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Abstract

This is a preliminary study of the vegetation of a potential oil prospecting zone of remote areas of the
Orinoco Delta. It aims to provide a scientific basis to delineate efficient conservation strategies. Flora, life
and growth forms were examined along with ethnobotanical aspects, as there are three Warao Indian
settlements in the area. Various vegetation patterns were identified from satellite images and aerial
photographs: swamp and palm forests, mangroves, shrubland and meadows. The first vegetation map of the
zone was elaborated (1:25.000). Over 500 botanic samples encompassing 77 families, 148 genera and 205
species were collected. Twenty-two families had 3 to 20 species, the remaining families had only one or
two, being Orchidaceae, Araceae and Bromeliaceae the best represented ones. Endemic species known for
the Venezuelan Guayana were not observed in the study area. A non-gramineous meadow, not reported
before for the Venezuelan Guayana, combines three dominant species, the fern B. serrulatum and the
cyperaceous herb Lagenocarpus guianensis. The main forest forming species showed morphological
adaptations to flood and anoxic conditions, for which they are expected to be particularily sensitive to oil
pollution. Around 40 % of the plants species used by the Warao Indians in the study area are for medical
purposes.

Keywords: Biodiversity, swamp forest, Mauritia sp., meadow, mangrove, natural resources.

Resumo
Este ¢ um estudo preliminar de vegetagao de uma potencial zona de prospecgido de crude em areas remotas
do Delta de Orinoco, de modo a fornecer uma base cientifica para o delineamento de estratégias eficientes
de conservagdo. Flora local, formas de vida e crescimento foram examinados conjuntamente com aspectos
de etnoboténica, devido a presenga de trés povoamentos de indios Warao nesta regido. Varios padroes de
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vegetagdo foram diferenciados com base em imagens de satélite e fotografias aéreas: pauis e florestas de
palma, mangais, areas arbustivas e pradarias. Elaborou-se o primeiro mapa de vegetagdo da zona
(1:25.000). Mais de 500 amostras botanicas englobando 77 familias, 148 géneros e 205 espécies foram
recolhidas. Vinte e dois familias incluem 3 a 20 espécies, enquanto as restantes familias abrangem apenas
uma ou duas espécies, sendo Orchidaceae, Araceae e Bromeliaceae as melhor representadas. Na presente
area de estudo ndo foram observadas espécies endémicas caracteristicas da flora da Guiana Venezuelana.
Um prado ndo-graminaceo, dominado pelo feto B. serrulatum e a Cyperacea Lagenocarpus guianensis, ¢
pela primeira vez descrito para a Guiana Venezuelana. Nas formagdes florestais, as principais espécies
apresentam adaptagdes morfologicas para resistir a cheias e condigdes de anoxia, pelo que se espera serem
particularmente sensiveis a polui¢do por petroleo. Cerca de 40 % das espécies de plantas utilizadas pelos
indios Warao sdo empregadas a fins medicinais.

Introduction

One of the main objectives of nature conservation activities is to assure the long-term
survival of the largest possible number of species, in accordance with the precautionary
principle (CLUBBE 1996). To promote conservation, information about species location,
descriptions, specific composition and the needs of natural communities is urgently
required, in particular about high biodiversity hot spots. However, in recent times,
taxonomic concern for biodiversity has been accompanied by a dismissal of the basis of
biodiversity work, which involves the proper description of taxa (VALDECASAS et al.
2000).

Venezuela has been qualified as one of the six South American "megadiversity"
countries (WWF & IUCN 1994). The Orinoco Delta region largely contributes to this
perception, as it is a landscape with considerable biogeographical significance that
concentrates an important number and variety of species (STEYERMARK et al. 1995).
When the Orinoco reaches its delta, it splits in over 30 river branches and 300 laby-
rinth-like currents (cafios) before flowing into the Atlantic Ocean. This gives rise to
numerous islands, riversides and vast wetlands. Luxuriant swamp forests and several
types of mangroves grow in these environments that are rich in terrestrial and aquatic
fauna (LINARES 1998). Access to this remote region is difficult, unsafe and expensive,
which may explain the current lack of scientific information.

