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Chrysophycean stomatocysts in a Caribbean mangrove
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Abstract

A chrysophyte cyst assemblage from surface sediments of a tropical, brackish-water environment in the southern
Caribbean coast is described and depicted. All the cysts are unornamented and relatively large. The taxonomic di-
versity is low, due probably to human disturbance or salinity stress. It is assumed that the chrysophyte taxa involved
are salinity-tolerant, freshwater algae. This is the first record of chrysophyte cysts in mangrove environments, and
extends the range of habitats in which they are commonly found.

Introduction

The study of chrysophytes has increased in the last
decades, in part because several of their structures,
which are commonly preserved in sediments (mainly
scales and stomatocysts), are potentially useful pa-
leolimnological indicators (Smol, 1988, 1995). Sto-
matocysts are abundant and widespread in lake sedi-
ments, however taxonomic problems are still apparent.
For this reason, several attempts to found some pa-
leolimnological meaning of the cysts by themselves
have been conducted. Promising are numerical ratios
and statistical relationships between chrysophycean
stomatocysts and diatoms (Smol, 1983, 1988; Charles
& Smol, 1988; Rull, 1991), as well the study of the
modern distribution of these cysts, as related to the
present-day limnological conditions (Smol, 1995). So
far, most studies of chrysophycean cysts are from tem-
perate regions, since chrysophytes occur mostly in
their freshwaters, especially in high latitude and high
altitude lakes (Duff et al., 1995). Until recently, these
algae were considered almost exclusively from cold,
acidic and poorly mineralized, temperate lakes. Trop-
ical records are still poorly documented and based on
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single and scattered samples, no systematic studies are
available (Cronberg, 1989; Zeeb et al., 1996). Fur-
thermore, almost all these records reported so far deal
with living algae and scales, the records of cysts are
rare (Cronberg, 1986; 1988; 1989; 1996; Dürrschmidt
& Cronberg, 1989; Vyverman & Cronberg, 1993).
In tropical America, the few reported chrysophycean
stomatocysts are pre-Cretaceous and Tertiary fossils,
found in marine sediments from the Gulf of Mexico
(Jendrzejewski, J.P. & Hart, 1978), the Caribbean (De-
flandre, 1933) and the Atlantic ocean (Perch-Nielsen,
1977). A single study on recent sediments and present-
day environments from central America is available
(Zeeb et al., 1996). On the other hand, although
chrysophytes are presumed to have had a marine origin
(Tappan, 1980), they are now rare in marine systems
and inland saline lakes (Duff et al., 1995), and no
records from tropical mangroves are available to date.

In this report, the occurrence of several forms
of chrysophycean stomatocysts in surface sediments
from brackish waters of a mangrove community
in warm, tropical coasts of the Caribbean sea are
documented. Habitat and environmental conditions
are well-known. Both plant and aquatic ecology
has been systematically studied recently (Vegas-
Vilarrúbia, 2000), and the study of modern palyno-
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morph sedimentation as well as the Holocene paleoe-
cology is in progress (Rull & Vegas-Vilarrúbia, 1999;
Rull et al., 1999), thus providing a reliable ecological
characterization for the cyst assemblage described.

The study site

Playa Medina bay is a closed basin of 0.11 km2, situ-
ated 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 2◦.
The average total annual precipitation is of 818 mm,
with a ‘dry season’ (less than 60 mm/month) from
January to April, and a rainy season with two humid
months (more than 100 mm/month).

The basin has been developed through fluvial
erosion during the lowering of sea level, correspond-
ing to the last glaciation, followed by sedimentary
filling during Holocene transgression. This resulted
in the existence of a flat bottom with mangroves and
marshes, surrounded by step rocky slopes covered by
rain forests. Sediments are mainly sands deposited in
a shallow marine environment, with intercalated silt
and clay layers, probably of continental origin, since
they are barren of shells and other marine remains. The
metamorphic basement is between 9 and 15 m depth.

There are no permanent water currents in Playa
Medina, its drainage consisting mainly in seasonal
runoff towards a central mangrove lagoon. The small
lagoon is the only permanent water body in the
basin, being 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‰ in the rainy season and up to 4.5‰
in the ‘dry season’. Dissolved organic matter con-
tent is very high, and its oxidation consumes almost
all the dissolved oxygen, thus creating permanent an-
aerobic conditions (average of 1.55 mg/l of oxygen),
thus favoring the formation of reduced compounds like
H2S (up to 21 mg/l). pH values varies from slightly
acidic to moderately alkaline (6.8–7.9). Sea water pen-
etrates through the permeable strata of subsoil and
becomes diluted by freshwater from precipitation and
runoff, resulting in ground water of brackish character-
istics. This brackish ground water (up to 20‰ salinity)
provides a permanent source of salts to the lagoon in
spite of their isolation from the sea, thus covering the
requirements of mangrove.

