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Abstract

This study focuses on a mangrove system which is completely isolated from the sea, lacking any connecting tidal
channels or creeks and far enough from the coastline to prevent tidal flushing. The reason why it has become
isolated remains unclear. But it is obvious that this situation may have introduced important changes in soil
salinity and hydrological patterns, which might be reflected in the present composition and zonation patterns of the
mangrove community. Main findings of this study suggest that: (1) Plant species distribution is affected mainly by
water logging and mineral content of soils. (2) Ground water is the only permanent supply of water and salts to the
isolated mangrove. (3) Soils are subjected to different degrees of leaching of salts. (4) The K: Na ratios support
that mangrove community is not subjected to salinity stress. (5) Continuous leaching of salts favor the advance of
terrestrial non-halophytes plants.

Introduction

Mangroves are halophyte communities growing in
various environmental conditions, but all subjected to
marine influence. Each mangrove species has distinct
ecological requirements and tolerances that determ-
ine its particular spatial distribution within mangrove
communities, being the combination of tidal action,
edaphic conditions and topography on the environ-
mental side, and plant responses to salinity, salt
resistance mechanisms, plant growth strategies and
selective exclusion on the biological side, the most im-
portant discriminating factors (Chapman, 1976, 1977;
Lugo and Snedaker, 1974; Pannier, 1975; Walter,
1977; Silander and Antonovics, 1982; Ball and Far-
qhuar, 1984; Hutchings and Saenger, 1987; Portillo
and Ezcurra, 1987; Lacerda et al., 1993; Mc Kee,
1993). Macnae 1968 (in Stoddart et al., 1973) states
that “the mangal is always littoral,.... and never ex-
tends above high water mark”.

The present study focuses on a mangrove ecosys-
tem which is completely isolated from the sea. It lacks
any visible linkage with the marine system, like con-
necting tidal channels or creeks, and is far enough

from the coast line to prevent tidal flushing. It has a
central lagoon occupied by healthy reproductive man-
grove trees whose height>25 m suggest that they
might represent vestigial elements from a former, well
developed mangrove community. Appropriate envir-
onmental conditions apparently prevail to allow their
growth and persistence, although it appears that condi-
tions are changing to favor other species. No rigorous
information is available on why and how this man-
grove has become isolated, but it must have been an
important stressing event and poses some questions
concerning its persistence in present day conditions.

There must still remain some source of salt at least
to maintain mangrove dominance, because perman-
ent conditions of freshwater might favor colonization
of non-halophytic species that successfully compete
with mangroves. Further, isolation from the sea could
have modified other key environmental factors like,
for example soil salinity, which might have increased
by concentrations of residual salts by evaporation of
tidal water. Or on the contrary, salts might have been
leached by precipitation and infiltration in the absence
of tidal reposition. Another important consequence of
isolation is change in hydrological patterns controlling
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Figure 1. Relative situation of the Playa Medina Bay at the Peninsula de Paria, Venezuela.

the fresh/marine water balance and flood frequency. If
such environmental modifications took place, changes
of the original composition and distribution patterns
of mangrove community might have occurred and may
be reflected in the present day occurrence and zonation
of species.

This work will test the hypotheses that ground wa-
ter and / or residual salts in soils are sources of salts to
mangroves and that differences in soil salinity correl-
ate with species distribution. According to Medina et
al. (1989) and Ukpong (1994), selective tolerance and
adaptation to levels of salt concentration have been
shown to promote spatial segregation of species. This
work describes the presence and spatial arrangement
of halophytic and non-halophytic species within the
mangrove community. The mineral content of soils
and leaf tissues of relevant species on a sea-landward
transect is analyzed seeking a gradient of salinity and
hydrological conditions. The K: Na ratio of green
leaves is calculated and employed as an indicator of
tolerance to salinity in plant species (Medina et al.,
1995).

