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uman actions such as canali-
zation, dredging, ground-
water withdrawal, waste

management, dam construction, agricul-
ture, mining, and deforestation can alter
the timing, volume, and chemistry of
freshwater inflows. Of these, dam con-
structions, canalization and deforestation
are likely to have the greatest impacts
(Hopkinson and Vallino, 1995).

River regulation is one
of the major disturbances to wetlands, af-
fecting ecosystem functions including nu-
trient cycling, primary productivity and a
variety of ecosystem components, such as
the hydrologic cycle, and the composition
of vegetation and fauna communities.
There are extensive effects downstream
from the dam but there are also upstream
effects, in the ‘impounded reservoir‘ sec-
tion. The chief effects are on the hydro-
logical regimes which in turn modify or
influence many other aspects such as re-
gional physiography and water chemistry
(Bravard and Petts, 1995).

The construction in 1965
of a dam across the Mánamo river (Figure
1) and 172 km of additional cofferdams,
designed to regulate its waters, represented
the first large scale intervention in the
Delta. This regulation influenced the catch-
ment area consisting of some 9,000km2 of
the Western Delta. However, the Central
Delta and even the Eastern Delta (some
13,000km2) were also influenced due to the
increase of water levels during the flow
peaks in the middle of rainy periods.

The consequences of the
dam construction in the Mánamo were re-
flected in dramatic changes in the hydro-
logical regime of the river, whose sea-
sonal flooding regime has been eliminated.
The dam has altered the hydrodynamics of
the Mánamo. While the average flow of
its channel was reduced from 10% to
about 0.5% (200 m3/s) of the annual dis-
charge of the Orinoco River, the adjacent
Macareo distributary, which is not regu-
lated, increased its discharge up to 11%
(4,000 m3/s) annually (FUNINDES-USB,
1999). The flow reduction in the Mánamo
not only affected the accretion and erosive
processes of the banks, but also the com-
position, distribution and diversity of
aquatic plants in the region (Colonnello,
1996; Colonnello and Medina, 1998).

Only few physico-chem-
ical data have been published (Paolini et
al., 1983; Monente and Colonnello, 1997
and Olivares and Colonnello, 2000) com-
paring this river and its sub-basin with
non-regulated systems. The principal aim
of this study is to document and compare
the physical and chemical characteristics
of the Mánamo regulated system, with a
natural system, the Macareo river.

Methods

Sampling strategy for water quality

The periods of sampling
were made to coincide with the water ris-
ing levels and associated increase in nu-

trients input. River regulation led to a
diminution of the water flow and sedi-
ment load in the Mánamo. This is par-
ticularly important in tropical rivers
where the seasonal rain period is associ-
ated with a proportional increase in the
erosive processes within the watershed
and also with an increase in the nutrients
transported by such rivers.

The water quality sam-
pling program and measurements of vari-
ables was arranged as follows: five
samples during the period of rising river
water levels from April to the beginning
of August (1994), two samples during
the maximum high water or flood stage
from August 15 to end of September
(1994) and three samples during the pe-
riod of receding levels, from October to
January. One more sample was taken in
April 1995, at the beginning of the next
cycle of water level increase.

The sampling sites are
shown in Figure 1. They were selected
20km apart in order to minimize the influ-
ence of other watercourses and local rains,
as well as material transport, on the water
quality variables. Samples were always
taken in the middle of the channel at the
water surface. Dissolved oxygen and tem-
perature measurements, were made at the
water surface and at 1.5m in depth.

Cations and phosphorus

Water samples were col-
lected in polyethylene bottles and kept
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refrigerated for subsequent laboratory
analysis, performed within 5 hours of
collection. Due to restrictions in the
number of samples that could be ana-
lyzed, each ‘sample’ was prepared from
three bottles of 1l from several places
around the boat and mixed in the lab to
obtain a single composite sample. Each
sample was analyzed in duplicate and the
average shown. The techniques used
were:

1. Phosphate: Samples
for determination of total dissolved phos-
phorus were filtered through a Millipore
membrane of 0.45µm, acid digested
(H

2
SO

4
-HNO

3
 concentrated) and meas-

ured by colorimetric methodology
(APHA, 1992).

2. Samples for analysis
of total dissolved Ca2+, Mg2+, Na+, and
K+ were filtered, through a Millipore
membrane of 0.45µm and analyzed on a
Varian AA-30 atomic absorption spectro-
photometer, according to the APHA
(1992) methodology.

pH and electric conductivity

The pH and electric
conductivity were measured in the lab
from water samples at a temperature of
25oC, using a Corning 3D pH-meter and
a La Motte DA-1 conductimeter.

Temperature and dissolved oxygen (DO)

Temperature and DO
were measured in situ with an YSI 51-B
oxygen meter, both at the surface and at
1.5m depth. Measurements were always
taken between 9 to 10 am in the
Macareo river and between 2 and 3 pm
in the Mánamo river.