In 1896, the North American botanist H.H. Rugby assembled the first lower Orinoco
Delta region plant collections, (STEYERMARK el al. 1995). Since then, national and
foreign botanists have put together other collections (SOCIEDAD DE CIENCIAS
NATURALES LA SALLE 1954; DANIELO 1964; STEYERMARK 1968, 1979;
DELASCIO CHITTY 1985; COLONNELLO 1995; COLONELLO & MEDINA 1998;
MONTOYA 2003). In addition, some existing vegetation-related studies, which are not
strictly floristic, are considered to be pioneers for the region (MULLER 1959; VAN
ANDEL 1967; PANNIER 1979; SHEIHING & PFEFFERKORN 1984; HOFFMAN
2002; RABOLD 1990). The results of these explorations have made it clear that, to a
large extent, the flora of the Orinoco Delta belongs to the physiographic and biogeogra-
phical region of the South American Guayana. The Venezuelan Guayana (VG), located
in the Guayana Shield, is the main core of this region (STEYERMARK et al. 1995).
Documents dealing with land use planning also contain useful information (TAMAVEN-
CA 1971; MARNR 1982, 1983-1984; CANALES 1985; ASERRADERO ZAMORA
1996; MANACA ORINOCO C.A. 1993).

In the nineties, different initiatives came together to promote oil prospecting in
extensive areas of the upper, middle and lower Orinoco Delta (LANDER 1997). Little
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or no environmental and ecological information was available for these areas. To date,
the best floristic and biogeographical descriptions of the Orinoco delta plains are
furnished by STEYERMARK et al. (1995), but there are still to general for specific
managerial purposes. Therefore it became essential to inventory the existing and still
unknown natural elements of the study area to delineate concrete conservation strategies.
Such inventories would also provide scientific knowledge that could become unobtaina-
ble if these pristine environments are disturbed or lost.

This paper is a preliminary study of the different vegetation formations in a vast
potential oil and gas prospecting area of the lower Orinoco Delta. It gives an insight
into the so far poorly known vegetation of the Orinoco Delta. It also represents a
baseline state against which changes in distribution and extention of vegetation forma-
tions and transformation of areas can be assessed through time. The first vegetation map
of the area is provided. Species richness, endemisms related to the Venezuelan Guayana
region and aspects related to ethnobotany are assessed as biodiversity values.

The study site

The Orinoco Delta is a large wetland formed by a fluviomarine sedimentary plain. It covers a surface area
of 42,000 km®, has slopes <1 % and elevations <10 m a.s.1. Geologically it is located in the sub-basin of
Maturin which is part of the Eastern Venezuela basin. Structurally, it is an active faults zone (GONZALEZ
DE JUANA et al. 1980). Seismic evidence and natural oil seeps have shown the existence of crude oil.
Subsidence, tectonic and geotectonic processes, and the effect of fluvial inputs and marine currents as well,
have given raise to three distinct physiographic landscapes: a) the Upper Delta with prevalent fluvial
processes of sedimentation; b) the Middle Delta, dominated by swampy fluviomarine plains; c) the Lower
Delta, next to the Atlantic Ocean. This lower area is the most extensive and includes marshes, estuaries
and minor fluviomarine forms that are subjected to tidal influence (DELASCIO CHITTY 1985; WARNE
et al. 2002). The study area extends over 941.9 km?” It is situated between Punta El Tigre and Punta
Tolete. To the north, it borders the Atlantic Ocean along 80 km of coast. It also extends about 20-30 km
inland (Fig. 1). A moist tropical climate prevails, with precipitations surpassing 1800 mm year' (PDVSA
1992). Flood conditions are almost permanent throughout the year. The area is drained by shallow water
channels called "cafos", which are subjected to the tidal dynamics of marshy-swampy areas. These
channels join at Cocuina island (Fig. 1). Soils are organic and hydromorphic and include: Tropofibrists,
Tropohemists, Sulfhemists, Hydraquents and Sulfaquents having bad drainage, acidic pH and a low base
exchange capacity (MARNR 1982; PDVSA 1992). Apart from the hydrological impacts of damming Cafio
Manamo (COLONELLO & MEDINA 1998), human activities still had little effect on the delta processes
and environment. Three Warao Indian settlements exist in the mouth of the Orinoco; at Mariusa, Cocuina
and Macareo caiios outlet (Fig. 1).

