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The purpose of the present report is to document the occurrence of a Holocene mangrove community on the southern
Caribbean margin, and to build up a preliminary sea-level curve for Venezuela. This is accomplished through pollen
analysis of a buried coastal peat layer at 9.4 m depth, as well as anatomical analysis and radiocarbon dating of an
overlying wood fragment. The pollen assemblage from the peat layer is analogous to those found in present-day
Caribbean mangroves. The wood comes from a 6,960 ± 70 year old Rhizophora tree. This is used as evidence of a in
situ mangrove community and, consequently, of the position of sea level at that time. A tentative curve for sea-level
rise is presented, by compilation of radiocarbon dates on mangrove peats and corals. This study is a contribution to
the evaluation of recent sea-level increase connected to the global warming, its main value being the possibility of
recognizing the natural trend in sea-level rise, and separate it from the human-induced effect.
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INTRODUCTION
Since the Last Glacial Maximum, 18,000 years ago (18 ky
BP), a general increase in the relative sea-level of about 120
m has been recorded world-wide (FAIRBANKS, 1989). Detailed
post-glacial and Holocene sea-level curves, however, vary
greatly from place to place, and generalizations based on
scattered data along broad regions are misleading (PIRAZZOLI, 1991). This is due to the vertical displacement of continental crust by differences in the geoid, local tectonics and
subsidence, and isostatic responses to melting ice caps.
Therefore, despite the many initial efforts, the search for a
single sea-level curve having global relevance ended by the
early 1980's (KIDSON, 1982). Another important aspect is the
nature of the evidence for past sea-level changes, because not
all are equally reliable. According to KIDSON (1982), the most
reliable sea-level indicators are organic remains in growth
position where relationships to sea level can be clearly determined. In tropical regions, coral reefs and in situ mangrove
sediments fulfill this condition (ELLISON, 1989). Indeed,
mangrove peats accumulate autochthonously beneath the
trees that grow in the upper half of the tidal range, representing the position of mean sea level. Mangrove sediments
97114 received 20 August 1997; accepted in revision 25 November
1997.

(both modern and fossil) are easily identifiable and clearly
distinguishable from other coastal or inner plant communities, using qualitative and quantitative palynological criteria
(MULLER, 1959; VAN DER HAMMEN, 1963; SPACKMAN et al.,
1966; THANIKAIMONI, 1987). Hence, the combination of mangrove palynology and radiocarbon dating provides accurate
records of sea-level fluctuations (review in ELLISON, 1989).
The main purpose of the present note is to document the
occurrence of a in situ Holocene mangrove community in the
southern Caribbean margin, based on pollen analysis of a
buried coastal peat layer, anatomical analysis of wood, and
radiocarbon dating. In addition, this finding is used to discuss
two important topics as the sea-level rise and the human impact on mangrove ecosystems. Since no sea-level curve is
available for the Venezuelan coasts (PIRAZZOLI, 1991), which
form an important part of the southern Caribbean margin,
the results of this study are combined with others, to build a
tentative sea-level curve. Finally, the palynological assemblage of the Holocene mangrove recorded is compared with
the modern pollen deposition of the same site, in order to
evaluate the effect of Holocene changes and human disturbance. This work is a part of a broader study on the palaeoecology of southern Caribbean coastal plant communities, in
which the roles of climate, sea-level changes and humans is
examined, in order to explain the differences between past
and present mangrove communities.
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Playa Medina
(mision 0402118, march1992,
1-001-002)
100m

Figure 1. Aerial view of Playa Medina bay, showing the main vegetation types, and the boring site (wh it e circle). (C) Conocarpus stand, (M) Rhizophora
mangrove, (D) disturbed area.

