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loodplains along large

rivers are one of the

most important types of

wetland in the tropics (Melack and Fisher,
1990). Welcomme (1979) discerns three
general classes of floodplains: fringing
floodplains, which are relatively narrow
flood zones lying along river channels;
internal deltas, where lateral flooding
results because drainage is blocked or
slowed by some geological feature; and
coastal deltaic floodplains, which are in-
fluenced by tides and seawater as well as
by seasonal overbank flow from the river.
Each of these floodplain types is found,
in the Orinoco River system of Venezuela
and Colombia.

The fringing floodplain
of the Orinoco resembles other large
tropical floodplains in its amplitude and
duration of flooding, and in many of its
ecological characteristics. Such flood-
plains require careful management and
conservaticn bzcause they modulate the
intensity of riverine floods (Petts and
Foster, 1985), support important local

fisheries (Novoa, 1982; Welcomme,
1979), can produce fertile soils for agri-
culture that are sustained by the annual
inundation (Junk, 1982; Sioli, 1984) and
provide habitat for a variety of wildlife,
including endangered or threatened spe-
cies (Best, 1984) as well as species of
potential economic value (Ojasti, 1980).

Despite an increasing in-
terest in neotropical wetlands among sci-
entists and resource managers, remarkably
few data have been published on their
areal extent (Melack and Fisher, 1990).
Estimates that do appear in the literature
often lack information on how they were
obtained, and their uncertainty may be
high. This situation has resulted in part
from the remoteness and large areal extent
of many floodplain regions, and from the
difficulty of surveying seasonally flooded
regions. In addition, authors differ in
their definitions of floodplain bounda-
ries.

Measurements of the
areal extent of the Orinoco floodplain are
valuable for several reasons. Venezuela

is currently beginning an ambitious pro-
gram to develop the region (Ministerio
del Ambiente y de los Recursos Natura-
les Renovables, 1983), and plans under
consideration include impoundment of
the main channel by a lowhead dam, ex-
pansion of mining and industrial activity
along the river exploitation of petroleum
along the left (northern) bank, and alter-
ation of the present channel to facilitate
navigation. Each of these projects has
potentially strong negative effects on the
fringing floodplain ecosystem. There is

“thus an urgent need for basic information

on the extent and distribution of flood-
plain for consideration during the plan-
ning stages of these projects. Improved
measurements of floodplain area are also
required for studies of regional and
global biogeochemical cycles (Richey et
al., 1988; National Academy of Sciences,
1988). For example, the accuracy of
recent estimates of the role of floodplain
wetlands in the global cycling of methane,
a gas which contributes to climatic
warming, depends directly on knowledge
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Figure 1. The Orinoco River system of Venezﬁela and Colombia.

of the areas of floodplain environments
such as open water, forest, and floating
macrophyte beds (Devol et al., 1988),
Data on floodplain area can also be
useful for prediction of the potential yield
of fish from floodplain rivers, which is
related to the area of floodplain (Wel-
comme, 1979). To the geomorphologist,
data on floodplain area and distribution
provide interesting insights into the origin
and dynamics of floodplain landforms
(Leopold et al., 1964).

We are unaware of any
published estimates of the area of the
Orinoco fringing floodplain. Welcomme
(1979) estimated that 70,000 km?2 of the
extensive plains west of the Orinoco are
subject to sheet flooding, and described
this region as an internal delta floodplain.
The area of the Orinoco delta has been
reported as 20,000 km? by Welcomme
(1979) and as 22,500 km? by Pannier
(1979). These estimates do not include
the fringing floodplain, which is geolog-
ically and ecologically distinct from both
the extensive areas of inundable savanna
to the west and the coastal deltaic flood-
plain to the east.

The purpose of this
study is to present data on the areal ex-

492

tent and spatial patterns of the fringing
floodplain of the Orinoco River. We de-
lineated the boundaries of the floodplain
using a combination of large-scale maps,
Landsat imagery, aerial photography,
and our experience in the field during
inundation of the floodplain. We discuss
the effect of geomorphology on the hy-
drology and ecology of the fringing
floodplain, and we compare the Orinoco
floodplain to floodplains of other major
neotropical rivers.

