
Hydrobiologia 262: 43-55, 1993. 
0 1993 Kluwer Academic Publishers. Printed in Belgium. 43 

Seasonal alternation of lentic/lotic conditions in the Mapire system, a 
tropical floodplain lake in Venezuela 

Teresa Vegas-Vilarrtibia” & Rafael Herrera 
Centvo de Ecologia y Ciencias Ambientales, Instituto Venezolano de Investigaciones Cientljkas, Adptdo. 
21827, Caracas 1020-A, Venezuela; “present address: GEOHIDRA C.A., P.O. Box 47851, Caracas 1040, 
Venezuela 

Received 25 September 1990; in revised form 22 October 1992; accepted 10 November 1992 

Key words: Ecotone, tropical floodplain, river mouth lentic/lotic alternation, hydrochemistry 

Abstract 

We studied the changing hydrological conditions of a transient system at the Mapire River mouth 
(Orinoco) and their effect on hydrochemistry of the system at six locations. Subjected to strong annual 
waterlevel fluctuations, the Orinoco River acts as a dam to the Mapire River discharge, resulting in the 
formation of a standing lake-like waterbody that covers the gallery forest to the canopy for five to six 
months. The Mapire floodplain fills primarily with Mapire waters and only secondarily with Orinoco 
water. The latter enters into the Mapire basin, but mixing of both waters is poor, resulting in chemically 
and physically different waterlayers. A significant thermal stratification is observed. This transient lake 
reverts to flowing conditions during the dry season. The Mapire River mouth, therefore, behaves as a 
cyclic system in which lotic/lentic and terrestrial/aquatic conditions alternate seasonally. Some ecological 
implications are suggested and comparisons with similar systems are made. 

Introduction 

Rivers and lakes have been the main subject of 
limnological studies. A lake can be described as 
a depression without a preferential horizontal di- 
rection of flow and with vertically organized 
structure dynamics. A river can be treated as a 
convergent system of channels showing a strong 
exchange capacity with terrestrial ecosystems, 
and a well defined horizontal direction of flow 
(Margalef, 1960, 1983). Descriptions and typifi- 
cation of rivers and lakes (Hutchinson, 1975; 
Wetzel, 1975; Margalef, 1983) have lead to inter- 
pretations about their nature as dynamic systems, 
and to the elaboration of models. However, in- 

termediate ecotones have not yet been adequately 
described. 

Wetlands, ecotones with both aquatic and ter- 
restrial conditions (Hasler, 1975; Sioli, 1984; 
Howard-Williams, 1985) include swamps, flood- 
plains, marshes, and littoral zones of lakes. Junk 
(1980) and Howard-Williams (1985) focus on the 
importance of hydrology with regard to residence 
time, throughflow and mass-flow of nutrients in 
those systems. In the tropics, many such transi- 
tional systems are located on floodplains. In 
South America, the waters of large rivers flood 
about 250000 km2 during the inundation peak 
(Welcomme, 1979). Fisher & Parsley (1979) and 
Setaro & Melack (1984) estimate that five to ten 
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percent of the total Amazon River volume could 
be stored in floodplain lakes during the flood sea- 
son. Strictly speaking, the limnological designa- 
tion ‘lake’ does not apply to those waters. Func- 
tional lakes have clear boundaries; laterally 
delimited by the shoreline and, vertically by the 
surface of the water and the maximum sediment 
depth utilized by organisms (Likens & Borman, 
1975). There exists an extraordinary variety of 
running and standing types of floodplain water- 
bodies and of all possible intermediates (Reiss, 
1977). The more frequent studied type consists of 
more or less lake-like waterbodies situated at a 
variable distance from the main river channel. 
They can be connected to the latter by linking 
channels. Most of them show strong waterlevel 
fluctuations and a complex hydrology associated 
with floods and drying. Examples of such systems 
have been documented around the world (Junk, 
1973; Sioli, 1975; Bonetto, 1975; Reiss, 1977; 
Koste & Shiel, 1980; Melack, 1984; Crome & 
Carpenter, 1988; Whitton et al., 1988). 