LOCATION AND PREVIOUS WORK
The sediments studied are from Playa Medina bay, a small
closed basin of 0.11 km -, situated at the Peninsula of Paria,
on the north-eastern Venezuelan coast (Figure 1). The climate is warm and moderately humid. Mean annual temperature is 25.5°C, with a seasonal average variation of less than
two degrees. The average total annual precipitation is 818
mm, with a 'dry season' (less than 60 mm/month) from January to April, and a rainy season with two perhumid months
(more than 100 mm/month), June and July.
Playa Medina developed partially by allu~ial erosion due
to the lowering of sea level during the last glaciation, followed '
by sedimentary filling during the Holocene transgression.
This resulted in the existence of a partially flooded flat bottom, surrounded by step rocky slopes covered by forests. Sediments are mainly sands deposited in a shallow marine environment, with intercalated silt and clay layers of continental origin. The metamorphic rock basement is between 9 and
15 m depth.
No permanent water streams cross the valley. The drainage consists mainly of seasonal runoff towards a central mangrove lagoon. The small lagoon is the only permanent water
body in the basin; it is shallow (1 m of maximum depth, in
the rainy ' season), slightly brackish, and almost completely
covered by a monospecific stand of the mangrove tree Rhizophora mangle (Rhizophoraceae). Salinity varies between
about 1 part per thousand (ppt) in the rainy season and 4.5
ppt, in the 'dry season'. Dissolved' organic matter content is
very high (about 10 mg 1- 1 in the rainy season and 140 mg.l ' !
in the dry season), and its oxidation consumes almost all the
dissolved oxygen, thus creating permanent anaerobic conditions (average of 1.55 mg 1- 1 of oxygen ), which favors the
formation of reduced compounds like H 2S (up to 21 mg.L :").
pH values varies from slightly acidic to moderately alkaline

(6.8-7.9). Sea water penetrates through the permeable strata
of the subsoil and becomes diluted by freshwater from precipitation and runoff, resulting in brackish ground water.
This brackish ground waters (up to 20 ppt) provide a permanent source of salts to the lagoon in spite of their isolation
from the sea, thus excluding non-tolerant species and favouring the development of mangroves (VEGAS-VlLLARRUBlA
and RULL, 1995).
The plant communities of Playa Medina are arranged in a
typical coastal zonal pattern from the sea to the internal
slopes, and subjected to human disturbance. Immediately behind to the beach, three plant communities dominate: a Cocos
nucifera (Arecaceae) plantation followed by a Conocarpus
erectus (Combretaceae) stand and a Rhizophora mangle (Rhizophoraceae) mangrove (Figure 1). The latter grows in the
geomorphic depression occupied by the permanent brackish
lagoon, where the macrophyte Myriophyllum sp., growing in
total and permanent flooding, covers the entire surface during the rainy season. Behind the Rhizophora mangrove, a disturbed Conocarpus community occurs, but no signs of cultivation can be observed. In the innermost part of the basin,
close to the first forested slopes, scattered cultivated plants
and weeds are present, indicating former cultivation. Noteworthy is the absence in Playa Medina of Avicennia germinans (Avicenniaceae) and Laguncularia racemosa (Combretaceae), two common elements in the mangroves of the region. This is probably due to human disturbance and low salinities, but it is suggested that they grew at this basin
formerly (RULL and VEGAS-VlLLARRUBlA, 1995; VEGASVlLARRUBlA and RULL, 1995).
The modern sporomorph (pollen and fern spores) assemblages of Playa Medina are dominated by herbs and ferns,
trees and palms being under 5% (Table 1, Figures 3 and 4).
Mangrove-forming trees (represented only by Rhizophora)
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contribute with less than 3% of the whole assemblage, whereas forest trees (for example Poulsenia-type, Sapotaceae, Proteaceae, Alchornea) are less than 1% each. The most widespread pollen types are Gramineae and Cyperaceae. Chenopodiaceae-Amaranthaceae pollen and Acrostichum spores are
over-represented, with respect to their area of distribution,
while Rhizophora, Cocos and Rhabdadenia are under-represented. The spatial arrangement of sedimented pollen and
spores reflect the zonal pattern of the vegetation, and also
the recent human disturbance of communities (RULLand VEGAS-VILARRUBIA, 1995).

cP
o

N

~

~

3

..... 4
..... 5
..... 7
..... 8

~

~

0~

1
2

..... 6
('f)

-<-O'V

C:J'?-~'

---"l

..~

04.

a

_~'v<vC:J

[(-<vC:J

9
10
..... 11

2~1~ :~~

Silty sand,
poorly sorted,
with abundant
organic matter
(dark grey)