Description of the Orinoco River
and its floodplain

The Orinoco River drains
an area of 1.1 x 108 km? in Venezuela
and Colombia (Fig. 1), and has a mean
annual discharge of 36 x 103 m3 s-!
(Meade et al., 1983). Seasonal variation
of rainfall in the basin causes a pro-
nounced annual rise and fall of the river
level (Fig. 2), resulting in a unimodal
seasonal inundation of the floodplain
that typically lasts for 4-6 months. Pre-
cipitation is higher in the delta (140-200
c¢m y-1) and along the upper Orinoco
(200-360 cm y-1) than along the fring-
ing floodplain of the middle Orinoco

(100-200 cm y-1) (Ewel et al, 1976).
Floodplain areas experience a marked
dry season between January-April, during
which they receive only 10-15% of the
annual precipitation.

Major geographic regions
in the basin are shown in Fig. 3. The
river flows between the Precambrian
Guayana Shield to the south and the
late-Tertiary and Quaternary  alluvial
plains (“Llanos”) on the left bank (Case
et al., 1984; Sarmiento, 1983; Tricart,
1984). Although extensive areas in the
alluvial and high plains are subject to
shallow inundation during the wet season,
this is mostly due to poor drainage of
local rainfall, rather than to overbank
flow from the large rivers (Sarmiento,
1983). The alluvial plains close to the
Orinoco channel are more deeply inun-
dated, and an internal delta occurs where
riverine overflow from tributaries such
as the Apure and Arauca rivers covers
some of this area (Herrera and Rondén,
1985).

The Orinoco Delta is
distinct from the fringing floodplain up-
river because of the ideal control of its
water level, which dampens seasonal
variation in the river level and causes
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penetration of seawater into the delta,
particularly at low river discharge (Pan-
nier, 1979). Mangrove forest covers
much of the region. The delta is current-
ly aggrading and retains much of the
sediment transported by the Orinoco
(Meade et al., 1983). At the apex of the
delta, the tidal fluctuation in water level
is only 60 cm, compared to the seasonal
river level fluctuation of ca. 9 m (van
Andel, 1967).

The fringing floodplain
of the Orinoco main channel extends
from the apex of the delta upriver to the
Meta River; above this point the flood-
plain is much smaller. The river channel
is straight (sinuosity, ca. 1.1) and braided
for about half of its total length. Much
of the alluvial valley of the Orinoco is
confined between granitic outcrops of the
Guayana Shield and erosional scarps
along the high plains. The fringing flood-
plain is occasionally interrupted by
higher land that extends to the river
chanpel (“control points”), particularly
below the Apure River. These points
have a long history as preferred sites of
human settlement (Roosevelt, 1980), and
some are now important cities and vil-
lages, which are the foci for current de-
velopment of the region (Fig. 1). The
river is often narrower and more turbu-
lent where control points exist on both
banks (personal observation), and lateral
mixing of river waters may be enhanced
at these points (Meade et al., 1983).

The annual variation in
water level of a typical floodplain lake
along the lower Orinoco is shown to-
gether with the river hydrograph in Fig.
2. The Orinoco River usually begins to
rise in April, and first inundates much
of the fringing floodplain in May and
June. Inundation of the floodplain with
nutrient-rich river water stimulates the
growth of floating emergent forms of
vascular aquatic plants (e.g. Paspalum
repens Berg, Eichornia crassipes Mart).
(Sanchez and Visquez, 1986). Plankton
blooms may also occur at inundation, but
dilution and flushing often keep densi-
ties low (Hamilton and Lewis, 1987;
Hamilton er al., 1990). Between July and
October, river water flows through most
floodplain areas. As the river level falls
during November and December, much
of the water on the floodplain drains into
the river. Waterbodies reach their maxi-
mum transparency at this time, although
plankton densities typically increase as
flushing rates decrease (Hamilton and
Lewis, 1990). After December, most of
the floodplain is dry, and numerous
waterbodies become isolated from the
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Figure 2. Hydrographs of stage height for the Orinoco River at Ciudad Bolivar (data provided

by the Venezuelan Ministerio del Ambiente y de los Recursos Naturales Renovables) and for Lake
Tineo, a floodplain lake located 14 km downriver from Ciudad Bolivar (Hamilton and Lewis,

1987).

river until the following inundation. Dur-
ing isolation, the water level in lakes and
pools is controlled primarily by evapora-
tion and local rainfall (Hamilton and
Lewis, 1987), and most waterbodies re-
main perched well above the level of the
nearby river channel. As waterbodies be-
come very shallow (< 1 m deep) over
the course of the dry season, sediments
may become resuspended by wind-driven
turbulence, increasing the turbidity of the
water,