Study site

The Playa Medina bay is a closed basin of 0.11 km2

located on the northeastern coast of Venezuelan

(Figure 1). It is developed within an almost continuous
cliff formed by the foothills of the Araya–Paria coastal
mountain range. The surrounding montane forest is of
the evergreen-montaneor cloud forest type (Huber and
Alarcón, 1988).The dry season extends from January
to April with less than 10 mm of total precipitation,
the humid season is from May to December with two
precipitation peaks, one in June with about 120 mm
and the other in November with about 85 mm. Aver-
age annual precipitation is 818.1mm and mean annual
temperature is 25.5◦C. Seasonal runoff is collected
by the shallow, small mangrove lagoon, which dries
out during the dry season. There is a lack of con-
spicuous aquatic fauna excepting a poorly represented
fish community. In spite of its present inland location,
this mangrove has originally developed on the coastal
shoreline. Radiocarbon dating and palynological stud-
ies document the occurrence of anin situ mangrove
community, 9.2 m below present sea level at around
7 Ka BP, this being the oldest mangrove community
recorded in Venezuela (Rull et al., in press). No rig-
orous information is available on why and how it has
become isolated, although the local population believe
that a mangrove clearance took place many years ago
to grow a coconut crop.
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Figure 2. Variations of phreatic level at the monitoring wells during the sampling period.

Material and methods

Monitoring wells and surface water

Remoteness of Playa Medina made regular monthly
visit of the site difficult, thus, all salinity and depth
measurements were taken 10 times during 12 months
(25/11/ 1993 to 10/11/1994).

Four monitoring wells of about three meters depth
were installed using slotted PVC tubing of 2, 5 inches
of diameter. They were placed following a longitud-
inal transect from the lagoon to the beach (P1, P2, P3,
P4, see Figure 1) and groundwater was purged with
a bailer before sampling. Depth measurements were
made from the top of the well to the water, thus higher
levels correspond to lower measures. An already ex-
isting water well (AWW) located at the other extreme
of the lagoon in the crop area (Figure 1) was mon-
itored with the same frequency in order to determine if
marine water did penetrate underground to that point.
The deepest zone of the lagoon (Figure 1) was mon-
itored for salinity, which was measured with a YSI
field salinometer.

Vegetation and soils

Field study on spatial patterns of vegetation and salt
content of soils and plants was conducted in March
1994, that is, during the peak of the dry season, when
differences in ionic composition of soils and leave tis-
sues were assumed to be strongest and therefore more
suitable for spatial analysis.

One transect was established to describe type and
distribution of vegetation following the longer axis of
the lagoon (E-NE); one extreme of the axis was next
to the coconut stand, while the opposite was on inland
situation. Flowers and other plant parts were collec-
ted for species identification. Relationships between
species distribution, topographic features and degree
of flooding were noted. Soil samples (Figure 1) were
collected along the same transect where appreciable
differences in topography, water logging and plant
stands were observed. On each site, several shovels of
surface soil (10–20cm deep) were taken and put into
plastic bags, obtaining in this way composite samples
for Na, K, Ca and as a measure of soil salinity (meq/g).
Additionally, 10 rooted plant species, including non
mangrove species, were analyzed also for Na, K, Ca,
and Mg content in green leaves (mmol/g), testing for
relationships between salt accumulation in tissues and
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soil salinity, as evidence of tolerance to salinity dur-
ing the dry season. Enough green leaves as to fill a
220× 173 mm plastic bags were collected from sev-
eral individuals making a composite sample for each
selected species. Leaves and soils were oven dried
at 60◦C for three days, then ground with a tissue
grinder. Well-mixed aliquots of soils and well-mixed
leaf powder were subjected to binary digestion with
sulfuric and perchloric acid, using vanadium pentox-
ide as catalyzer. The resulting extracts were analyzed
for the Na, K, Ca and Mg by atomic absorption
spectrophotometry (EPA; SW-846).

Results

Ground water

Ground water was close to the surface ranging from
0.70 to 1.70 m during the whole year, but never
reached the ground. Lowest levels were recorded
during April and May 1994 (dry season); maxima
occurred in November 1993 and August 1994, coin-
ciding with the two precipitation peaks. Phreatic levels
at P1 and P4 were consistently higher than at P3 and
P2.