Transport of sediments and water
transparency

Total suspended sedi-
ments were separated from 250ml sub-
samples, taken from a water sample of 1l
which was collected in several steps
along a transect in the center of the
channel, at 30 to 40cm depth. Sediments
were obtained by filtration, using a
Millipore membrane of 0.45µm. The
sediment was measured by the difference
in weight of the membrane before and af-
ter filtration. The transparency was meas-
ured with a Secchi disc, following the
method proposed by Roldán Pérez
(1992).

All data were analyzed
to detect any significant differences using
the ‘T paired’ (at 95.5% of confidence)
and Kolmogorov-Smirnov tests (Abacus
Concepts, StatView, 1992).

Results

Cations and phosphorus

The results for Na+, K+,
Mg2+, Ca2+ and PO

4
3- in the Mánamo

(MAN) and Macareo (MAC) rivers are
shown in Table I. Na+ was sampled as an
indicator of the influence of sea water.
The Na+ values range between 0.97 and
2.68 mg/l and show little difference be-
tween the two channels although the val-
ues for MAN are slightly higher than
those for MAC, at least during the rising
water stage, but this difference is not sta-
tistically significant (t-test, P= 0.09). In
fact the two curves have a high correla-
tion score (r2= 0.93), probably because
the dominating influence from the
Orinoco waters has a damping effect on
any local variation.

It might be expected that
the penetration of salt water up river would
be most noticeable in MAN during the dry
season, when seaward discharge was very
low or even negative, but this was not ob-
served in the upper river section.

The values of K+ ob-
tained for MAN and MAC vary between
0.65 and 1.2mg/l (Table I), are not statis-
tically different (t-test, P= 0.239) and not
well correlated between the channels (r2=
0.09). Probably local influences, such as
runoff, could have affected the data.

The values of Ca2+ (Table
I) in the waters of MAN and MAC are sta-
tistically similar (t-test, P= 0.103). There is
some weak correlation between both data
(r2= 0.48). The Ca2+ levels show an inverse
relationship to the hydrological cycle in
both rivers. In the period of low waters,
from January to February, MAC shows the

Figure 1. Sampling sites of physico-chemical data in the Western Orinoco Delta.
£: Mánamo (MAN) and Macareo (MAC), this study. r: PED1, 2 and 3: Pedernales 1, 2
and 3; Cocuina1, 2 and 3: Caño Cocuina 1, 2 and 3; Marsh 1, 2 and 3 (Infrawing &
Asociados, 1997). s: RG= Río Grande; Mánamo 1; Macareo 1 and 2 (IRNR (USB) Ecol-
ogy and Environment, 1999).
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highest concentrations (3.5mg/l) and in the
high water period, from August to Septem-
ber, it reached the lowest values (1.92mg/
l). This is because of the dilution effect
caused by the increase in discharge of the
rivers due to the seasonal increase in catch-
ment rainfall.

The Mg2+ values ob-
tained (Table I) in MAN, ranging from
0.5 to 1.2mg/l, are significantly higher
than those in MAC (t-test, P= 0.032),
with a strong correlation between both
sites (r2= 0.91).

Phosphorus (PO
4
3-) val-

ues in both channels (Table I) range be-

tween 0 and 0.118mg/l. There was a
maximum in June and a minimum in Au-
gust, the general tendency being a reduc-
tion during the low water period. The re-
sults showed no statistical difference be-
tween the two courses (t-test, P= 0.690)
and were poorly correlated (r2= 0.68).
The inverse relationship is due, as in the
case of the other elements, to the dilution
effect.

Electrical conductivity and pH

The comparative values
of our study (Table II) range between 32
and 63µS/cm in the water samples of
MAN and MAC; they show no signifi-
cant differences (t-test, P= 0.067) and a
positive correlation of the data (r2= 0.85)
indicating a similar pattern of variation
during the year. However, during the
height of the flood period the conductiv-
ity values from MAN were apparently
higher than those in MAC, from June to
the first week of August.

Results of pH measure-
ments (Table II) show no significant dif-
ferences (t-test, P= 0.891) and a high
correlation (r2= 0.97).

Dissolved oxygen (DO) and temperature

The values for DO (Table
III) range from 4.9 to 7.8mg/l and show no
significant differences (t-test, 0.27<P<0.80)
at either the water surface or at depth. The
results for each channel exhibited a high
correlation (0.70<r2<0.85). During the pe-
riod of increasing water the values were
higher in MAN than in MAC. These re-
sults are unexpected because MAC shows
a higher turbulence than MAN. This should

lead to higher values of dissolved oxygen
in the former river course. On the other
hand Junk (1973) reported dissolved oxy-
gen levels significantly higher at sunset
than at sunrise in the open water of a
floodplain lake, because of the assimilatory
activity of the phytoplankton. These results
coincide with our observation of higher
values in the afternoon (MAN) than in the
morning (MAC).

The surface water tem-
perature of the two channels is shown in
Table III and varies between 27 and
32°C. MAN waters were generally higher
in temperature, by 0.5 to 2°C, than in
MAC from June to November.

Sediment transport and water
transparency

The construction of up-
stream dams with the subsequent sedimen-
tation in the reservoirs decreases the sup-
ply of sediments to the lower stretches of
the rivers (Moffat and Lindén, 1995). It
was therefore expected that there would
be a reduction in the sediments in the
MAN in contrast with MAC. The mean
amount of sediment obtained (Table IV)
in MAN was 7.25mg/l and in MAC
22.85mg/l. The data shows two peaks, the
first one on June 5 in MAN (21.0mg/l)
and on June 20 in MAC (38.0mg/l), and
the second around December 14.

