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Watersheds are considered natural units for
environmental management under ecological,
social and economic points of view. A lot of
attention has been given to water quality, a
fundamental natural resource for the sustainability
of the system. Human activities in a catchment
area result changes in the physical, chemical and
biological features of the drainage waters,
frequently damaging to the well-being of the
people who use them. This fact, together with
perspectives of world shortage of aquatic

resources in the near future, has motivated
research on land use and water quality in several
countries (Townsend et al�� 1997; Carvalho, 1996;
Mulholland, 1992).
The integrated study of watersheds resulted in the
development of ecological theories for lotic
ecosystems. Among them, the ULYHU� FRQWLQXXP
FRQFHSW (Vannote et al., 1980; Minshall et al.,
1985; Baptista et al�� 1998) is highlighted as a
conceptual model which proposes the existence of
a previsible continuum of biotic and abiotic
phenomena from source to mouth. Biological
processes downstream are closely related to
particulate organic matter (POM) from upstream.
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The theory was complemented by the SDWFK
G\QDPLFV�FRQFHSW�(Pringle et al., 1988; Bretschko,
1995), which considered both the hydraulic regime
and the catchment landscape heterogeneity,
interpreting the lotic ecosystem as a mosaic of
patches with particular characteristics, but with
strong interactions among the adjacent patches.
These patches were delimited by VHULDO
GLVFRQWLQXLW\� IDFWRUV (Ward, 1994, Sabater et.al.,
1989) which could be either of physiographyc
origin or from anthropogenic activity. These
factors of discontinuity, acting over a certain point
of the river, determine a new ecosystem behavior
in the next patch, and can be measured by the
distance in which their influence are identified
downstream.
The definition of river sections whose biotic and
abiotic features form homogeneous units enables
the evaluation of the trophic state, biotic
composition and the possible interactions between
catchment land use and aquatic system integrity.
An efficient watershed planning or management
program should be based on the identification of the
sub-basins environmental gradients, resulting in
spatial ordering in accordance with their limnological
characteristics (Rios and Calijuri, 1995; Camargo et
al., 1996; Branco and Necchi Jr., 1997).
This work intended to study the spatiotemporal
patterns of the river water, with the specific
objectives:

• to describe the spatial gradient of
limnological variables of the river basin taken
as ecological system;

• to identify and characterize river sections
presenting homogeneous behavior, and
propose a watershed zoning based on
limnological variables;

• to identify the main serial discontinuity
factors and their downstream influences.

The study was based on the fact that the Upper
Iguaçu river basin accounted for 84% of the water
supplied to the metropolitan region of Curitiba
(capital of Paraná state, Brazil) and, at present,
constitute one of the main environmental problem.
Piraquara river was chosen as representative of the
whole basin due to the following characteristics:

• the river flow is roughly similar to an east-west
transect (Fig.1b), crossing a landscape gradient
which starts in a highly preserved environment
and reaches the outskirts of the metropolis;

• the main types of soils (Maack, 1981) and the
four main vegetable formations (Klein et al,
1962; Ziller, 1993) of the Upper Iguaçu Basin
are represented in its 22 km of extension;

• the Piraquara river suffers the smallest level
of anthropogenic interference in the region.
The native vegetation is the main determinant
component of its landscape variability,
according to Rizzi and Guiera (1996).

0$7(5,$/6�$1'�0(7+2'6

6WXG\�DUHD��The Piraquara river basin (area: 9.790
hectares; geographical coordinates: 25º27'30",
25º32'30" S; 48º59'00", 49º07'30" W; altitude:
1350 to 970m above sea level), embraces
approximately 43,5% of the Piraquara District
(metropolitan area of Curitiba - Pr). The source is
located in the west slope of ³6HUUD� GR� 0DU´
Mountains, and the basin comprises the
³0DQDQFLDLV�GD�6HUUD” State Park, an indigenous
landscape preserved since 1912 (Vicentini et al��
1993) inside the ombrofilous dense forest domain
(Veloso et al� 1991). This region is designated as
special area for the provision of water supply.

&OLPDWH� DQG� +\GULF� 5HJLPH�� The climate is
described by Köppen classification system as Cfb
(subtropical humid mesothermic), with fresh
summers and frequent occurrence of severe winter
frosts, and no dry season. The relative air humidity
varies between 79 and 86% (Vicentini et al, 1993).

