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1. INTRODUCTION 

In an earlier paper (VAN DEN HOEK, 1969) algal vegetation-types 
distinguished along the open coasts of Curaçao were described, and only 
a limited number of observations on the vegetation of inner bays and 
lagoons was given. 

In the period from 13.VIIL1969 to 20.IX.1969 we visited Curaçao for 
field work on the vegetation of inner bays and lagoons; we made one 
trip to Bonaire to investigate the alg al vegetation of the Lagoon Lac. 

Both papers on algal vegetation-types along the shores of Curaçao are 
intended to provide background information on the distribution of Ola
dophora species as the senior author is currently revising th is genus. 

2. THE REGION 

Long stretches of the co ast of Curaçao are bordered by plateaus of 
pleistocene coral limestone that terminate in steep cliffs on the seaward 
edge. At a depth of about three to five meters these cliffs merge into a 
submarine rocky and partly sand-covered plateau which shelves to ab out 
10 m depth at a distance of ca 100 m from the co ast, where a steep slope 
dives to a still deeper plateau (see VAN DEN HOEK, 1969; DE BmsoNJÉ, 
1964). These cliff-coasts are interrupted by narrow inlets, wide bays with 
sandy beaches or beaches of coral debris, and also by the narrow entrances 
to the inner bays (fig. 1). For general data and a more detailed description 
of the structure of the open coast, see VAN DEN HOEK (1969; with further 
references) . 

The wide and intricately ramified inner bays are considered to be 
inundated pleistocene valley-systems (DE BmsoNJÉ, 1964; HOETINK, 
1969, pp. 212-213) . No rivers flow in the non-inundated stretches of these 
valleys, but during and for some time af ter the short and heavy showers 
the rainwater runs off towards the bays through otherwise dry beds 
("rooien") and transports much sediment into the bays. The shores of 
the bays consist for the greater part, of gently sloping alluvial beaches 
merging into marginal shallows which are covered by extensive seagrass
(mainly Thalassia-) beds and which are bordered by mostly narrow 
fringes of mangroves (predominantly Rhizophora mangle) (figs. 2, 6, 7, 10). 
The entrances of the bays are bordered by extensions of the perpendicular 
cliffs of pleistocene coral limestone that line the open co ast (see figs. 16, 
18, 27). Generally, at a dep th of about 0-1 m, these cliffs dive into mostly 
gently sloping sands. 

A number of bays are closed by barriers of coral debris and are hyper
saline (Lagun Jan Thiel, Salifia St. Michiel, Salifia Sta. Marie, San Juan 
Baai, Santa Cruz Baai, see fig. 1). 

Several shallow lagoons are, completely or incompletely, separated from 
the sea by barriers of coral debris (figs. 3, 9, 12). The two largest lagoons 
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investigated, Awa di Oostpunt on Curaçao (fig. 8) and Lac on Bonaire 
(fig. 13), which are in open connection with the sea, contain clear regularly 
replenished oceanic water and show resemblances with the vast oceanic 
lagoonal areas of the Florida Keys. These two lagoons are situated in 
places where the co ast al plateau of coral limestone arises only a few dm 
above or dips below the sea-IeveL The barriers of coral debris between 
the sea and the lagoon have been deposited on top of the plateau. 

3. SUBDIVISION OF THE ASSEMBLAGE OF BAYS AND LAGOONS 

3.1. Bays witk relatively wide and bays witk relatively narrow entrances 
(see table 1) 

The entrances of Bartolbaai (fig. 5), Playa Grandi (fig. 6), Sint Jorisbaai 
(fig. 7), and Spaanse Water (fig. 10) have widths that amount to about 
70 m, 130 m, 200 m, and 70 m respectively, whereas the entrances of 
Piscaderabaai (fig. 2) and Sta. Martabaai (fig. 4) are only 7 mand 30 m 
wide respectively. For most entrances no exact data are available about 
their depths. Some approximate values are given in table 1. 

TABLE 1 

Widths and approximate depths of the entrances of bays and the lagoons Awa di 
Oostpunt and Lac. 

width depth fig. 

Bartolbaai 70 5 5 
Playa Grandi 130 3-5 6 
St. Jorisbaai 200 7 
Spaanse Water 70 12 10 
Piscaderabaai 7 1 1 
Santa Martabaai 30 3 4 
Awa di Oostpunt 120 ca 10 8 
Lac 100 8 13 

The entrance-channel of the Spaanse Water (fig. 10), in its deepest 
parts, varies from about 5 to 19 m (DE KOOK & DE WILDE, 1964). Ac
cording to Roos (1964) at it's southernmost end the entrance-channel 
has a sill, the top of which lies at a depth of ab out 12 m. Behind the sill 
the water is relatively warm and turbid; th is brown turbid water runs 
off through a gully approximately 1 m wide and 0.3 m deep. Above it 
the water is clear and relatively cooL 

The comparatively wide entrances ensure a relatively great exchange 
of seawater with baywater, and one would expect that temperature, 
salinity, and turbidity would show much Ie ss pronounced fluctuations and 
deviations from those of the open sea than in the two bays with compara
tively narrow and shallow entrances. Our visit to Curaçao was too short 
to collect data about these environrnental factors, but sorne relevant data 
are given by DE KOOK & DE WILDE (1964). It is interesting that neither 
as to salinity, nor as to ternperature did the bays with wide entrances 
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show significant differences from the two bays with narrow entrances. 
In both types of bay salinities amounted to about 36 %0-39 %0, the 
highest values of which were reached, as would be expected, in the more 
peripheral and sheltered parts (the open sea value amounted to 36°/00). 
The temperatures amounted to ab out 26° C-29° C (in the course of the 
period January-June) (the values given for the open sea amounted to 
27.3-27.6° C). At high tide particularly the water in the bay-entrances 
of the bays on the South coast shows a distinct temperature-stratification; 
the upper layer, which varies between 0.5-1 m deep, is distinctly col der 
than the water below it. The col der water is infiowing seawater with 
relatively low salinity, the warmer water is outfiowing baywater with 
relatively high salinity caused by evaporation. The oxygen-content is 
always near saturation point both day and night, as a re sult of the sm all 
productivity and the constantly blowing trade wind. 

However, the transparency of both bays with narrow entrances was 
significantly lower, particularly in stations remote from the bay-entrances, 
than that ofthe bays with wide entrances (tables 2, 3). As could be expected 
the transparency of the baywater in general is much lower than that of 
the sea, and th is probably explains why the lower limit of algal growth 
is reached at a depth of about 4 to 2 meters in the inner bays. The fee bIe 
transparency of the baywater is mainly caused by inorganic silt and not 
by organic matter, as De Kock and De Wilde obtained low B.O.D.-values. 

All bays are quite shallow: their depths vary between 4 and 6 m, and 
in the marginal areas they amount to ab out 2 to 3 m. Only the Spaanse 
Water is deeper near the entrance-channel (station x: 9-13 m). 

Both bays with narrow entrances appeared to harbour vegetation-types 
that differed considerably from those of the "wide-mouthed" bays and 
one would be tempted to correlate these differences in vegetation with 
the differences in transparency. 

However, both Sta. Martabaai and Piscaderabaai have been considerably 
infiuenced by human interference which undoubtedly profoundly changed 
the vegetation-types originally inhabiting these two bays. 

TABLE 2 
Transparency of baywater expressed as the depth in m at which a secchi-disc is 
still visible. Value for open sea near Piscaderabaai: > 24 m. In Lac no secchi-disc 
was used, but the bottom was visible everywhere from the surface. The secchi-data 

af ter DE KOCK and DE WILDE (1964). 

station near 
station in station remote inshore station 

entrance (x) 
middle of bay from sea remote from 

(y) (z) sea (ZI) 

St. Jorisbaai 1.9-2.3 1.9-2.3 1.7-2.0 
Spaanse Water 4 2.8-2.1 2.3-2.4 
Piscaderabaai 1.3-1.8 2.6 1.1-1.3 0.5 
Santa Martabaai 3.0 1.3-1.4 0.7 0.1 
Lac >5 > 3.5 > 1 
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TABLE 3 

Ranges of phosphate-concentrations and pigment-concentrations measured in 
different bays and the open sea near Piscaderabaai (af ter DE KOCK and DE WILDE, 

1964)_ 

pot-Pmg/m3 pigments mg/ma 

St_ Jorisbaai 0-19.5 0- 0.5 
Spaanse Water 0-10_8 0.1-0_6 
Piscaderabaai 30.4-80.6 0.6-3.9 
Santa Martabaai 0.6-1-6 0.3-0.6 
Open Sea 0-1-6 0.2-0.3 

Until 1962 the Sta. Martabaai was only intermittently connected with 
the sea through a very narrow and shallow channel which was of ten 
plugged by coral debris. At that time the vegetation of this undoubtedly 
hypersaline bay was probably very poor and consisted mainly of Oyano
phyceae. KOSTER (1963) described a sample of Oyanophyceae collected in 
the former salt-pan of San Nicolas on 5.XIL1960 (near our stations 40 
and 41), when salinity amounted to ca 66 % 0 af ter heavy rains whereas 
it amounted to 86 0/00 before the rains. Only two months earlier the 
channel to the sea had been reopened. Since 1962, when a broader and 
deeper channel was dug through the barrier of coral debris (tabie 1), 
Sta. Martabaai has been recolonized by algae with a narrower salinity 
toleranee. 

Piscaderabaai is continuously polluted by the inflow, at its northern
most end (station 30) of domestic effiuent. Certainly this pollution is 
responsible for the relatively high phosphate-concentrations and pigment
concentrations measured by DE KoeK and DE WILDE (1964) (see table 3). 

The Schottegat, which forms the port of Willemstad, is heavily polluted 
by the Shell oil-refineries, and by domestic sewage. It has not been in
vestigated, but apparently it is devoid of any striking algal growth. 

3.2. Bays completely separated from the sea by barriers of coml debris 

These bays - Lagun Jan Thiel, Saliîia St. Michiel, Saliîia Sta. Marie, 
San Juan Baai and Santa Cruz Baai - are hypersaline and have formerly 
been exploited as salt-pans. Only in Lagun Jan Thiel are (fig. 11) the 
salt-pans still operated. Observations were made on the algal vegetation 
of Lagun Jan Thiel (fig. 11). The bottom of this bay, like that of other 
hypersaline bays, is covered by a crust of salt-crystals about 1 cm thick. 
Below this crust the muddy bottom shows signs of anaerobic conditions 
(blackish colour; H 2S odour). It is to be expected that the salinity will 
be very high and reach saturation-values (as e.g. 200 to 275 0/00 in the 
salt-pans of Cas Abau, see KOSTER, 1963). Af ter heavy rains in particular 
the waters of hypersaline bays have a pronounced salinity- and tempera
ture-stratification. 
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3.3. Relatively large lagoons in open communication witk tke sea and witk 
clear, oceanic water (Awa di Oostpunt and Lac) (tables 1, 2,. figs. 8, 13) 

These two lagoons differ from the inner bays by their clear oceanic 
water, which enters through the wide and rather deep entrances. The 
difference between their clear waters and the murky water of, e.g., Pis ca
derabaai and Sta. Martabaai, is very obvious. The inflow of silt-loaded 
rainwater during and af ter heavy rains is certainly much smaller than 
that into the bays into which numerous gullies discharge their sediments 
during and af ter rains. Conditions in the shallower parts of these lagoons 
much resem bIe those of the oceanic lagoons on the southern side of the 
Florida Keys. In Awa di Oostpunt a broad, shallow plateau (50 m broad, 
0-1 m deep) along the northern shore which is lined, on the shore side, 
by a shallow surf-niche offers conditions for the development of a rich 
lagoonal vegetation (see figs. 19, 20). The open part of Lac is 5-1 m deep 
over most of its surface, and hen ce the lagoonal vegetation covers most 
of the bottom (WAGENAAR HUMMELINCK and Roos, 1969). 

The lagoons Awa Blancu and Lagun Blancu (fig. 9) communicate with 
the sea over shallow pI aces in the barriers of coral debris that separate 
these lagoons from the sea (fig. 9, arrows). The water of Lagun Blancu is 
not very transparant. A "rooi" (gully) runs into it near station 81. 

3.4. Relatively small and skallow clear-water lagoons witk limited com
munication witk tke sea 

The following lagoons can be ranged under th is type: the "Lagoentje 
van Sint Jan" (fig. 3); several small lagoons between Awa Blancu and 
Lagun Blancu which were formed by sand digging; a narrow lagoon N.W. 
of Awa Blancu (fig. 9); and a small sublagoon of Lac (fig. 13, stations 102 
and 103). Most of these small lagoons are completely separated from the 
sea by barriers of coral debris and only receive seawater as seepage through 
these barriers. The sublagoon of Lac is in communication with the large 
lagoon. Depending on the measure of water-exchange and the depth 
(varying from 0.1-1.0 m) the smalliagoons show varying degrees of hyper
salinity and the temperature that they reach during the day, and show 
corresponding differences in vegetation. 

3.5. Polluted lagoons 

The lagoons Rifwater and Zakitó (fig. 12) are seriously polluted by 
surrounding settlements, the dumping of refuse on the shores, and the 
discharge of ferric chloride by the water-factory (which causes all sub
merged objects to be covered by a flocculent red deposit). Both lagoons 
are each connected with the sea by a narrow gully dug through the barrier 
of coral debris. 
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4. MATERIAL AND METHODS 
The algal vegetation was investigated at the stations indicated on figs. 

2-13 (stations 28-105a; the numbers 1-27 were used to designate the 
stations in the study on the vegetation-types of the open coasts (VAN DEN 
HOEK, 1969)). Relevant details of the stations will be treated in con
junction with other discussions of the vegetation-types. For the analysis 
of the vegetation the phytosociological methods of BRAUN-BLANQUET 
were used. For a more detailed treatment, see VAN DEN HOEK (1969). 

Apart from the systematic works mentioned in VAN DEN HOEK, 1969, 
the following literature was used in addition: BLIDING, 1963; CHAPMAN, 
1961; DENIZOT, 1968; DROUE'.r, 1968; FRÉMY, 1934; HALos, 1964, 1965; 
DEN HARTOG, 1970; HAUCK, 1885; KOSTER, 1955; SMITH, 1948; ZANARDINI, 
1871. PARKE & DIXON (1968) was consulted on questions of nomenclature. 

The sample-plots in extensiveand monotonous Thalassia-beds were 
of ten quite large and could vary from about 2 m x 5 m (in relatively narrow 
and relatively steeply sloping zones) to lOm x 50m (in broad and very 
gradually sloping zones). 

In the tables 4 to 14, which are intended to give comprehensive pictures 
of vegetation-types distinguished, the figures expressing presence are given 
in combination with figures ex pressing abundance. For instance IV3-5 
means that the considered species was present in 3/5-4/5 of the sample
plots with an abundance of 3-5. 

Table 15 has been composed in a similar way to table 6 in VAN DEN 
HOEK (1969). All species encountered are alphabetically listed within each 
separate class in the following sequence: Cyanophyceae, Chlorophyceae, 
Phaeophyceae, Rhodophyceae, Chrysophyceae, Xanthophyceae, Phanerogamae. 