However, other transitional situations in trop- 
ical floodplains exist, on which data are still lack- 
ing. The aim of this study is to contribute to the 
knowledge of such a tropical ecotone, by charac- 
terizing the hydrochemistry of a transitional 
waterbody located at the mouth of the Mapire 
River. 

Description of the study area 

The Mapire is a left tributary of the Orinoco River, 
with a basin of 283 km2, a mean discharge of 
6m3 set-’ and a length of 87 km. Its basin is 
located between 64-65”W and 7-8”N in the 
Eastern Llanos (savanna plains, Anzoategui, 
Venezuela, Fig. 1). Its water differs in composi- 
tion from that of the Orinoco: more acidic pH, 
lower conductivity, lower alkalinity and preva- 
lence of alkaline over earth-alkaline cations occur. 

The Mapire flows through a low Pleistocene 
terrain, the Mesa Formation, which originated 
from coalescent alluvial fans and fluvial, deltaic 
and marshy sediments (Gonzalez de Juana, 
1980). Soils on the Mesa Formation are not uni- 

form and consist of Oxisols and Ultisols; near the 
Mapire River mouth Entisols are also present 
(COPLANARH, 1974). The regional bioclimatic 
zone is that of a tropical forest (Ewe1 et al., 1976). 
A gallery forest borders the river, the dominant 
species being the palm Mauritia sp. at the head- 
waters. Towards the river mouth, the gallery for- 
est changes to mixed seasonal flooded forest, 
which has common features with amazonian Ig- 
apbs (Rosales, 1989), and is subjected to strong 
annual waterlevel fluctuations. The more frequent 
tree species, which are also common which Am- 
azonian Igapo are Acosmium mitens, Couepia 
paraensis, Licania apetala, Dalbergia inundata, 
Mabea nitida, Campsiandra laurifolia, Macrolo- 
bium multijuqum, Panopsis rubescens and Duroia 
sprucei, among others. The study area is located 
between the mouth of the Mapire and the San 
Jeronimo River (Fig. 1). The floodplain is well 
delimited by gentle hills, and consequently the 
expansion of flood water from the river is topo- 
graphically restricted. According to aereal photo- 
graphs taken at the peak flood, the inundation 
limit, measured perpendicularly to the river trend, 
coincides with the forest limit, and along the river 
axis, up to the confluence with the San Jeronimo 
River, which is about 8 km far from the Orinoco 
River. During the dry season (May to November) 
the river flow is confined to a narrow channel, at 
that time between 25 to 40 m wide and 0.8 to 
2.5 m deep. The discharge is about 6 m3 set- ‘. 
During the rainy season, the Mapire River over- 
flows its channel and fills its floodplain. The width 
of the expanded waterlayer during maximum 
flood varies between 1200 m at the Mapire River 
mouth and 200 m below its junction with the San 
Jeronimo River (Fig. 1). At this time, the inunda- 
tion bed encloses a seasonal body of standing 
water, the transient lake. Both river banks show 
depressions and abandoned meanders filled with 
flood water forming small lakes. They are linked 
to the rising river during high-waters, and form 
part of the seasonal lake that fills the whole bed. 
Its flooded forest is subject to long-term submer- 
gence (about six months), often up to the tree 
crowns. 



Fig. 1. A) Geographical location of the Mapire river, a left alkent of the Orinoco river (Venezuela). B) Location of sampling 
station, DES, PSR, MMI, TER, MAP along the river channel, and of the hydrometeorological station at Muscinacio. S: Savannah 
plains, GF: gallery forest. 
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Material and methods 

Available information on the chemistry of the 
Orinoco (Paolini et al., 1983, 1987; Weibezahn 
et al., 1990) and of the Mapire River (unpublished 
data) show important differences. This suggests 
that variables like conductivity, alkalinity, earth- 
alkaline cations and total suspended solids could 
be adequate to identify both types of waters and 
their probable mixing. Furthermore, the absence 
of water movement and the strong surface heat- 
ing observed in preliminary visits lead us to look 
for thermal stratification at the river mouth. The 
loss of suspended solids by declining velocity 
could also be expected. The concentrations of 
total suspended solids (TSS) and their minero- 
logical characteristics where studied. 