/DQG�8VH��The Piraquara river basin comprises a
few urban agglomerations and absence of industrial
activity. The agricultural activity is underdeveloped
due to the low fertility of the soils. Most of the
Piraquara City effluents are drained  by the
Iraizinho river basin, and the effluents of the City of
São José dos Pinhais are drained by the Itaqui river,
thus giving to Piraquara Basin a privileged sanitation
condition. Table 1 shows the characteristics of the
watershed land use. Fig.1(b) shows the Upper
Iguaçu basin, the Piraquara River sub-basin
delimitation and the representation of two important
landscapes (urban patches and ombrofilous dense
forest patches). Fig.1(c) shows the watershed,
presenting the sampling points location and the
landscape units adopted in this study. More detailed
description is shown in Table 2.
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7DEOH�����Land use in Piraquara River basin.*

/DQG�XVH $UHD��KD� ��RI�EDVLQ

I – Atlantic rainforest 3095 31,61
II – Second, third and fourth phasis of forest sucession (remnants) 3292 33,63
III – reforestation by Eucaliptus sp. 157 1,60
IV – Oedaphic Fields (converted to pasture) 2418 24,70
V – Atlantic alluvial forest (include wetlands and riparian forest) 519 5,30
VI – Agriculture 170 1,74
VII – Urban areas 139 1,42

* Adapted from Rizzi and Guiera, 1996.

D���� E�

)LJXUH�� - D� Location of the study area;  E� Upper Iguaçú Basin: Hidrography, delimitation of Piraquara river basin,
urban and forest areas (scale = 1:250.000);  F� Piraquara river basin, showing the sampling points and the main
landscape units. Based on COMEC, 1980 and aerial image 1996.
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7DEOH�����Physiografic features in the sections of basin which are represented by each sampling point.*
'UDLQDJH
SDWWHUQ

'HQGULWLF 0HDQGULF

6DPSOLQJ
SRLQW � � � � � � � � �

9HJHWDWLRQ

Ombrofilous Dense Forest
transition to

Ombrofilous Mixed Forest
($UDXFDULD Forest)

Natural oedaphic fields converted to
pasture. Remnants of  $UDXFDULD forest

Small corn crops and horticulture.
Reforestations by (XFDO\SWXV.

Natural
Fields and
wetlands

Wetland

5LSDULDQ
IRUHVW

Ombrofilous Dense Forest
with no differentiation

Ombrofilous Alluvial Forest
(Continuous at all the river course)

Ombrofilous
Alluvial Forest

*HRORJ\

Granite and Migmatite
Pre-cambrian and
cambrian origin.

Cenozoic deposits of  Guabirotuba
Formation (plio-pleistocen).

Siltites, conglomerates and arcosium

Sedimentary
deposits  of recent

quaternary

3UHGRPLQDQ
W�6RLOV

Litholic-alic soils; emergent
rocks; silt-clay soils

Red-yellow alic latosoil; Red-yellow
podzolic soil  and   Hidromorphic soils.

Hidromorphic gley
soils and organic turf

* Based on Klein and Hatschbach, 1962; Maack, 1981; Vicentini et al�, 1993; Veloso et al�, 1991; Ziller, 1993; Piraquara, 1999;
COMEC, 1990 and aerial photograph from 1996.

6DPSOLQJ��Nine sampling points were distributed
along the main course of the river, in agreement
with the landscape units. Six field campaigns were
carried out in the span of one year (Nov 1998; Jan,
Mar, Jun, Aug and Sep 1999). Water samples were
collected according to method described in
CETESB (1987), with sampling repetition after 15
minutes of the first water collection.
The variables and respective analytical methods
were: flow velocity (m/s) and depth (m) according
to CETESB (1988); water temperature (ºC) and
pH with potentiometer INGOLD-206; dissolved
oxygen (mg.L-1), biochemical oxygen demand
(mg.L-1); conductivity (µScm-1), dissolved
inorganic phosphate (µg.L-1), nitrate (µg.L-1),
nitrite (µg.L-1), ammonium (µg.L-1), ortosilicate
(µg.L-1), total nitrogen (µg.L-1) and total
phosphorus (µg.L-1) according to Koroleff (1976);
total solids in suspension (mg.L-1) and
chlorophyll-a (µg.L-1) by spectrofluorescency
according to Strickland and Parsons (1972).