In the first column of table 15 (A-I) the distribution is given in relation 
to exposure to wave action and to "oceanity". A encompasses all very 
exposed stations, and I the most sheltered, shallow (ca 0.05 m) pools in 
back-mangroves. The series A to I is meant to represent an "exposure
oceanity" gradient: 
A includes the stations on the open N.E. coast (stations 12, 14, 17, 21, 

23, 24, in VAN DEN HOEK, 1969); 
B the stations in inlets on the N.E. co ast (11, 13, 15, 16, 18, 22); 
C the S. exposed stations on the S.W. coast (which are relatively more 

exposed to wave action than the W. exposed stations (1, 2, 5, 26); 
D the W. exposed stations on the S.W. coast (4, 8, 9, 10); 
E the stations in the entrances of the bays on the N.E. coast (46, 49, 

54, 55, 65, 65a, 66, 67) and the relatively exposed stations in the 
oceanic lagoons Awa di Oostpunt and Lac (68, 69, 70, 71, 73, 100, 
101, 104, 105, 105a); 

F the relatively exposed stations in the inner bays with wide entrances 
(50, 51, 56, 57, 58, 59, 60, 61, 81, 82, 84, 85, 86, 91) and the relatively 
exposed stations near the entrances of bays on the S. coast (32, 35, 
44, 45, 92); 
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G the most sheltered stations in the inner bays with large entrances 
(47, 48, 52, 53, 62, 63, 83) and the greater parts of the inner bays with 
narrow entrances (28, 29, 30, 36, 37, 38, 40, 41, 42, 43); 

H shallow, but permanent pools in back-mangroves (87, 103); 
I very shallow and mostly temporary pools in back-mangroves (31, 39, 

64, 88, 89) and emersed cyanophycean felts on silt-bottoms (64, 88, 
90, 103). 

Data regarding the distribution with relation to the "exposure stages" 
A -+ Gare borrowed from VAN DEN HOEK (1969). 

Presumably the transparency, salinity and temperature of seawater at 
the stations ranged under A to D are similar and only factors directly or 
indirectly correlated with water motion influence the distribution of algal 
species growing in these stations. For the stations ranged under E to I 
not only does the degree of exposure to water motion diminish, but the 
degree of turbidity increases and, particularly for the stations ranged 
under Hand I, the salinity and temperature (and the variations of these 
factors). In stations ranged under I - very shallow pools in back-man
groves - the water can be rather turbulent when it is exposed to the 
trade wind; in such cases the bottom mud is continuously stirred up so 
that development of any algal vegetation is impossible. 

In the second column of table 15 (GLP) the distribution is given in 
small lagoons with clear water but with increasing salinities and temper
ature (or: with increasing isolation from the sea and/or decreasing depth). 

Gl includes the small lagoons in which salinity does not increase much 
above that of seawater (stations 34, 76, 102), and where the algal vege
tation is rather diversified; 

Hl includes small clear-water lagoons with relatively high salinities, in 
which Batophora is still capable of massive development (stations 33, 78); 

Pincludes sm all and of ten shallow clear-water lagoons in which salinity 
increases to such values that only Cyanophyceae are capable of massive 
development (stations 74, 79). 

The salinities of the lagoons ranged under GL P were not measured. 
However WAGENAAR HUMMELINCK and Roos (1969) give the salinity of 
the sublagoon of Lac at station 102 (ranged under Gl) (ca 36-40 Ofoo); 
and of a number of Batophora pools in back-mangroves (ca 42 0/ 00 at 
station 103, and up to ca 280 Ofoo in other Batophora pools which is high 
even for Batophora). 

In the third column of table 15 (G2) the occurrence is indicated in the 
heavily polluted lagoons Zakitó and Rifwater and in their sublagoons 
(excluding the entrance-channel to Zakitó) (stations 96, 97 and 98). 

In the columns A-I, GLP, and G2 the abundance is indicated with 
which each species occurs in at least one of the stations with a given 
exposure or "oceanity". I: the species occurs in at least one of the stations and in at least 

one of its vegetation-types with an abundance of 2 or > 2. 
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_: the species occurs in at least one of the stations and in at least 
one of its vegetation-types with an abundance of 1. 
the species occurs in at least one of the stations and in at least one 
of its vegetation-types with an abundance of + or x. 

In the fourth column (a-w2) the distribution over the distinguished 
vegetation-types is given. 

presence I 

- presence II 

- presence III 
presence IV 

- presence V 

The vegetation-types are designated by the letters a to w (see figs. 14 
and 15). In the publication on the vegetation-types of the open coasts 
vegetation-types designated with the letters a-j were described, and the 
letters used in this paper are in continuation with the series a-jo Some 
letters, and hence vegetation-types, of the former paper are also treated 
in the present one. 

The following vegetation-types are tabulated in the fourth column of 
table 15. 

a) The eulittoral Entophysalis deusta sub zone (5.1.1.1; 5.2.1; 5.3.1). 
b) The eulittoral chlorophycean sub zone (5.1.1.2). 
bI) The type of Enteromorpha clathrata and Cladophora dalmatica (5.1.1.2). 
b2) The type of Cladophoropsis membranacea and Cladophora laetevirens 

(5.1.1.2; 5.2.1). 
b4) The type of Cladophora "conferta Crouan" (5.1.1.2). 
b5) The chlorophycean zone of Enteromorpha flexuosa (in the hypersaline 

Lagun Jan Thiel) (5.6). 
c) Upper sublittoral rhodophycean turfs of Laurencia papillosa (5.1.2.1). 
c2) The type of Laurencia papillosa and Gelidiella acerosa (5 .1.2.1). 
c4) The type of Laurencia papillosa and Goniolithon strictum (5.1.2.1). 
el) The sublittoral Porolithon pachydermum coral formations (5.1.2.2; 

5.2.2.1). 
i) The eulittoral Bostrychia sub zone (5.1.1.3). 
I) Emerged Microcoleus felts on compact silty flats in back-mangroves 

(5.1.1.4). 
m) The upper sublittoral Murrayella zone on aerial roots of Rhizophora 

mangle (5.1.2.3). 
n) Periphyton on submerged Rhizophora roots in the most sheltered parts 

of the bays. 
nl) The type of Isognomon alatum (5.1.2.4). 
n2) The type of Crassostrea rhizophorae and Isognomon alatum (Piscadera

baai) (5.3 .2.1). 
0) Sublittoral Caulerpa verticillata types. 
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Ol) The type of Caulerpa verticillata on very sheltered muddy bottoms under 
Rhizophora thickets in bays and lagoons with wide entrances (5.1.2.5). 

0 2) The type of Caulerpa verticillata and C. sertularioides characteristic 
of most of the sublittoral of Piscaderabaai (5.3.2.2). 

p) Submerged cyanophycean types in more or Ie ss extreme habitats. 
pI, p2) Lyngbya films co vering muddy bottoms under or among Rhizophora 

thickets (5.1.2.5). 
p3) Cyanophycean periphyton on Avicennia pneumatophores (5.1.2.6). 
p4) Submerged Microcoleus felts on shallow muddy bottoms (5.1.2.8). 
p5) Cyanophycean feIt on Brachydontes and barnacles in Santa Martabaai 

(5.2.2.5). 
p6) Submerged Cyanophycean films in back-mangroves of Piscaderabaai 

(5.3.2.3) . 
p7) The bottom vegetation ofthe polluted lagoon Zakitó: a film of Lyngbya 

majuscula (5.4.1) . 
pS) The vegetation on submerged Rhizophora roots in the polluted lagoon 

Zakitó: Cyanophyceae and Rhizoclonium implexum (5.4.2). 
p9) Small clear-water lagoons with a vegetation of Cyanophyceae (5.5.3). 
plO) Microcoleus zone just below water-level in the hypersaline Lagûn 

Jan Thiel (5.6.3). 
pll) A zone of flocculent, gelatinous, gloeocapsoid Entophysalis deusta in 

the hypersaline Lagûn Jan Thiel (5.6.4). 
q) The sublittoral Thalassia meadows. 
ql) The type of Thalassia testudinum, Halimeda opuntia, and Penicillus 

(5.1.2.9). 
q2) The type of Thalassia testudinum, Halimeda opuntia, and Goniolithon 

strictum (5.1.2.9). 
q3) The type of Thalassia testudinum and Halimeda opuntia (5.1.2.9). 
q4) The poor Thalassia testudinum type (5.1.2.9). 
r) The sublittoral Syringodium meadow (5.1.2.10). 
s) Sublittoral sand- and muddy sand-binding vegetations of small 

Rhodophyceae bel ow Thalassia meadows. 
SI) Sublittoral sand-binding vegetation of small Rhodophyceae in the 

entrance of a bay on the N.E. coast (5.1.2.11). 
S2) Sublittoral sand-binding vegetation of sm all Rhodophyceae in the 

lagoons Lac and Awa di Oostpunt: the type ofCentroceras clavulatum, 
Polysiphonia subtilissima, and Penicillus capitatus (5.1.2.11). 

S3) Sublittoral sand-binding vegetation of small Rhodophyceae in the 
entrance of Spaanse Water (5.1.2.11). 

S4) Sublittoral sand-binding vegetation of sm all Rhodophyceae in bays 
with wide entrances and the outer basins (W. shores) ofPiscaderabaai 
and Santa Martabaai : the type of Centroceras clavulatum, Polysiphonia 
subtilissima, and Griffithsia tenuis (5.1. 2.ll). 

t) Poor sublittoral shingle-bound vegetations without Thalassia in Santa 
Martabaai and the entrance of the lagoon Zakitó. 
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ti) Mixed vegetation of Dictyota and Rhodophyceae near entrance of Santa 
Martabaai (5.2.2.2). 

t 2) Sublittoral algal vegetation in the inner basin of Santa Martabaai; 
the type ofCaulerpa sertularioides and Acanthophora spicilera (5.2.2.3). 

t 3) Bottom vegetation close to the entrance-channel of the polluted lagoon 
Zakitó (5.4.3) . 

UI) Vaucheria feIt on the bottom of a part of Santa Martabaai (5.2.2.4). 
v) Submerged Batophora vegetations in small, more or less hypersaline 

water-bodies. 
VI) Submerged Batophora vegetations in pools of back-mangroves 

(5.1.2.7). 
v2) Small clear-water lagoons with Batophora (5.5.2). 
wI ) Small clear-water lagoons with Thalassia testudinum and a varied 

algal vegetation (5.5.1). 
w2) The vegetation of a small polluted lagoon in connection with Rif

water (5.4.4). 

In the fifth column the stations are given where the species were 
collected. 

The abbreviation ep., when added to a species in the tabIe, means that 
this species is an epiphyte. 

A column for the vertical distribution in relation to the waterlevel (as 
given in table 6 in VAN DEN HOEK, 1969) has been omitted, because the 
variabIe transparency in baywaters makes comparison virtually impossible. 

5. THE VEGETATION (cf figs. 14-33) 

5.1. The vegetation ol the bays with relatively wide entrances (Bartolbaai, 
Playa Grandi, Sint Jorisbaai, Spaanse Water) and tkat ol oceanic lagoons 
(Awa di Oostpunt and Lac) (with remarks on the vegetation near the entrances 
ol Piscaderabaai and Santa Martabaai) 

5.1.1. The eulittoral zone 

The eulittoral zone is defined as the zone between the upper limit of 
Entophysalis deusta and the upper limit of Thalassia testudinum. The low 
water line is roughly situated on the upper limit of Thalassia testudinum. 

The vertical extent of the eulittoral zone is largest in the entrances of 
the bays on the N.E. coast (fig. 14, column I) and is up to about one meter 
(for comparison: up to 5 m on the open N.E. coast, see VAN DEN HOEK, 
1969). 

5.1.1.1. a) The eulittoral Entophysalis deusta subzone (the high-littoralsplash 
zone) (a in figs. 14, 15, 16, 18, 19, 20, 22, 27, 31, 32) 

The upper limit of Entophysalis deusta can only be observed clearly 
on the extension, into the bays, of the cliff-coasts, up on which the lime-



Il 

BA Y E/ITIWICES ON AVA DI OOSTPUIIT, LAC N.E. COAST 

OCEANITY DEGREE E 

~ 
~ 
~ 

~ 

~ 

~ 
~ 

.a_~ 
~Dru~A~ 

~d§ 

f · 

TYPE OF THALASSlA , 

11 
-1111 

-210 

-300 

-4 .. 1-

HALlHEDA OPUNTIA, 
AND PENICILWS 

q1 

~ 

.1 

s 
~ .. 
§ 

SAND-BINDING 
VEGETATION (sta. SS) 
OR BARE SAND 

'--

fig. 14 

Cl 
U CIA PAPILLOSA- ~ 

GONIOLITHON STRICTUH '" 
~4~ (+THA t! /~ LASSlA) jlj 

TYPE OF THALASSlA , 
HALlHEDA OPUNTIA. 
AND GONIOLITHON 
STRICTUH 

q2 

û 
~ .., 
~ 
0. 
0 

Zi 
'"' ~ .., 
~ 
Cl 

~ .., 
.... .., 
'" co 
'" .., 
~ .. 
... 
0 .2 

'"' .. ,.. .. 
SAND-BINDING 
VEGETATION 

BARE SEDIIIENT 
(IMlDT SAND OR SAND) 

III 

BAY ENTRANCES ON S.V. 
COAST (SPAANSE VATER, 
PISCADERABAAI) 

IV 

RELATIVELY EXPOSED 
STATIONS IN BAYS, VITH 
VIDE ENTRANCES 

OCEANITY DEGREE r 

....-:: 
:;....-
:::::: 
:::::: 
::::::: 

~ 
:::::: ..,.-
...-::: 

TYPE or THALASSlA 
AND HALlHEDA OPUNTIA 

q3 

.3 

SAND-BINDING 
VEGETATION 
(sta. 92) 

4 • 
(sta. 32) 

SAND-BINDING 
VEGETATION 

BARE SED IHENT 
(MUD OR MUDDY SAND) 

Bm. 

TYPE OF THALASSlA 
AND HALlHEDA OPUNTIA 

q4 q3 

POOR THALASSlA TYPE 

SAND-BINDING 
VEGETATION 

4 
5 

BARE SEDIMENT 
(MUD OR MUDDY SAND) 

V 

HOST SHEL TERED BIGNTS 
IN BA YS VITH VIDE 
ENTRANCES 

11,'r 
(lal: 
11,1 

OCEANITY DEGREE G 

VI 

SHALLOV BUT PERIIAIIENT 
POOLS IN BACK-MANGROVES 

OCEANITY DEGREE H 

VII 

VERY SHALLOV TENPOlWty 
POOLS IN BACK-HANGJtOVES 

OCEANITY DEGREE I 

1 MICROCOLEllS FELT 

11":' BARE MUD .BATOPHORA 1 'Ii ,; VEGETATION v 
:'0 1, CAUr.: 
,'~', VER'l/MUDDX BO 
,lOl, : 'TOM 
I ~ " UNDER: MAN--
:! I ~ I~ I GRO~ES 
I 111 1: 1 
,n I 0 I P 

LYNG1BAREI 
BYA MUD 

POOR THALASSIA 
TYPE 

q4 

BARE MUD 

p2 

LYNG· 
BYA 
(sta 

~ 

BARE MUD 
(HAXlMUM DEPTH : 
0.5 m) 

~ I ROCKT SUBSTRATES 

: I : 1 : I: : : IRHlZOPHORA PROP ROOTS 

1
1
1
1',' "r 
~ 

f~: :=:= ~ I AVICENNIA PNEUMATOPHORES 

D SAND, MUDDY SAND 
OR MUD (OFTEN VITH 
SHINGLE AND BOULDERS) 

Diagram giving the distribution of the vegetation.types in relation to water·level and oceanity. 



+im 

-~-

'" Z 
o 

'" ..:I 

i .. 
H 
..:I 
8 

--i ·0 

I -im 

I 
I 

~ 
~ 

"" ;2 

~ 
H 

ol 
~ 

-2m 

_.l'P_ :3m 

fig.15 

VIII 

BAY ENTRANCE 

OCEANITY F 

~ 

~ 
~~ /~~ 
~2~ 

~ ~~ 
~ z/:I:,,-;2 
~)</~, 
~/~, 
~/H 

~ ~{/ 
::> H . 

~~/ ti 

,~~ 
5'f~ <,H 

";-g~ 
~~~ 
~~~ 
~~ 

~~ 

~ 4 
S Z 

H 

" SAND-BINDING "'u z< 
<..:I 

VEGETATION ;!;2 
00 .. :c 
00.. 
:co 
UN 
HH 
"':c ..: 
< .. '" oz 
... < 
t-
u< 
H H 
"'til 

til 
"'< 0..:1 

< 
z:c 
0 .. 
H~ 

-- ---- - .. 
<'" .. < 

"'''' e.!)U "' ... >:c 
0.. 