Material and methods
A vegetation map of the study area (1:25,000) was elaborated using photogrammetry and remote sensing
techniques to interpret the different plant communities’ spatial patterns. The 1997 Amoco Ven mission
provided color aerial photographs of about 60 % of the study area to a scale of 1:25,000. They were
rectified, restituted, interpreted and finally divided into sectors on a digitalizing table. The remaining 40
% of the study area was examined with the help of scene 001/053 (July 1991) of a Landsat 5-TM (7-chan-
nel scanning radiometer) satellite image. Combinations of infrarred bands (mid-infrared band 5, near-
infrared band 4, and visible band 2) were utilized to outline different vegetation formations and operational
types (UNESCO, 1993; BERRY et al. 1995). A non-supervised classification (isodata) was applied on the
Landsat-image to corroborate the definition of the vegetation units based on the aerial photographs
interpretation. Scene 233/053 (December 1986) was used only as reference to visualize cloudy areas. To
designate structural vegetation categories and draw up the map legend, we combined photogrametry and
field verification. The main criteria applied were canopy cover, height and density. The obtained photo-
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grammetric and digital classifications based on visual patterns were supported by an extensive and
thorough field survey comprising 227 regularely distributed checking points (1 point/4 km?). Canopies
were categorized "in situ" as "height" (30-20 m), "mid" (19-5 m) and "low" (<5 m). Canopy density was
qualified as "dense" when it was uneven and tree crowns touched each other with interlocking; "mid" when
it was regular and tree crowns touched each other without interlocking, and "open" when tree crown did
not touch each other leaving canopy gaps or clearings. These data were complemented by identifying the
most frequent combination of forest forming species in each checking point, with the help of specialized
literature (STEYERMARK el al. 1995). Dasonomic and floristic data were then associated to each distinct
vegetation formation and type previously identified on the image. The original color vegetation map was
delivered to the Venezuelan Ministry of the Environment and Natural Resources (MARNR) as part of the
baseline study of the area (GEOHIDRA CONSULTORES 1998). A simplified version of this map on a
1:400,000 scale is provided in this paper, showing only five vegetation formations (Fig. 2), and a summary
of the preliminary vegetation types encountered (Table 1).

Field work to assess species richness and life forms was carried out between April and June 1998
with the help of helicopter flights. The selection of sampling points for plant collection was based on a
preliminary version of the vegetation map and on field accessibility (helipads). In forested and shrub areas,
floristic description was undertaken in 0.1 ha plots: 28 in swamp forests (SF), 16 in mangroves (MG), 8
in palm forests (MO), 3 in shrubland (SHR) and 4 in wooded meadows (MD). In 16 treeless meadows,
species were identified along 50 m? strips of herbaceous vegetation. Figure 1 shows the 59 locations of the
plots and strips. Botanical samples and their replicates were collected, labeled and preserved with 70 %
isopropyl alcohol. Collected specimens were deposited in the Universidad Nacional Experimental de Los
Llanos Ezequiel Zamora (UNELLEZ) herbarium. Botanists from this herbarium carried out most of the
taxonomic determinations. Species were classified according to their life (RAUNKIAER 1934) and growth
forms (MULLER-DOMBOIS & ELLENBERG 1974; VARESCHI 1992). If species were or not endemic
of the Venezuelan Guayana was checked against the "Flora of the Venezuelan Guayana" (STEYERMARK
et al. 1995), the Internet database W3 TROPICOS and the checklist of the Biological Diversity of the
Guianas program of the Smithsonian Institute. Qualitative ethnobotanical information was collected "in
situ" from the indigenous Warao population settled at Cocuina, with the help of José Giiiria and Pedro
Guarena, two Warao guides, which lived in the study area and were incorporated into the project.