The plant communities of Playa Medina are ar-
ranged in a typical coastal zonal pattern from the sea
to the internal slopes, and subjected to human dis-
turbance. Directly behind to the beach, three plant
communities dominate: aCocos nucifera(Arecaceae)
plantation, followed by aConocarpus erectus(Com-
bretaceae) stand and aRhizophora mangle(Rhizo-
phoraceae) mangrove. The latter grows in the geo-
morphic depression occupied by the permanent brack-
ish lagoon, whereMyriophyllumsp. covers the entire
surface during the rainy season. Behind theRhizo-
phoramangrove, a disturbedConocarpuscommunity
occurs, but no signs of cultivation can be observed. In
the innermost part of the basin, close to the first for-
ested slopes, scattered cultivated plants and weeds are
present, indicating former cultivation. Other common
components of mangrove communities in the area,
like Avicennia germinans(Avicenniaceae) andLagun-
cularia racemosa(Combretaceae), are not present in
Playa Medina, probably due to human disturbance and
low salinity, but they likely grew in this basin formerly
(Rull & Vegas-Vilarrúbia, 1999; Rull et al., 1999).

Material and methods

Samples analyzed are from the permanent brackish la-
goon, in theRhizophoramangrove. Surface sediments
from the center and the shore of the lagoon, as well
as those trapped within theMyriophyllumcommunity,
were analyzed. Samples were processed according
to Rull (1986), with few modifications. They were
treated with HCl (10%) and concentrated sulfuric acid,
then centrifuged and mounted in Canada Balsam. The
slides were observed and the cysts photographed with
a Zeiss Axiophot light microscope (LM), provided
with a ×100 oil immersion objective, using trans-
mitted light and interference contrast illumination.
Morphological nomenclature is based primarily on the
system of the International Statospore Working Group
(ISWG; Cronberg & Sandgreen, 1986), enhanced and
modified by Duff et al. (1995). Cysts are identified by
consecutive numbers, starting from 64, in order to be
consistent with the personal author’s stomatocyst file
(Rull, 1986), according to the guidelines of the ISWG.

Results

Cysts were found in samples from shore sediments,
being most abundant on those deposited over dead
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Figure 1. Location map of Playa Medina, with the main vegetation types represented. Sampling site is marked with an asterisk.

mangrove leaves (Plate 1), and scarce within the
Myriophyllumnet. All the stomatocysts found are un-
ornamented, and ranging from about 9 and 14µm in
diameter. Eight morphological types were recognized:

Stomatocyst 64 (Plate 1.1)

Cyst body spherical or slightly obovate; unornamen-
ted; pore without collar, regular or conical (indeterm-
inable in LM). Size variable (9–14µm diameter). Cyst
1 of Rull (1986) is similar, but smaller. Stomatocysts
1, 9 and 15 (pore regular), and 29, 42 and 120 (pore
conical) of Duff et al. (1995) are similar in shape and
sculpture, but only forms 15 and 42 have>9 µm
diameter. Cyst 15 may be produced by several spe-
cies (for exampleChrysosphaerella brevispina), and
responded positively to nutrient additions in a manip-
ulated lake from Canada (Zeeb et al., 1994). Cyst 42 is
probably produced by more than one species, as well
(among themSynura peterseniiandChrysosphaerella
longispina); it has been observed in slightly acidic to
alkaline lakes or ponds (Duff et al., 1995)

Stomatocyst 65 (Plate 1.2)

Cyst body oval or slightly ovate; unornamented; deep
conical pore (<1µm diameter) without collar. Size
more or less constant (figured specimen 14.8×12.5
µm). Cyst 150 of Zeeb & Smol (1993), of unknown
affinity, has the same pore morphology, but the body
shape is more spherical. This cyst has been reported
in alkaline lakes and ponds, and in small oligotrophic
Canadian lakes (Duff et al., 1995).