Salinity values (Figure 3) showed a regular vertical
distribution within each well, with bottom layers more
saline (5h–23h) than the surface layers (1h–17h).
Horizontal variations of salinity also exist, P3 and P1
showed the lowest surface and bottom values, respect-
ively, while P4 had the highest. Surface salinity at
P1, P2 and P3 was mainly between 1 and 10hduring
the whole year with little variation; surface salinity
of P4 remained mostly above 10hdecreasing below
this value only during both precipitation peaks. Bot-
tom salinity values were the lowest at P1, P2 showed
higher values than P3, P2 being more distant from
the sea, and P4 showed the highest values. Salinity
concentrations and variations of AWW were very sim-
ilar to P1, showing surface salinity values between
1.5 and 7hand bottom salinity values between 5.5
and 10h. Table 1 shows average salinity values and
standard error for each well; the standard error has
been calculated by means of a Student’st for a 0.05
significance level, as recommended for small sets of
samples (Parker, 1976).

Plant species distribution along the transect

Thirty six plant species were identified within the
lagoon (Table 2), of which 26 were determined to

Figure 3. Variations of salinity values at the monitoring wells
through the sampling period.

Table 1. Average and standard error of salinity measure-
ments in wells.

Well Surface sample Bottom sample

Average Standard Average Standard

error error

1 3.53 1.61 9.3 1.29

2 3.83 2.16 18.8 0.82

3 2.45 0.57 15.6 1.06

4 11.9 3.25 20.5 1.16

species, six to genus and four only to family level.
Distribution of most conspicuous taxa are shown in
Figure 1. Immediately back to the beach, three plant
communities emerge: aCocos nuciferaplantation, fol-
lowed by aConocarpus erectusmangrove occupying
a higher topographic position and subjected to period-
ical flood and aRhizophora manglestand growing in
the deepest part of the lagoon. During the rainy sea-
sonMyriophyllum sp.covers the entire water surface
below theRhizophoracanopy. No apparent transition
(ecotone) betweenConocarpusandRhizophoracom-
munities was evident. BehindRhizophoraand again
in a higher topographical position, a more complic-



13

Table 2. Floristic inventory of mangrove associated species at the lagoon of Playa Medina. Correspondence to soil
samples.

Family Species A B C D E F G H I

Acanthaceae Aphelandra pulcherrima (Jacq.) H.B.K. X

Acrostichaceae Acrostichum aureum X X X

Aizoaceae Sesuvium portulacastrum

Amaranthaceae Alternanthera lanceolata (Bentham) Schinz. X X

Araceae Phylodendron sp. X

Araceae Anthuvium crassinervium X X

Arecaceae Cocos nucifera X X

Apocynaceae Rhabdadenia biflora (Jacq.) Muell. – Arg. X X X X X

Asclepiadaceae Sarcostema clausum (Jacq.) R. & P. X X

Asteraceae Wedelia fruticosa Jacq. X

Bromeliaceae Tillandsia usneoides (L .) L. X

Bromeliaceae Tillandsia juncea (R. & P.) Poir. X

Bromeliaceae Tillandsia fasciculata Sw. X

Bromeliaceae Tillandsia sp. X

Bromeliaceae Aechmea aquilega (Salisb.) Griseb. X

Cactaceae Hylocereus lemairei (Hook.) Britton & Rose X

Cactaceae Epiphyllum phyllanthus L. Haw. X

Combretaceae Conocarpus erectus L. X X X X

Commelinaceae Commelina cf. erecta L. X

Convolvulaceae Ipomoea asarifolia (Desr.) R. et Sch. X X X

Cyperaceae Cyperus cf. imbrincatus Retz. X X

Cyperaceae Cyperus cf. digitatus Roxb. X X

Haloragaceae Myriophyllum sp. X

Leguminosae Senna sp. X

Lemnaceae Wolffia sp. X

Malvaceae Malachra alceifolia Jacq. X

Malvaceae Pavonia spicata Cav. X

Orquideaceae Orquidea sp. X X

Poaceae Graminea sp1 X

Poaceae Graminea sp2 X

Poaceae Graminea sp3 X

Poaceae Graminea sp4 X

Polypodiaceae Campyloneurum phyllitidis (L.) Presl X

Rhizophoraceae Rhizophora mangle L. X X X

Sapindaceae Paullina cf. pinnata L. X X

Sterculiaceae Guazuma ulmifolia Lam. X

Myrtaceae Psydium guajaba L. X

ated pattern emerges. According to the natives of the
surroundings, a formerConocarpusmangrove was
partially cut down and is now being colonized by herb-
aceous taxa, especially by the beach fernAcrostichum
aureumand the rooted climberRhabdadenia biflora.
The latter is particularly dense in this place, but was
also very abundant along the whole transect.Rhab.
biflora is known to grow associated with mangroves
on slightly saline soils in other regions of Venezuela