..... 14

MATERIALS AND METHODS
Samples for the present study were obtained with a percussion coring device. The entire bored section (PM-I) is 11
m depth and consists of 21 cores, in which 47 samples for
pollen analysis and 5 samples for radiocarbon dating were
taken (Figure 2). These studies are in progress. A layer of
peaty clay at 9.4 m depth (sample MI8-41) was selected for
the present study, because its stratigraphical position beneath a wood fragment. This wood piece (sample MI8-40) was
studied anatomically for identification and dated through the
conventional radiocarbon method. For palynological preparation, four grams of sample were treated with acid (HCI and
HF) digestion and centrifugation in a Zinc bromide solution.
Three aliquots of the residue were mounted in glycerine jelly,
and the remaining material was stored in glycerine. Pollen
grains and spores were identified using the available literature (MULLER, 1959; VAN DER HAMMEN, 1963; MULLER and
CARATINI, 1977; BERTRAND, 1983; THANIKAMONI, 1987) and
a preliminary palynological collection from herbarium samples. A formal pollen collection has started for the improvement of future studies. Counting followed the statistical criteria of RULL (1987), that is, a minimum of 200 counts and
the saturation of diversity. The interpretation considered
both the present-day pollen sedimentation within the basin
(Table I; RULL and VEGAS-VILARRUBIA, 1995) and information from similar studies on mangroves from nearby areas
(VAN DER HAMMEN, 1963; VAN DER HAMMEN and WIJMSTRA, 1964; WIJMSTRA, 1971; TISSOT et al., 1988), which are
used as modern analogs. About the half of the wood fragment
was used to obtain transversal, tangential and radial thin
sections of 20 urn width, in order to identify the parent taxon
by comparison with the reference collection of the Wood Anatomy Laboratory at the Los Andes University. Another part
of about 7 g was dried and sent to Beta Analytic Inc. for
radiocarbon dating, using the conventional method.

RESULTS AND INTERPRETATION
The pollen content of sample M18-41 is shown in Table 1
and Figure 3, and the major components are depicted in Figure 4. The total percentage of the mangrove-forming trees
(Rhizophora + Avicennia) is around 33%, of which almost
18% is Avicennia. According to the studies of recent pollen
sedimentation developed in the region, the percentages of
Rhizophora + Avicennia pollen in the sediments of mangrove
forests vary between 45 and 95%, whereas in the mud deposited in front of the coast line, they range from 30 to 50%
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Figure 2. Stratigraphy of the section PM-I, showing the samples for
pollen analysis (black triangles), and for radiocarbon dating (black rectangles). The position of samples analyzed in the present study are indicated by black (wood) and gray (peat) layers.

(VAN DERHAMMEN, 1963). In them, the pollen of Rhizophora
is dominant, whereas Avicennia is commonly under-represented. Indeed, in the surface sediments of pure Avicennia
forests, its pollen only attain values of 25-40% (sometimes
10%), whereas in the mixed Rhizophora-Avicennia forests
numbers are lower (MULLER, 1959; VAN DER HAMMEN, 1963,
1988). Therefore, the peaty clay from Playa was sedimented
in the coastline, within or just in front of a mangrove community in which Avicennia was more abundant than Rhizophora.
More than a half of the remaining pollen grains of sample
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Table 1. Comparison of total modern pollen assemblage of Playa Medina (Rull and Vegas-Vilarrubia, 1995), with sample M 18-41. Data in percentages on
the pollen sum (pollen + spores). See also Fig. 3.
Taxa

Modern

M18-41

Modern

M18-41

16.22
35.11
1.72
11.33
0.52
0.26
0
0
0

0.45
1.36
0.91
0.45
0
0
1.36
0.45
1.36

16.48
1.29
0.09
0.09
0.09
2.49

0.91
1.36
0.45
0
0
0.45

Mangrove-forming trees
Other trees and Shrubs
Palms
Aquatics
Herbs
Ferns
Others
Unidentified

2.49
2.16
4.9
0.00
65.16
20.53
0.18
4.58

38.18
35.89
0.45
2.73
6.34
3.17
2.73
12.32

Richness
Diversity (Shannon)
Evenness

21
2.73
0.62

27
3.81
0.80

Taxa

Mangrove-forming trees

Herbs

Rhizophora
Avicennia
Laguncularia-type

2.49
0
0

15
17.73
5.45

0.94
0.09
0.43
0.52
0.09
0.09
0
0
0
0
0
0
0
0
0

4.09
0
6.36
0
0
0
10.00
4.09
4.09
3.18
1.36
0.91
0.91
0.45
0.45

4.64
0.26
0

0
0
0.45

0

2.73

CYPERACEAE
CHENOPOD.-AMARANTH.
COMPOSITAE
GRAMINEAE
Alternanthera
Rhabdadenia
UMBELLIFERAE
LORANTHACEAE
Valeriana-type