Investigations of the geo-
chemistry and aquatic ecology of the Ori-
noco River system include studies of
riverine mass transport and metabolism
(Meade et al., 1983; Visquez and Sin-
chez, 1984; Weibezahn, 1985; Stallard,
1985; Lewis, 1987; Lewis and Saunders,
1989; Saunders and Lewis, 1989), and
limnological studies of several floodplain
lakes along the lower Orinoco (Vas-
quez, 1984; Twombly and Lewis, 1987;
Hamilton and Lewis, 1987). The flood-
plain vegetation has been studied by
Sédnchez and Viésquez (1986) and Co-
lonnello et al. (1986), and research on
the savannas in the Orinoco basin is
summarized by Sarmiento (1983).

The fringing floodplain
of the Orinoco has not yet been strongly
altered by human activities, although
most areas are affected by free-ranging
livestock, and Novoa (1982) estimates
that subsistence-level agriculture is prac-

ticed on approximately 400 km? of flocd-
plain (mostly on the levees). Effects of a
major impoundment of the Caroni River
(the Raul Leoni or Guri Reservoir) on
the Orinoco fringing floodplain have not
been reported, although the Caroni River
contributes 13% of the mean annual
Orinoco discharge, and impoundment
has altered the seasonal flow regime of
the Caroni (Castro and Gorzula, 1986;
Lewis, 1987). Industrial development in
the vicinity of Ciudad Guayana has re-
sulted in localized disturbance of flood-
plain environments (personal observa-
tion). Most of the Orinoco fringing
floodplain is located upriver from these
disturbances (Fig. 1)

Methods

We plotted floodplain
boundaries on maps of 1:100,000 scale
for most of the fringing floodplain, from
the delta to about 70 km below the Meta
River (6°40’N). These maps were pro-
duced by the Venezuelan Direccidén de
Cartografia Nacional between 1968-
1975, and include topographic contours
(20-m intervals) and general classes of
vegetation as well as cultural information.
We have used these maps extensively
during recent field work in floodplain
areas and have found them to be accurate
and reliable. Forested floodplain areas do
not appear to have changed significantly
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since the maps were made. Lake and
river boundaries on these maps represent
low water, and generally correspond to
the vegetated shorelines.

For much of the fring-
ing floodplain, the approximate location
of high-water flood boundaries was ap-
parent on the 1:100,000 maps as the
transition between semideciduous flood-
plain forest and savanna-deciduous for-
est, and from the presence of floodplain
waterbodies. However, we used Landsat
imagery and aerial photography as well
as our field observations to more precise-
ly delineate the boundaries. Landsat
imagery was a more important source of
information for the right-bank floodplain
upriver from Caicara de Orinoco, where
the transition from forest to savanna is
not a reliable indicator of floodplain
limits, and it was the only source of
information for the floodplain along 70
km of channel between 6°40°’N latitude
and the Meta River, for which maps
of 1:100,000 scale were unavailable.
Standard Landsat film negatives (Multi-
spectral Scanner, band 7 near-infrared)
from several high-water dates were en-
larged in one step with a photographic
enlarger to produce a positive image with
a scale of 1:100,000. Comparison of the
positives with the 1:100,000 maps en-
abled us to plot floodplain boundaries on
the maps. Vertical black-and white aerial
photographs of a 15-km reach of flodd-
plain in the vicinity of Ciudad Bolivar
provided additional information to aid
in our interpretation of the maps and
Landsat imagery. These photographs,
taken in September 1974, were obtained
from the Venezuelan Direccidén de Carto-
grafia Nacional.

We define the Orinoco
fringing floodplain as land that is inun-
dated seasonally by water from the main
channel of the Orinoco. Permanent water-
bodies are included in the area of flood-
plain; river channels are not. Low-lying
plains lateral to the river that are inun-
dated by local rainfall or by tributaries
are not included, nor are beaches and
islands without vegetation. The fringing
floodplain was divided into 7 reaches for
the purpose of data presentation and
interpretation (Table I). Boundaries be-
tween the reaches are sites where there
is no floodplain on either bank (“control
points” discussed above), except for the
boundary between reaches a and b,
which is the southern limit of available
maps. These control points are also sites
of the most important villages and cities
along the river. Within each reach,
measurements of floodplain on the left
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and right banks and on islands were
tabulated separately. The floodplain of the
Caura River from its mouth upriver to
near. Aripao (7°20’N, the limit of availa-
ble maps) was also measured, and data
were tabulated separately.