(Steyermark, 1994). This perturbed community has
been identified asRhab. biflora-C. erectusstand for
research purposes.A. aureum, a halophytic fern,
grows only in mangrove areas receiving high rainfall,
with frequent desalinization of the upper soils (Wal-
ter, 1977; Medina et al., 1990) and where mangrove
has been felled (Chapman, 1976). BehindR. mangle,
someC. erectustrees grow within an herbaceous mat-
rix of Rhab. bifloraand the beach fernA. aureum.
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Figure 4. Differences in Na, K,Ca, and Mg concentrations in soil samples along the transect.

Table 3. Soil salinity in meq/100 g and monovalent/divalent ratio.

Soils Code K Mg Na Ca Na+K Ca+Mg mon/div

Cocotal A 0.15 2.38 0.33 44.6 0.48 46.98 0.01

E.Con/Rhiz D 0.24 5.54 7.96 47 8.2 52.54 0.16

B.Con. C 0.99 5.96 40 81.6 40.99 87.56 0.47

E. Coc/Con. B 0.37 4.85 17.4 78.7 17.77 83.55 0.21

B. Rhiz. E 0.19 2.27 3.48 48.2 3.67 50.47 0.07

E.Rhi/Rh. F 0.23 4.19 7.35 58.9 7.58 63.09 0.12

M. Rha/Con G 0.74 6.08 19.6 90.2 20.34 96.28 0.21

Crops I 0.48 6.35 32.6 98.2 33.08 104.55 0.32

Crops H 0.33 4.69 8.41 52.3 8.74 56.99 0.15

Table 4. Ionic content in green leaves of selected plant species.

Species mmol Na/g mmol K/g mmol Ca/g mmol Mg/g K:Na Soil

Conocarpus erectus 0.09 0.07 0.58 0.34 0.87 C

Rhizophora mangle 0.20 0.20 0.39 0.07 0.99 E

Rhabdadenia biflora 0.58 1.00 0.83 0.08 1.71 G

Phylodendron sp. 0.19 0.16 0.50 0.09 0.86 E

Malachra alceifolia 0.15 0.09 0.96 0.07 0.58 B

Myriophyllum sp. 0.08 0.94 0.35 0.64 12.20 E

Acrostichum aureum 0.17 0.40 0.20 0.04 2.38 D

Poaceae 0.04 0.47 0.11 0.06 10.94 G

Cyperus imbrincatus 0.04 0.28 0.19 0.04 6.60 I
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At the inner part of the basin, close to the internal
slopes with rain forest, some cultivated plants like
Psidium guajava, Crescentia sp.and others, as well
as scattered chenopodiaceous weeds and an isolated
small stand ofCocos nuciferapalms were present on
peaty and clayey soils. The transition from theC. nuci-
feracrop to theC. erectuscommunity is not sudden, a
well-developed ecotone is present with characteristic
terrestrial species:Guazuma ulmifolia, Ipomoea as-
arifolia, Alternanthera lanceolata, Wedelia fruticosa,
Commelina erecta, Malachra alceifolia, Senna sp.and
some Cyperaceae.

Particularly in rainy years, this community suffers
flood for a few months without apparent damage.

Epiphytes are conspicuous on trees. Among them,
Aphelandra pulcherrima, Campyloneuron phylliditis,
Anthurium crassinerviumand several orchids are
the most important within theC. erectusmangrove,
whereasTillandsia usneoides, T. juncea, T. fascicu-
lata, Tillandsia.sp. andAechmea aquilega, A. crassin-
ervium, Epiphyllum phyllanthus, and orchids abound
on theRhizophorastand. Mangroves have no import-
ant understorey, because of poor light availability. In
the open parts of the brackish mangrove lagoon,A.
aureum, Nymphaea sp.and several Cyperaceae mark
the ecotone between theR. mangle / Rhab. biflora-C.
erectusstands.