The minimum values for
water transparency (10cm) were recorded
at the beginning of the rising water in
both rivers, MAN always showing higher
values. The maximum value of 145cm
was recorded during the lowest water pe-
riod in MAN. This was to be expected
due to the negative correlation between

TABLE I
MAIN CATIONS AND PHOSPHORUS IN THE INCREASING AND FALLING WATER PERIODS OF THE MÁNAMO (MAN)

AND MACAREO (MAC) RIVERS

Na+ K + Ca2+ Mg2+ PO4
3-

(mg/l) (mg/l) (mg/l) (mg/l) (mg/l)
 MAN MAC  MAN MAC  MAN MAC  MAN MAC MAN MAC

Rising water
26-Apr ‘95 2.68 2.05 0.87 0.94 3.51 3.46 0.94 0.94 0.047 0.065
18-May 1.78 1.78 0.85 0.78 3.21 3.1 1.07 0.97 0.067 0.09
05-Jun 1.37 1.3 0.76 0.7 2.97 2.18 0.77 0.6 0.072 0.055
20-Jun 1.32 1.21 1 0.71 2.03 2.43 0.69 0.63 0.117 0.074
11-Jul 1.17 1.13 0.72 0.72 2.24 2.12 0.59 0.54 0.043 0.071
01-Aug 1.22 1.08 0.98 0.79 2.12 2.14 0.78 0.57 0.003 0.003
16-Aug 1.16 0.97 0.95 0.76 2.47 2.35 0.85 0.65 0.038 0.07
28-Sep 1.1 1 0.68 0.77 2.54 1.93 0.8 0.8 0 0
Falling water
24-Oct 1.3 1.3 0.89 0.89 - - 1 1 0.09 0.042
14-Dec - - - - 2.66 2.88 - - 0.037 0.021
30-Jan ‘95 1.8 1.9 0.68 0.8 2.31 1.92 0.9 0.8 0.027 0.022
10-Apr 2.4 2.4 0.81 0.76  3 2.32 1.1 1.2 0.026 0.018

TABLE II
ELECTRICAL CONDUCTIVITY AND
pH VALUES IN THE INCREASING

AND FALLING WATER PERIODS OF
THE MÁNAMO (MAN) AND
MACAREO (MAC) RIVERS

Conductivity pH
(µS/cm)

 MAN MAC  MAN MAC

Rising water
26-Apr ‘94 58 54 7.02 7.08
18-May 48 52 6.6 6.81
05-Jun 42 38 5.5 5.5
20-Jun 48 38 5.5 5.5
11-Jul 38 36 5 5.2
01-Aug 40 32 5 4.5
16-Aug 36 32 5 4.6
28-Sep 34 32 5 5

Falling water
24-Oct 36 38 5.94 6.23
14-Dec 38 38 6.6 6.9
30-Jan ‘95 34 34 6.79 6.84
10-Apr 35 35 7.05 6.96
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the sediments transported and the water
transparency in water bodies.

Discussion

The chemical and physi-
cal characteristics of river waters result
primarily from the lithology of their
catchment basins. In tropical rivers the
chemical composition of the river waters
is mostly determined by the chemistry of
the surface rocks and to a lesser extent,
the activity of erosive processes (Stallard
et al., 1991).

The drainage into most
large rivers like the Orinoco is varied,
and frequently includes runoff from
highly erosive uplands or alluvial plains
as well as runoff from plateaus domi-
nated by crystalline rock and covered by
vegetation. It may therefore be expected
that the Orinoco waters should result in a
range of concentrations of dissolved and
suspended materials that reflect the con-
trast in watershed components, the Andes
and Llanos on one hand and the Guayana
Shield on the other (Lewis and Saunders,
1990). Rainfall distribution in these three
provinces of the watershed is also charac-
terized by their local climatological fea-
tures (Colonnello, 1990).

The dissolved load in
rivers that drain the mountain belt is en-
riched in Na+ relative to K+, and Ca2+

relative to Mg2+. These enrichments are
indicative of partly weathered material.
The sand and fine-grained sediments con-
tain abundant primary mineral material.
Dissolved Si(OH)

4
 is depleted relative to

K+, Na+, and Cl- as an indication that 2:1
clays may be forming during weathering.