5(68/76�$1'�',6&866,21

Fig. 2 shows water temperature, air temperature
and total rainfall as compared to the average
precipitation in the period 1900-1990 and presents
a typical regional climatic pattern divided in two
different seasons: the warm and rainy summer
(samples from November 98 to March 99) and the
cold and dry winter (June to September 99). Water

temperature and accumulated precipitation in 5, 15
and 30 days before each field campaign denote the
major differences of these seasons.
To analyse the limnologic patterns both
longitudinally and temporally, the results were
graphically plotted (Figs. 3, 4 and 5). Each
variable was represented in relation to the
sampling points 1 to 9 (Fig.1c). The temporal
variation was represented by three data sequences:

q UDLQ\� VHDVRQ: average of samples taken in
November, January and March;

Ò GU\� VHDVRQ�  average of samples taken in
June, August and September;

♦ DQQXDO� mean and standard deviation of all
samples. The standard deviation comprised
the averages and deviations of both the dry
and rainy seasons.

The results showed that the dissolved oxygen
(DO) concentration was directly related to flow
velocity and inversely related to water
temperature, depth and total suspended solids
(TSS). The highest values were observed in the
months when temperature and TSS were lower,
because  these variables can interfere in the OD
saturation degree, as well as in the points with
higher turbulence (1 to 3).  The lower OD values
at point 9 were due to flow velocity and high
contents of organic matter evidenced by the DBO5
higher values, a typical characteristic of wetland
environments.
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)LJXUH���� a) Water temperature by sampling point; b) Air Temperature (monthly average); c) Accumulated rainfall
in 5, 15 and 30 days before each sampling; d)Rainfall (monthly average).
* Source of graphs b, c and d: SIMEPAR – Sistema Meteorológico do Estado do Paraná.

In this point, must of the results present very
similar patterns to those of  lentic ecossystems.
pH values seemed to indicate a buffering
condition, and the values observed in sections 1 to
3 could be related to humic and fulvic acids
(yellow substances) originated by forest littering,
and in point 9 to CO2 released by the
decomposition of organic matter.
The values of total suspended solids (TSS) were
higher in the rainy period, and presented
increasing gradient according to the catchment
area. Particularly outstanding was the influence of

the Piraquara Dam (point 4) and the wetlands
(point 9), where the removal of particles by
sedimentation could be clearly observed. The same
behavior was observed with regard to silicate
(Si(OH)4) and, at point 9, the lowest values could
also be related to the pH, which interfered in the
silicate solubilization strength. The low
conductivity values reflected little interference due
to pollution (fertilizers or domestic residues).

D��:DWHU�7HPSHUDWXUH
��&�

10

13

16

19

22

25

1 2 3 4 5 6 7 8 9

F��$FFXPXODWHG
L I OOLQ�HDFK�VDPSOLQJ

� �

0

100

200

300

400

500

nov jan mar jun ago set

5 days 15 days 30 days

G��5DLQIDOO�±�PRQWKO\�DYHUDJH
� �

0

50

100

150

200

250

300

Studied period 1900 a 1990

E��$LU�7HPSHUDWXUH�±�PRQWKO\�DYHUDJH���&�

0

5

10

15

20

25

Min Max Med
Nov Jan Mar
Jun Ago Set



Marques, P. H. C. et al.

Brazilian Archives of Biology and Technology

388

)LJXUH���� a) Flow velocity (V); b) Depht; c)Dissolved Oxigen (DO); d)Biochemical Oxigen Demands (BDO5);
�e)pH; f)Conductivity; g)Total Suspended Solids (TSS); h)Reagent Silicate (Si(OH)4). Symbols:

    Rainy Season average;      Dry Season average;       Annual average and standard deviation.
Values refer to sampling points 1 to 9.
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)LJXUH���� D��Nitrite (NO2); E��Ammonium (NH4); F��Nitrate (NO3); G��Dissolved Inorganic Nitrogen (DIN);
H��Total Nitrogen (TN) and I��Total Organic Nitrogen (TON)  Symbols:      Rainy Season average;

        Dry Season average;
     Annual average and standard deviation. Values refer to sampling points (1 to 9).