Stomatocyst 66 (Plate 1.3)

Cyst body oval or slightly obovate; unornamented;
pore (< 1 µm diameter) subpolar, conical. Figured
specimen 11.4×9.2 µm. Similar to cyst 18 of Rull
(1986), but smaller. Also similar to cysts 20 and 122
of Duff et al. (1995), but larger and with different pore
morphology. According to Zeeb (pers. comm., 1997),
it could be a ‘squished’ specimen of cyst 150 of Duff
et al. (1995).
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Plate 1. Stomatocysts found in the present study. (1) Stomatocyst 64, (2) Stomatocyst 65, (3) Stomatocyst 66, (4) Stomatocyst 67, (5)
Stomatocyst 68, (6) Stomatocyst 69, (7) Stomatocyst 70, (8) Stomatocyst 71. Scale bar = 4µm.

Stomatocyst 67 (Plate 1.4)

Cyst body obovate; unornamented; pore (< 1 µm
diameter) regular or conical (indeterminable in LM).
Figured specimen 13.4×12.1µm. No other published
records available.

Stomatocyst 68 (Plate 1.5)

Cyst body more or less spherical; unornamented; pore
(< 1 µm diameter) with a simple conical collar of
about 1µm high, 5µm wide in its base, and about 1.5
µm wide in the apex (figured specimen). Diameter of
the cyst: 10µm. No other published records available.
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Stomatocyst 69 (Plate 1.6)

One single specimen encountered. Cyst body oval; un-
ornamented; pore (< 1 µm diameter) regular(?), with
a very thin collar of about 1µm height and 5µm wide.
Body size: 11.6×10.0µm Some superficial resemb-
lance with stomatocysts 127, 146, 156 and 183 of Duff
et al. (1995).

Stomatocyst 70 (Plate 1.7)

Cyst body spherical or slightly oval; unornamented;
pore (< 1 µm diameter) prolonged by apore canal
(Punt et al., 1994) and surrounded by a straight collar
with rounded apex. Collar wider (4.2–5.8µm) than
higher (3.5µm). Diameter of the cyst 9.9–10.8µm.
No other published records available.

Stomatocyst 71 (Plate 1.8)

Cyst body spherical; unornamented; pore (< 1 µm
diameter) surrounded by a straight or slightly conical
collar, wider (3.7µm) than higher (2.5µm), with
more or less acute apex. Body diameter: 10.7–13.1
µm. Similar to cyst 152, class B, of Zeeb & Smol
(1993). Both affinities and ecological requirements of
this cyst are unknown (Duff et al., 1995).

The assemblage is dominated by stomatocyst 64,
with more than 90%. The more scarce (<0.1%) are
cysts 65, 66 and 69, whereas cysts 67, 68, 70 and 71
are around 1–2% of the total.

Discussion and conclusions

The assemblage of chrysophycean stomatocysts repor-
ted in this note is one of the few documented from
salt waters, and the first one from a tropical mangrove
community. The cysts are considered to be autoch-
thonous, because of their abundance (> 500 per slide)
and their presence in several of the sampling sites with
different substrates, such as litter and livingMyrio-
phyllum collonies. Furthermore, the basin is small,
closed, and no other sources (stagnant water bodies)
or transport agents (water currents) for chrysophycean
cysts are present in it.

Two striking features include the absence of orna-
mented forms, which are common in other habitats,
and the relatively large size of the cysts, which are
bigger than the average for unornamented forms (Duff
et al., 1995). The assemblage is largely dominated by

one single form and, therefore, cyst diversity is low,
which contrasts with many cyst assemblages in the lit-
erature (for example, Rull, 1986; Duff et al., 1995). It
is tentatively suggested that human intervention might
be involved, which is supported by the fact that the
dominant form, stomatocyst 64, is known to respond
positively to the artificial manipulation, in other places
(Zeeb et al., 1994). Hence, from a paleolimnological
point of view, cyst 64 could be indicator of disturb-
ance. Alternatively, salinity fluctuations could be also
important, and stomatocyst 64 would be more adapted
to it than others. Further studies will provide more
information. On the basis of the Playa Medina wa-
ter chemistry, it is assumed that the cyst-producing
chrysophyceae involved are probably freshwater taxa
tolerant to low salinity. This is supported by the dom-
inance of diatoms belonging to typically freshwater
genera (Achnantes, Nitzschia, Gomphocymbella, Cyc-
lotella). Finally, due to the peculiar environmental
characteristics of the studied site (i.e. latitude, temper-
ature, salinity, etc.), the range of habitats in which the
chrysophycean cysts in general and the forms found,
in particular, can live is significantly extended.

These findings come from a preliminary sampling,
but they are encouraging for a more extended re-
search, involving the characterization of the southern
Caribbean coasts, in terms of diatom and chryso-
phycean cyst assemblages. The present report should
be considered a first step towards the definition of a
typical chrysophyte flora of mangroves, which needs a
broader survey.
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