Other trees & Shrubs

Poulsenia-type
Acacia-type
SAPOTACEAE
PROTEACEAE
Alchornea
flex
ELAEOCARPACEAE
MYRTACEAE
COMBRET.-MELASTOM.
Bursera
CAESALPINIACEAE
ANACARDIACEAE
Schefflera
Juglans
COMBRETACEAE

Ferns

Acrostichum
Polypodium-type
Pityrogramma
Cyathea-type
Jamesonia-type
Psilate monoletes
Totals

Palms

Cocos nucifera
Calamus-type
Other monocolpate
Aquatics

Myriophyllum

Playa Medina
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Graphic comparison between the sample M18-41 and the modern sporomorph (pollen and fern spores) of Playa Medina. See also Table 1.
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Figure 4. Main pollen and spore types from Holocene and modern samples: (1) Acrostichum aureum, (2) Cocos nucifera, (3) Chenopodiaceae-Amaranthaceae, (4) Gramineae, (5) Cyperaceae, (6) Excoecaria-type (Euphorbiaceae), (7) Rhizophora, (8) Caesalpiniaceae, (9) Anacardiaceae, (10) Avicennia , (11)
Laguncularia-type.

M18-41 are from trees, most of them characteristic of the
surrounding forests (for example Sapotaceae, Myrtaceae, Anacardiaceae, Burserai, whereas herbs and ferns are under 5%
each. This suggests a dense forest vegetation in the slopes
around the mangroves, and absence of herbaceous communities (sedges and grasses do not reach 1%).
Furthermore, the anatomical characteristics of the thin
sections of the wood fragment analysed (Figure 5) are consistent with the genus Rhizophora (possibly R. harrisonii), a
common element of the Caribbean mangroves, thus supporting the in situ occurrence of a mangrove community in the
boring site. Finally, radiocarbon dating of the remaining fragment of wood material gave an age of6,960 ± 70 radiocarbon
years BP (sample: Beta-102866; analysis: March 31, 1997).
Using this date, and assuming that the surficial deposits are
of modern age, the average sedimentation rate of the section
studied has been of 1.32 mmly.

CONCLUSIONS AND DISCUSSION
The combined results of pollen analysis, wood identification
and radiocarbon dating document the occurrence of an in situ
mangrove community, 9.2 m below present sea level, at
around 7 ka BP, on the Eastern Venezuelan coast. This is the
oldest mangrove community recorded in Venezuela, and is
similar in age to other Early Holocene mangroves documented in the nearby Guayanan coasts (VAN DE HAMMEN, 1963;
TISSOT et al., 1988 ). Vertical displacement of the continent
has been negligible during the Holocene in this area. On one
hand, this region has not been glaciated and there is no crustal uplift. On the other hand, although the area is tectonically
active, the dominant movement of the faults is transcurrent
(dextral), and the vertical component has been significant
only in a few secondary faults (BELTRAN and GIRALDO, 1989).
Therefore, no correction factor due to neotectonics is necessary.