Areal measurements were
made on the 1:100,000 maps using a
computerized digitizer. In addition to the
area of floodplain, we measured the area
of lakes (low-water boundaries that ap-
pear on the maps) and of unforested
floodplain (area not marked as “bosque,
monte alto” on the maps). The accuracy
of our delineation of floodplain bounda-
ries is better below Caicara de Orinoco,
where the boundaries are generally well-
defined by topography and vegetation,
and where we have had more field ex-
perience. Between Caicara and the Meta
River, the boundaries are less clear,

Major geographic regions in the Orinoco River basin.

particularly along the right bank where
the transition between riverine floodplain
and sheet-flooded savanna is often
gradual. In some valleys on the right
bank, flooded savanna . extended from
the river bank far up into the valley; in
these places, we arbitrarily placed the
floodplain boundary near the mouth of
the valley. On the left bank, we used the
forest-savanna boundary, together with
the presence of abundant floodplain
lakes, to indicate the limits of the fring-
ing floodplain.

The placement of the
boundary of the fringing floodplain was
also somewhat arbitrary at the mouths
of several tributaries. The Caroni River
has very little floodplain at its mouth.
We used information on water chemistry
in the floodplain on both sides of the
mouth of the Caura River (unpublished

TABLE 1

DIVISION OF THE ORINOCO FRINGING FLOODPLAIN INTO
LONGITUDINAL REACHES

reach beginning end
A Meta River confluence 6°40'N Ilatitude
B 6°40'N latitude Caicara-Cabruta
C Caicara-Cabruta Las Bonitas-Parmana
D Las Bonitas-Parmana Las Majadas-Mapire
E Las Majadas-Mapire Ciudad Bolivar-Soledad
F Ciudad Bolivar-Soledad San Félix-Los Barrancos
G San Félix-Los Barrancos Delta apex
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data) to distinguish between Caura and TABLE 11

Orinoco floodplain. At the mouths of ¢ \ppa FOREST COVERAGE, AND SPATIAL DISTRIBUTION OF THE

other tributaries, T8 bt lines between  ORINOCO FRINGING FLOODPLAIN. RIVER BANKS ARE DESIGNATED

arbitrarily drawn a5 008 bove and AS LEFT OR RIGHT AS ONE FACES DOWNRIVER. THE PERCENT FOREST

the Mo e our ohoice of _ COVER IS THE PERCENTAGE OF SEASONALLY INUNDATED LAND

below the com ueres  does not affcct THAT IS FORESTED; OPEN-WATER AREAS (PERMANENT LAKES) WERE

boundaries In thes® 0 . however,  NOT INCLUDED IN THE CALCULATION. SPATIAL UNITS ARE EITHER

our interpretation ’ ' DISCRETE AREAS OF FLOODPLAIN ALONG THE RIVER BANKS,

SEPARATED FROM OTHER FLOODPLAIN AREAS BY HIGHER GROUND

Results THAT IS NOT INUNDATED SEASONALLY, OR INDIVIDUAL ISLANDS.
Areal measurements of  THE FLOODPLAIN OF THE CAURA RIVER (A MAJOR TRIBUTARY)

the fringing floodplain are summarized IS NOT INCLUDED IN THE TOTALS FOR THE ORINOCO FRINGING