During the rainy season of 1986, four sampling 
stations (DES, PSR, MM1 and TER) were se- 
lected between the mouth to the upper inundation 
limit in the middle of the channel of the Mapire 
River, and also two control stations for compari- 
son, OR1 and MAP, as shown in Fig. 1. OR1 was 
located on the Orinoco River, and MAP on the 
Mapire River, upstream from TER, at different 
sites during the year, in order to sample flowing 
water. Distances between DES and PSR, PSR 
and MMI, MM1 and TER, TER and MAP were 
about 1.7, 3.4, 2.0 and 1 .O km, respectively. At 
each station, except at OR1 and MAP, monthly 
samples were taken with a Van Dorn sampler at 
different depths (0, 1, 3, 5, 10, 12, 15 meters). 
During the dry season (January to May, 1987), 
the Mapire River was notpavigable and therefore 
most stations were difficult to reach. Only DES, 
assumed to represent well mixed waters of the 
Mapire River, was maintained. Variables for this 
study included: conductivity (Cond), temperature 
(TO), mineralogical composition, and dissolved 
calcium (Ca) and magnesium (Mg). Variables 
measured ‘in situ’ were depth, discharge, temper- 
ature and conductivity. River discharge was as- 
sessed during the dry season by measuring sur- 
face water velocity in 14 one-meter wide segments 
across the width of the river, perpendicular to the 
flow. This was later integrated, using the average 
depth at each segment to obtain a discharge value. 
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Fig. 2. Clima diagram of the study area showing mean 
monthly temperature and precipitation (Walter & Medina, 
1971). Left and right above the figure are annual mean tem- 
perature and total precipitation per annum. Lower horizontal 
axis: January to December. Vertical axis (left): temperature in 
C”; vertical axis (right): monthly precipitation. Stippled: dry 
season, stickling: rainy season (100 mm), black: rainy season 
(100 mm). Data recorded at Muscinacio (1970-1985). 

Temperature was measured with a field thermom- 
eter and conductivity with a field conductimeter. 
Water samples for cation analysis were filtered 
through washed glass fiber filters (WHATMAN 
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Fig. 3. Precipitation peaks at the Mapire and Muscinacio cli- 
matological stations and maximum water depths at DES (cir- 
cles) during 1986-1987. 



GF/C), and then acidified to pH 2 and stored 
under refrigeration prior to analysis. Concentra- 
tions of Ca and Mg were determined with an 
atomic absorption spectrophotometer with an 
air/nitrous oxide flame. Alkalinity was measured 
by acidic titration with H,SO, and mixed indi- 
cator (APHA, 1975). Total suspended solids 
(TS S) were measured gravimetrically following 
APHA (1975), and their mineralogy determined 
by X-ray diffraction analysis after filtering through 
0.45 pm pore size Millipore membrane filters. 
Climatic data from the hydrometeorological 
station at Muscinacio (Fig. 1) were obtained 
from the Ministry of Environmental and Renew- 
able Natural Resources (MARNR) and are 
shown in Fig. 2 (after Walter & Medina, 1971), 
showing monthly averages for the period 1970 to 
1986. 

TEMPERATURA 
TEMPERATURE (‘=‘) 

Results 

Hydrology 

One interesting field observation was the gradual 
decrease of stream flow with the progress of the 
rainy season, to the point where directional move- 
ment of the water surface stopped. The inunda- 
tion maximum of the Mapire River (August- 
September), shown by the maximum depth 
measured, 15 m at DES, corresponded well with 
the discharge peak of the Orinoco River in early 
September 1986. This suggests that the filling of 
the Mapire inundation bed is controlled by the 
waterlevel of the Orinoco, acting as a sort of dam 
preventing the outflow of Mapire waters. This 
damming by the Orinoco and the morphological 
characteristics of the river mouth create a tran- 
sient lake from June to November. By November 

Fig. 4. Spatial and temporal distribution of temperatures at the transient lake. Horizontal axis: sampling stations (arbitrary dis- 
tances), vertical axis: depth in meters. 
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the water started to flow again, rapidly discharg- 
ing the ‘lake’ into the Orinoco, returning to riv- 
erine conditions. 