Results

Vegetation patterns

Swamp forest, meadow, mangrove, Mauritia flexuosa palm forest (locally known as
"morichales"; GONZALEZ 1987), and shrubland were the main vegetation formations
found. They were arranged in a mosaic pattern, covering 34,477 ha (36,8 %), 30,752 ha
(32,8 %), 20,696 ha (22,1 %), 4,827 (8,41 %) ha and 3,070 ha (3,27 %) of the study
area, respectively (Fig. 2). Meadows and swamp forests were the best represented in
terms of coverage, swamp forests and mangroves showed the most conspicuous patterns.
Vegetation cover patterns based on density, height and species arrangement enabled
different and preliminary vegetation types to be distinguished within each plant forma-
tion. Different combinations of the most frequent species were observed in each catego-
ry (Table 1). Rhizophora mangle and R. racemosa were the most frequent among
mangrove trees. Mangroves of R. mangle, Avicennia germinans and Laguncularia
racemosa either grew along the ocean coast - exposed to direct tidal action and marine
currents - or in more inland positions in basins or depressions. Rhizophora spp. formed
dense gallery forests bordering the cafios tens of kilometers upstream. In more inland
ecotonal areas, mangrove stands were mixed with palms (Euterpe spp.) and the tree
Pterocarpus officinalis. Swamp forests grew behind the mangrove belt, being the most
conspicuous species Tabebuia insignis var. monophylla, Pterocarpus officinalis and
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Diospyros lissocarpoides (Table 1). They developed landwards into the interdistributary
alluvial plains, extending onto terrain flooded by water from pluvial, fluvial or fluvio--
marine origin. The understory is open and trees can reach 30 m in height. Many of
them have pneumatophores and adventitious, tabular or stilt roots. P. officinalis was one
of the best equipped trees to succeed in swampy, oxygen-depleted environments. The
swamp forest was still relatively pristine, with only occasional human intervention.
Mauritia flexuosa is the most important species in palm forests locally known as
"morichales" ("cananguchales" in Colombia, "buritizales" in Brazil), followed by T.
insignis and P. officinalis (Table 1). The "morichales" were most frequently located
between forests and meadows. However east of the Cocuina Island along the cafio
Simoina (Fig. 2), they occurred in patches within the meadow matrix. This vigorous
palm tree sometimes attains 30 m in height. It has a flabelliform crown made up of
10-14 large costa-palmate leaves, which are about 6 m long. M. flexuosa was never
found exposed to brackish water inputs. Shrubland was sparse and azonal. It appeared
in isolated patches, growing between mangroves and swamp forests. It consisted of
stunted-looking shrubs, with stems oriented to the west probably due to influence of the
winds. The main species were Chrysobalanus icaco and llex martiniana (Table 1).
Meadows evolved mostly within the deltaic plain away from the cafio’s influence in
areas with bad drainage and long-lasting floods. They were characterized by a continu-
ous 1-1.5 m high herbaceous cover. Isolated or patchy wooded components were
occasionally observed. Meadows were dominated by the fern Blechnum serrulatum and
the cyperaceous herbs Lagenocarpus guianensis and Rhynchospora gigantea, which
prevailed both in treeless and wooded meadows. I. martiniana and M. flexuosa were the
main woody elements (Table 1).

Species richness

A floristic inventory of the study area is provided in Appendix 1. It indicates the species
identified, their life and corresponding growth forms, and the plant formations where
they were found. In total, 583 botanic samples and their replicates were collected. Their
identification resulted in 77 families, 148 genera and 205 species (192 phanerogams and
13 cryptogams). Nineteen families had between 3 and 20 species; the remaining 55 had
only one or two. Orchidaceae was the best represented family with 9.8 % of the total
number of species and 14 genera. Araceae accounted for 5,9 % of the species and 6
genera, Bromeliaceae for 5,4 % and 4 genera, and Moraceae, Fabaceae, Clusiaceae and
Arecaceae each accounted for 4,4 % of the species. Total species distribution among the
five plant formations was as follows: 152 (74,5 %) in swamp forests, 75 (36,8 %) in
mangrove, 49 (24,0 %) in "morichales", 51 (25,8 %) in shrubland and 33 (16,2 %) in
meadows. Regarding species distribution among vegetation types, 131 (64,2 %) species
appeared only in one type of vegetation. Only 8 (3,9 %) species were found in all five
types. Over 55,3 % of the plant species collected in the swamp forest was not found in
the other vegetation types. This percentage was 34,7 % in mangroves, 18,4 % in
"morichales", 5,9 % in shrubland and 27,3 % in meadows. Tree species of the forested
areas in 0.1 ha plots was 13-31 (average 2046 sp.) in SF, 1-19 (average 10+4 sp.) in
MG and 2-16 (in average 10+6 sp.) in MO. We did not collect samples until species
saturation, due to the preliminary nature of this work. Therefore, an increase in species
richness is expectable with increasing sampling area.
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Life and growth forms

Figure 3a shows the distribution of life forms within the plant formations. Phanerophy-
tes were predominant, followed by hemicryptophytes. Therophytes, helophytes and
hydrophytes were rather rare. Regarding growth forms, transport and support functions
were mostly provided by tree-like structures (Fig. 3b). Epiphytic forms of Orchidaceae,
Araceae and Bromeliaceae were frequent, especially in swamp forests and mangroves.
In mangroves, Orchidaceae accounted for 20 % of the species encountered, Araceae for
36,4 % and Bromeliaceae for 63,6 %. Lianas preferentially grew in forest and shrub-
lands; herbaceous growth forms, such as ferns and Cyperaceae, in meadows.