TABLE IV
SUSPENDED SEDIMENTS AND

TRANSPARENCY VALUES IN THE
INCREASING AND FALLING WATER
PERIODS OF THE MÁNAMO (MAN)

AND MACAREO (MAC) RIVERS

Suspended Transparency
sediments (cm)

(mg/l)
MAN MAC MAN MAC

Rising water     
26-Apr ‘94 11.1 21.2 18 18
18-May 13.9 19.5 8 10
05-Jun 20.7 30.6 15 5
20-Jun 11.8 38 25 12
11-Jul 6.9 37 28 15
01-Aug 1.6 31.1 58 18
16-Aug 0.5 19.4 120 25
28-Sep 2.6 18.5 140 30

Falling water
24-Oct 3.3 22.8 135 18
14-Dec 6.7 27.1 30 18
30-Jan ‘95 6.9 6.5 50 50
10-Apr 1.1 2.5 60 55

TABLE III
DISSOLVED OXYGEN AND TEMPERATURE VALUES IN THE INCREASING

AND FALLING WATER PERIODS OF THE MÁNAMO (MAN) AND MACAREO
(MAC) RIVERS

Dissolved oxygen (mg/l) Temperature (ºC)
MAN MAC MAN MAC MAN MAC MAN MAC
Surface Surface Depth Depth Surface Surface Depth Depth

Rising water
26-Apr ‘94 7.2 7.2 6.8 7 28.5 28.5 28 28
18-May 7 7 6.8 6.6 30 28 29.5 27.5
05-Jun 6.6 6.8 6.6 6.4 28.5 27.5 28 27
20-Jun 6.8 6.5 6.6 6.4 28.5 29 28 28.5
11-Jul 7.2 6.2 6.8 6 31 29 28 28.5
16-Aug 5.8 4.9 5.2 4.9 32.5 29 31 28.5
28-Sep 5.8 5.2 5.4 5.4 31.5 29 31 29

Falling water
24-Oct 5.4 5.8 5.2 5.7 31 30 30.5 29.5
14-Dec 6.6 7.2 6.8 6.8 29 28 28 28.5
30-Jan ‘95 7.2 7.6 6.8 7.8 29 28 28 28
10-Apr 7.6 7.4 7.6 7.2 30 29 29 28.5

In contrast, in river basins of the Guaya-
na Shield, chemical weathering is far
more intense, as indicated by the lack of
soluble cations in the solid load and the
proportion that soluble cations in the
dissolved load are near bedrock propor-
tions (Stallard et al., 1991).

In this sense the cations
transported downstream by a river may
be indicative of the origin of its sedi-
ments (Lewis and Saunders, 1990; Moss,
1988). In rivers such as the Caura and
Caroní draining the eroded landforms of
the Guayana Shield, Na+ is of much
greater importance (Na+>Ca2+>Mg2+>K+)
than in the waters draining from the
north of the Orinoco such as in the
Apure river (Ca2+>Mg2+>Na+>K+). Simi-
larly, Yánez (1997), in a detailed study
of the sediment weathering the Guayana
Shield, demonstrated the dominance of
Mg2+ and Na+ on the dissolved fraction
of the drained waters.

Cations and phosphorus

The biomass production
on aquatic systems, which includes
benthic to macrophytic organisms, is re-
lated most directly to freshwater inputs
of nutrients carried by rivers (Sklar and
Browder, 1998). A flood pulse is par-
ticularly important in the tropical rivers,
because it is associated with an impor-
tant seasonal input of dissolved and par-
ticulate nutrients, and with particular
conditions of dissolved oxygen, electrical
conductivity, pH and sediments, after a
receding period (Junk et al., 1989).

The most relevant ionic
elements determining the chemical char-

acteristics of watercourses are, as noted
above, Na+, K+, Ca2+ and Mg2+. Na+ and
K+ are not limiting elements for produc-
tivity in aquatic environments. In river
systems K+ is normally found at lower
concentrations than Na+ (Esteves, 1988).

Table I shows a reduc-
tion in Na+ concentration during the rising
water stage, probably as a result of dilu-
tion by the increase of the water dis-
charge in the Macareo river. This con-
trasting pattern seen also in the results of
Mg2+ and Ca2+ is commonly found during
high water period. Despite the input of
new sediments and nutrients from weath-
ering, the water volume largely exceeds
the particulate and dissolved materials.
Likewise, Weibezahn (1990) found a sig-
nificantly negative correlation (99.9%) of
Na+, K+, Mg2+ and Ca2+ concentrations
with the water discharge of the Middle
Orinoco main channel throughout the
year. In concordance with the Orinoco re-
sults, consistent reductions of DO, ni-
trates, sulphates and increases in conduc-
tivity, bicarbonates and Ca2+, were re-
ported in low water in the Lower Paraná
river Delta in Argentina-Uruguay (de
Cabo, et al., 1999).

The Na+ values in MAN
and MAC are higher than those reported
in the upper reaches of the Orinoco River
(max. 1.3mg/l) where clear and black wa-
ters may be found (Weibezahn, 1990).
However, they increase as a result of the
input of the white waters from the Apure
River (Table V), due to the important
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contribution of this ion in the Andean
sector of the watershed. As a result, in
Barrancas the Na+ is higher than in the
Caroní and Caura Rivers (Table V) as re-
ported by Lewis and Saunders (1990).
The values for MAN are similar to those
for Barrancas (Table V) and to those re-
ported near Tucupita city (a few km
downriver) by Paolini et al. (1983) in a
previous preliminary study of the two
watercourses.