"'0 
"'''' ><0 
H:C 
"'..: 

BARE SEDIMENT 
(MUDDY SAND) 

I IX I X XI I XII XIII 
SANTA MARTABAAI PISCADERABAAI 

INNER BASIN REMOTE N.W. CORNER INNER BASIN AND SHALLOW POOLS IN ZAKIT6, POLLUTED LAGOON 
OF INNER BASIN E. SHORE OF OUTER 8ASIN BACK- MANGROVE 

OCEANITY G OCEANITY I OCEANITY G OCEANITY I OCEANITY G2 

'i'!a""7 
ol " , 
ENT. 
~ fuu CHLOROPHYCEAN BRACHYDONTES t'I'1 SUBZONE ,I ,2 I CYANOPH 

6 I BARE ~EN; 
b

2 5 ,.n. I p 
P ',"I :1'X CYANOPHYCEAN FELT :I~II .1'::> 

'H 
t

3 
t

2 I:~ : 2 8-z p7 
P 'S 1 BARE MUD ' ,f-< I 0 

u 
(MAX. DEPTH CA 0.2 M) 

'til ,,'u 
'" I~ g : ,',2 ~ , til I ,t ..... 
'" I:~ , I:;~ ..:I < ,,u I 0.. H 

'" ..: :11:, : fI: ... 
'" :c ,",' " . '" U ," , ;, ~~ ::> ::> 1,1, H < " ' 

~ 
z > ~ 0 

til ..:I 

'" g ;2 
'" H "'0 

;2 0 Ho.. 
H i:1~ '" ..: z '" < .. '" H ..:I "' ... U ::> 

!;ie.!) H !;: 0.. 
;2~ til '" til 
"H ;2 Z'" U LYNGBYA "'< 0 
~o.. :c 

'" 0.. 
i!'i~ 0 z :c < z< .. 

z < < .. u < 
< ..:I 

'" 
..:I 
H 

z~ U MAJUSCULA <e.!) H 
z .. 

til H ..: 
"''' '" "'u > H< 0"" ;:; H 
":;2 ..: 
jo '" ..:I ::>:c ::> .. 0.. < ":0 u 

"'''' tIlH '" :c 0 <..: 

'" 0.. 
..:'" 0.. 
"'Z ... 
""< .. ::> « 
UH 

til 
"'til 
0j 

~~ ..... .. ~ 
BARE 

BARE SEDIMENT 
( MUDDY SAND) 

MUD 

BARE 

MUD 

Diagram giving the distribution of the vegetation-types in relation to water-level and oceanity. 



ALGAL VEGETATION -TYPES OF CURAÇAO 15 

stone perforating Hyella phase of Entophysalis deusta imprints its charac
teristic bluish colour. In the remote most sheltered parts of the bays the 
vertical ex tent of th is subzone amounts to about 5-20 cm. It is however 
rather difficult to determine the upper limit, as Entophysalis does not 
occur on muddy beaches, but only on the aerial roots and sterns of Rhizo
phora, where it never forms a distinct zone (fig_ 14, column V), but grows 
as mostly scattered gloeocapsoid colonies. This Entophysalis zone has not 
been systematically investigated, but in a few places its composition has 
been determined. For instance, on aerial roots of isolated Rhizophora 
thickets growing at station 50 the zone was 5 to 10 cm high, and contained 
the following species: Entophysalis deusta (gloeocapsoid), Schizothrix calci
cola, Oalothrix crustacea, Lyngbya meneghiniana, and "Arnoldiella" (a 
chlorophycean species growing in the outer layers of the bark of Rhizo
phora). 

The density of th is algal growth was obviously greater on the outermost 
aerial roots than on the most sheltered roots in the centre of the Rhizophora 
thicket. 

The Entophysalis zone was also characterized by the presence, in quite 
large numbers, of barnacles (Ohthamalus). Barnacles were never en
countered in the eulittoral zone of the open coast, where productivity is 
probably too low for this filter-feeder. It was also lacking in the entrances 
of the bays. The occurrence of mostly scattered colonies of Entophysalis 
deusta and Schizothrix calcicola directly above water-level on Rhizophora 
roots was confirmed several times. 

In the parts of the lagoons Lac and Awa di Oostpunt where the shore 
profiles terminate in low limestone cliffs on the landward side, the usual 
perforating Entophysalis subzone discoloured the rocks up to ab out 70 cm 
above low water level (figs_ 14, 19, 33)_ In both stations Oalothrix crustacea 
participated in the Entophysalis subzone. 

In Sint Jorisbaai and Spaanse Water the lamellibranchiate Isognomon 
alatum penetrated up to ab out 10 cm above low water level into the 
eulittoral zone on Rhizophora roots (fig. 14, column V). 

5.1.1.2. b) The eulittoral chlorophycean subzone (fig. 14) 

On the open coasts, th is is the highe st conspicuous algal zone (mostly 
with a vividly green or yellowish colour)_ However, in the bay-entrances 
on the N.E. coast, on steep rocky surfaces (mostly in surf-niches), and on 
Rhizophora roots in the relatively exposed stations of the inner bays 
(fig_ 14, columns I-IV) the eulittoral Bostrychia subzone (i) is situated 
higher than the eulittoral chlorophycean subzone. Where rocky profiles 
or aerial roots of Rhizophora dive into the baywater the substrate for 
chlorophycean subzones is generally lacking, and only rarely are the two 
subzones adjacent (fig. 14)_ 
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bI) The type ol Enteromorpha clathrata land Oladophora dalmatica (figs. 
14, 21, 33,- table 15) 

This type is characteristic of rocky surfaces and boulders lying in close 
contact with sand with which they are regularly covered and uncovered. 
The dominant species have, apart from a certain resistance to emersion, 
the capacity to reproduce continuously and richly and to grow rapidly. 
This vegetation-type is characteristic for sandy places on the open coasts 
(VAN DEN HOEK, 1969, p_ 546)_ It was observed in the entrance of Sint 
Jorisbaai where it grew on sand-covered boulders (station 66) and in the 
lagoon Lac (station 101) where it grew on sand-covered shells and boulders. 

b2 ) The type ol Oladophoropsis membranacea and Oladophora laetevirens 
(figs. 14, 19,- table 15) 

This type is characteristic for gently sloping rocky surfaces along the 
open coasts which are not in close contact with sand (VAN DEN HOEK, 

1969, p_ 547)_ Chlorophycean zones much resembling this type were 
observed in the lagoon Awa di Oostpunt where they grew along the 
landward edge of the shallow rocky plateau (station 68) and on the barrier 
of coral debris (station 73)_ Oladophora laetevirens was lacking in both 
stations, but Boodlea composita occurred (with an abundance of 1) in 
station 73_ 

b4) The type of Oladophora "conferta Orouan" 2 (table 4 .. figs- 14, 24, 33) 

Relatively exposed beaches of muddy sand with shingle (oceanity-stage 
F, see table 4, and fig_ 14, column IV) in the inner bays are of ten covered 
by a ca 5-10 cm high and 2-3 m broad lower eulittoral chlorophycean 
zone. This zone is characterized by the presence, of ten in considerable 
abundance, of Oladophora "conlerta Crouan",2 which species seems to be 
limited to this habitat. The general occurrence of the mollusc Isognomon 
alatum, growing attached to the shingle, is also characteristic for th is 
habitat, but it reaches a greater abundance wh en growing attached to 
aerial roots of Rhizophora. 

All other algal species participating in this vegetation-type with a 
degree of presence ;;;. III have wide ecological amplitudes and occur in 
almost all vegetation-types distinguished (see table 15). 

The algae participating in the Oladophora "conferta Crouan" vegetation
type grow attached to shingle, and therefore their abundance depends on 
the density of the shingle_ This vegetation-type only occurs in relatively 
exposed inner bay stations probably because a certain amount of wave action 
is required to bank the shingle in sufficient quantity to support any 
striking algal growth. On the other hand the shingle must be sufficiently 

1 This species was identified as Enteromorpha compressa in VAN DEN HOEK, 

1969. See taxonomie and fioristie notes (7). 
I See taxonomie and fioristie notes. 
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TABLE 4 

The eulittoral chlorophycean subzone. The type of Oladophora "conferta" (b4 ). 

6 survey-plots from stations 47, 51, 61, 85 (2 x), 91. 

vcgetation-type 

Cladophora "conferta" 
Spyridia filamentosa 
Enteromorpha clathrata 
Centroceras clavulatum 
Lyngbya aestuarii 
Lyngbya majuscula 
Sphacelaria tribuloides 
Cladophoropsis memhranacea 
Isognomon alatum 
Chaetomorpha gracilis 
Dictyota dichotoma (juv.) 
J ania adhaerens 
Acanthophora spicifera 
Chthamalus 
Chaetomorpha linum 

y+-2 
y+-2 
y+ 
y+ 

IY+-2 
IY+ - l 
IY+- 2 
IY+- l 
IY+-l 
lIP 
lIP 
lIP 
lIP 
lIP 
III + 

stabIe to permit the development of alg al growth (shingle beaches on the 
open co ast are generally completely devoid of an alg al growth!). Shingle 
beaches are lacking in the most remote and sheltered bights of the inner 
bays, and hen ce the Cladophora "conjerta Crouan" -type is lacking there 
(e.g. stations 52, 62, 83). In some stations on the inner bay shores shingle 
beaches occur without any striking algal growth. There are probably two 
reasons for this absence of algae: some shingle beaches are too exposed 
which causes the substrate to be unstable (e .g. station 58; barnacles 
(Chthamalus) , however, grow attached to the shingle); other shingle beaches, 
which are exposed to the easterly trade winds, are constantly covered by 
dense masses of washed up seagrasses and algae and are therefore unfit 
for alg al growth (e.g. station 59 where enormous masses of mainly Sar
gassum platycarpum torn from the submarine plateau in front of the N.E. 
co ast is washed in and piled up, mixed with Thalassia torn from the 
bay-bottom; station 84 where much Thalassia is washed up, but here the 
shingle still supports a population of Isognomvn alatum). 

5.1.1.3. i) The eulittoral Bostrychia subzone (figs. 14, 16, 19, 20, 22, 33; 
tables 5, 15) 

The eulittoral Bostrychia subzone is perhaps the only true eulittoral 
vegetation-type besides the Entophysalis deusta subzone. The species of 
the chlorophycean subzone (b) are mainly sublittoral species capable of 
surviving the adverse conditions of short emersion, whereas, on the other 
hand, the dominant species Bostrychia binderi, Bostrychia tenella, Bood
leopsis pusilla, and Polysiphonia howei of the Bostrychia subzone clearly 
have their optimum in the lower eulittoral zone, and hardly penetrate 
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TABLE 5 

The eulittoral Bostrychia subzone (i). 19 survey-plots from stations 46 (2 x), 54, 
56, (2 X), 59 (2 X), 60, 66, 69, 70, 71, 82, 83, 86 (2 X), 102, 104, 105. 

vegetation.type 

Bostryehia binderi 
Bostryehia tenelIa 
Boodleopsis pusilla 
Polysiphonia howei 
Lyngbya aestuarii 
Lyngbya majuseula 

V(+-) 2-5 

IV(+-) 2-5 

1112-5 

111+-5 

111+-2 

111+-2 

at all into the sublittoral zone. The two frequent and abundant Lyngbya 
species participating in the subzone, however, occur in almost all bay 
vegetation-types and are of ten equally abundant. 

The Bostrychia subzone is characteristic for steep or overhanging rocky 
surfaces (particularly surf-niches in the bay-entrances on the N.E. coast 
and in the lagoons Awa di Oostpunt and Lac, stations 46, 49, 54, 56, 59, 
66,69,70, 82, 102, 105), and for aerial roots of Rhizophora mangle (stations 
56, 59, 60, 71, 82, 83, 86, 104). 

Although shady surfaces seem to be preferred by this vegetation-type 
it occurs quite of ten on places that are, at least during some time of the 
day, exposed to full sunshine. 

The upper limit of the Bostrychia subzone clearly depends on the degree 
of exposure to wave action : in the entrances of bays on the N.E. coast 
it is situated at ca 0.5 m; in the clear-water lagoons at ca 0.4 m, and in 
the relatively exposed inner bay stations at ca 0.25 m above low water 
level (see fig. 14). The lower limits of the Bostrychia subzone in the surf
niches in the bay-entrances on the N.E. coast and in the lagoons Awa di 
Oostpunt and Lac are very irregular and clearly set by the browsing 
activities of Amphineura ("Chiton": mainly Acanthopleura granulata) 
which inhabit a characteristic, narrow zone a little above low water level 
on all rocky coastal profiles (figs. 14, 15 e, k, 16, 20, 22, 33). 

The lower limit of the Bostrychia sub zone on Rhizophora roots lies at 
about low water-level; Amphineura are lacking here. 

The composition as to frequent and abundant species, on rocky sub
strates and on Rhizophora roots is identical. However, the chlorophycean 
"Arnoldiella sp." 1 was twice encountered growing in the outer dead bark 
of the Rhizophora roots (stations 56, 59). 

This vegetation-type does not seem to occur on the open coast profiles ; 
at least we never observed it there. lts absence there could have a direct 
correlation with the heavy wave action (which could prevent spores from 
settling) or an indirect correlation (the heavy wave action permitting the 

1 See floristie and taxonomie notes. 
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fig. 16-20 

Figs. 16-20. Diagrammatical sections of the coastal profiles and the dominant 
algae and seagrasses growing on them; stations 49, 55, 65, 68, and 70, respectively. 

For explanation of symbols, see fig. 33. 
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development of much denser populations of grazing gastropods - Amphi
neura, Nerita spp., Nodolittorina, Littorina, Tectarius) . The Bostrychia sub
zone was also lacking in the most sheltered stations of the bays (exposure
stages G-I, see fig. 14). A minimum amount of wave action which is still 
present in the relatively exposed inner bay stations (exposure-stage F) 
seems to be required for the development of this vegetation-type. 

Bostrychia spp. and their characteristic companions apparently do not 
rapidly colonize available substrates. In Rhizophora thickets containing 
Bostrychia vegetations only the older roots are covered by it, whereas the 
younger roots look devoid of any striking algal growth and only bear a 
sparse Entophysalis deusta vegetation (with Schizothrix calcicola). 

In quite a considerable number of stations Rhizophora roots were not 
covered by the eulittoral Bostrychia subzone, although it could be expected 
there because these stations can be ranged under the oceanity-stage F 
(see 4; fig. 14) (e.g. stations 32, 48, 50, 81, 92). 

In Playa Grandi and Bartolbaai (stations 48, 50) there seems to be an 
obvious reason for the absence of the eulittoral Bostrychia subzone on 
Rhizophora roots. Surf-niches in these bays do contain the Bostrychia 
subzone. Directly East of the airport at Hato (on the N.E. coast) lies the 
municipal rubbish dump of Willemstad, where the refuse is dumped from 
the cliff into the sea. The strong N.W. current along the N .E. coast 
transports much of the rubbish along the coast, particularly floating 
material like plastic bottIes and light material like plastic sheets and wood. 
Much of this light material is washed into the bays Boca Ascencion, Playa 
Grandi, and Bartolbaai (fig. 1), where it piles up to form an ill-smelling 
fringe along the Western shores; plastic bottIes and rags are blown by 
the trade wind far into lands bordering the bays. Much plastic material, 
and particularly plastic bags and sheets, become entangled in the roots 
of the mangroves, and smother any vegetation that might possibly grow 
on them. 

This serious form of poIlution not only endangers the biota of these 
bays, but also makes them completely unfit for any form of recreation 
and hen ce considerably diminishes the value of the properties in which 
these bays are situated. 

It is more difficult to find a reason for the absence of the Bostrychia 
sub zone near the entrance of Piscaderabaai (station 32; on Rhizophora 
roots as weIl as in the surf-niche), in Lagun Blancu (Rhizophora roots 
near station 81) and in the entrance of Spaanse Water (station 92; Rhizo
phora roots and surf-niche). 