by floodplain reach in Table II, and FLOODPLAIN. NA = DATA ARE NOT AVAILABLE

floodplain area in each reach is shown

in Fig. 4. The floodplain is larger

channel floodplain area number of
on the left bank of the river in all reach length in bank floodplain  (km#) per km percent spatial
of the reaches, although the difference is reach (km) area (km?)  of channel forested units
small in reaches b, ¢ and e. The amount
of floodplain on islands is small com-
pared to that along the banks. Expression A 70 :?f;t :1,’;(8) ‘;’?,:; Eﬁ ‘1;
of the data as floodplain area per kilo- . lga P 24 0.34 NA 10
meter of river channel shows that the 1sian )
floodplain is considerably wider in total 482 6.88 NA 15
reaches b and c¢ than in the other
reaches. The floodplain is largely covered B 175 I?ft 1359 n 78 !
with forest, and forest cover increases 'rxght 1245 711 74 6
downriver. Table II also shows the num- island 226 129 86 32
ber of spatially discrete floodplain total 2830 16.17 77 39
“units” in each reach; more units exist
on the right bank, where control points c 66 1‘,"ﬁ 422 6.39 80 1
are more frequent than on the left bank. right 338 5.12 26 2
The floodplain of the Caura River is simi- island 26 0.39 77 12
lar in area between the two banks, and total 786 11.90 87 15
islands are insignificant. The Caura
floodplain is a small proportion (4% ) D 110 left 597 5.43 84 3
of the total fringing floodplain. right 265 2.41 94 3
Data on floodplain lake island 73 0.66 81 24
abundance and the area are given in Table total 935 8.50 87 30
III. Reach b contains the most lakes in
terms of total number, lakes per km of riv- E 185 left 385 2.08 90 7
er channel, and total lake area. However, right 351 1.90 98 11
the overall density of lakes in reach b island 159 0.86 81 33
(both banks plus islands), in terms of total 895 4.84 92 St
both lakes per km2? and percent of the
total area occupied by lakes, is lower than F | 107 left 438 4.09 95 3
in reaches downriver because of the right 86 0.80 100 15
scarcity of lakes along the right bank island 101 0.94 95 22
floodplain. Among the six reaches, lakes total 625 5.84 96 40
cover 5-12% of the fringing floodplain,
anq the median area of individual lakes G 57 left 243 4.26 100 2
varies only from 0.05-0.11 km2. The right 141 2.47 100 5
_Caura floodplain has few lakes, but island 27 0.47 100 6
:ﬁ:lli-(ii;gt sg:zll'(al relatively large lakes on total 411 7.20 100 13
An example of the
floodplain of the lower reacflJnes is shown AG 770 total 6964 9.04 NA 203
in Fig. 5. This section is located in reach B-G 700 total 6482 9.26 85 188
f, immediately downriver from Ciudad .
Bolivar. Control points are frequent
along this part of the river, particxc}larly Caura 7 :-ti:gn i‘;;’ %;g gg 3-
along the right bank, and there is gener- island 1 0'01 100 3
ally an erosion scarp close to the flood- total 325 4.64 85 10

plain boundary (Vésquez, 1988). Up-
land areas on both sides of the river,
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which are covered with Trachypogon
<zvanna and deciduous forest, are gener-
2lly not inundated in the wet season.
Levees separate most floodplain areas
from the river except at the highest stage,
and the floodplain is roughly convex in
cross-section. Narrow tie channels (“ca-
fios”) pass through the levees and be-
tween lakes (Blake and Ollier, 1971), al-
lowing water to flow into and out of
floodplain areas when the river level is
below the levees.

Fig. 6 shows the flood-
plain in reach b, where the river flows be-
tween high plains on both banks. In this
area, water from the Meta River travels
along the left bank for up to 200 km be-
fore mixing completely with the water of
the main channel (Meade et al., 1983;
Weibezahn, 1985). Floodplain lakes are
very abundant along the left bank, which
carries sediment-laden water from the
Meta River, but are relatively scarce
along the right bank, which carries water
lower in suspended solids that originates
above the Meta. The right bank is flanked
by occasional granitic massifs of the
Guayana Shield, with intervening valleys
of low relief in which the savanna is
subject to sheet flooding by local rainfail.
In the upper right of Fig. 6, a portion of
tributary floodplain (Capanaparo River)
adjoins the fringing floodplain of the
main channel. .

Discussions

Geomorphology and hydrology
of the floodplain

Geomorphologic features
of particular importance to the hydrolo-
gy of the fringing floodplain include ele-
vation, lateral extent, and the existence
of control points. These features control
the depth and duration of inundation and
the hydraulic residence time of river
water on the floodplain, which in turn
affect many biogeochemical, limnologi-
cal, and ecological processes.

The depth of flooding
at high water on the Orinoco floodplain
is commonly less than 6 m, except in
some of the largest lake basins (Véasquez,
1988; Hamilton, unpublished data).
MaclIntyre and Melack (1988) reported
that a moderate-sized Amazon floodplain
lake (Lake Calado) tends to develop
persistent  thermal stratification with
anoxic bottom waters when its depth
exceeds 6 m. We have measured dissolved
oxygen in Orinoco floodplain waters
during inundation and found that anoxic
waters are less common and less per-
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sistent in lakes on the Orinoco floodplain
than in the lakes that have been studied
on the Amazon floodplain (Hamilton and
Lewis, 1987 and 1990). In addition to
the relatively shallow depth of waters on
the Orinoco floodplain, high rates of
riverine through-flow also act to main-
tain oxygen in bottom waters.