Thermal stratljkation 

To prove that stagnant conditions prevail at the 
river mouth once the transient lake forms, we 
looked for stratification events. Figure 4 shows 
the thermal evolution of the transient lake from its 
formation to return to riverine conditions (one 
cycle). In June the thermal classification of the 
water was horizontal, and heating of the upper 
layers by solar radiation was initiated at the 
mouth, were stagnation began. While stagnant 
conditions progressed to the upper station (TER 
and MAP), thermal differentiation between the 
surface and the bottom layers developed, and ex- 
tended upstreams. In August, thermal stratifica- 
tion reached a maximum, coinciding with the 
flood peak. A difference of 7 “C between surface 

CONDUCTIVIDAD 
CONDUCTIVITY tJJS.crf’) 
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Fig. 5. Spatial and temporal distribution of the conductivity values at the transient lake. Horizontal axis: sampling stations (ar- 
bitrary distances), vertical axis: depth in meters. 

and bottom was reached. Noteworthy was the 
development of a surface thermocline. The ther- 
mal stratification persisted in a less pronounced 
way, during September and October. It disap- 
peared in November, coinciding with the renewal 
of water flow. During the dry season, the river 
was well mixed, showing a temperature range be- 
tween 28 ‘C and 30 “C. 

Conductivity 

Conductivity values for both rivers were low, but 
the waters of the Orinoco had a conductivity two 
or four times higher than the Mapire (Fig. 5). 
During June and July the transient lake showed 
relatively uniform conductivities. Higher values at 
the bottom in DES may be due to the influence 
of the Orinoco. At TER and MAP, this influence 
seems unlikely and higher conductivity values 
might be due to local biogeochemical processes. 
In August and September conductivity did not 
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change significantly except at DES and PSR, 
where a sudden increase in the upper five meters 
occurred. These values were similar to those of 
the Orinoco River. Conductivity at MAP, TER 
and MM1 decreased in September. In October 
and November, surface layers with higher con- 
ductivity values at DES and PSR disappeared. 
During the dry season, conductivity values were 
rather uniform, ranging from 6.8 to 12.5 PS cm- ’ 
in the well mixed waters of the Mapire. 

Total alkalinity 

Total alkalinity was extremely low due to the 
acidic pH, and often undetectable in the Mapire 
River. Figure 6 shows low variation in alkalinity 
during the rainy season, except at DES and PSR 
in August and September. These two stations 

Alcalinidad 
Alkalinity 

were higher in alkalinity in the upper five meters, 
with values rather like those of the Orinoco. The 
alkalinity of the Orinoco at the sampling point 
was five to ten times higher than the alkalinity at 
MAP, TER and MMI. In October and Novem- 
ber this difference was no longer detectable. Dur- 
ing the dry season alkalinity ranged from 10.9 to 
40.0 peq l- I. Fluctuations in alkalinity of the 
Orinoco were due to the discharge of the Caura 
River, a blackwater tributary on the right margin. 

Calcium and magnesium 

Ca and Mg concentrations tended to be low and 
uniform during the rainy season. Their concen- 
trations increased at the bottom of DES in July, 
coinciding with a higher conductivity and alka- 
linity. They were closer to those of the Orinoco 

ORI 
317 

Fig. 6. Spatial and temporal distribution of alkalinity at the transient lake. Horizontal axis: sampling stations (arbitrary distances), 
vertical axis: depth in meters. 
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Fig. 7. Spatial and temporal distribution of Calcium values at the transient lake. Horizontal axis: sampling stations (arbitrary 
distances), vertical axis: depth in meters. 