Ethnobotanical aspects

The Warao are the aboriginal inhabitants of the Orinoco Delta. They call themselves
"people of water" or "people of canoe". In the study area they live in palaffites along
the mangrove shores or in open waters, like in Mariusa and Cocuina. Handicraft and
subsistence fishing and hunting, and harvesting of forest products constitute the main
land uses in these communities. Table 2 summarizes the ethnobotanical information
collected in the field. It includes 29 plant species, their corresponding Warao and
scientific names, and their uses in the afore mentioned communities. Of the reported
species, 37,9 % are allotted to health care, 27,5 % to food supply, 27,5 % to weapon,
canoe, and tool production, 20,7 % to buildings, 3 % to handicraft and 3 % to commer-
cialization.

Discussion
The wetland forests of the lower Orinoco Delta correspond to the Tropical Ombrophi-
lous Forest Formation (HUBER & ALARCON 1988; UNESCO 1973). Relatively little
is known about them in comparison to their homologous of the upper, middle and
lowland (non-delta) reaches of the basin, which have high species diversity (HUBER
1995). There are no single or generally accepted methods for assessing species diversity.
One of its most basic expression is species richness (BEGON et al. 1999; WHITTA-
KER et al. 2001). Tree species number in 0.1 ha plots of wetland forests in the study
area were between 1 and 31, being SF the most diverse. URREGO (1997) recorded 139
species in plots of 0.6 ha in the Colombian Amazon swamp forests. In the Amazonian
Pantanal region, forest studies yielded 18 and 42 species in 0.33 ha, 11 species in 0,42
ha, 33 species in 0,49 ha (SOUZA et al. 1997), 7 species in 0,2 ha (DUBS 1994) and
12 species in 0.1 ha (DAMASCENO-JUNIOR et al. 2005). In the Amazon estuary near
Bélem, CATTANIO et al. (2002) reported 45 and 67 species in 0,2 ha plots.These
examples and others found in the literature show differences in the sample sizes and
criteria employed, making comparisons of species richness with our results difficult.
However, it is a general statement that forested wetlands have lower species richness if
compared with their upland, alluvial or "terra firme" counterparts (KLINGE et al. 1973;
GENTRY & ORTIZ 1993; PETERS 1994; DALY & MITCHELL 2000; ELLISON
2004). It has been suggested that species richness within forested wetlands may be
controlled by the cumulative number of environmental constraints (KEOGH et al. 1998).
In fact, wetland forests of Punta Pescador develop in a deltaic environment where
prolonged flooding (5-10 months), oxygen-poor flood water (0.52+0.72 mg/L), low pH
of soil and water (averages 5.06£1.15 and 4.84+133 units respectively), and periodic
(semi-diurnal tides) or occasional exposition to brackish water inputs are common
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(VEGAS-VILARRUBIA et al. 2006; GEOHIDRA CONSULTORES 1998). The combi-
ned effects of these variables makes it difficult for some species to become established,
while others are highly specialized to survive in adverse habitats, like P. officinalis
(WEAVER 1997; SAUR et al. 1998). This may result in distinct composition of plant
communites growing in highly heterogeneous environments at a local scale.

The study area assembled 2,1 % of the species reported for the VG. To date, from
the 9411 species reported for this region 2136 species (22.7 %) and 34 genera (1.9 %)
are endemic (BERRY et al. 1995). From the species collected in the study area, 193 had
been reported in the "Flora of the Venezuelan Guayana" as non endemic for this region,
while the 12 remaining species (Annex 1) were not included in this work (STEYER-
MARK et al. 1995). Among the latter 12, Pachira insignis, Epiphyllum hoockeri,
Sloaena durissima, Reimarochloa aberrans and Boehmeria grandiflora had been found
in other places of the Guayana Shield. The remaining 7 species are common in Central
or Northern South America outside of the Guayana region.