Higher concentrations of inorganic nitrogen
occurred in the dry period, an opposite behavior if
compared to the organic forms. Cconcentrations of
nitrite ion (NO2) were close to the detection limit
of the method employed, with no outstanding
variations which would denote pollution sources.
As for the ammonium ion (NH4), a concentration
peak was registered starting at point 4, which
slowly decreased downstream, indicating clear
influence of decomposition processes in the
Piraquara Dam. The higher values of total nitrogen
(TN) observed at points 1 to 3 were due to the
forest littering processes developed in the Serra do
Mar mountain slope, which acts as an orographic
barrier for the oceanic air masses loaded with
humidity and nutrients. In this section, the largest

fraction of nitrogen was in inorganic form, mainly
the nitrate ion (NO3), probably due to the
availability of dissolved oxygen. Conversely, the
high concentration of total nitrogen verified at
point 9 was related to organic fraction, because of
the assimilation by plants and microorganisms,
which constituted the autochthonous organic
matter in the wetland environment. These results
showed the tendency of the organisms to assimilate
nutrients in the inorganic form in the downstream
sections, according to the ULYHU�FRQWLQXXP�FRQFHSW
(Vannote et al., 1980; Minshall et al., 1985), and it
could be interpreted as the nutrient retention
capacity foreseen by the QXWULHQW� VSLUDOLQJ
FRQFHSW (Newbold, 1982; Mulholland, 1992;
Maltchick et al., 1994).
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)LJXUH���� a)Phosphate (PO4); b)Total Phosphorus (TP); c)Nitrogen/Phosphorus ratio (N:P) and d)Chlorophill–D
(Chloro-D).  Symbols:     Rainy Season average;       Dry Season average;      Annual average and
standard deviation. Values refer to the sampling points (1 to 9).

The geological features of the basin produce small
phosphorus export, transported mainly in its
particulate organic fraction, which characterizes it
as a main growth limiting factor, as shown by the
NT/PT ratio. In the rainy period, higher
phosphorus values were observed, as well as a
tendency for a slight reduction in its concentration
at point 4, due to effluents of the dam.
Next to null values of chlorophyllian pigments
(chlorophyll-D) was observed at points 1 to 3, and
increasing values from point 4 due to the dragging
of chlorophyllian cells from the dam, without
seasonal distinction. The peak of chlorophyll
observed at point 9, more accentuated during the
dry season, indicated production processes of
planctonic and periphitic biomass in the wetlands.
At this point we also verified that the NT/PT ratio
approached the range of 10-20, considered as
ideal N and P supply rate for the algae (Reynolds,
1984).

:DWHUVKHG� ]RQLQJ� In order to establish a river
zoning based on the limnological gradients
observed, we used the Principal Component
Analysis (Asensio, 1988). As the characteristics

of sampling point 9 (wetlands) were quite
different from the observed gradients in other
sampling points, its values could produce a
polarization of the cloud of points in the PCA
analysis, damaging the evidence of the patterns
which we wanted to demonstrate. At first, it was
adopted the exclusion of point 9 from the gradient
analysis (Fig 6), which was executed starting with
a matrix of 16 variables corresponding to the
sampling points 1 to 8, in six sampling times
(months), in a total of 48 cases. Each point plotted
on the graph represented the average of sample
responses, identified by the month’s initials and
the number of the sampling point. (e.g.: Se3 =
sampling of point 3, in September).
Fig. 6 showed that there was a group of points
around point 1 (corresponding to the source of the
river). A tendency for the formation of a gradient
could be observed starting at points "2" towards
points "8". The samples collected in the rainy
period were located in the inferior quadrants,
whereas the samples for the dry period were in the
superior quadrants. The lines drawn on this graph
showed this temporal distinction, which was more
evident from the points "3" onwards.
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)LJXUH� �� �� Sampling spatiotemporal order by Principal Component Analysis. Eigenvalues: axis 1 = 7,031
(41,36%); Axis 2 = 3,871 (22,77%). The higher-associated variables are indicated on the axes.
Symbols:       Rainy season;     Dry season.