Catenella repens, a cosmopolitan species characteristic of more or less 
shady and of ten slightly brackish eulittoral localities both in temperate 
and tropical regions, was once found in the Bostrychia subzone (sublagoon 
of Lac, Bonaire, in a surf-niche, station 102). 

Cladophora coelothrix, with about the same ecological amplitude as 
Catenella repens on European and American Atlantic coasts, was also 
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observed on ce in the Bostrychia subzone (Spaanse Water, on Rhizophora 
roots, station 86) (cf. VAN DEN HOEK, 1963). 

Caloglossa leprieurii, a species that is of ten mentioned as a characteristic 
constituent of the Bostrychia subzone, was never encountered in this 
subzone of Curaçao although it has been found growing in the Dictyopteris 
delicatula zone (f) in the surf-niche of the S.W. co ast of Curaçao (station 8) 
and collected from deep stations (60 m at station 3 b; 25-30 m at station 
6 b). 

ALMODOVAR and BIEBL (1962) demonstrated that species of the Bostry
chia subzone (namely Bostrychia tenella, Catenella repens, and Caloglossa 
leprieurii) had a significantly higher "osmotie resistance" (defined as the 
ability to survive a 24 hours exposure to more or Ie ss diluted or concen
trated seawater) than species that occur only submerged or in the surf
zone. For instance Bostrychia tenella, Catenella repens, and Caloglossa 
leprieurii could survive exposure to 0.0-4.0 times concentrated seawater, 
whereas Centroceras clavulatum, Acanthophora spicijera, Spyridia filamen
tosa, Hypnea muscijormis, Falkenbergia hillebrandii, and Dictyota dichotoma 
could only survive exposure to 0.2-2.6, 0.4-2.4, 0.4-2.0, 0.4-1.6, 0.5-1-4, 
and 0.6-1.7 times concentrated seawater, respectively. 

They also found that Murrayella periclados, Enteromorpha flexuosa, and 
Rhizoclonium hookeri (=R. implexum sensu Koster) had the same "osmotic 
resistance" as the species of the Bostrychia subzone, namely 0.0-4.0. 
M urrayella periclados forms a characteristic sublittoral zone on mangrove 
roots immediately below the Bostrychia subzone (see fig. 14, m) but is 
capable of penetrating into the lower parts of the Bostrychia sub zone 
(station 56, 59); Enteromorpha flexuosa is the only conspicuous algal species 
of hypersaline lagoons apart from a nu mb er of Cyanophyceae (see b5, 

5.6.2), and Rhizoclonium implexum is also capable of penetrating into the 
Bostrychia subzone (observed in stations 56, 69, 71, 82, 86) and into more 
or Ie ss shady pI aces of the lower eulittoral zone in general, although it 
reaches a massive sublittoral development in the polluted lagoons Zakitó 
and Rifwater (pS; see also table 15). 

Apparently the most conspicuous species of the eulittoral Bostrychia 
subzone (Bostrychia binderi, B. tenella, Catenella repens, probably also 
Polysiphonia howei) have quite precise ecological requirements that are 
only realized in the littoral surf-niches or on the Rhizophora roots in bay
entrances and relatively exposed stations in the inner bays. One can only 
speculate about these requirements, for Almodovar and Biebl investigated 
only the resistance versus one of the adverse factors in the lower eulittoral 
zone. It would be interesting to investigate, by culture experiments, if 
all stages in the life-histories of e.g., Bostrychia spp., Polysiphonia howei, 
and Catenella repens are capable of growing continuously submerged, or 
whether intermittent emersion in some or all stages of the life-history is 
required. 

The other investigated species with cqually high osmotic resistances are 
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species with wide ecological amplitudes and whieh are capable of pene
trating into the lower eulittoral zone (Rhizoclonium implexum and Entero
morpha flexuosa; M urrayella periclados seems to be limited to submerged 
parts of the aerial roots of Rhizophora)_ 

5.1.1.4. l) Emerged Microcoleus lelts on compact silty flats in back-man
groves (fig. 14, column VII; table 15) 

The mangrove thickets fringing the bays are of ten bordered, on the 
landward side, by bare strips or sometimes plains of compact, saline, silty 
soils. These strips or plains, which to landward of ten bear a vegetation 
of Batis maritima andjor Sesuvium portulacastrum, are mostly devoid of 
any visible algal growth, but parts of it are covered by Microcoleus felts, 
which generally show polygonal patterns as a result of shrinkage of the 
soil during dry periods. The polygonal sheets of Microcoleus feIt may peel 
off and be blown away by the trade wind. 

The Microcoleus felts ean hardly be ranged under the eulittoral zone, 
as they are seldom, if ever, inundated by baywater during high tide 
(perhaps rarely during exceptionally high waters). However, evaporation 
causes salts to be eoncentrated in the upper soil layers, so that the soil 
bearing this vegetation-type is covered by small glittering salt erystals. 
Showers, rather than inundation by baywater, intermittently moisten the 
Microcoleus felts which are therefore able to tolerate very large salinity
and moisture-fiuetuations (this is quite a common feature of Microcoleus 
felts all around the world). 

The Microcoleus felts of 4 stations (64, 88, 90, 103) were investigated. 
The dominant species were Microcoleus chthonoplastes (64, 88, 90, 103), 
Microcoleus tenerrimus (64, 88, 103) and Lyngbya aestuarii (88, 90, 103). 
Lyngbya aestuarii in all three stations largely consisted of empty sheaths. 
This species probably develops during wet periods and gradually dies off 
during dry periods. Apparently Lyngbya aestuarii, which species is quite 
common in all submerged vegetation-types in the bays (see table 15) is 
less weIl adapted to temporary desieeation. This is in aceordance with 
observations on the distribution of Lyngbya aestuarii in the salt-marshes 
("sansouires") bordering the Mediterranean lagoons in the South of France 
(VAN DEN HOEK, 1960). In one station (90), with a relatively high soil 
bearing a growth of Sesuvium portulacastrum, Gloeothece luscolutea was 
eodominant (for taxonomie remarks on the above-mentioned Oyano
phyceae see 7). 

5.1.2. The sublittoral zone (fig. 14) 

The sublittoral zone is defined as the region from the upper limit of 
Thalassia, which roughly eoincides with low water level, downwards to 
the lower limit of vegetation. The lower limit depends on the transparency 
of the water and henee reaehes its deepest levels in the entrances of the 
bays and in the cIear-water lagoons Awa di Oostpunt and Lac, where it is 
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situated at a dep th of about four or more meters (fig. 14, columns land II). 
In the less transparent inner bays (fig. 14, columns III-V) the lower limit 
of vegetation reaches a depth of about 2-4 m. In some places, particularly 
in the bay entrances, the lower limit of vegetation is determined by the 
instability of the substratum. This instability increases rapidly towards 
the middle of each bay entrance where the bottom consists of continuously 
moving sands. In such places the lower limit of vegetation lies at very 
variabie depths. 

In the extremely murky water of permanent and temporary pools of 
back-mangroves (fig. 14, columns VI and VII) the lower limit ofvegetation 
lies at about 5 to 10 cm bel ow water-level. 

5.1.2.1. c) The upper sublittoral rhodophycean turfs of Laurencia papillosa 
(fig. 14, columns land II) 

On the open coasts the Laurencia papillosa turfs are situated in the 
Iowest part of the eulittoral zone, in the surf-zone (VAN DEN HOEK, 1969) 
where their lower limit is mostly set by the upper sublittoral Sargassum 
polyceratium types. 

Extensions of the open coast Laurencia papillosa turfs occur in the bay 
entrances on the N.E. coast and in the lagoons Awa di Oostpunt and Lac, 
where cliffs (in the bay entrances) and plateaus (in the lagoons) of coral 
limestone provide rocky substrates for the attachment of these rhodo
phycean turfs (fig. 14, column land II). The Laurencia turfs, however, 
are here sublittoral rather than eulittoral, and their lower limit is not set 
by the upper limit of Sargassum polyceratium, but by the line where the 
rocky substrate dives into the sandy submarine slopes (about 0.2-0.4 m 
bel ow low water line). 

Laurencia papillosa is clearly a species of the open coasts but which 
is also capable of penetrating and developing luxuriantly in the bay
entrances on the N.E. co ast and the oceanic lagoons (this in contrast to 
the opinion expressed in VAN DEN HOEK, 1969, p. 549, which was based 
on too few observations). 

c2 ) The type of Laurencia papillosa and Gelidiella acerosa (tables 6, 15, c2 ; 

figs. 14, 16, 18, 33) 

This type is characteristic for flat, gently sloping rocks in inlets on the 
extremely exposed N.E. coast (VAN DEN HOEK, 1969). The upper sub
littoral rhodophycean turfs in the bay-entrances of the N .E. coast much 
resem bie th is type and are considered to be its extension into the bay
entrances. 

Ohaetomorpha media, a species of wave-battered rocks and characteristic 
for this vegetation-type on open coasts, was not observed in the bay
entrances. The extension into the bay-entrances is very rich in species: 
a total number of 97 of which 27 have a degree of presence ;;;. III (for 
the open coast variant the total number of species observed amounts to 
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TABLE 6 

The extension of the Laurencia papillosa turf into the entrances of the larger bays 
of the N. coast (c2) and into the lagoons Awa di Oostpunt and Lac (Bonaire) (c4 ) . 

c2. The type of Laurencia papillosa and Gelidiella acerosa. 9 survey-plots from 
stations 45, 49 (2 x), 54, 57, 66, 73, 100 (2 x ). 

c4• The type of Laurencia papillosa and Goniolithon strictum. 5 survey-plots from 
stations 68 (2 x), 70, 101 (2 x). 

vegetation-types c2 c4 

Laurencia papillosa Yl-4 Yl-4 
Jania capillacea (also ep.) Y+(-2) IY+ 
Ceramium gracillimum (ep.) Y+-l IY+ 
Cladophoropsis mem branacea IY+-2 Y+ 
Acanthophora spicifera Iy+-a IY+-2 
J ania adhaerens IY+-l IIP 
Yalonia ocelIata IIP IY+ 
Cladophora dalmatica IIP IY+ 
Caulerpa sertularioides III+ IY+ 
Herposiphonia tenelIa (also ep.) III+-2 IY+-l 
Centroceras clavulatum III+-2 III+-1 
Halimeda opuntia III+-a III+-1 
Dictyota dichotoma III+-2 III+ 
Lyngbya majuscula III+-1 IIP 
Lyngbya sordida IIP III+ 
Gelidium pusillum/crinale III+-1 III+ 
Caulerpa racemosa II+-2 IIP 
Chaetomorpha linum lP IIP 
GelidielIa acerosa III(+-)2-a J1 
Ceramium tenerrimum III+-2 1+ 
Spyridia filamentosa III+-2 J1 
Cladophora socialis III+-2 1+ 
Porites porites J1 IIP-l 
Goniolithon spectabile 1+ III+-2 
Hypnea spinella Iy+-a 1+ 
Thalassia testudinum 1+ IY+-s 
Hypnea cervicornis 1+ IY+-2 
Caulerpa cupressoides 1+ IY+ 
Dictyosphaeria cavernosa II+ y+-l 

Phormidium crosbyanum 1+ Y+-2 
Dictyopteris delicatula IY+-l 
Enteromorpha clathrata IY+ 
Sphacelaria tribuloides III+-2 

Bryopsis pennata III+ 
Yalonia ventricosa III+ 
Herposiphonia secunda III+ 
Polysiphonia subtilissima IIP 
Dichothrix sp. IY+-2 
Goniolithon strict urn yl-2 

Cruoriopsis cruciata IY+ 
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53, of which 20 have a degree of presence;;;. III)_ The large majority of 
frequent (;;;. lIl) species have wide ecological amplitudes with regard to 
exposure and oceanity. Frequent species th at have their main distribution 
on the open coasts are Laurencia papillosa, Gelidiella acerosa, and Dicty
opteris delicatula (see table 6 and tab Ie 15, c2); the only frequent species 
with their main distribution in bays and lagoons are Valonia ventricosa 
and Polysiphonia subtilissima. However, the large group of species with 
a degree of presence < III contains many typical open coast species 
(Pocockiella variegata, Wrangelia bicuspidata, Hydroclathrus clathratus (rel. 
sheltered open coasts), Turbinaria turbinata, Porolithon pachydermum, 
Lithophyllum daedaleum, Pterocladia americana, Gracilaria mammillaris, 
Dictyota ciliolata, Laurencia microcladia, Hypnea muscilormis, Dictyota 
dentata) as weIl as a considerable number of typical bay and lagoon species 
(Acicularia schenckii, Cladophora delicatula, Thalassia testudinum, Clado
phora jongiorum, Penicillus capitatus, Phormidium crosbyanum, Chaeto
morpha linum, Ernodesmis verticillata (in small abundance also on open 
coasts). 

The bay-entrances, as a - rather narrow - contact environment between 
the bays and the open coast, harbour the richest algal vegetation observed. 
In the Bartolbaai the Sargassum polyceratium vegetation (typical for all 
open coasts) appears at about 50 m seawards from station 49, and at about 
100 m seawards the Sargassum rigidulum vegetation - characteristic for 
the heavily battered surf-platform ofthe N.E. coast- appears (cf. VAN DEN 

HOEK, 1969). So typical open coast habitats are quite near to station 49. 
This is true for all comparable stations in the other bay-entrances on the 
N.E. coast. 

c4 ) The type ol Laurencia papillosa and Goniolithon strictum (tables 6, 15, 
c4 ," figs. 14, 19-21, 33) 

This type is characteristic for the clear-water lagoons Awa di Oostpunt 
and Lac. The following frequent (degree of presence ;;;. lIl) and of ten 
also abundant (;;;. 1) species differentiate the Laurencia papillosa - Gonio
lithon strictum type from other Laurencia papillosa turfs: Goniolithon 
strictum, Goniolithon spectabile, Cruoriopsis cruciata (growing attached to 
the undersides of Goniolithon and the coral Porites porites) , and, to alesser 
degree, Thalassia testudinum, Hypnea cervicornis, Caulerpa cupressoides, 
Dictyosphaeria cavernosa, and Phormidium crosbyanum. 

Both Goniolithon species are characteristic for all sublittoral vegetation
types of oceanic lagoons. This is probably a consequence on the one hand 
of the fa ct that the brittle plants of these species are loose-Iying or only 
feebly attached to the substrate, so that they require a relatively sheltered 
habitat in order to remain in place and not to be broken up, on the other 
hand of their requirement for clean oceanic water. Such conditions -
clean, regulary replenished, and at the same time quiet water - are only 
realized in the clear-water lagoons Lac and Awa di Oostpunt. 
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The frequent and abundant occurrence of Thalassia and Caulerpa 
cupressoides reflects the fact that this vegetation-type grows on a partly 
sand-covered plateau. 

The majority of frequent (degree of presence;;;. lIl) species have wide 
ecological amplitudes with regard to exposure and oceanity. The total num
ber of plant-species encountered in the Laurencia papillosa-Goniolithon 
type amounts to 47. 

The occurrence of living corals, though small and infrequent (apart 
from the frequent and abundant Porites porites), are also an indication of 
the relatively high degree of oceanity of such lagoons (Porites astreoides, 
Favia tragum, Millepora alcicornis). 

In one lagoonal station (70), situated opposite the entrance of Awa di 
Oostpunt and exposed to relatively strong wave action, the Laurencia 
papillosa turf contained numerous pits in which individu als of the sea
urchin Echinometra lacunter were living. This is usual for Laurencia 
papillosa turfs on the open coasts. Another indication of a relatively strong 
wave action in that station was the occurrence ofGelidiella acerosa (tabIe 6). 

5.l.2.2. el) The sublittoral Porolithon pachydermum coral tormation (tables 
7, 15, el,. figs. 14, 27, 33) 

The sublittoral part of the S.W. cliff-coast and the submarine plateau 
in front of it are covered by rich formations of corals and the coralline 
Porolithon pachydermum. Large populations of the long-spined sea-urchin 
Diadema antillarum inhabit the Porolithon-covered surfaces. A very sparse 
and inconspicuous growth of browsed algae occurs in this formation which 
is, however, rich in species (VAN DEN HOEK, 1969). 