Mauritia palms are native flora in the lowlands of the Amazon and Orinoco (CLAY
& CLEMENT 1993; RULL 1998). They grow in a variety of vegetation types (MUL-
LER 1959; GONZALEZ 1987; TISSOT et al. 1988), but most often occur in nearly
pure stands of gallery forests along water courses (HUBER 1986; PETERS et al. 1989,
GONZALEZ 1987). They are found less frequently over wide areas of badly drained
alluvial plains, such as those in Punta Pescador. To survive M. flexuosa has secondary
roots where air can circulate freely (GRANVILLE 1974, 1992). In the study area the
"morichales" develop on silt, peaty and very acidic, soils covered with almost anoxic
flood water (VEGAS VILARRUBIA 2006). URREGO (1997) reported ample M.
[flexuosa forests evolving in flooded alluvial basins under similar conditions in Colom-
bia’s Middle Caqueté region. According to GONZALEZ (1987), this species’ seedlings
are strongly light dependent and only grow in open places. This suggests that isolated
individuals or stands of Mauritia evolving in some meadow matrices may correspond
to early development stages that gradually expand to the neighboring swamp forest.
Another possibility is that some stands are remains of fragmented "morichales". Alterna-
tively, they may represent secondary growth stands substituting swamp forests affected
by fires. Mauritia can rapidly colonize habitats created by fire (RULL 1999). In fact,
fire is an active disturbance factor in the area. We observed evidences of a recent fire
in a meadow within the study area. We also noted no less than five fires burning
simultaneously in the neighborhood during the dry season, coinciding with a peak of
fire activity in the Orinoco Delta (GREGOIRE et al. 1998).

The Punta Pescador meadows were found to differ floristically from the middle and
lower Orinoco Delta described by HUBER (1995). According to this author, B. serrula-
tum, Acrostichum aureum, Cyperus articulatus and Scleria spp. (Cyperaceae) formed
dense, herbaceous communities growing on water-logged histosols in middle Orinoco
Delta meadows. Other lower Orinoco Delta meadows were dominated by the giant herb
Montrichardia arborescens (Araceae) growing in nearly pure stands, with an odd
appearance. Except for B. serrulatum, neither of these species was conspicuous in the
study area. The non-gramineous meadows described in this paper combine two domi-
nant species, the fern B. serrulatum and the Cyperacea Lagenocarpus guianensis. These
cover a vast surface area and represent an Orinoco Delta meadow type that has not been
reported before. The underlying soils resemble those supporting the "morichales".

Shrubland was dispersed in azonal patches. According to HUBER (1995), most VG
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shrublands are restricted to rock outcrops, sandy soils or peat. However, in the study
area the shrubland appeared in swampy back-mangrove zones. In beach environments,
Chrysobalanus icaco forms scrubs on coastal sand and dune substrates (SCHNEE 1984;
VARGAS-SIMON et al. 1997). Back-mangrove environments differed greatly from
typical beach and dune habitats. The substrate consisted of peaty organic soil, composed
mainly of silt and clay. It was water saturated almost year round. C. icaco has been
observed in similar conditions in wetlands of Mexico, Guatemala and Hawaii (SMITH
1985; RAMSAR 1999; UNEP-WCMC 2004). It is not clear whether the study’s area C.
icaco shrubland is a natural vegetation formation, such as an early successional re-
growth of disturbed forest. In any case, it has not yet been described as a shrub forma-
tion of the VG region.

Mangroves develop in a variety of situations in Punta Pescador: beside river chan-
nels, along the coastal fringe, within depressions or basins, representing a transition to
more inland environments (Table 1). They tolerate a wide range of water salinity values
(0,1-31,4 %o) depending on the season (GEOHIDRA CONSULTORES 1998). In areas
with fairly flat topography, like the lower Orinoco Delta alluvial plains, different
mangrove types are a result of local hydrology and geomorphology (CINTRON et al.
1985; cited in CINTRON & SHAEFFER 1992; KJERFVE 1990). The profile of the
study area’s mangrove forests fitted the schemes proposed by these authors: fringe,
basin and riparian mangroves. Mangroves form a belt along riversides and shorelines of
the central and eastern coast, where they are subject to sediment deposition and perma-
nent tidal flood. From a sedimentological point of view, protection from wave action
and an adequate supply of silt and clay are essential to provide a suitable environment
for growing mangrove trees (CHAPMAN 1976). However, the north-western coastal
shoreline, which has no mangroves, is subjected to marine erosion and sediment starva-
tion. Mangrove colonization is probably restrained by the effect of strong currents at the
Boca de Serpientes constriction (WARNE et al. 2002). A particular characteristic of the
deltaic mangroves was the frequency of epiphytes growing on mangrove trees. This
could be explained by the lower Delta region’s high precipitation levels. Most epiphytic
seed plants and ferns are found in tropical rainforests, as they require high humidity.