I ITER MAP 
Fig. 8. Spatial and temporal distribution of the Magnesium values. Horizontal axis: sampling stations (arbitrary distances), ver- 
tical axis: depth in meters. 
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than to those of the Mapire. In August and Sep- 
tember, higher Ca and Mg concentrations were 
measured in the upper layers, coinciding with 
higher values for alkalinity and conductivity. 
Noteworthy was the relatively large difference be- 
tween the upper (up to 5 m) and the lower (5 m 
to bottom) layers at DES. Within a few meters, 
the Ca concentrations varied by a factor 15 to 20, 
and the Mg concentrations by a factor 5 to 30. 
Figures 7 and 8 show a notable vertical stratifi- 
cation of these two variables at that time. This 
suggests the presence of a temporary chemocline. 

In October and November, chemical differences 
were no longer detectable. From January till May, 
Ca and Mg concentrations were uniform between 
the surface and the bottom ranging from 0.10 to 
0.28 mg l- ’ and 0.04 to 0.06 mg l- ‘, respectively. 

Total suspended solids (TSS) 

The range of TSS of the Orinoco River was 
29.1 mg l- ’ to 289.4 mg l- ‘, and that of the tran- 
sient lake at MAP, TER and MM1 during high- 
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Fig. 9. Spatial and temporal distribution of total suspended solids. Horizontal axis: sampling stations (arbitrary distances), ver- 
tical axis: depth in meters. 



Fig. 10. Difractogram of the total suspended solids collected at ORI. DBS and MAP. October 1986. 
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waters was 3.11 to 35.7mgl-1 and 7.11- 
18.0 mg 1-l in flowing waters (dry season). 
Figure 9 shows that TSS varied only slightly 
within the transient lake, with lower values near 
the water surface at MAP, TER and MMI, but 
increasing at PSR and DES in the deeper layers. 
This suggests settling down of TS S in this contact 
zone between rivers. On average, TSS were higher 
in the transient lake than in the flowing Mapire. 
This might reflect an input of allochthonous ma- 
terial from the flooded forest. 

The mineralogical composition of TSS (Ta- 
ble 1, Fig. 10) of the transient lake at MAP, TER 
and MM1 differed from that at DES, which was 
more similar to TSS of the Orinoco. In the first 
three stations, quartz and kaolinite were the only 
minerals detected. At DES, X-ray diffractograms 
showed additionally the presence of mica, gibb- 
site and montmorillonite, and these were also 
present in the TSS of the Orinoco River. 

Discussion 

Drastic seasonal waterlevel fluctuations, natural 
damming by the Orinoco River, and particular 
topographic characteristics of the site transform 
the Mapire River mouth into a transient lake. 
This leads to a seasonal alternation of lentic/lotic 
and aquatic/terrestrial situations. 

As part of the lower section of a river, the 
transient lake became stagnant during high wa- 
ters; with absence of directional water movement 
at the water surface and presence of thermal 
stratification. A vertical temperature gradient is a 
property of lakes with sufficient depth (Hutchin- 
son, 1975), rather than rivers, where turbulent 
mixing prevents vertical stratification (Hynes, 
1970). 

The variables measured show that the inunda- 
tion bed primarily fills with Mapire waters and 
only secondarily with Orinoco water. Conductiv- 
ity, alkalinity, Calcium and Magnesium were ap- 
propriate to distinguish both types of waters. Thus 
it was found that some Orinoco water wedges 
enter into the Mapire basin at high-waters, but the 
degree of mixing between them was low. Water 

wedges are typically saline, but the Mapire river 
mouth can be compared with an estuary with a 
source of freshwater at its upper end, emptying in 
a tideless sea. In many estuaries, lighter river 
water flows outwards over heavier salt water. 
There is no mixing due to different densities (Dyer, 
1973). In the present case, different densities be- 
tween the Orinoco and the Mapire waters also 
exist. High-range thermal differences generate 
large density gradients than low-range ones 
(Hutchinson, 1975), and the warmer Orinoco wa- 
ters do not mix with the underlying, colder Ma- 
pire water. 