Impoverished extensions of the Porolithon pachydermum coral formation 
occur on W. shores of the entrances of Piscaderabaai (station 32), Santa 
Martabaai (station 44) and Spaanse Water (station 92), and at the northern
most end of the entrance-channel of Spaanse Water (station 82). These 
extensions grow on cliffs of corallimestone (fig. 27) down to where the cliffs 
dive into submarine sandy slopes (at a depth of about 0.5-1.5 m). 

Here, as on the open coast, a poorly developed vegetation of small 
algae usually grew attached to Porolithon and dead coral (a total number 
of 55 algal species was observed). The only frequent (degree of presence 
lIl) species characteristic for bays and lagoons was Valonia ventricosa 
(tabIe 7). 

In the Santa Martabaai and Piscaderabaai (stations 44, 32) this for
mation occurs only in a very limited area directly adjacent to the bay
entrances, and only on the W. shores which are directly washed by the 
seawater flowing into the bays during high tide. The number of coral 
species and their development in both bays is obviously much smaller 
than in the extensions of the Porolithon pachydermum coral formation 
in the entrance of Spaanse Water. Thus, in Santa Martabaai only few 
and small colonies of M illepora alcicornis and Agaricia agaricites were 



ALGAL VEGETATION -TYPES OF CURAÇAO 27 

TABLE 7 
Extension of the Porolithon pachydermum coral formation (el) into the entrances 

of bays on the S. coast. 5 survey-plots from stations 32, 44, 82 (2 x), 92. 

vegetation-type el 

Porolithon pachydermum Y2-5 

Diadema antillarum y+-2 

Agaricia agaricites y+-l 

Favia fragum y+ 

Siderastrea radians IYl-2 

Porites astreoides IY+- 2 

Hypnea spinella IY+- 2 

Millepora alcicornis IY+-2 

Ectocarpus duchassaignianus IY+-2 

Polysiphonia ferulacea IY+-l 

Laurencia microcladia IY+ 
Ceramium tenerrimum IY+ 
Antithamnion antillanum IY+ 

Bryopsis pennata IY+ 
Diploria labyrinthiformis III+-2 

Porites porites IIF-2 

Echinometra lacunter III+-1 

Sphacelaria furcigera III+-1 

Lyngbya aestuarii IIP-l 

J ani a adhaerens IIP 
J ania capillacea IIP 
Gelidiopsis gracilis III+ 
Acanthophora spicifera III+ 
Lyngbya sordida IIP 
Caulerpa vickersiae IIP 
Ceramium gracillimum IIP 
Cladophora dalmatica III+ 
Enteromorpha clathrata III+ 

Yalonia ventricosa III+ 

found growing, and in Piscaderabaai only few and small colonies of Favia 
tragum, Siderastrea radians, and Agaricia agaricites. Roos (1964) also 
mentions Porites astreoides for this locality, and he found Siderastrea 
radians in the innermost part and along the entire E. shore. The poor 
growth of corals in the direct vicinity of the entrances of both bays reflects 
the low "degree of oceanity" of Santa Martabaai and Piscaderabaai in 
general. 

The occurrence of quite a considerable number of coral species near 
the innermost end of the entrance-channel of Spaanse Water (station 82) 
reflects the relatively high degree of oceanity of th is bay as compared 
with that of Santa Martabaai and Piscaderabaai (see table 7 and 15 el); 
at this station Acropora cervicornis occurred, and Siderastrea radians 
colonies reaching sizes of more than one meter in diameter. For a more 
complete picture of the distribution of corals in Spaanse Water, see 
Roos (1964). 
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In the bays on the N.E. coast (Bartolbaai, Playa Grandi, and St. Joris
baai) conspieuous coral formations are lacking, probably because: l. the 
distance from the well-developed reefs on the S.W. coast is too great 
(the extremely strong wave action on the N.E. coast does not permit 
the development of coral reefs; only on the edge of the submarine plateau, 
about 100 m from the coast, were conspieuous coral colonies observed), 
2. the zone in the entrances of the bays which is suitable for the develop
ment of corals is relatively narrow. 

5.l.2.3. m) The upper sublittoral Murrayella zone on aerial roots of Rhizo
phora mangle (fig. 14,- table 15, m) 

This upper sublittoral zone on Rhizophora roots usually succeeds the 
lower eulittoral Bostrychia zone. However, in a few pI aces (stations 92, 50) 
a M urrayella zone only was present and the Bostrychia zone was absent. 
The Murrayella zone rises to about 10 cm above low water line, and has 
its lower limit at a depth of 20 to 40 cm, where the Rhizophora roots meet 
the bottom. 

Only two species out of a total of 43 had a degree of presence ;;;. lIl, 
namely Murrayella periclados (Vl-4) and Lyngbya majuscula (IV+-2) 
(8 survey-plots from stations 50 (2 x), 56, 59, 60, 86, 92, 102). 

The M urrayella zone occurs in relatively exposed stations of the inner 
bays, and also in the entrance of Spaanse Water (fig. 14, columns III 
and IV, "oceanity" degree F). 

The large majority of other species found in the Murrayella zone have 
wide ecological amplitudes and most of them also occur in the surrounding 
Thalassia meadows (q3). In two stations (59, 60) a dense colony of the 
lamellibranchiate Isognomon alatum grew, mainly in the upper part of 
the zone. In one station (59)Spermothamnionspeluncarum was the dominant 
species (abundance 4), while Murrayella was less abundant (abundance 1). 

5.l.2.4. nl) Periphyton on submerged Rhizophora roots in the most sheltered 
parts of the inner bays. The type of Isognomon alatum (tables 8,15, n l ,- fig. 14) 

In the most sheltered bights of the large inner bays (fig. 14, column V; 
"oceanity" degree G) the lamellibranchiate Isognomon alatum replaces the 
algae in determining the aspect of the periphyton on Rhizophora roots. 
The density of Isognomon growth increases towards low water level. The 
algal vegetation is inconspicuous, the total number of species amounts 
to 25, of which 8 are frequent (degree of presence ;;;. lIl), and they all 
have a sm all degree of abundance. "Arnoldiella", a chlorophycean species 
growing in the outer bark of the Rhizophora roots, is quite characteristic 
(see taxonomie and floristic notes). 

5.l.2.5. 01), pI), p2) The Caulerpa verticillata type (01, tables 9,15,- fig. 14) 
and Lyngbya types (pI, p2, table 15,- fig. 14) on very sheltered muddy bottoms 

The first two vegetation-types occur on soft muddy bottoms (depth 
ca 0.5-0.7 m) of Rhizophora thickets in the most sheltered parts of the 
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TABLE 8 

Periphyton on submerged Rhizophora roots in the most sheltered parts ofthe bays (n). 
Dominanee of filter-feeders. Poor development of algae. 

nl. The type of lsognomon alatum in the larger bays . 4 survey-plots from stations 
48, 63 (2 X ), 86. 

n 2 • The type of Crassostrea rhizophorae and lsognomon alatum in Piscaderabaai. 
The growth of filter-feeders in the eutrophied bay is obviously more vigorous than 

in the larger bays. 4 survey-plots from station 28, 29, 30, 32. 

vegetation-types 

lsognomon alatum 
Lyngbya meneghiniana 
Rhizoclonium implexum 
Entophysalis deusta (gloeocapsoid) 
cf. "Arnoldiella sp." 
Acanthophora spicifera 
hydroids 
sponge 
Caulerpa verticillata 
Cladophora socialis 
Calothrix aeruginea 
Enteromorpha clathrata 
Crassostrea rhirophorae 
Balanus sp. (large barnacle) 
Brachydontes sp. 
Black tunicate 
Bryozon 
Lyngbya sordida 
Spermothamnion speluncarum 
Chaetomorpha gracilis 

IV2 
IIF 
111+ 
IIF-2 
111+-1 

lIP 
IV2-3 

Ix 
P 

lIP 
lIP 
lIP 

IV+-l 
V+-1 

IV+ 
lIP 
lIP 
lIP 

12 

lIP 
111+ 

VI-3 
VI - 2 

IVI-2 
IV+-l 
1112 

lIP 
111+ 
111+ 

bays with wide entrances (fig. 14, degree of "oceanity" G). Both types 
contain but few species: the Caulerpa verticillata type contains 16 species 
of which only Caulerpa verticillata is frequent and mostly also abundant 
(V+-5), and in the two stations (34 and 63) where a Lyngbya film covered 
the soft muddy bottom llnder mangroves 7 species in total were observed, 
two of which were abundant (Lyngbya aestuarii at station 34, and Lyngbya 
majuscula at station 63). 

In general, however, soft muddy bottoms in comparable localities are 
bare and apparently devoid of any algal growth (apart from some diatoms, 
which were not investigated). The southernmost part of Playa Grandi 
consists of a shallow pool surrounded by a fringe of Rhizophora thickets 
(station 53). The bottom (about 0.5-0.6 m deep) is covered by a film of 
Lyngbya majuscula (p2) . Other species: Microcoleus chthonoplastes, Acantho
phora spicifera, Chaetomorpha linum, Chaetomorpha gracilis, Cladophora 
delicatula (6 species in total) . Most species participating in the vegetation
types Ol, pI and p2 have wide ecological amplitudes and also occur in 
most other bay-habitats. 
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TABLE 9 

The sublittoral Oaulerpa verticillata types (0). 

Ol. The type of Oaulerpa verticillata on very sheltered muddy bottoms under 
Rhizophora thickets in bays and lagoons with wide entrances. 5 survey-plots from 

stations 52 (2 X), 83, 102, 104. 
0 2• The type of Oaulerpa verticillata and Oaulerpa sertularioides characteristic of 
most of the sublittoral of Piscaderabaai. This type replaces the Thalassia-Halimeda 
opuntia type of the larger bays. 10 survey-plots from stations 28 (3 x ), 29 (3 X ), 

30 (4 x ). 

vegetation -types Ol 0 2 

Caulerpa verticillata V+-5 Vl-4 

Caulerpa sertularioides V+-3 

Lyngbya majuscula 11+-5 111+-2 

Lyngbya aestuarii 1+ 112 

Rhizoclonium implexum 1+ 111+-1 

Enteromorpha clathrata 111+ 
Bryopsis pennata 111+ 
Ceramium codii 111+ 

Only Gaulerpa verticillata seems to find here its optimum conditions 
for growth. 

In the westernmost extension of Awa di Oostpunt (station 72) a muddy 
shallow (10 cm deep) with Avicennia pneumatophores was partly covered 
by a film of Lyngbya aestuarii and Lyngbya majuscula (of which species 
also flocculent masses grew attached to the pneumatophores). This Lyngbya 
vegetation is comparable to the pI type. Other (all inabundant) species: 
Enteromorpha clathrata, Rhizoclonium riparium, Ghaetomorpha linum, 
Gladophora socialis, Gladophoropsis membranacea. 

5. l.2.6. p3) Gyanophycean periphyton on Avicennia pneumatophores (fig. 
14, column VI, VII," tables 10, 15, p3) 

Pneumatophores of Avicennia nitida sticking out of the muddy bottom 
of permanent ("oceanity" H) and semi-permanent to temporary pools 
("oceanity" I) are covered by a cyanophycean feIt, the most characteristic 
"species" of which seemed to be Lyngbya meneghiniana (for taxonomic 
remarks, see 7). "Arnoldiella sp.", a Chlorophycean growing in the outer 
bark of the Avicennia pneumatophores (and also encountered on aerial 
roots of Rhizophora) seemed to be a characteristic non-cyanophycean 
species. 

A total number of 15 species, of which 8 had a presence;> lIl, were 
discovered in this vegetation-type. Apart from "Arnoldiella" three other 
Ghlorophyceae were part ofthis vegetation-type, namely juvenile Batophora 
oerstedii (IlI+-2) (apparently where a nearby well-developed Batophora 
vegetation could provide a constant supply of diaspores, e.g. station 87), 
Rhizoclonium riparium (1+, station 87), Rhizoclonium implexum (Il+, 
station 64), and Enteromorpha clathrata (1+, station 64). 
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TABLE 10 
Cyanophycean periphyton on submerged Avicennia pneumatophores in very shallow 
pools in back-mangroves. 7 survey-plots from stations 64 (2 x), 87 (4 x), 89_ 

vegetation-type 

Schizothrix calcicola (Plectonema nostocorum) 
Entophysalis deusta (gloeocapsoid) 
Lyngbya meneghiniana 
cf_ "Arnoldiella sp." 
Calothrix aeruginea 
Aphanothece pallida 
Aphanocapsa littoralis 
Batophora oerstedii (juv.) 

Vl-ó 

V+ - 2 
lV2- ó 
lV+- 2 
lV+ 
IIl +-ó 
III+-1 
IIJl-2 

The last three species have very wide ecological amplitudes and occur 
in the large majority of bay habitats (see table 15). 

The vegetation is encrusted with a thin, brittIe layer of lime which 
forms about ten (column H) to five (column I) cm high delicate bands 
around the Avicennia pneumatophores. One would be tempted to ascribe 
the deposition of lime to Schizothrix calcicola, which species is known to 
form lime incrustations, particularly in fresh water (see DROUET, 1968). 

The lower limit of this vegetation-type lies at about 10 cm depth in 
the extremely murky water where it occurs. The bottom or other substrates 
below it are devoid of any algal growth. 

5.1.2.7. VI) Submerged Batophora vegetations in pools of back-mangroves 
(fig. 14; table 15, VI) 

Shallow, but permanent pools in back-mangroves may contain vegeta
tions of Batophora oerstedii with several Oyanophyceae. In two stations 
(87 and 103) well-developed Batophora vegetations were observed. Ac
cording to WAGENAAR HUMMELINCK and Roos (1969) a series of Batophora 
pools fringes the back-mangroves of Lac (Bonaire)_ 

Batophora needs solid substrates for attachment. At station 87 this 
substrate is provided by a zone of Avicennia pneumatophores fringing a 
pool ca 30 m X 50 m large and ca 20 cm deep), the deepest part of which 
(0-10 cm deep and about 1 m broad) is covered by a dense growth (abund. 3) 
of Batophora. At station 103 the solid substrate consists of a part of the 
limestone plateau which here emerges through the sediments; further 
Batophora grows attached to mollusc-shells. At the latter station Batophora 
was accompanied by a few Acetabularia crenulata plants. 

Batophora oerstedii is known as a very euryhaline species occurring 
from brackish water with low salinity to hypersaline waters (WAGENAAR 

HUMMELINCK and Roos, 1969, ment ion salinities of Batophora pools 
ranging from 20-23 to 120-160 %0). 

At station 87 Batophora was partly overgrown by Phormidium fragile, 
Agmenellum quadruplicatum, J ohannesbaptistia pellucida, Spirulina sub
salsa, and diatoms. 
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5.1.2.8. p4) Submerged Microcoleus felts on shallow muddy bottoms (table 15, 
p4,- stations 87 and 89) 

Two pI aces were investigated where shallow (ca 5 cm) muddy bottoms 
in back-mangroves (Avicennia thickets and adjacent pools) had a covering 
of Microcoleus chthonoplastes (abundance 5). Microcoleus chthonoplastes 
and Microcoleus tenerrimus (abund. 2) indicate the probably rather regular 
emersion (through evaporation) of these two stations. The abundant 
occurrence of the Oyanophyceae Johannesbaptistia pellucida, Aphanocapsa 
littoralis, and Agmenellum quadruplicatum is probably correlated with the 
submergence at the time of our visit. Total number of species (all Oyano
phyceae) : 8. This type contains many diatoms, which were not investigated. 
Most comparable stations in back-mangroves were devoid of any obvious 
algal vegetation, e.g. at station 64, where a shallow (ca 5-10 cm) pool 
was continuously whirIed up by the N.K trade wind. Here, however, 
Avicennia pneumatophores appeared to bear, at the water-air interface, 
a muddy, ca 3 cm high collar containing much Microcoleus chthonoplastes, 
Microcoleus tenerrimus, and Lyngbya aestuarii. This muddy, ca 1 cm thick 
collar appeared to have a layered structure; apparently these three 
Oyanophyceae were capable of catching mud-particles and of building these 
into layered mud -collars around the tips of the A vicennia pneumatophores. 