A more detailed floristic, phenologic and physiognomic description of the plant
formations (Fig. 2) and vegetation types (Table 1) is needed, to confirm and refine the
preliminary classification and the vegetation map offered. The mosaic arrangement of
plant formations probably reflects the interplay of seasonal fluvial dynamics with the
action of semidiurnal tides, environmental constrains and short-middle term and historic
processes and evolution. The complex deltaic dynamics at work is likely to create a
variety of changing habitats resulting in combinations of diverse plant species, at
different stages of development. However, the specific cause-effect relations are still
under documented.

In the study area grow plant species that may be particularly sensitive to oil spills
beyond the inherent toxicity of the oil itself. They have pneumatophores, adventitious
roots and hypertrophied lenticels to facilitate respiration that can be mechanically
obstructed by crude oil coating. Physical suffocation causes dead. These structures use
to be located in the same portions of the intertidal zone most heavily affected by
stranded oil (DICKS 1986; Boer 1993; GARRITY et al. 1994; HOFF et al. 2002). In
the study area Pterocarpus officinalis, Symphonia globulifera, Rhizophora spp., Avicen-
nia germinans, Laguncularia racemosa, Mauritia flexuosa and Euterpe oleracea had
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such adaptations. Most of them are dominant forest forming species, thus we suspect
that oil spill damages would imply more than the death of the single species and
strongly impact the community level as well. This supposition is based on the traditional
ecological approach, stating that dominat species are the ecological controllers of the
ecosystem processes (LOUREAU et al. 2001). If these controlers are damaged, the
ecosystems will suffer. Additionally, in anoxic soils oil degradation is inhibited, thus oil
may persist for very long periods in peaty and muddy sediment (HOFF et al. 2002) like
those of the study area. Salt tolerant and strictly fresh water species coexist in Punta
Pescador, and are only separated by short distances. A further handicap in wetland areas
is that draining, dredging and channeling needed to install infrastructures and transport
routes during oil prospecting and production, can involuntarily induce hydrological
changes. Freshwater species may be threatened by abnormal intrusions of salty water,
while dilution of brackish water by freshwater influx would produce changes in salt-
tolerant vegetation (BALDWIN & MENDELSSOHN 1998).

The Orinoco delta has been recognized as the home of the Warao Indians since early
Indo-Hispanic times (WILBERT 1993). To date 21, 125 Warao live in the Orinoco
delta, representing 20 % of the Delta Amacuro State’s population (INDIGENOUS
CENSE 1991). The "morichales" form part of the Indians life. M. flexuosa provides
them with food, drink, and material for their tools, housing and socio-religious customs
(DELASCIO CHITTY 1985; WILBERT 1996). The Warao use other local plants as
well, such as Euterpe spp., Chrysobalanus icaco and Diospyros lissocarpoides for food,
Pterocarpus spp. for handicrafts, Montrichardia arborescens, Tabebuia aquatilis and
Symphonia globulifera for medicinal applications and different species of mangrove for
housing. In the study area, nearly 40 % of the plant species used by the Warao ab-
origines are for health care.

If the structures and processes supporting the integrity of the Orinoco Delta’s
ecosystems, the services, uses and benefits provided are to be preserved, we should be
cautious about exploiting the natural resources. Our understanding of the interrelations
between the processes and structures on which life support functions rely is still incom-
plete. On the other hand the Orinoco Delta’s importance as a source of medicines is
largely unknown. Bioprospecting of wild species is essential to establish the biochemical
value of the area, ideally letting the indigenous people take part of the lucrous results.
Therefore, existing knowledge does not enable sound and sustainable resource manage-
ment to be supported in the Orinoco Delta region. In comparison, its reputation as a
huge source of oil and gas has grown constantly since the beginning of the last century.
Environmental management associated with any kind of resource exploitation of the
Orinoco Delta’ resources should set ecological limits and provide direction and guidan-
ce. Up to date, the only practical way to conserve biodiversity is to protect natural
vegetation.
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Table 1: Plant formations and combinations of the most frequent species.

cf: coastal fringe; bd: basin or depression; r: riverside, interior fringe.