The intrusion of Orinoco water into the Mapire 
basin covers a zone of influence in the transient 
lake defined by DES and, to a lesser extent, by 
PSR. Whether the floodwaters belong to the Ma- 
pire or to the Orinoco is important for the char- 
acteristics of the floodplain. The Mapire waters 
are acidic (3.2-6. l), with low conductivities and 
poor in suspended solids. On the contrary, the 
Orinoco at the sampling station is less acidic (5.5 
to 6.5), and its conductivity and suspended sol- 
ids are higher. Watersheds situated on either 
floodplain will show limnological characteristics 
corresponding with the chemistry of each river. 
This has been shown for some floodplain lakes of 
the Orinoco and the Caroni Rivers in Venezuela 
(Vasquez, 1984; Blanc0 & Sanchez, 1984; 1986) 
and for the Brazilian Amazon (Marlier, 1965, 
1968; Fisher & Parsley, 1979; Sioli, 1984). In the 
Amazon Basin, the so-called whitewater rivers 
(Sioli, 1984) form well developed, productive 
floodplains (Junk, 1984). On the contrary, flood- 
plains of blackwater rivers have poor nutrient 
availability and productivity (Rai & Hill, 1980; 
Rai & Hill, 1984). Also, Prance (1980) based his 
classification of flooded forests on hydrochemical 
and hydrological variables, using length of the 
flood period and nutrient levels as criteria. Using 
similar criteria, Rosales (1989) separated two 
types of inundation forests at the lower (DES, 
PSR) and middle parts (MMI) of the transient 
lake of the Mapire River. She explains their dis- 
tribution by the fertilizing influence of the lower 
Orinoco River (DES, PSR), which is richer in Ca 
and suspended solids. According to the au- 
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thor,the forest influenced by the chemistry of the 
Orinoco waters resembles forest directly border- 
ing the Orinoco River (Colonello, 1986). 

The depth and duration of flooding at the Ma- 
pire mouth may therefore have a strong influence 
on the forest subjected to it. The fact that the 
water level totally or partially covers the tree 
crowns, cannot be without consequences for the 
aquatic and terrestrial system, in terms of nutri- 
ent cycling, physiological dormancy, morpholog- 
ical and structural adaptations (Schmidt, 1976; 
Rai & Hill, 1984; Sioli, 1984). The presence of 
species adapted to share their life time among 
very different ecological habitats, and able to alter 
their metabolic rates and reproductive patterns, is 
also expected. 

We conclude that the Mapire River mouth is of 
dual nature: river as well as lake. This alternation 
is cyclic, occurs seasonally, and hydrology is the 
key factor. An alternation between lotic and lentic 
conditions has been reported by Adebisi (198 1) 
from the upper Ogun River (Nigeria), but in a very 
different hydrological situation. Seasonal dam- 
ming of the Igarape Taruma by the Rio Negro has 
been reported by Knoppel (1970) but no details 
were supplied. Some Amazonian rivers show 
similar conditions to the Mapire. When these riv- 
ers leave the regions of hard rocky subsoils and 
enter the Amazonian lowlands of soft tertiary 
‘barreira’ sediments, their beds widen dispropor- 
tionally. Consequently, the current suddenly 
slows. Permanent characteristics, closer to a lake 
than to a river develop, defining a peculiar type of 
waterbody, the Amazonian Ria-lakes (Sioli, 
1984). However, the Mapire River mouth differs 
from these by the annual alternation of lake/river 
conditions. 

The behaviour described for the lower Mapire 
River can probably be extended to many left - 
bank tributaries of the Orinoco River between 
Cabruta and Barrancas (Fig. 1). Research on 
these systems to understand the exchange of ma- 
terials and energy between ecotones on spatial 
and temporal scales, is still required. 
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