Salt content in water, soils and leaf tissues

The surface waters of the lagoon are brackish. The
highest salinity was reached in May with 11.5h,
the lowest, 1hwas recorded from November 1993
to January 1994. Visual analysis showed that all the
soils were rich in organic matter and clays. Excep-
tion were the sandy soils supporting theC. nucifera
stand. Figure 4 shows differences in Na, K, Ca and Mg
concentrations of soil samples. Calcium was the most
abundant in all of them, probably as calcium carbon-
ates of marine origin. Sodium followed and was higher
at soils from theC. erectusstand and the crop zone;
it forms soluble salts with chlorides and sulfates also
of marine origin. Potassium was the least abundant
cation being always below 1 meq /100 g and showed
slightly higher concentrations in soils ofC. erectus
andRhab.biflora - C. erectusstands. Magnesium con-
centrations were low ranging between 2.27 and 6.35
meq/100g.

Soils were then grouped according to the ratio (Cs)
between alkaline (Na+K) and earth-alkaline metals
(Ca+Mg), in order to test some spatial pattern based

on salinity, assuming that soils under marine influence
would show higher ratios. In all cases (Table 3) the
ratio was Cs <1 ranging between 00.1 and 0.47, pre-
vailing Ca and Mg over Na and K. However Table 3
shows some local differences in their relative salt con-
centrations that have permitted their separation in two
groups . The first group (A, E, D, H, F) showed lower
ratios than the second one (C, B, G, I). On soils of the
first group grow five plant communities: theC. nuci-
fera plantation(A), the ecotoneC. erectus/R. mangle
(D), the R. manglestand (E), the ecotoneR. mangle/
Rhab. biflora-C. erectusstand (F) and the ecotone
betweenRhab. biflora-C.erectus/crops (H); on the
second one growC. erectus(C), the ecotoneC. nu-
cifera/C.erectus(B), the Rhab. biflora/C.erectus(G)
stand and crops (I).

Results of plant tissue analysis are shown in
Table 4.M. alceifolia andMyriophyllum sp. showed
the highest Ca and Mg concentrations, respectively.
Rhab. biflorapresented the highest Na and K concen-
trations. K:Na values (Table 4) ranged from 0.58 to
12.2. Mangrove species andPhylodendron sp.showed
values below 1 and the halophyteA. aureumand
Rhab.. bifloravalues around 1; the remaining species,
all terrestrial exceptMyriophyllum sp., showed values
above 6.

Discussion

It could be stated that marine water penetrates land-
wards and gets mixed with freshwater supplied by
precipitation and runoff, resulting in brackish ground
water. It probably crosses the lagoon underground
at least up to the water well AWW. No freshwater
aquifers are known in the zone.

Water level variations of the beach wells followed
a seasonal trend modulated by precipitation and run-
off events. Higher water levels at P1 as compared to
P2 and P3 might point to some infiltration from the
lagoon to the subsoil. The decrease of salinity values
landwards pointed to a progressive dilution of ground
water with freshwater of pluvial origin through run-
off and infiltration. Surface water of the lagoon also
proved to be brackish, dissolved salts are probably re-
sidual from past tidal supply. Stoddart et al. (1973)
also found brackish conditions of inland mangrove
waters in Barbude, West Indies and suggest that cer-
tain characteristics of chemistry of water samples may
be relict from the time when the mangrove was open
to the sea.



16

Mangrove community is not pure and exhibits a
mixture of mangrove, as well as halophytic and non-
halophytic terrestrial and aquatic vegetation. Within
the mangrove community, water level and stagnancy
seem to be controlled only by seasonal precipitation
and topographic conditions, while once tidal fluctu-
ations have been probably important in this regard.
The partial isolation from the sea has favored swampy
conditions and moderate salinity of soils and water. In
this way present day conditions are not quite hostile
to some terrestrial plants. The latter are concentrated
at the periphery of the mangrove community, while
typical mangrove species including non-mangals like
A. aureum, Rhab. bifloraand aquatic or semi-aquatic
species occupy more internal positions.