The values for K+ at
MAN and MAC are comparable to mea-
surements at the Delta apex, in Barrancas
(Table V). The variation observed
throughout the year, from 0.6 to 1.2mg/l
(Table I), is similar to that reported from
the Orinoco main channel (Sánchez,
1990; Lewis and Saunders, 1990). The
fluctuations are wider in the rising water
stage probably due to local input through
runoff. Likewise, the higher values ob-
served in MAN than in MAC from Au-
gust through September might be associ-
ated to leaching of decomposing macro-
phytes, as proposed by Furch (1984).

The main sources of
Ca2+ and Mg2+ in the Orinoco watershed
are the Andean range and the open plains
of the Llanos, mainly through the Meta

River (flowing from the Colombian
Andes) and the Apure River (flowing
from the Venezuelan Andes). The higher
percentage (67%) of the major cations in
the Apure waters is due to Ca2+ (Lewis
and Saunders, 1990).

The values and trends
shown by Ca2+ (Table I) are common
throughout the course of the Orinoco
(Weibezahn, 1990; Lewis and Saunders,
1990; Sánchez, 1990) and in the Mánamo
and Macareo rivers (Paolini et al., 1983;
Monente and Colonnello,1997). The Ca2+

values show higher fluctuations during
the falling water stage in MAC than in
MAN.

Mg2+ originates mainly
from silicates (Roldán Pérez, 1992) and
has his main sources in the Guayana
Shield, where it is a main ionic compo-
nent of the water-dissolved fraction
(Yánez, 1997). The values reported in
this study (Table I) diminish during the
rising water stage, increasing again with
the receding waters, and reaching their
maximum in the driest period of the year.
Their behaviour throughout the study pe-
riod is similar to that observed by
Weibezahn (1990), although his values
are much higher, because the samples

TABLE V
MEAN CONCENTRATION OF MAIN TOTAL DISSOLVED CATIONS AND

PHOSPHORUS, IN THE ORINOCO MAIN STEM (BARRANCAS) AND THREE
MAJOR TRIBUTARIES (DISCHARGE-WEIGHTED) (LEWIS AND SAUNDERS,

1990), AND THE MÁNAMO AND MACAREO RIVERS (THIS STUDY)

Rivers Apure Caura Caroní Orinoco Mánamo Macareo
(Barrancas)

mg/l mg/l mg/l mg/l mg/l mg/l

Ca2+ 16.2 0.6 0.5 2.6 2.4 2.4
Mg2+  3 0.2 0.2 0.7 0.86 0.79
Na+ 2.3 1.2 0.7 1.5 1.57 1.47
K + 2.2 0.6 0.4 0.7 0.92 0.78
P 0.06 0.008 0.006 0.02 0.054 0.046

were collected in waters coming from the
Guayana Shield, upriver from the
confluence of the Orinoco with the Meta
River. The Delta values range from 0.5
to 1.2mg/l, which are similar to those re-
ported in the lower Orinoco (Lewis and
Saunders, 1990) near Barrancas (mean of
0.7mg/l; Table V), and in the Delta by
Paolini et al. (1983).

A study of Na+, Cl- and
SO

4
2- concentrations in the Mánamo river

conducted by Olivares and Colonnello
(2000) revealed an increase of these ions
in a transect from Tucupita to the mouth
of the river. Most sampling places had
Na+ concentrations corresponding to
freshwater values. However, a constant
increase of this cation is observed along
the transect constituting a clear gradient
from freshwater to saline waters. Values
are higher during the low water period
than during the rising water stage due to
the lower input to the river system from
the rains and tributaries, allowing the in-
trusion of the saline wedge from the
Ocean.

The same gradient was
observed in the inter-riverine terrain in
the Mánamo sub-basin (Infrawing &
Asociados, 1997). The localities of
Pedernales 2 and Capure, close to the sea
(Figure 1), showed higher concentrations
than further inland localities, such as
Cocuina 1 and Pedernales 1 (Table VI).

Phosphorus, compared
with the other nutritional and structural el-
ements of living matter, is the less abun-
dant and normally acts limiting the bio-
logical productivity of water bodies
(Reddy et al., 1999). The values of PO

4
3-

recorded (Table I) are higher than those
reported for the Orinoco main stream
(0.02mg/l) by Lewis and Saunders (1990),
and lower than those found in the Orinoco
Delta (mean 0.167mg/l) by Monente and
Colonnello (1997), the Amazonian waters
(0.105mg/l) by Furch (1984) and in sev-

TABLE VI
WATER PHYSICO-CHEMICAL VARIABLES OF SEVERAL WATER COURSES AND MARSHES IN THE MÁNAMO

SUB-BASIN (FROM INFRAWING & ASOCIADOS, 1997)

Tem. Tran. Con. DO Na+ K+ Mg2+ Ca2+ Cl- P NO
3
-2 pH

ºC cm mS/cm mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l

C. Pedernales 1 29 40 230 - 18.8 2.5 8.5 2.5 4.49145.4 267 6.9
C. Pedernales 2 29 75 33.5 - 34.5 2.4 10.3 1.6 83.49 75.35127.5 6.39
C. Cocuina 1 30 40 18.5 0.25 18.8 2.3 6.3 2.5 34.9 140.7 58.7 6.6
C. Cocuina 2 27 30 390 0.05 13.6 2.3 5.1 1.5 39.45 108 23.6 6
C Cocuina 3 27.3 75 33 0.25 1.6 2.1 1.5 1.2 4.5 49.6 7.23 6.04
(depth= 6 m) 440
C. Capure 27.3 - 550 - 71.5 2.6 18 2 158.4 98.7 36.25 6.09
Marsh 1 - - - - 44.16 2.3 9.1 2.4 102.4 278.6 6.76 5.2
Marsh 2 - - - - 10.11 2.1 3.7 1.5 4.2 187.5 6.76 5.4
Marsh 3 - - - - 11 2.3 6.9 1.3 29.9 264.6 7.23 6.0
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eral water bodies in the Paraná River sys-
tem (Thomaz et al.,1997).