Through-flow of river
water in floodplain areas is biologically
important because it is a major source
of dissolved and particulate nutrients to
aquatic plants, it maintains high inorganic
turbidity and reduces deoxygenation,
and the outflow current may carry
planktonic organisms out of their suita-
ble habitat (Hamilton and Lewis, 1987;
Forsberg et al., 1988; Hamilton et al,,
1990). We have frequently observed
currents of 10-20 cm s—! on the fringing
floodplain of the Orinoco. Through-flow
of river water continually flushes most
floodplain areas during inundation, and
residence time of water in floodplain
lakes can be on the order of days
(Hamilton and Lewis, 1987; Hamilton et
al., 1990), although densely vegetated or
isolated areas can be relatively stagnant.
The residence time of river water on the
Orinoco floodplain may be shorter than
on larger floodplains such as that of the
Amazon near Manaus because the Ori-
noco floodplain is relatively narrow, and
the permanently backflooded tributary
valleys that are common on the middle
Amazon floodplain (Tricart, 1977) are
not found along the Orinoco.

The area (km2) of fringing floodplain in each reach. L: left bank, R: right bank;

Control points, which
define discrete spatial units of the fring-
ing floodplain, act to force floodplain
waters back into the main channel, In
large floodplain units, the river water is
progressively depleted in nutrients and
dissolved oxygen as it travels across the
floodplain. Toward the end of the hy-
drologic flow path across the floodplain,
the fertilizing effect of riverine inunda-
tion may be lessened. It follows that
smaller floodplain units may show higher
overall biological production than larger
ones. The existence of many discrete
floodplain units defined by control points
is a characteristic of the Orinoco fringing
floodplain that is not shared by the well-
studied floodplains of the middle Amazon
and the middle Parani rivers.

The distribution of con-
trol points is of practical interest with
regard to industrial development along
the river. Valuable biological resources
are concentrated in floodplain environ-
ments. Floodplains may act as traps
(Hart et al., 1987) or as dispersal sites
(Lewin, 1978) for pollutants released
along the river margins. At con'trol
points, pollutants will re-enter the river
and become mixed into the main chan-
nel. Future industrial development along
the Orinoco will include plants to process
wood pulp and bauxite as well as a major
crude oil refinery (Ministerio del Am-
biente y de los Recursos Naturales Re-
novables, 1983). These and other activi-
ties related to resource exploitation and
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industrialization will likely result in the
release of significant quantities of pol-
lutants into the river. The sites of rckease
relative to floodplain units and control
points will determine the cffects of the
reicase oo floodplain environments, as
wcll as the rapidity and degree of dilu-
twn of the pollutant by river watcr.
Constructioo of raised highways and dikes
on the floodplain can alter flow patterns,
causing potentially large impacts on
floodplain environments.

Processes of floodplain formation

The data on floodplain
area (Tables 11 and 111, Fig. 4) indicate
that the Orinoco fringing floodplain is
asymmetric, with considerably more
floodplain along the left bank. Tricart
(1977) attributed the asymmetry of the
Amazon floodplain below the mouth of
the Japura River to basin tilting, which
causes the river to erode against
one bank. The asymmetry of the Orinoco
floodplain may be explained simply by
the asymmetry in sediment loading from
the tributaries. Most of the suspended
sediment carried by the Orinoco main
channel comes from the Meta and Apure
rivers along the left bank, whose waters
tend to flow considerable distances before
mixing fully into the main channel
(Meade et al, 1983). Dilution of sus-
pended solids by the right bank tributa-
ries (Caura and Caroni rivers) may
enhance the asymmetric aggradation of
sediment along the course of the main
channel.

Figs. 5 and 6 show typi-
cal floodplain patterns. Meander scroll
topography (Blake and Ollier, 1971) is
not strongly developed on the Orinoco
floodplain, although meander cores are
occasionally found. Oxbow lakes with
dimensions comparable to those of the
main river channel are not found on the
fringing floodplain. The uniform topo-
graphy of much of the floodplain sug-
gests that overbank deposition of sedi-
ment, as opposed to lateral accretion
(Leopold er al., 1964; Blake and Ollier,
1971; Gerrard, 1981), has been the
primary mechanism of aggradation. This
mechanism is consistent with the uni-
modal hydrograph (Fig. 2), the abun-
dance of fine silts and clays in the sedi-
ment load (Meade et al., 1983), and the
confinement of the channel by resistant
geologic formations.