5.1.2 .9. q) The sublittoral Thalassia meadows (figs. 14, 16-27, 33,- tab les 11, 
15, qLq4) 

Sublittoral Thalassia meadows cover vast shallows in the inner bays 
with large entrances, the bottoms of these entrances, and the bottoms of 
the clear-water lagoons Awa di Oostpunt and Lac. The upper limit of 
Thalassia testudinum roughly coincides with low water level. The lower 
limit in the inner bays is mostly set by the transparency of the water 
and lies at about 1-2 m in more peripheral regions of the bays and down 
to 1.5-3 m in the more central parts. In the lagoon Lac the lower limit of 
Thalassia is reached at about 4-5 m (see also WAGENAAR HUMMELINCK 
and Roos, 1969). 

In the bay-entrances the lower limit of Thalassia is set rather by the 
instability of the substrate which roughly increases towards the centre 
of the entrances where constantly shifting sands are unfit for the settIe
ment of Thalassia. Hence the depth of the lower limit in the entrances of 
the bays is very variabie. 

As would be expected, the accompanying algal flora differs much 
depending on the degree of "oceanity". Four types of Thalassia meadows 
could be distinguished. 

ql) The type of Thalassia testudinum, Halimeda opuntia, and Penicillus 
(tables 11, 15, ql,- figs. 14, 16-18, 33) 

This type is characteristic for the bay-entrances on the N .K coast. 
It is very rich in species: 113 species in total, of which 27 have a degree 



TABLE 11 

The sublittoral Thalassia meadows. 

q1. The type of Thalassia, Halimeda opuntia, and Penicillus. 8 survey-plots from 
stations 49, 54, 55 (2 X), 65 (2 X), 65a. 

q2. The type of Thalassia, Halimeda opuntia, and Goniolithon strictum. 8 survey
plots from stations 68 (4 x), 70, lOl, 105 (2 x). 

q3. The type of l'hala8sia and Halimeda opuntia. 15 survey-plots from stations 
32, 50, 51, 57, 58, 59, 61, 80, 81, 84, 85 (2 x), 91, 92, 105a. 

q4. The poor Thala88ia-type. 9 survey-plots from stations 47, 59, 61, 62, 83 (2 X), 
84, 85, 91. 

vegetation-types 

Thalassia testudinum 
Halimeda opuntia 
Dictyota dichotoma 
Ceramium gracillimum (ep.) 
J ania capillacea 
Centroceras clavulatum (also ep.) 
Spyridia filamentosa 
Acanthophora spicifera 
Polysiphonia subtilissima 
Ceramium tenerrimum (also ep.) 
Lyngbya sordida 
Lyngbya majuscula 
Lyngbya aestuarii 
Enteromorpha clathrata 
Rhizoclonium implexum 
Cladophora dalmatica 
Cladophora socialis 
Calothrix confervicola (ep.) 
Polysiphonia cf. macrocarpa 
Sphacelaria tribuloides 
Polysiphonia ferulacea 
Padina gymnospora 
Hypnea cervicornis 
Acicularia schenckii 
Penicillus spp. (pyr. + cap.) 
Penicillus capitatus 
Penicillus pyriformis 
J ania adhaerens 
Hypnea spinella 
Caulerpa sertularioides 
Caulerpa cupressoides 
Herposiphonia tenelIa (ep.) 
Porites porites 
Cladophoropsis membranacea 
Dictyosphaeria cavernosa 
Siderastrea radians 
Chondria curvilineata 
Halodule beaudettii 
Ceramium codii 
Porolithon "aegagropiloid form" 
Caulerpa mexicana 
Aglaothamnion cf. furcellariae 
Goniolithon stl'ictum 
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Goniolithon spectabile 
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Figs_ 21-27. Diagrammatical sections of the coastal profiles and the dominant 
algae and seagrasses growing on them; stations 101, 104, 59, 61, 62, 84, and 32, 

respectively. For explanation of symbols, see fig. 33. 
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of presence ;;;. lIl. This high floristic diversity reflects the fact that this 
vegetation-type inhabits the rather narrow contact zone between the open 
coast vegetation of the N.E. coast and the bay vegetations. In this respect 
it is comparable to the extension of the type of Laurencia papillosa and 
Gelidiella acerosa into the bay-entrances on the N.E. coast (5.1.2.1. c2). 

The substrate of this vegetation-type is sand with shingle and small 
boulders; the shingle is of ten more or less consolidated by the Thalassia 
rhizomes. Shingle and boulders serve as solid substrates for the majority 
of algae participating in this vegetation-type; but it also contains species 
with rhizomes creeping in the surface ofthe sand t,Caulerpa spp.) or attached 
in the sand by bulbous feet. (Penicillus spp., Avrainvillea, Udotea, Halimeda 
simulans). The density of the vegetation is therefore correlated with the 
density of the available solid substrate. Where wave action causes the 
shingle to form banks, the algal vege ta ti on - near the water surface - is 
very rich, for in stance in the entrances of St. Jorisbaai (station 65; fig. 18). 
Here wave act ion has caused a shallow (0.2-0.4 m) shingle bank covered 
with a rich algal vegetation. The coral Siderastrea radians occurs here as a 
kind of "living shingle" (+). Behind the shingle bank in relatively quiet 
water the bottom is completely sandy and is covered by a comparatively 
po or algal vegetation which is dominated by the seagrass Thalassia 
testudinum. From the shingle bank 55 species were collected, from the 
sandy shallow behind it only 12 species [viz. Thalassia testudinum (3), 
cf. Vaucheria (2), Melobesia sp. (epiphytically on Thalassia) (1), Halimeda 
incrassata (+), Oeramium gracillimum (ep.) (+), Oentroceras clavulatum 
(ep.) (+), Rhizoclonium implexum (+), Oeramium tenerrimum (+), Ohaeto
morpha sp. (+), Halodule beaudettii (+), Syringodium filiforme (+) 
(5 x 5 m2)] (this survey-plot was not used for the composition of table 11, 
ql). This is the only station where fructifications and germinating seeds 
of Thalassia were observed. 

The majority of frequent (degree of presence;;;. lIl) species have wide 
ecological amplitudes, a smaller number are more or less characteristic 
bay-species, namely Polysiphonia subtilissima, Oaulerpa sertularioides (also 
in some bights of the S.W. open coast), Oaulerpa cupressoides (also in 
some big hts of the S.W. open coast), Halodule beaudettii (known from 
one bight on the S.W. coast), and Aglaothamnion furcellariae. 

Penicillus capitatus, probably also Penicillus pyriformis, and Oaulerpa 
mexicana are frequent species that have their main strongholds in the 
bay-entrances on the N.E. coast, the Penicillus species also occur in the 
lagoons Lac and Awa di Oostpunt. It is in these most oceanic of all bay 
habitats that one encounters dense fields of Penicillus "shaving-brushes", 
amidst Thalassia meadows; specimens also occur in relatively exposed 
stations of the inner bays (degree of "oceanity" F) but here they are 
usually scattered. None of the frequent species are typical open coast 
species, but the category of infrequent (presence <: 1I) species contains 
many open coast species, namely: Laurencia papillosa, Gelidiella acerosa, 
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Laurencia microcladia, Hypnea musciformis, Hydroclathrus clathratus, 
Dilophus guineensis, Liagora farinosa, Liagora valida, N eomeris annulata 
(of ten in open coast rock pools), Dictyota ciliolata, Trichogloeopsis pedi
cellata, Dictyota dentata, Amphiroa hancockii, Gracillaria mammillaris, 
Oladophora laetevirens, Falkenbergia hillebrandii, Wrangelia argus, Dicty
opteris delicatula, and J ania pumila. Acetabularia calyculus was only 
collected in bay-entrances of the N.E. coast (stations 49, 55, 65). 

Infrequent typical bay species were: Halimeda simulans, Udotea fla
bellum, Acicularia schenckii, Oaulerpa verticillata and Avrainvillea nigricans. 

Only infrequent, small colonies of the following corals were observed 
in the Thalassia-Halimeda opuntia-Penicillus type: Siderastrea radians and 
Porites porites. For a discussion on the distribution of corals, see 5.1.2.2. 

q2) The type of Thalassia testudinum, Halimeda opuntia, and Goniolithon 
strictum (tables 11, 15, q2,. figs. 14, 19-22, 33) 

This is the type characteristic for the clear-water lagoons Awa di Oost
punt and Lac. It is distinguished by the frequent and abundant occurrence 
of the corallines Goniolithon strictum, Goniolithum spectabile, and Porolithon 
sp. ("aegagropiloid form") 1. Goniolithon strictum and G. spectabile also 
occur in the type of Laurencia papillosa and Goniolithon strictum (the 
Laurencia papillosa turf typical for clear-water lagoons, c4 ). It has been 
argued under c4 (5.1.2.1) that both Goniolithon species- brittie and mostly 
loose-Iying - probably need clear regularly replenished oceanic water and 
sheltered conditions that are realized only in the clear-water lagoons. 
Porolithon sp. ("aegogropiloid form") is a mostly loose-Iying, bulbous form. 

Wave action probably causes the establishment of the banks of Gonio
lithon strictum, Goniolithon spectabile, and Porolithon ("aegagropiloid 
form") observed at the stations 68 and 101 (figs. 19, 21, 33) (the coral 
Porites porites also takes part in the formation of such banks). During 
extreme low waters the tops of such banks may partly emerge and there 
the component corallines and corals die off. The substrate is a shallow 
submarine plateau of corallimestone covered by a thin layer of sand with 
scattered shingle and boulders. Algae can grow attached to the rocks 
(where these protrude through the sand); to the shingle and boulders; and 
to the dead remains of corallines and corals. 

The large majority of frequent and abundant species (tabie 11) have 
wide ecological amplitudes. However, Penicillus spp. and Dictyosphaeria 
cavernosa seem to have a stronghold in the clear-water lagoons. Dictyo
sphaeria also occurs on open coasts and in the relatively exposed stations 
of inner bays (see table 15). Penicillus spp. are also relatively abundant 
and frequent in the entrances of bays on the N.E. co ast (qI). Oaulerpa 
sertularioides is a more or less characteristic bay species. 

The flora of this type of Thalassia meadow is Ie ss diversified than that 

1 See taxonomie and floristie notes. 
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in the entrances of the bays of the N.E. coast, and consists of a total of 
74 species (113 species in the bay-entrances of the N.E. coast!), 18 of which 
were frequent (with a degree of presence :> lIl). None of the frequent 
species are characteristic for open coast habitats, but the category of 
infrequent (degree of presence.;;; 1I) species contain four species character
istic for open coasts, namely Dilophus guineensis, Laurencia microcladia, 
Gelidiella acerosa, and Laurencia papillosa (19 typical open coast species 
occurred in ql, the Thalassia meadows in entrances of bays on the N.E. 
coast!). Infrequent typical bay species were Avrainvillea rawsonii, Avrain
villea nigricans, Caulerpa cupressoides, Chrysonephos lewisii, Polysiphonia 
subtilissima, Acicularia schenckii, U dotea flabellum, H alimeda incrassata, 
Halimeda simulans, and Valonia ventricosa. 

Apparently the clear-water lagoons are unsuitable for the majority of 
open co ast species. Station 68 in Awa di Oostpunt contained few open 
coast species despite being situated in the near vicinity of the open coast. 

Apart from Porites porites, the corals Siderastrea radians (mostly loose 
colonies ; "living shingle") and Porites astreoides were observed. 

In one station (70) along the shore of Awa di Oostpunt Corallina cubensis 
was one of the dominant species (abundance 3), whereas it was not ob
served in any of the other lagoonal stations (figs. 20, 33). 

q3) The type ot Thalassia testudinum and Halimeda opuntia (tables 11, 
15, q3; figs. 14, 23, 24, 26, 27, 33) 

A shallow zone-O to 0.5-1.0 m below low water level-along relatively 
exposed shores of the inner bays is occupied by this vegetation-type. lts 
width depends on the inclination of the substrate and varies from about 
4 to 50 m. In the entrances oftwo bays on the S.W. coast (Spaanse Water 
and Piscaderabaai, stations 92 and 32 respectively) the lower limits are 
deeper, namely from about 1 to 2 m. 

On the W. shore of Lac the Thalassia-Halimeda opuntia-Goniolithon 
strictum type (q2) merges downwards, at a depth of somewhat more than 
one meter, into a vast Thalassia meadow which has been ranged under 
the type of Thalassia and Halimeda opuntia (q3) (figs. 14, 22). 

This type of Thalassia meadow merges, in the relatively exposed stations 
of the inner bays, into the "poor Thalassia type" (q4), from which it 
differs by the occurrence of a quantitatively and qualitatively rich algal 
vegetation. The substrate consists of sand or muddy sand with shingle, 
sometimes also small boulders. Wave action probably has sorted out the 
sediments and shingle in such a way, that near to the water surface a zone 
of concentrated shingle and sand occurs whereas deeper down the bottom 
is mainly muddy. The presence of asolid substrate, like shingle, is required 
for the development of a rich algal vegetation, and th is is certainly one 
of the reasons why a rich algal vegetation in the inner bays is concentrated 
in the upper 0.5 to 1.0 m below low water level. At the same time, however, 
the low transparency of the inner baywaters (see table 2) certainly plays 
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a róle in determining the lower limit of many species at a relatively 
shallow depth; for instance Padina gymnospora and Padina sanctae-crucis 
are always concentrated in the upper part ofthis type of Thalassia meadow. 
However, we have the strong impression that the availability of solid 
substrate in this vegetation-type is the main reason for the development 
of a comparatively rich algal vegetation, since, in the inner bays, the 
lowest limit of any algal growth lies at about 2 to 4 m (in the S4 vegetation
type, see 5.1.2.11) . 

The large majority of frequent and abundant species (tabIe 11) have 
wide ecological amplitudes; of this category only Acicularia schenckii and 
Valonia ventricosa have strongholds in the inner bays. Valonia ventricosa 
also reaches a great abundance in small clear-water lagoons (see 5.5.1). 

The flora of this vegetation-type is comparatively rich: a total number 
of 91 species were collected from it, of which 25 were frequent (degree of 
presence;;;.. lIl) and mostly also abundant (abundance ;;;.. 1). 

None of the frequent species are characteristic for open coasts, but the 
group of infrequent (degree of presence <: Il) species contains five species 
hacracteristic for open coasts, namely Laurencia papillosa, Laurencia 
cmirocladia, Gracilaria ferox, Hypnea musciformis, and Gelidiella acerosa. 

Infrequent typical bay species areH alimeda simulans, H alimeda incrassata, 
Udotw flabellum, Oaulerpa mexicana (mainly in bay-entrances of the N.E. 
co ast, ql), Oaulerpa sertularioides, Oaulerpa cupressoides, Oaulerpa verticillata, 
Penicillus pyriformis, Penicillus capitatus (both Penicillus spp. mainly in 
bay-entrances on the N.E. coast, ql, and in clear-water lagoons, q2), Avrain
villea rawsonii, Aglaothamnion furcellariae, and Gracilaria confervoides. 

In two stations the seagrass Halodule beaudettii participated in the 
Thalassia-Halimeda opuntia type, namely at station 50 (abundance +) 
and station 85 (abundance 2). At the latter station it formed a narrow 
(1-2 m wide) interrupted zone in the upper part of the Thalassia-Halimeda 
opuntia zone. Only in the inner shallow part of Bartolbaai (near station 48) 
was Halodule observed to form a rather extensive zone near low water
level. This species is known to be able to tolerate short emersion during 
low water (see DEN HARTOG, 1970). On the other hand scattered Halodule 
beaudettii fields were observed below the lower limit of Thalassia meadows 
in the bay-entrances on the N.E. coast (compare figure 23 with figs. 17, 18) 
where it gave the impression of being better able to colonize the more or 
less unstable shifting sands than Thalassia. 