The high values and
marked variations of PO

4
3- may be ex-

plained, in the case of the Mánamo, by
the enrichment of the reservoir created in
the river stretch before the dam. On the
shore banks of this water course are estab-
lished two towns and small villages that
occupy the right shore, up-river and
down-river. In addition there is the water
pollution (carried upriver by the tidal in-
fluence) from the city of Tucupita, located
a few km downriver from the sampling
site (Figure 1). The distance from the re-
lease into the river to the sampling site
did not lead to any mixing of the waters
causing the heterogeneous results ob-
served.

In the case of the Ma-
careo, the high values may be due to the
water hydrodynamic washing the banks
from organic and inorganic detritus. Most
areas are devoted to pasture land and are
also frequently burned. This effect is par-
ticularly evident during the rising water
period when the river floods the densely
vegetated (Paspalum fasciculatum stand)
banks. During the falling period, however,
the values are similar and show a steady
decrease with the water level.

The study of the particu-
late phosphorus, nitrogen fractions, ni-
trates, ammonia, etc. (not analyzed) would
facilitate the explanation of the data.

The main nutrients,
phosphorus and nitrogen, showed variable
values in the Mánamo sub-basin (Table
VI). P values, measured as total P, are
lower in localities closer to the sea than in
the inland sites due to the intrusion of sa-
line waters. The values show an increase
close to the inhabited areas, suggesting
anthropogenic inputs into the rivers
(Infrawing & Asociados, 1997).

Summarizing, the rela-
tions of the measured cations from MAN
and MAC (Ca2+>Na+>Mg2+≥K+) are similar
to those obtained at Barrancas, at the apex
of the Delta (Ca2+>Na+≥Mg2+>K+) by
Lewis and Saunders (1990). These rela-
tionships are typical of runoff from the
Andean and Llanos catchment. The major
contribution of Na+ in the Delta waters
may be due in part to the atmospheric
transport of NaCl in precipitation systems
originating to the east over the nearby At-
lantic ocean, known to be an important
source of ions in the Guayana region, par-
ticularly Na+, Cl- and Mg2+ (Yánez, 1997).

The analysis of sites
studied in the regulated and unregulated
regions of the Delta (see sites in Colon-
nello, 1995), even if incomplete because
the Na+ was not analyzed, indicate that
Mg2+ dominates over Ca2+ in the sites such

as Laguna Clavellina, La Florida and
Ciénaga Los Güires, which are located in
the Mánamo sub-basin. In contrast, Ca2+

dominates over Mg2+ in sites such as La-
guna Ataguía, Laguna Alamilla, Alto
Araguao and Caño Macareo, in the un-
regulated region of the Delta. This situa-
tion was reversed in sites such as Curiapo,
Barra Merejina and Caño Ibaruma, which
are located relatively close to the sea, and
therefore under the influence of the ma-
rine environment. An interesting observa-
tion was made in Laguna Terraplén (water
body created by the cofferdam in the up-
per Delta) showing a Ca2+ dominance on
the upstream unregulated side of the Má-
namo cofferdam and Mg2+ dominance on
the downstream regulated side of the Má-
namo.

In general, in the Má-
namo sub-basin the relation of dominance
was Mg2+>K+>Ca2+ in almost all the sam-
pling localities, differing from the main
Orinoco waters and Macareo and Mánamo
upriver from the dam. This evidence indi-
cates isolation conditions within the regu-
lated basin.

Electrical conductivity and pH

Electrical conductivity
may be used as an indication of the ion
content in water environments which in
turn reflect the ionic composition due to
chemical weathering, atmospheric contri-
butions and anthropogenic influence
(Yánez, 1997). Waters with higher ion
concentration will show higher conduc-
tivity than oligotrophic waters (Roldán
Pérez 1992; Esteves, 1988). The data
from the individual cations Ca2+, Na+, K+

and Mg2+ investigated (Table I) showed a
similar trend, associated to the dilution
effect as the discharge increased in the
rainy period. The contribution of several
ionic components that were not investi-
gated, such as CO

3
2-, SO

4
2- and Cl-, which

form a major proportion (56.15%) of the
total ionic components (Roldan Pérez,
1992) could explain some of the observed
results.