)LJXUH���� Spatial ordering of sampling points in Dry season (S) and Rainy season (C), by Principal Component
analysis. Eigenvalues: Axis 1 = 7,190 (47,93%); Axis 2 = 2,928 (19,52%). The higher-associated
variables are indicated on the axes and the different symbols indicates the spatial grouping:
      Springs;      Medium course;      Wetlands.
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The PCA was repeated using a simplified matrix
(Fig. 7), in order to the better visualization of data
and the exact definition of the river sections with
homogeneous behavior. Thus, the variables were
related to the 9 collection points (including point
9) in two sampling times (dry and rainy) in a total
of 18 cases. Each point plotted represented the
average of samples obtained from each season,
identified by the initial letters of the season plus
the sampling point number (e.g.: D4 = Dry
season, point 4). The following patterns were
observed: points R1, R2 and R3 formed a defined
gradient. Another gradient could be observed on
the points R4, R5, R6, R7 and R8, being the point
R9 isolated. The same pattern for the dry season
averages (D1 to D9). These results allowed to
establish that:
�� the spatial gradient of the sampling points
could be associated with the principal component
1 (axis1). The variables with higher associated
eigenvalues were: dissolved oxygen, flow
velocity, nitrate and total nitrogen (positively);
total phosphorus, depth, temperature, chlorophyll-
a  and TSS (negatively);
�� the temporal gradient can be observed on the
transverse direction to the axes, between the top
right quadrant (dry season) and the bottom left
(rainy season). The associated variables with this
gradient were: pH, dissolved oxygen, silicate and
ammonium (positively); temperature, total
phosphorus and TSS (negatively). These were the
variables which presented the highest differences
among the dry and rainy season (fig 3 to 5).

As postulated by ecological theories for lotic
ecosystems, three patches are described:
��� 6SULQJV (points 1, 2 and 3). Relief (high
declivity) and vegetation (preserved Atlantic
Forest) determined a river section which proceeds
exactly as foreseen by the 5LYHU� &RQWLQXXP
&RQFHSW  (Vannote et al, 1980), applied to rivers
of first to third order in forested watersheds. The
main characteristics were: high oxigenation and
transport of bigger particles due to flow velocity;
low concentration of TSS and nutrients (except
Nitrogen-NO3).
���0HGLXP�FRXUVH (points 4 to 8). At this section
the slope is not too steep, and the variables were
under influence of the Piraquara Dam. The
characteristics were maintained during the whole
course, and the gradients were smaller than the
upstream section. However, this patch was under
strong influence of seasonality, being more

evident the differences between dry and rainy
seasons. The variables TSS, Silicate, Conductivity
and pH presented a continuous growing pattern.
��� :HWODQGV� (point 9): These environment was
very similar to lentic ecossystems and the main
characteristics were the high contents of organic
matter and low oxigenation.

Delimiting these patches, graphs and statistics
allowed the identification of two main factors of
serial discontinuity: a) the Piraquara Dam
(between the points 3 and 4), with strong
influence on the variables Silicate, TSS,
Phosphate, Nitrite, Amonnium and Chlorophyll-a;
and b) the wetlands occurrence (point 9), which
modify most of the measured patterns. The
transition of dendritic to meandric drainage
pattern, motivated by the sedimentary basin
(starting at point 6) did not produced variations.
  The environmental variables adopted in this
study did not prioritize the evaluation of sanitary
conditions of the waterbody, but the general
structure of the ecossystem. However, results
suggest that the anthropogenic influence was not
so strong than verified in other rivers of the
region. Peaks of nutrients or conductivity, as well
as evidences of  domestic sewage were not found.
At point 9, high values of nutrients, chlorophyll-D,
DBO5 and low oxigen concentration characterize
this section as the most fragile of the system,
which was under strong anthropogenic influence
over the last years, mainly by the irregular land
occupation. The watershed  zoning could be taken
as an important basis for a wide biological
monitoring program of the Upper Iguaçu River
Basin, and the comparison among similar patches
in different rivers will be quite useful for the
identification of environmental disturbances.
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A bacia hidrográfica do rio Piraquara (Bacia do
Alto Rio Iguaçu - PR) foi estudada como sistema
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ecológico ao longo de um ciclo sazonal completo,
abrangendo os períodos seco e chuvoso. Análises
de 16 variáveis físicas e químicas da água
(oxigênio dissolvido, pH, condutividade, DBO5,
temperatura, nitrogênio total, fósforo total,
ortofosfato, nitrito, nitrato, amônio, silicato,
sólidos totais em suspensão, clorofila-D,
profundidade e velocidade da corrente)
demonstraram correlações entre a composição da
água e as características fisiográficas da bacia. Os
gradiente espaciais e as diferenças sazonais foram
evidenciadas pela Análise de Componentes
Principais, e a bacia foi dividida em trechos de
comportamento homogêneo, sendo identificadas
descontinuidades seriais: 7UHFKR� �, com forte
influência da Serra do Mar; 7UHFKR� �, curso
médio do rio, sob influência da Represa do
Piraquara e 7UHFKR��, sob influência das várzeas.
O trabalho Pretende subsidiar ações de pesquisa,
planejamento e biomonitoramento para este
manancial público.
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