The concentrations of mineral elements found al-
lowed the soils to be classed, on average, from mod-
erate to low saline. Based on slight differences, they
could be subdivided into two main groups differing by
their relative salt content (Cs): A, E, D, H, F and B, C,
G, I. Lower ratios and, in general lower cation concen-
trations of soils of the first group may be explained by
a more intense leaching of salts. H might have perman-
ent conditions of water saturation due to its proximity
of a water well; A is composed by sandy soils, while
D, E, F are subjected to permanent or more prolonged
periods of flood. These three situations favor leaching
of salts. It is noteworthy thatC. erectusis scarcely rep-
resented or absent on these soils. In the case of A, this
might be an artificial situation, if the area was cleared
up to growC. nucifera. C. erectusis known to grow on
the beach and at the external part of mixed mangrove
communities that are less exposed to water (Chapman,
1976), thus permanent water saturation of D, E, F does
not favor the development ofC. erectus.On the con-
trary, it grows well on soils of the second group, which
are subjected to a less prolonged flood and to annual
periods of drought favoring concentration of residual
salts.

If compared with values obtained, Na and K of the
analyzed species were within the same range found
in plant species of Laguna Sontecomapan (Mexico)
by Medina et al. (1995), but Mg and Ca appear to
be significantly higher. However Na, K, Ca, and Mg
were within the range reported for species growing on
non saline soils of the Orchila Island (Medina, 1977).
Ionic composition of leaves and soils may be diluted
or changed during the wet season, but main trends that
have served for interpretation of zonal patterns are ex-
pected to remain. Medina et al. (1995) proposed the
K:Na ratio to evaluate the saline conditions of man-

grove habitats, arguing that high K: Na ratios of leaf
and root cells are indispensable for the maintenance of
the semi-permeability of the plasmalemma and there-
fore would indicate a preferential incorporation rate of
K in the presence of Na. On soils of the first group,
R.mangle, and Phylodendron sp.showed K: Na ra-
tios around 1 andA.aureumaround 2.Myriophyllum’s
high ratio, although growing on soils of the first group,
may have to compensate high Na concentrations of
surface water of the lagoon, which ranged from 182
to 1,950 mg/l through the year (Vegas Vilarr´ubia and
Rull, 1995). On soils of the second group,M. alceifo-
lia has a ratio below 1,C. erectusaround 1 andRhab.
biflora around 2, though they grow on soils with re-
lative more Na than those of the first group. On the
contraryC. imbrincatusandPoacea sp1also growing
on soils of the second group, have very high ratios.
These results do not correlate with spatial variations
in soil salinity.

Conclusions

Soils still represent a reservoir of salts favoring the
prevalence of mangrove and other halophytic or tol-
erant species. However, most of them are subjected to
different degrees of leaching due to precipitation and
water logging. In the absence of any replacement of
salts by tidal action, this process might produce, in the
mid time, non-saline soils throughout.

The mangrove community still keeps some rela-
tionship with the sea through ground water, which
is brackish throughout the year and therefore of-
fers a permanent provision of water and salts to the
mangrove. This supply may counteract the effect of
gradual soil desalinization and drought on mangroves.

K: Na ratios of the analyzed plant species didn’t
correlate with salinity conditions of soils what, to-
gether with their low to moderate ionic content, sug-
gests that the mangrove community is not subjected to
salinity stress.

From the identified species that nowadays consti-
tute the mangrove community, about 43% are ter-
restrial and not halophyte. This is probably the res-
ults both from human intervention (crops) and loss
of salinity of soils. In any case, if the above men-
tioned process continues, non-halophytic terrestrial or
aquatic species will be able to compete successfully
with halophytes (facultative or not) for space, light and
nutrients.
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A recommendation for mangrove managers
emerges from this study: the preservation of the man-
grove ecosystem integrity requires that connection
with the sea is maintained, in order to keep an appro-
priate salt balance that assures mangroves advantage
over non-halophyte species. Ground water uptake will
not always be enough to maintain the mangrove in-
tegrity. This connection also warrants an appropriate
hydrodynamics and thus continuity of the dynamic
exchange of energy and matter with the sea, indis-
pensable to conserve the role of mangroves as service
provider (nursery, food, refuge) of marine and es-
tuarine organisms, which, in the present case, have
disappeared.
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