The corals Porites porites (forming small banks) and Siderastrea radians 
(as "living shingle") were quite frequent and also of ten abundant in the 
Thalassia-Halimeda opuntia type (see tab Ie 11). These two coral species 
are the ones that penetrate farthest into the inner bays (see also Roos, 
1964). The corals Porites porites, Dichocoenia stokesii, Favia fragum, 
Agaricia agaricites, and Millepora alcicornis were only infrequently and 
inabundantly encountered as participants in the Thalassia-Halimeda 
opuntia type (see table 15). 
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q4) The poor Thalassia testudinum type (tablesll, 15, q4,. figs. 14, 23-26, 33) 

This type of Thalassia meadow is characterized by the obvious absence 
of any striking algal growth. Only Thalassia, and to a much lesser degree 
also Dictyota dichotoma (partly as loose-Iying plants), are frequent and 
abundant. Lyngbya sordida and Lyngbya aestuarii in one station (47) 
were also abundant as gelatinous fluffs. The poor Thalassia type covers 
extensive shallows in the inner bays, where it is certainly the most dominant 
vegetation-type. In relatively exposed inner bay stations (fig. 14, column 
IV; stations 59, 61, 84, 85, 91) the Thalassia-Halimeda opuntia type 
merges downwards into the poor Thalassia type, of which the upper limit 
is situated at a dep th of about 0.5-1.0 m, and the lower limit at a depth 
of ab out 1.5-3.0 m (figs. 23, 24, 26) . Below its lower limit the muddy 
bottom is of ten bare, but of ten also covered by a mud- or sand-binding 
vegetation (see 5.1.2.4. S4). 

In the most sheltered big hts of the inner bays (stations 47, 62, 83), 
the poor Thalassia type extends from about low water level down to a 
depth of about 1 to 2 m (fig. 14, column V; fig. 25). In such sheltered bights 
shingle as asolid substrate for algae is lacking and the bottom consists 
of soft mud from low water line downwards; furthermore the water is 
here very murky. In such extremely sheltered bights the lower limit of 
Thalassia coincided with the lower limit of any obvious plant growth. 

The substrate of th is vegetation-type consists of soft mud. Solid sub
strates for the attachment of algae are lacking or rare. Furthermore 
the Thalassia plants capture mud which forms a thin film over all possible 
solid substrates among the Thalassia plants and also partly covers the 
Thalassia leaves which would otherwise be available for the development 
of an epiphytic algal flora. This epiphytic flora is also, therefore, qualita
tively and quantitatively sparse. Apart from the absence of asolid sub
strate, the low transparency of the water is also probably a limiting factor. 
Since the gradient in the composition of the substrate (muddy sand and 
shingle in the upper sublittoral zone -+ soft mud in the lower sublittoral 
zone) is indirectly correlated with the degree of transparency it is difficult 
at present to disentangle the influence ofthe two factors on the composition 
of the algal vegetation-types. 

The flora of this vegetation-type is comparatively poor: 42 species have 
been collected from it, of which only 6 were frequent (degree of presence 
;;;. III, see table 11). Of the frequent species Thalassia testudinum and Poly
siphonia subtilissima are typical bay species; the remaining four frequent 
species (Dictyota dichotoma, Ceramium gracillimum, Centroceras cZavulatum, 
and Polysiphonia ferulacea) have wide ecological amplitudes (see table 15). 

None of the infrequent (degree of presence <: II) species was character
istic for open co ast habitats. The following infrequent typical bay species 
were 0 bserved : H alimeda incrassata, H alimeda simulans, Acicularia 
schenckii, Caulerpa verticillata, Cladophora delicatula. The large majority 
of infrequent species, however, have wide ecological amplitudes. 
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Living corals were never observed in this vegetation-type. 
In station 47 (Bartolbaai) Halodule beaudettii was an abundant (2) compo

nent of the po or Thalassia type; landwards it formed an almost pure zone. 
Along the N. shore of Awa di Oostpunt, in relatively sheltered bights 

(e.g. between station 69 and 70), poor Thalassia meadows growing on 
a soft bottom ofwhitish lime-mud were growing in very shallow (ca 10 cm) 
water. Apparently the absence of solid substrates was here responsible 
for the absence of a striking algal growth, as light could hardly be con
sidered to be a limiting factor. Unfortunately no analysis was made of the 
algal flora growing in th is poor Thalassia meadow. 

In only one station (47: Bartolbaai) was the po or Thalassia type 
observed to form a zone directly below the lower eulittoral chlorophycean 
subzone (the "type of Cladophora conferta" , 5.1.1.2. b4 ) . Here the poor 
Thalassia type covers most of the shallow bottom of the inner basin of 
Bartolbaai. 

5.1.2.10_ r) Sublittoral Syringodium meadow (fig. 14, column I, figs. 16, 33) 

An extensive Syringodium meadow was encountered in only one station, 
namely the entrance of Bartolbaai (station 49), where it formed a ca 20 m 
broad zone at depths of ca 1 to 2 m below the Thalassia meadow of the type ql. 

Only the following species had an abundance ;;;. 1: Syringodium filiforme 
(2), Penicillus pyriformis (1), Melobesia sp. (2) (ep.), Ceramium codii (1) 
(ep.), and Lyngbya majuscula (1) (survey-plot: 10 x 10 m2). For the re
maining 15 non-abundant species: see table 15 r. The bottom was sandy. 

Extensive Syringodium meadows probably cover some deeper parts of 
Awa di Oostpunt, sin ce much material of this species was found washed 
up on the W. shore of this lagoon. We found scattered stands of this 
seagrass in the deeper parts (about 4 m) of Awa di Oostpunt at station 70 
(S2). Syringodium is reported from the Thalassia beds in Lac (Bonaire) 
by WAGENAAR HUMMELINCK and Roos (1969), but this species was not 
encountered in our survey-plots made in th is lagoon. 

Syringodium is reported from other areas (PHILLIPS, 1960) to develop 
massively on permanently submerged substrates. Of ten the seagrasses 
Halodule, Thalassia, and Syringodium form successive zones, in this order, 
from water-level downwards. Such a zonation was observed in Bartolbaai, 
where the innermost W. shallows were covered by Halodule, followed by 
Thalas8ia and Syringodium in a roughly seaward direction. However, 
Halodule was also observed, in several places, to grow below and amidst 
Thalassia, and Syringodium amidst a shallow Thalassia meadow (0.4 m, 
station 65). 

5.1.2.11. s) Sublittoral sand- and muddy sand-binding vegetations of small 
Rhodophyceae below Thalassia meadows (tables 12, 15, SLS4,- figs. 14, 15) 

In several profiles the lower limit of Thalassia roughly coincides with 
the lower limit of any algal vegetation. However, the Thalassia meadow 
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TABLE 12 

Sublittoral sand- and muddy sand-binding vegetations of small Rhodophyceae 
bel ow Thalassia meadows. 

S2. The type of Oentroceras clavulatum, Polysiphonia subtilissima, and Penicillus 
capitatus characteristic of the lagoons Lac (Bonaire) and Awa di Oostpunt. 4 survey-

plots from stations 68, 70, 73, 101. 
S4. The type of Oentroceras clavulatum, Polysiphonia subtilissima, and Griffithsia 
tenuis characteristic for bays with wide entrances and the outer basins (W. shores) 
ofPiscaderabaai and Santa Martabaai. 5 survey-plots from stations 32, 44, 51, 57, 84. 

vegetation -types 

Spyridia filamentosa 
Dictyota dichotoma 
Ccntroceras clavulatum 
Polysiphonia subtilissima 
J ania capillacea 
Chondria curvilineata 
Enteromorpha cIathrata 
Ceramium tenerrimum 
Chaetomorpha linum 
Lyngbya sordida 
Lyngbya majuscula 
Lyngbya aestuarii 
Chaetomorpha gracilis 
Griffithsia cf. globulifera 
Acanthophora spicifera 
Ceramium gracillimum 
J ania adhaerens 
Halimeda opuntia 
Caulerpa sertularioides 
Dictyosphaeria cavernosa 
Hypnea cervicornis 
Penicillus capitatus 
Amphiroa fragilissima 
Cladophora socialis 
Polysiphonia macrocarpa (ep.) 
Griffithsia tenuis 
Ceramium codii (ep.) 
Acicularia schenckii 
Hypnea spinella 
Cladophora dalma tica 
Padina gymnospora (juv.) 

S2 

y+-l 
IYl-2 
IY+ 
IY+-l 
IY+-l 
III+-1 
IIP 
IIP-l 
IIP 

I + 
I + 

I+ 
I + 
I+ 

IY+-l 
IY+ 
IY+ 
III+ 
IIP 
IY+ 
IY+ 
IY+-l 
IY+-2 
y+ 

IY+ 
y+ 
y+-l 
y+ 

IIP 
IY+ 
IY+-l 
IIP 
III +-1 
IIP-l 
IY+-2 
IIP 
III+ 
IIP-l 
IIP 

J1 
I+ 
P 

Y+ 
IY+-l 
IIP-l 
IIP 
III+ 
III+ 

of ten merges downwards into a sand- or muddy sand-binding vegetation 
of mainly sm all Rhodophyceae. Apparently a number of lithophytic algae 
are capable of growing attached to sand-grains, when this substrate is 
sufficiently stabIe. These species attach to and conneet sand-grains by 
rhizoids and systems of creeping stolons. Examples are: Oentroceras 
clavulatum, Polysiphonia subtilissima, Ohondria curvilineata, Oeramium 
tenerrimum, and Oeramium gracillimum. Lyngbya majuscula and Lyngbya 
aestuarii are also capable of binding sand or muddy sand with their 
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gelatinous sheaths. It is generally assumed that sand- and muddy sand
bottoms can only be inhabited by algae adapted to this environment 
by having rhizomes creeping through the surface layer of the sediment 
(Oaulerpa spp.) and bulbous feet anchoring the plants in the sediment 
(e.g. Udotea spp., Halimeda spp., Penicillus spp.). However, where such 
substrates are relatively stabIe (i.e. stabIe during sufficiently long periods 
for fastgrowing algae to establish), spores of the above mentioned species 
of Oentroceras, Polysiphonia, Ohondria, Oeramium, can attach to sand
grains and more or less stabilize the sediment by creeping stolons. Spyridia 
filamentosa and Dictyota dichotoma frequently occur in these vegetation 
types, predominantly as loose-Iying forms, partly attached to sparse 
shingle or stones. Therefore the vegetation types of small sand-binding 
Rhodophyceae much resembIe the "type of Dictyota dichotoma and Spyridia 
filamentosa" which occurs on the bottom of inlets and open bays on the 
S.W. coast (type e2 ; VAN DEN HOEK, 1969). The following species also 
occurred predominantly asloose-Iying forms: J ania capillacea, Ohaetomorpha 
linum, Ohaetomorpha gracilis, Jania adhaerens, Amphiroa Iragilissima, and 
Oladophora socialis. 

SI) Sublittoral sand-binding vegetation ol small Rhodophyceae in the entrance 
ol a bay on the N.E. coast (tabIe 15, sI,. figs. 14, 17, 33) 

This vegetation-type only occurred in the entrance of Playa Grandi 
(station 55), at a depth of 0.5-1.5 mand forming a zone ca 35 m broad. 
In general the sandy bottom below the lower limit of seagrass vegetations 
in the bay-entrances is too unstable for the establishment of any vegetation 
at all. Here Halodule beaudettii (ab. 1) and Oaulerpa mexicana (ab. 1) were 
the most conspicuous elements. Other species with an abundance of 1 
(Hypnea muscilormis, Spyridia clavata, and Polysiphonia lerulacea) were 
growing attached to Halodule rhizomes. All other 25 species were non
abundant (+ ). The partly sand-binding species Polysiphonia subtilissima, 
Vaucheria sp., Oeramium gracillimum, Oeramium tenerrimum, and Aceta
bularia calyculus growing attached to smaH pebbles, were also encountered 
here. For the remaining species, see table 15, SI. 

S2) Sublittoral sand-binding vegetation ol small Rhodophyceae in the lagoons 
Lac and Awa di Oostpunt: the type ol Oentroceras clavulatum, Polysiphonia 
subtilissima, and Penicillus capitatus (tables 12, 15, s2,. fig. 14, 19-21, 33) 

In Lac sandy shaHows, down to ca 0.5-0.7 m north of station 101 
(figs. 13, 21) were covered by this vegetation-type. In Awa di Oostpunt 
the shallow plateau along the N. shore (figs. 8, 19, 20) merges at about 
30 to 40 m from the coast, at a depth of ca 1 m, into a relatively steep 
sandy slope. This sandy slope is covered, down to a depth of 5 m, with 
a sparse vegetation of small sand-binding Rhodophyceae. The most con
spicuous elements are masses of loose-Iying algae: Dictyota dichotoma, 
Spyridia filamentosa, Jania capillacea, Amphiroa Iragilissima, Oladophora 
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socialis. In station 70 enormous masses of loose-Iying Oladophora jongiorum 
VAN DEN HOEK (1969) covered the bottom (see 7, fioristic and taxonomie 
notes). 

In Lac the sea-urchin Lytechinus esculentus was quite common, in Awa 
di Oostpunt Diadema antillarum. 

A total number of 52 species were collected from this vegetation-type, 
of which 19 were frequent (degree of presence;;;. lIl). Of the frequent 
species Penicillus capitatus is considered to be more or Ie ss characteristic 
for the relatively high degree of "oceanity" in the lagoons, to alesser 
degree also Dictyosphaeria cavernosa. The majority of frequent species, 
including the sand-binding Rhodophyceae, have wide ecological amplitudes. 
More of less typical bay species are the frequent Polysiphonia subtillissima 
and Oaulerpa sertularioides. 

Infrequent (degree of presence .;;;; Il) species characteristic for open 
coasts were Laurencia papillosa and Gelidiella acerosa. Infrequent bay 
species were the seagrasses Halophila sp. and Syringodium filiforme, and 
the algae Oaulerpa mexicana and Goniolithon spectabile (the latter charac
teristic for clear-water lagoons). 

In one station (68) the coral Porites porites was found growing in this 
vegetation -type. 

S3) Sublittoral sand-binding vegetation of small Rhodophyceae in the entrance 
of Spaanse Water (fig. 14; table 15, S3) 

The vegetation covering the sandy slope below the Thalassia meadow 
in the entrance of Spaanse Water (station 92) was ranged under this 
vegetation-type. The slope, however, consisted also of coral debris, to 
which algae and corals grew attached. The depth was about one to three 
meters (see fig. 14). The aspect of this vegetation was predominantly 
determined by Dictyota dichotoma (ab. 2) growing attached to coral debris. 
Spyridia filamentosa ( + ), growing attached to coral debris, also participated 
in this vegetation-type which therefore showed much resemblance to the 
"type of Dictyota dichotoma and Spyridia filamentosa" which occurs on 
bottoms of inlets and open bays of the S.W. co ast (e2 ; VAN DEN HOEK, 

1969). Other conspicuous algae: Oladophora socialis (1), Lyngbya aestuarii 
(1), Gelidiopsis gracilis (1), "Lithothamnion" (1). Quite characteristic was 
the occurrence of a considerable number of coral species indicating a high 
degree of "oceanity": Diploria strigosa ( + ), Diploria labyrinthiformis (+ ), 
Porites astreoides (+), Dichocoenia stokesii (+), Eusmilia fastigiata (+), 
Porites porites (+), Siderastrea radians (1), Agaricia agaricites (+). 

Penicillus capitatus ( +), Valonia ventricosa ( + ), Oaulerpa sertularioides 
( +) and Polysiphonia subtilissima (+) were more or Ie ss typical bay 
species; Galaxaura marginata (+) and Laurencia microcladia (+) open 
co ast species. 
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S4) Sublittoral sand-binding vegetation of small Rhodophyceae in bays with 
wide entrances, and the outer basins (W. shores) of Piscaderabaai and Santa 
Martabaai : the type of Oentroceras clavulatum, Polysiphonia subtilissima, 
and Griffithsia tenuis (tables 12, 15,. figs. 14, 26, 27, 33) 

In relatively exposed stations of the inner bays this type may occur 
on slopes of muddy sand below the lower limit of Thalassia testudinum, 
down to depths of ca 2 to 4 m. In the most sheltered big hts this vegetation
type is lacking, probably because sand-grains or small fragments of shells 
are lacking which are required for the attachment of spores of the sand
binding Rhodophyceae. Also the low transparency of the water in such 
places is probably a limiting factor. 