Occasional floods of ex-
traordinary magnitude have been impli-
cated as the principal forces that create
many of the geomorphologic and ecologi-
cal features of the Parana (Drago, 1977;
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Figure 5. Example of the fringing floodplain along the lower Orinoco (reach F.) Shading indicates
permanent waters; dashed line shows the floodplain boundaries.

67°00'

Figure 6. Example of the fringing floodplain along the upper Orinoco (reach B). Shading
indicates permanent waters; dashed line shows the floodplain boundaries. The floodplain and a
small distributary of the Capanaparo River bisect the Orinoco fringing floodplain in the upper
right of the figure. Elevation contours are 100-m intervals.
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Neiff et al., 1985) and upper Amazon
(Colinvaux et al., 1985; Salo et al,, 1986)
floodplains. The succession of vegetation
on these floodplains is periodically reset
by large floods, and floodplain forests
tend to be comprised largely of pioneer
species. In contrast, much of the Orinoco
fringing floodplain is covered by forest
that does not appear to be in an early
successional state (Williams, 1941;
Colonnello et al., 1986; Hamilton, per-
sonal observations). Recent extraordinary
floods in 1976 and 1981 did not cause
extensive forest damage, and comparison
of the 1:100,000 maps with recent aerial
photographs shows that the shapes of
floodplain lakes have changed little in
over 20 years. The relative resistance of
the Orinoco floodplain to geomorphologic
changes during large floods is explained
by the geomorphology of its valley; pe-
riodic confinement of the river channel
by control points throughout the length
of the river may limit the overbank flow
and the river channel cannot migrate
freely across a wide alluvial plain.

Effects of tributaries and local
drainage on floodplain hydrology

Differences between the
left and right banks of the Orinoco fring-
ing floodplain during inundation are en-
hanced by the delayed mixing of tributary
inflows for long distances below their
debouchure into the main channel. For
example, the geomorphologic differences
between the floodplain on the left and
right banks (Fig. 5) are likely to be ac-
companied by differences in water tur-
bidity, nutrient concentrations, and pri-
mary production because the Meta River
is more turbid and has higher nutrient
concentrations than the Orinoco above
the Meta (Weibezahn, 1985). The waters
of the Caura and Caronf rivers, which are
more dilute and transparent than those of
the main channel (Lewis and Saunders,
1989), will similarly affect the fringing
floodplain of the right bank until they
become fully mixed into the main
channel.

Local rainfall and runoff
are generally small components of the
floodplain water budget during inunda-
tion (Hamilton and Lewis, 1990), but are
likely to be more important during isola-
tion of lakes from the river, particularly
where a spring-fed stream flows into the
lake and maintains its water level through
the dry season. In floodplain lakes of the
Amazon river, rainfall and local runoff
have been found to be substantial sources
of water relative to riverine inflows, even
during inundation (Forsberg et al., 1988;
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TABLE LI

ABUNDANCE AND AREA OF PERMANENT LAKES ON THE ORINOCO
FRINGING FLOODPLAIN

lakes lakes > lake % of
number per km per km? of area area as

reach  bank of lakes channel floodplain (kme) lakes
B left 567 3.24 0.42 114 8
right 130 0.74 0.10 22 2

island" 61 0.35 0.27 7 3

total 758 4.33 0.27 143 5

C left 130 197 0.31 25 6
right 117 1.77 0.35 42 12

island 13 0.20 0.50 1 4

total 260 394 0.33 68 9

D left 191 1.74 0.32 40 7
right 104 0.95 0.39 27 10

island 19 0.17 0.26 2 3

total 314 2.86 _ 0.34 69 7

E left 176 0.95 0.46 31 8
- right 170 0.92 0.48 29 8
island 71 0.38 0.45 11 7

total 417 2.25 0.47 81 8

F left 204 191 0.47 60 14
right 90 0.84 1.05 12 14

island 38 0.36 0.38 4 4

total 332 3.11 0.53. 76 12

G left 132 2.30 0.54 28 12
right 58 1.01 0.41 12 9

island 23 0.40 0.85 3 11

total 213 3.71 0.52 43 10

B-G total 2294 3.28 0.33 480 7
Caura left 35 0.49 0.24 8 5
right 17 0.24 0.10 17 10

island 0 - —_ — —_

total 52 0.73 0.16 25 8

Lesack, 1988). This apparent difference
between the Amazon and Orinoco flood-
plains may be explained by the higher
precipitation along the Amazon near
Manaus (ca. 200 cm y-!) and by the
fact that the Amazon studies have fo-
cussed on larger lakes, many of which are
backflooded tributary valleys along the
floodplain boundary, in which stream in-
flows can be larger and riverine through-
flow smaller than in lakes in the center
of the floodplain.