Plant formations

Combiantion of the most frequent species

Swamp forest
Low open

Low mid

Low dense
Mid open
Mid mid

Mid dense
Mangrove forest
Mid dense

Mid mid

High open

Low open

High dense

Mid mid

Palm forest or Morichal (Mo)
Mid mid Mo

Mid open Mo

Shrubland (Shr)

Mid dense Bw
Herbaceous vegetation or
meadows (Md)

treeless

with bushy elements

with woody elements

with individual trees

llex martiniana, Rhizophora mangle, Ouratea cassinifolia,

Tabebuia insignis var. monophylla, Pterocarpus. officinalis, T. insignis
var. monophylla, T. insignis var. monophylla, Mauritia flexuosa

P. officinalis, Diospyros. lissocarpoides, P. officinalis, R. harrisonii,
P. officinalis, T. insignis var. monophylla, D. lissocarpoides, Chryso-
balanus. icaco, T. insignis var. monophylla, M. flexuosa, D. lissocar-
poides, T. insignis var. monophylla, P. officinalis. Ch. icaco

Eugenia coffeifolia, Clusia grandiflora

P. officinalis, T. insignis var. monophylla

T. insignis var. monophylla, D. lissocarpoides

P. officinalis, Symphonia globulifera, P. officinalis, S. globulifera

T. insignis var. monophylla, O. cassinifolia

Avicennia germinans, Rhizophora mangle (cf)

Laguncularia racemosa, Rhizophora racemosa (cf), R. racemosa (cf),
R. racemosa. Rhizophora harrisonii (cf), R. mangle. R. racemosa (bd)
R. racemosa, llex guianensis (bd)

Laguncularia racemosa, 1. guianensis (bd)

R. mangle, Cassipourea guianensis (bd), A. germinans, R. mangle (bd)
D. lissocarpoides, R. racemosa (r)

M. flexuosa, T. insignis var. monophyla. M. flexuosa. P. officinalis
M. flexuosa, Tapira guianensis

Ch. icaco. . guianensis

Lagenocarpus guianensis, Blechnum serrulatum

B. serrulatum, Rhynchospora gigantea, Rhynchantera grandiflora, B.
serrulatum, L. guianensis, Montrichardia arborescens, Sagittaria
lancifolia, Rhy. grandiflora, Mo. arborescens

B. serrulatum, Rh. gigantea, M. flexuosa, B. serrulatum, I. martiniana,
Mo. arborescens, B. serrulatum, I. martiniana, T. insignis var. mono-
phyla

B. serrulatum, M. flexuosa, T. innsignis var. monophyla
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Table 2: Plant species commonly utilized by the Warao Indians.

Species

Utilization

Annona glabra
Avicennia germinans
Bactris campestris
Calophyllum brasiliense
Cassipourea guianensis
Chrysobalanus icaco
Diospyros lissocarpoides
Epiphyllum phyllantus
Euterpe oleracea
Euterpe precatoria
Euterpe sp.

Ficus sp.

Malouetia flavescens
Manilkaria bidentata
Mauritia flexuosa
Miconia prasina
Montrichardia arborescens
Norantea guianensis
Phitecellobium inequale
Phthirusa pyrifolia
Phoradendron piperoides
Pterocarpus officinalis
Rhizophora harrisonii
Rhizophora mangle
Rhizophora racemosa
Sarcostema claususm
Symphonia globulifera
Tabebuia insignis var. monophylla
undetermined species
Virola surinamensis

food supply

building

weapon fabrication

building

tool fabrication

food supply

medicinal use

medicinal use

food supply

food supply

commercialization

medicinal use

tool fabrication, medicinal use
food supply

food supply, building, tool and weapon fabrication
food supply

medicinal use

furniture fabrication

building

medicinal use

medicinal use

handicraft art

building

building

building, food supply

medicinal use

canoe fabrication, building, medicinal use
medicinal use, paddle fabrication
medicinal use

canoe fabrication
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