Journal of Coastal Research, Vol. 15, No.2, 1999

Early-Mid Holocene Venezuelan Mangrove, Sea-Level Rise and Disturbance

501

Figure 5. Anatomical details of the wood fragment 1 and 2 transversal sections; 3, 6 and 7, radial sections; 4, 5, 8, 9 and 10 tangential sections. (1)
Thick-walled fibres and pores; (2) Tylose; (3) Tylose and gums in the vessels; (4) Intervascular scalariform pits; (5) Rays (> 1 mm); (6) Rhomboidal crystal;
(7) Scalariform plates; (8) Scalariform plates and fibrotracheids; (9) Intervascular pits and fibrotracheids; (10) Intervascular pits.
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In order to follow the Holocene sea-level trend in the Venezuelan coasts, several published radiocarbon dates were
compiled, considering only those measured on coral and mangrove-related sediments (Figure 6). This attempt must be
considered as a first step to be improved with future studies,
especially from early Holocene sediments. Indeed, the main
deficiency of the preliminary curve of Figure 6 is the absence
of early Holocene data, where maximum slope values, and
therefore maximum rates of sea-level rise, are commonly recorded. Compared with the other Caribbean curves available,
the Venezuelan curve fits very well with some of them (Figure 7), being almost identical to those of Jamaica and Belize,
and similar to that of Panama. This curve must be enhanced
and improved with new studies, in order to know the natural
component of the sea-level rising. At present, there is an increasing interest on the potential consequences of an accelerated sea-level rise, due to global climate change. The sealevel rise trend following the last glaciation could have being
amplified during the present century by the thermal expansion of sea water and the enhanced melting of glaciers, connected to the temperature increase, due to the 'greenhouse
effect'. On the Caribbean coasts of Venezuela, tide gauge
measurements indicate a modern sea-level rise of approximately 2 mm.y" (ALMEIDA, 1990), but this value is not representative due to the short period of time considered (OLIVO
and PERDOMO, 1996). Current world-wide estimated averages forecast an increase of 0.5 to 1 m (best estimate 0.66 m)
in the present sea level by year 2100 (NILSSON, 1992). The

application of this estimate to Venezuela resulted in the hypothetical flooding of about 78 km 2 and the erosion of some
35 km 2 of coasts, with subsequent impact on economically
important industrial, tourist and urban centres (OLIVO and
PERDOMO, 1996). However, these estimates, based on mean
global parameters, can be improved with more realistic, local
and regional data. Both natural and 'greenhouse' components
have to be known for this purpose. The natural component
can be approached through palaeoecological studies like the
present. Furthermore, palaeoecology can help, not only in the
so-called long-term trends, but also in those occurring at human time-scales. Indeed, high-resolution palaeoecological
techniques can accurately reveal modern environmental
trends, if suitable sediments (laminated and/or with high sedimentation rates) are available, in regions with scarce or
short-term instrumental data.
From a palaeoecological point of view, the great differences
between modern and Holocene sporomorph assemblages are
remarkable. These differences are statistically significant,
using the Wilcoxon matched-pairs signed ranks test for large
samples (SIEGEL, 1956), that gave a value of z = - 1.260 (p
= 0.208). In addition, the diversity of sample M18-41 is notably higher (Table 1). Especially noteworthy are the Holocene occurrence of high percentages of Avicennia, which is no
longer present; as well as the absence of Cocos and the scarcity of ferns and herbs. VAN DER HAMMEN (1988) noted that
during the early Holocene the effect of the sea-level rise produced the replacement of savanna by mangrove vegetation,
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mangrove peats (Roeleveld and van Loon, 1979); (5) Panama; based on mangrove peats (Bartlett and Barghoorn, 1973); (6) Belize; based on mangrove
peats (Woodroffe, 1988).

and that Avicennia was the first mangrove-forming tree to
establish. As a consequence, Avicennia was more abundant
than Rhizophora at the beginning, and Rhizophora dominated later. A similar situation could have occurred in Playa
Medina in the early Holocene, but the total disappearance of
Avicennia requires another explanation, most probably related to human disturbance. According to SANOJA (1992), the
mangroves of Paria have been used by humans since 5 to 6
ka BP. The arrival of European colonizers and the subsequent cultural change could have been decisive, because the
increased disturbance of mangroves, and its consequent degradation, linked to the expansion of cultivated plants (mainly
coconut, coffee and cocoa), and their accompanying herbaceous weeds (grasses and chenopods among them).
In spite of these facts, natural disturbance factors can not
be discarded. According to ELLISON and STODDART (1991),
Caribbean mangroves survive in a sea level rise rate of 8-9
cm/100 years, but they can not persist with rates over 12 cm/
100 y. The survival of mangroves seems to depend upon the
balance between sedimentation from land and rising sea level, which also causes coastal erosion. In the case of Playa
Medina, the average rise of sea level has been of 13.2 cm/100
y, that exceeds the critical value. In addition, due to the small
size of the catchment area and to the absence of permanent
streams, the amount of continental sediments supply could
not have been important in relation to sea-level increase.
This effect would have been especially significant in the early

Holocene, when the rates of sea-level rise have been maximum.
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