Conductivity values
(Table II) obtained during the low water
period are higher than those recorded dur-
ing the high water period by Paolini et al.
(1983), IRNR (USB)-Ecology and Envi-
ronment (1999) in the Delta (Table VII)
and by Weibezahn (1990) in the Upper
Orinoco main stream. However, they are
similar to those reported by Junk (1973)
in several aquatic environments, lagoons
and river channels in the Amazon Basin.
Decreasing values are associated with an
increase of water discharge, as has been
reported (Weibezahn, 1990; Junk, 1973).
This results from several factors, such as
the bank effect, the runoff of organic mat-
ter from the river banks, associated with
the rainy period and the subsequent dilu-
tion effect caused by the raising water lev-
els. However, no further increase is noted
during the dry period.

The pH in MAN and
MAC (Table II) follows a similar pattern,
showing a negative correlation with the
hydrological cycle. This pattern has been
reported for the main channel of the
Orinoco River (Weibezahn, 1990). The
low values observed during the high water
period may be explained by the contribu-
tion of water from the Guayana Shield
that shows very low pH values, up to 4.7
(Yánez, 1997).

Conductivity and pH in
the inter-riverine terrain of the regulated
Mánamo sub-basin are variable. Conduc-
tivity showed higher values in the locali-
ties closest to the sea or measured during
the high tide period, Capure 1, Cocuina
2, 3 and Pedernales 2 (Table VI). The
isolation from the waters of the main riv-
ers determines a permanent high conduc-
tivity condition in these regions. The
lower pH values were observed in
Cocuina 3 and the marshes, Marsh 1 and
Marsh 2. The observed values ought to
be influenced by the high concentration
of organic acids (fulvic and humic) dis-
solved in the stagnant waters. In addition,
the water and soil lack of CO

3
2- deter-

mines a low buffer capacity (Infrawing &
Asociados, 1997)

TABLE VII
PHYSICO-CHEMISTRY DATA FROM MÁNAMO RIVER

(UPRIVER FROM THE DAM), MACAREO RIVER AND RÍO GRANDE
(BARRANCAS) IN THE MAIN ORINOCO RIVER

(FROM IRNR(USB)-ECOLOGY AND ENVIRONMENT, 1999)

Locality Transparency Conductivity DO pH
cm µS/cm mg/l

Macareo Sep-99 0.3 22.7 4.7 5.1
Macareo Sep-99 0.3 24 4.5 6.6
Mánamo Sep-99 1.05 23.5 4.7 5.1
Río Grande Sep-99 - 23.4 - -
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Dissolved oxygen (DO) and temperature

The pattern of DO ob-
tained in MAN and MAC (Table VI),
where higher values occurred during the
period of increasing water, was also re-
ported for the Orinoco main channel
(Sánchez, 1990). This pattern is associated
with the active decomposition of organic
matter transported by the currents when
entering the floodplains from the main
channel and when the river waters recede,
resulting in a drop in DO from about 7 to
5.5mg/l, as observed between August and
October.

Several factors interact in
these unstable environments in which O

2
availability is seasonally modified.
Aquatic plants, which are abundant in the
Mánamo river, may increase O

2
 consump-

tion by roots due to decomposition (Junk,
1973; Jedicke et al., 1989). However, in
unregulated systems the O

2
 availability is

restored during the next flooding phase. In
contrast, in the regulated area of the Má-
namo sub-basin, where the seasonal pulse
(which include nutrients and high levels
of DO among other components) has been
suppressed, the local decomposition rap-
idly consumes the available O

2
, creating

permanent anoxic water conditions. This
would explain the values as low as
0.05mg/l observed in the extensive wet-
lands, rivers and marshes (Table III).
When these anoxic waters are transported
to the rivers through runoff created by lo-
cal rains, they lead to a reduction in the
diversity and biomass of the aquatic biota.
This was observed in watercourses of the
region such as the Cocuina river
(Infrawing & Asociados, 1997). A similar
effect was noted in the Lower Paraná river
Delta, where water exchange, produced by
floods from marshy environments, caused
the decrease of DO, nitrates and SO

4
2-,

and an increase in PO
4
3-, conductivity,

Ca2+ and Mg2+ in the main course (de
Cabo et al., 1999).

The higher temperature
values recorded in MAN (Table III) as
compared with MAC may be explained
with reference to the time when sampling
took place. The unregulated MAC was
sampled earlier in the day than MAN.
Junk (1973) reported an increase of the
temperature at the surface on the flood-
plain lakes of the Amazonas River during
the day as a result of the increasing solar
radiation in the early afternoon. The dif-
ferences observed among the surface and
depth measurements in both rivers are, as
well, mainly due to the higher radiation
expected at the surface than at depth. The
differences observed between MAN and
MAC particularly during the high water
period (up to 3 °C) may be due to the

lack of turbulence in the Mánamo waters.
Turbulence, which is partly due to the
strong currents and partly due to wind ac-
tion, constantly removes the thin hottest
layer of air above the water surface. This
results in a more effective cooling of the
water surface and upper layer of the water
column. As Rosemberg (1974) observed,
when turbulence is restricted the aerial re-
sistance increases and the temperature gra-
dients are intensified. According to Junk
(1973), the wind plays an important role
in the temperature stratification observed
in the water bodies of the Amazon River
floodplain.

According to Fox (1992),
some species with a worldwide distribu-
tion such as Phragmites australis, Lemna
minor, do not appear to have any special
temperature requirements. Temperature dif-
ferences are too small to affect tropical
species distribution as in the case of E.
crassipes.

