mg C/m3/h, respectively, in
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Table 1. Abiotic and biological data obtained along the altitudinal gradient at Serra do Cipó. ND: not detectable, rainy–dry seasons.
Variables 1st order 2nd order 3rd order 4th order 5th order 7th order 9th order

Latitude 19° 16.6' S 19° 16.6' S 19° 16.4' S 19° 16.4' S 19° 16.0' S 19° 19.5' S 19° 17.6' S

Longitude 43° 31.5' W 43° 31.5' W 43° 31.2' W 43° 31.2' W 43° 10.9' W 43° 20.9' W 43° 15.5' W

Altitude (m a.s.l.) 1650 1630 1450 1430 1380 890 650

Temperature (°C) 22.7–19.0 23.4–17.0 21.5–14.0 21.3–14.0 21.2–14.0 24.7–15.0 24.3–19.0

Turbidity (NTU) 23 34 31 16 27 0 18

Electrical conductivity (µS/cm) 23–10 15–8 13–5 14–9 10–5.59 12–14 14–14

pH 4.3–4.7 4.2–6.2 4.5–6.1 4.4–6.4 4.4–6.9 5.5–7.3 5.8–7.3

Dissolved oxygen (mg/L) 7.9–6.9 8.3–6.9 7.1–6.7 7.4–7.0 8.4–6.8 9.1–7.5 8.7–7.5

Redox (mV) 300 294 303 305 283 164 196

TDS (mg/L) ND ND ND ND ND ND ND

Total alkalinity (µEq CO2/L) ND–ND ND–23.5 ND–46.5 ND–40.7 ND–ND 92.2–121.3 122.7–100.1

Organic carbon (mg/L) 11.3–7.0 8.2–4.1 7.3–3.5 7.8–3.6 5.5–2.4 1.5–0.9 1.6–0.6

Chlorophyll content (mg/L) 0.3–1.9 5.1–3.5 3.5–1.3 2.1–0.3 3.5–3.7 2.4–2.9 4.0–4.8

Phytoplankton production (µgC/m3/h) ND–36.2 ND–17.8 ND–376.0 ND–754.3 ND–0.2 ND–27.1 ND–130.4

Bacterioplankton production (µgC/m3/h) 1.7–299.9 369.9–303.3 747.8–226.2 381.3–211.3 17.9–142.5 873.9–451.5 9.6–641.3

Total number of benthic taxa (Families) 20–21 13–14 12–18 14–21 19–21 11–24 15–21

Mean density of benthos × 103(ind/m2) 7.5 ± 4.0 22.1 ± 24.7 14.3 ± 2.8 6.8 ± 5.8 14.9 ± 16.9 13.8 ± 9.6 1.6 ± 0.8

8.9 ± 6.7 9.9 ± 10.3 8.6 ± 1.7 4.2 ± 4.4 20.0 ± 17.2 30.8 ± 22.1 7.1 ± 7.9

Number of yeast species 0 0 1 1 0 3 2

Balneabilidade level (unidade) Appropriate Appropriate Appropriate Appropriate Appropriate Appropriate Appropriate

Potabilidade level (unidade) Inadequate Inadequate Inadequate Inadequate Inadequate Inadequate Inadequate
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the 7th- and 3rd-order stretches, and the small-
est value, 1.7 mg C/m3/h, being recorded in the
1st-order stretch. In addition to the bacteri-
oplankton production, the concentrations of
dissolved organic carbon were higher in the
rainy season.

The evaluation of yeast diversity enabled the
identification of five species, all with low den-
sity. The most common species were Aureoba-
sidium pullulans and Rhodotorula glutinis, fre-
quently isolated from oligotrophic waters (ROSA

et al. 1995). The counts of filamentous fungi
were higher than yeasts in all sampling stations,
probably because the majority of filamentous
fungi occur as spores. Heterotrophic bacteria,
characteristic of oligotrophic waters, were
found at low densities in all of the river orders.

The microbiological analyses of water quality
were checked against the Brazilian legislation
(CONAMA – National Council for Environ-
ment) and the potability data were compared
with the Brazilian Health Ministry legislation.
The results showed that within the National
Park of Serra do Cipó (1st–5th orders), the
counts of total and fecal coliforms in the water
were very low, below 4 MNP/100 mL, and
were acceptable for recreation. In the stretches
outside the park (7th and 9th orders), there was
a higher density of these bacteria, probably due
to the presence of cattle farms in the area. The
presence of total and fecal coliforms and het-
erotrophic bacteria in the headwaters inside the
National Park of Serra do Cipó render them
bacteriologically unsuitable for human con-
sumption.

The results obtained along the lotic gradient
in Serra do Cipó showed the existence of
unusual characteristics in the studied water-
shed. The assessed biodiversity and water qual-
ity information inside and outside the Serra do
Cipó National Park, using the watershed as the
study unit, constitute fundamental tools for the
establishment of conservation and management
measures, as well as restoration measures.
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