Comparisons with other South
American floodplains

The fringing floodplain
of the Orinoco between the Meta River
and the delta covers approximately 7,000
km? (Table II). Direct comparison of
this value with estimates for other neo-
tropical floodplains is possible for cases
in which the fringing floodplain has been
distinguished from adjoining internal
delta plains and from contiguous coastal
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deltaic floodplains (Table IV). The areal
estimates for internal deltas of the Ori-
noco and Paraguay rivers include ex-
tensive areas of savanna subject to sheet
flooding by local rainfall as well as areas
that receive overbank flow from the main
river channels. The total area of the Ori-
noco fringing floodplain is much smaller
than that of the Amazon, and is compa-
rable to that of the middle Parana. The
mean area of floodplain per kilometer
of channel for the Orinoco (9.3 km?2
km—1: Table II) is much smaller than
that for the Brazilian Amazon (ca. 40:
Melack and Fisher, 1990), but is similar
to those for the middle Paranid (10:
Drago, 1981) and the lower Paraguay
(6: Drago, 1975) rivers. These ratios
vary much less than the mean annual
discharges of these rivers, which range
from 4.5 x 10% m® s—1 (Paraguay) to 200
X 103 m3 s-! (Amazon).

Conclusions

The fringing floodplain
of the Orinoco river covers approximately
7,000 km? of largely forested land that
is seasonally inundated with river water.
Discrete spatial units of floodplain are
defined by periodic control points along
the river valley. The floodplain is larger
along the left bank, where sediment
transport is greater because of loading
from the turbid Andean tributaries, The
alluvial plains (Llanos) and the Orinoco
Delta are the most extensive wetland
areas in the Orinoco basin, and because
of these areas, the Orinoco basin ranks
as a major neotropical wetland site, How-
ever, fringing floodplains such as that
of the Orinoco may be disproportionately
important relative to their surface areas
because of their biological diversity and
their hydrological and ecological link-
ages to the riverine systems. As industrial
development and hydrologic modifica-
tions in the basin proceed in the future,
management and conservation of the
Orinoco fringing floodplain will require
consideration of the unique geomor-
phological, hydrological, and ecological
characteristics of floodplain environ-
ments.

ACKNOWLEDGEMENTS

We thank S. J. Sippel for assistance with the
measurements, M. J. Grant for the use of
computer equipment, and J. F. Saunders III and
J. M. Melack for encouragement and advice.
This work was supported by grant BSR 83-
15410 from the U.S. National Science Founda-
tion, Logistical support was provided by the

INIERUIERLIA NOV - DEC 1990, VOL. 15 N9 6

TABLE IV

COMPARISON OF THE AREA (Km?) OF THE ORINOCO FRINGING
FLOODPLAIN WITH AREAS OF OTHER MAJOR NEOTROPICAL
FLOODPLAINS. NA = DATA NOT AVAILABLE

mainstem internal coastal

river fringing deltaic deltaic total references

system floodplain  floodplain  floodplain

Orinoco 7,000 70,000 20,000 97,000 this study and
Welcomme 1979

Amazon 170,000 2 NA 25,000 195,000 2 Melack & Fisher 1990
and Welcomme 1979

Parani 13,100 NE 12,350 25,450 Drago, 1989

Paraguay 2,000 140,000 NA 142,000 Drago 1975 and

Bonetto et al., 1988

NA: Not available.
NE: Non existent.

a: includes floodplain in both Brazil and Peru.

Venezuelan Ministerio del Ambiente y de los
Recursos Naturales Renovables, and maps and
aerial photography were provided by the Di-
reccién de Cartografia Nacional. The manu-
script was improved by suggestions from J. M.
Melack, E. Viasquez, L. A. K. Mertes and E.
C. Drago.
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