Sediment loading and water transparency

The waters contributing
to the Orinoco from the Andean and Lla-
nos regions are the source of most sedi-
ments transported by the river. These re-
gions are Tertiary formations and are un-
dergoing active erosion due to the intense
rainfall deforestation. Sediment contribu-
tion from the Guayana Shield, even if
showing a more intense precipitation, is
almost negligible due to the densely veg-
etated cover (Stallard, 1991; Yánez, 1997).

The amounts of sediment
obtained from MAC water samples were
three times greater than the amount ob-
tained from MAN (Table IV). This was
expected due to the intense sedimentation
that occurs at the junction of both rivers,
a few km upstream from the dam, an area
that behaves as a reservoir. In this area
the sand bars created since the river regu-
lation (an approximate amount of 414 mil-
lion tons) are covered by emergent spe-
cies. This input of sediments is associated
with the rainfall peaks (in July-August and
November-December) in the Orinoco Ba-
sin (Colonnello, 1990). The pattern is also
related to the local precipitation that
causes erosion along the river shores. The
reduction on the concentration of total
suspended sediments observed in MAN
may be found in all its sub-basin. Values
ranging from 0.0032 to 0.0098mg/l, con-
trasting with a mean of 7.75mg/l regis-
tered in MAC, were found in second order
channels and in first order channels
(Infrawing & Asociados, 1997).

The mean value of the
sediments transported by MAC was about
14 million tons/yr, while MAC transported
only 0.16 million tons/yr. These values

are within the estimations of 100-150 mil-
lion tons/yr given by different authors for
the total discharge of sediments of the
Orinoco River (Meade et al., 1983;
Monente, 1993). MAC deposits an esti-
mated 13.8 million tons of sediment annu-
ally, upstream from the barrage. The re-
duction in flood peaks can suppress or
largely reduce the load and alter the trans-
port capacity of rivers. This results in a
series of morphological adjustments, usu-
ally characterized by a reduction in a
channel capacity and the spread of the ri-
parian woodland onto the new floodplain,
as pointed out by Bravard and Petts
(1996). In the Stiegler’s Gore Project,
Mwalyosi (1998) reported that 25 million
tons of riverine sediments are expected to
be trapped every year by the impound-
ment to be constructed on the Rufiji River
in Tanzania. The rivers may degrade their
beds downstream from a barrage. Maxi-
mum scouring usually occurs immediately
downstream from the dam, as reported in
the upper river section of the Mánamo
river, and is progressively attenuated fur-
ther downstream (Bravard and Petts,
1996). Additionally, reduction of the tim-
ing and intensity of flooding accelerate
the infilling of shallow channels.

The results of the water
transparency measurements show, as ex-
pected, that the transparency is related to
the sediments carried by each channel
(Table IV). MAN showed higher values
than MAC during the high water period,
from June to October. In the lowest water
period, when bed load transport is mini-
mal in the Orinoco main channel (January
to April), the values are similar. IRNR
(USB)-Ecology and Environment (1999),
reported the same differences in samples
of Macareo and Mánamo upriver from the
dam (Table VII). Water transparency de-
termines the species diversity in lagoon
and lentic habitats supporting several sub-
merged species such as Utricularia spp
and Cabomba spp, absent from sites with
low transparency.

Final Remarks

In general, the results
showed no major differences between the
chemistry of the water quality between the
regulated and unregulated rivers in their
upper reaches. The results probably reflect
the environment of the sample sites where
local factors out-weigh the more general
controls on water quality. Greater differ-
ences were anticipated considering the to-
tally different hydrodynamic conditions
(FUNINDES-USB, 1999) along with the
observed explosion in floating macro-
phytic growth in the Mánamo river (Col-
onnello, 1998). In contrast, along the
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middle and lower sections of the Mánamo
sub-basin, the water chemistry did change
as shown in the data from the studies by
Paolini et al. (1983), Monente and Colon-
nello (1997) and Olivares and Colonnello
(2000).

While limited physico-
chemistry data are available from the un-
regulated region of the Delta, the three
refered surveys suggest that the water
regulation created a different water envi-
ronment in the middle and lower
stretches of the Mánamo river, when
compared with other channels in the
Delta. They demonstrate a progressive in-
crease of Na+, Cl- and SO

4
2- in the Má-

namo river water and its sub-basin, espe-
cially in the zone close to the river
mouth -due to the sea influence and the
intrusion of the saline wedge. As a result
of the suppression of the seasonal flood-
ing, the salt water intrusion is more in-
tense during the dry season, e.g. January,
when the only non saline-water supply is
by the dam with about 200m3/s, and
through the few tributaries from the left
bank (50-100m3/s). The most striking re-
sponse to this saline increase was demon-
strated by Colonnello and Medina (1998),
who reported an increase of mangrove
communities along the banks of the Má-
namo after the dam construction. The
data from Infrawing & Asociados (1997)
indicated a similar variation of water sa-
linity, DO and electric conductivity in
the inter-riverine terrain of the sub-basin
as a clear indication of the effects of the
damming of the river.
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