In contradistinction to S2, Dictyota dichotoma and Spyridia filamentosa, 
though frequent species, do no determine the aspect of the vegetation. 

Of the total number of 52 species collected from this vegetation-type 
21 species were frequent (degree of presence;;;. lIl). Most frequent species 
have wide ecological amplitudes. Polysiphonia subtilissima and Acicularia 
schenckii (growing attached to shells or fragments of shells) are frequent 
bay species. Of the infrequent species (degree of abundance <: Il) Avrain
villea nigricans, Oaulerpa verticillata, Oaulerpa cupressoides, Aglaothamnion 
cf. furcellariae, Oladophora delicatula, Thalassia testudinum, Halodule beau
dettii and Halophila sp. (station 32) are bay species. No typical open coast 
species were encountered in th is vegetation-type. 

The sea-urchins Lytechinus and Diadema antillarum were rather common. 

5.2. The vegetation of Santa Martabaai (figs. 4, 15) 

Santa Martabaai differs from Bartolbaai, Playa Grandi, St. Jorisbaai, 
and Spaanse Water by its narrow entrance and a relatively high turbidity 
of its waters. In 1962 the channel which now penetrates the barrier of 
coral debris was dug and sin ce that time algae with a relatively narrow 
tolerance for high salinities have been able to recolonize Santa Martabaai 
(see 3.1; tables 1-3). 

The shores of Santa Martabaai are characterized by the absence of 
mangroves and seagrasses (apart from Ruppia) , which have not yet had 
opportunity to recolonize these shores. The algal vegetation is qualitatively 
po or and together with the absence of the seagrass Thalassia, causes the 
aspect of the sublittoral vegetation-types to differ markedly from those 
in the bays with wide entrances. Nowhere in this bay was a quantitatively 
rich development of few algal species observed. 

5.2.1. The eulittoral zone 

Where profiles of coral limestone form the coast the Entophysalis deusta 
subzone can be distinguished (figs. 15a, 29). Near the entrance of Santa 
Martabaai (W. shore, station 44) th is subzone terminates, near water-level, 
in a bare zone with Amphineura (fig. 15, column VIII, k). A chlorophycean 
sub zone with Oladophoropsis membranacea as a dominant species and 
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ranged under type b 2 occurred along the W. shore of the inner basin 
(stations 42, 43), growing on a beach of muddy sand with shingle (see 
table 15, b 2 ; fig. 30, b2). 

5.2.2. The sublittoral zone 

5.2.2.1. el) The extension of the Porolithon pachydermum coral formation 
into the entrance (W. shore) of the bay 

The steep cliffs of coral limestone on the W. shore near the entrance 
(station 44) were covered from low water-level down to a dep th of 0.6 m, 
with a very impoverished growth ranged under the Porolithon pachydermum 
coral formation (see 5.1.2.2). 

5.2.2.2. tI) Mixed vegetation of Dictyota dichotoma and Rhodophyceae 
(fig. 15, column VIII, tI; table 15, tI) 

Near the bay-entrance (stations 35,44,45) shallows and slopes ofmuddy 
sand with boulders and shingle (from water-level down to ca 3.0 m) were 
covered with a vegetation in which Dictyota dichotoma (+ - 2) was the 
most conspicuous element. The following species were collected from all 
three survey-plots investigated: Lyngbya aestuarii (+ - 2), Oentroceras 
clavulalum (+ - 2),Oeramium gracillimum (+ -1) (ep.), Padina gymnospora 
( +), Hypnea spinella (+ - 2), Griffithsia cf. globulifera (+), Sphacelaria 
tribuloides (+), Bryopsis pennata (+ -1), Polysiphonia subtilissima 
( + -1), Oladophora dalmatica ( + -1), Acicularia schenckii ( + ). In stations 

Figs. 28-32. Diagrammatical sections of the coastal profiles and the dominant 
algae and seagrasses growing on them; stations 28, 38, 43, 34, and 102, respectively. 

For explanation of symbols, see fig. 33. 
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35 and 44 Vaucheria dichotoma (fr!) occurred with an abundance of 2, 
covering parts of the muddy sand. The total number of species encountered 
amounted to 4l. 

The sea-urchin Diadema antillarum was quite common. 

TABLE 13 

Sublittoral algal vegetation in the inner baain of Santa Martabaai. The type of 
Oaulerpa sertularioides and Acanthophora spicifera (t2). This type replaces the 
Thalassia-Halimeda opuntia type of the larger bays. 7 survey-plots from stations 

36, 37, 38, 40, 41, 42, 43. 

vegetation-type 

Caulerpa sertularioides 
Acanthophora spicifera 
Spyridia filamentosa 
Brachydontes sp. 
Hypnea spinella 
Aglaothamnion cf. furcellariae 
Ernodesrnis verticillata 
Acicularia schenckii 
Cladophoropsis rnembranacea 
Dictyota dichotorna 
Cladophora vagabunda 
Polysiphonia subtilissirna 

V+-2 

IVl - 2 

IV+-2 
IV+-2 
IIIl-2 
III+-1 
III+-3 
III+-2 
III+-1 
III+-1 
III+-1 
IIP 

5.2.2.3. t2 ) Sublittoral algal vegetation in the inner basin ol Santa M arta
baai." the type of Caulerpa sertularioides and Acanthophora spicilera (tables 
13, 15," fig. 15, column IX, t2, figs. 29, 30, 33) 

The shores of the inner basin are covered, down to a depth of 0.5 m 
(in the most sheltered parts) to 2.0 m, by a qualitatively poor vegetation 
in which Caulerpa sertularioides and Acanthophora spicilera are the most 
conspicuous species. 

The bottom consists of muddy sands with shingle and some boulders. 
The total number of species amounts to only 25, of which 11 were frequent 
(degree of presence:> lIl). For a comparison: the total number of species 
collected from the type of Thalassia testudinum and H alimeda opuntia 
(q3) amounts to 91 of which 25 were frequent. Of the frequent species 
Caulerpa sertularioides, Aglaothamnion cf. lurcellariae, and Acicularia 
schenckii are bay species, the other frequent species have wide ecological 
amplitudes. Of the infrequent species only Ruppia maritima is character
istic for bay habitats (probably this seagrass, which is able to tolerate 
wide variations in salinity, was already present before 1962). All remaining 
infrequent species have wide ecological amplitudes. 

The sea-urchin Diadema antillarum was quite common. 
The lamellibranchiate Brachydontes sp. (see table 13) occurred, it was 

concentrated towards low water-level and penetrated up to 0.1 m into 
the eulittoral zone (figs. 15, 29). 
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5.2.2.4. U l ) Vaucheria dichotoma felt on muddy bottom (table 15; fig. 15) 

The soft muddy bottom (depth ca 0.5 m) of one of the basins of the 
former salines (station 40) was covered by a feIt of Vaucheria dichotoma 
(ab. 5). Further Ruppia (+) was growing attached in the mud, and 
Cladophora delicatula (+) was collected from the Vaucheria feIt. 

In other pi aces the soft muddy bottom was devoid of any vegetation. 

5.2.2.5. p5) Cyanophycean felt on Brachydontes and barnacles (table 15; 
fig. 15, column X) 

At station 39, in the remote N.W. corner, the bay is very shallow, 
reaching only ab out 0.2 m. The bottom consists of soft mud that is con
stantly whirled up by the N.E. trade wind. This causes the transparency 
to be very low (see table 2). 

The muddy bottom is devoid of any algal growth, but barnacles and 
Brachydontes sp. grow attached to the stones of the old enclosures of the 
former salines. Only three algal species (apart from diatoms which were 
not investigated) were growing attached to Brachydontes and barnacles, 
namely Lyngbya meneghiniana (ab. 2), Rhizoclonium implexum (+), and 
Enteromorpha flexuosa (+). The lower limit of this alg al growth lies at 
a depth of about 0.1 m. Hydroids were also very common. Although the 
fertility (see table 3) of Santa Martabaai seems to be low, a number of 
filter feeders (Brachyodontes sp., barnacles, hydroids, a.o.) develop quite 
luxuriantly, although clearly less so than in Piscaderabaai. 

5.3. The vegetation of Piscaderabaai (figs. 2, 15) (the E. shore of the outer 
basin and the shores of the inner basin) 

Picaderabaai differs from Bartolbaai, Playa Grandi, St. Jorisbaai, and 
Spaanse Water by its narrow entrance, by the relatively high turbidity 
of its waters, and by its relatively high phosphate-concentration that is 
caused by the inflow, at its northernmost end, of domestic effluent (see 
3.1, tables 1-3). 

The shores are, for the greater part, lined by narrow fringes of mangroves 
(mainly Rhizophora mangle; in a few places back-mangroves of Avicennia 
nitida, see fig. 2) . 

On the W. shore of the outer basin (station 32) a Thalassia meadow 
covered the bottom of muddy sand with shingle. The steep rocky coral 
cliffs were covered, below water-level, by an impoverished extension of 
the Porolithon pachydermum coral formation. These vegetation types have 
been treated under 5.1.1.2 and 5. L.2.9, q3. 

At the other stations investigated (28, 29, and 30) Thalassia was lacking 
where it could be expected to grow, and in its pI ace the qualitatively poor 
vegetation-type of Caulerpa verticillata and Caulerpa sertularioides (see 
table 9, 0 2) covered the bottom. The absence of Thalassia is probably 
caused by the pollution of Piscaderabaai. In the heavily polluted lagoons 
Zakitó and Rifwater (5.4) Thalassia is also lacking. 
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The massive development of filter feeders (mainly Crassostrea rhizo
phorae, Isognomon alatum, Balanus sp., holothurians, hydroids, tunicates) 
mainly growing attached to Rhizophora roots is most probably correlated 
with the relatively high fertility of the water caused by the discharge of 
domestic effluent (see table 3; high phosphate and pigment concentrations). 

Nowhere was a massive development of benthic algae observed such 
as occurs in eutrophic Mediterranean lagoons (VAN DEN HOEK, 1960). 
However, DIAZ-PIFERRER (1964) observed a massive development of Ulva 
rigida near the outflow of the effluent (station 30). As such a development 
did not occur during our visit it would seem to be a transient feature. 

The pollution most probably caused the very much impoverished algal 
vegetation of Piscaderabaai (no data from before the pollution started 
are available, but comparison with other bays makes this statement quite 
reasonable). It makes this bay unfit for any recreational purposes and 
hence diminishes the value of the properties in which it is situated. 

5.3.1. a) The eulittoral zone,' the type of Entophysalis deusta 

In stations 28 and 23 an inconspicuous zone of scattered gloeocapsoid 
colonies of Entophysalis (+, 2) covered Rhizophora roots from low water
level up to about 0.1 m above it. Large barnacles also extended from the 
sublittoral periphyton into the eulittoral zone; Crassostrea rhizophorae and 
Isognomon alatum penetrated only slightly into the eulittoral zone. Few 
other algae were observed: Schizothrix calcicola ( + ), Lyngbya meneghiniana 
( +, 1), Rhizoclonium implexum (+), Calothrix crustacea (28: +), and 
Bulbocoleon piliferum (28: 1). 

5.3.2. The sublittoral zone 

5.3.2.1. n2) Periphyton on submerged Rhizophora roots,' the type of Cras
sostrea rhizophorae and Isognomon alatum (tables 8,15,. fig. 15, column XI, 
fig. 28) 

As in the most sheltered bights of the large inner bays (see 5.1.2.4. nl) 
filter feeders and not algae determine the aspect of the periphyton on 
Rhizophora roots. However, qualitatively as weIl as quantitatively the 
periphyton of filter feeders is obviously more strongly developed in 
Piscaderabaai than in the sheltered bights of the large inner bays (see 
table 8). 

The density of Isognomon, Crassostrea and Balanus increases towards 
low water-level. 

The periphyton covers the Rhizophora roots from low water-level down 
to 0.3-0.5 m, where the roots meet the sediment. 

Of the total number of algal species (19) participating in th is periphyton 
nine are frequent (degree of presence ;;;. lIl) (see table 8), and in almost 
all cases they have a very low abundance (+), so that the algal growth 
is quite inconspicuous. Of the frequent species only Caulerpa verticillata 
is characteristic for (very quiet) bay habitats, of the infrequent species 
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Aglaothamnion cf. furcellariae is characteristic for bay habitats. All other 
species have wide ecological amplitudes and occur in open coast habitats 
as wen as bay and lagoon habitats. 

5.3.2.2. 0 2 ) The sublittoral vegetation type of Oaulerpa verticillata and 
Oaulerpa sertularioides (tables 9, 15; fig. 15, column XI, figs. 28, 33) 

The bottom ofmuddy sand with shingle lining the co ast ofPiscaderabaai 
(E. shore of outer basin and inner basin) is covered with this vegetation 
type down to a depth of ca 2.0 to 2.5 m from low water-line. It forms a 
zone 2 to 50 m broad depending on the inclination of the substrate. To
wards its lower limit the vegetation becomes more sparse; Oaulerpa sertu
larioides does not occur as deep as O. verticillata. This vegetation replaces 
the Thalassia-Halimeda opuntia type (q3) of bays with wide entrances. It is 
poor in species: ofthe total number of33 species 8 were frequent (abundance 
;> lIl) (for a comparison: the total number of species collected from the 
Thalassia-Halimeda opuntia type (q3) amounts to 91 of which 25 were 
frequent). Of the frequent species Oaulerpa verticillata is a characteristic 
(sheltered) bay species, of the infrequent species Acicularia schenckii, 
Aglaothamnion cf. furcellariae, Vaucheria sp., and Halophila sp. are typical 
bay species. All other species have wide ecological amplitudes in relation 
to the "oceanity" stages and occur in open coast as weIl as in bay habitats. 

The qualitative poverty is probably the result of the pollution of this 
bay. It is interesting that Halimeda opuntia was observed in only one 
station (28), where it had an abundance of +. In the heavily polluted 
lagoon Zakitó Halimeda opuntia is lacking, but the numerous dead seg
ments indicate that formerly this species was very important here. These 
observations suggest that Halimeda opuntia is as sensitive to pollution as 
Thalassia seems to beo 

5.3.2.3. p6) Submerged cyanophycean film in back-mangrove (fig. 15, 
column XII; table 15 p6) 

Shallow (up to 0.05 m) pools in and behind an Avicennia back-mangrove 
at station 31 had soft muddy bottoms covered by a film of Phormidium 
fragile (5), with Agmenellum quadruplicatum (+) and Aphanocapsa littor
alis (+), plus many diatoms. Elsewhere (e.g. station 29) the bottom of 
comparable pools was only covered by a thin film of diatoms plus a little 
Phormidium fragile (+). 

5.4. The vegetation in the polluted lagoons Zakitó and Rifwater (figs. 12 
and 15, column XIII) 

Both lagoons are surrounded by mangrove thickets which, on the 
lagoonside, consist of Rhizophora mangle. Laguncularia is mentioned for 
the back-mangroves by STOFFERS (1956). Apparently Rhizophora does not 
suffer from the pollution in these lagoons, for many young plants were 
found amidst and near the thickets. 
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On the other hand, the submerged vegetation is extremely poor. Tha
lassia (and other seagrasses) are completely lacking, as is Halimeda 
opuntia. The bottom consists of muddy lime sand containing numerous 
de ad segments of Halimeda opuntia, an indication that formerly extensive 
banks of H alimeda opuntia covered the bottom as is presently the case 
in the Lagoentje van Sint Jan (station 34). 

All submerged surfaces and objects are covered by a flocculent red 
deposit, the re sult of the discharge of ferric chloride into the lagoons by 
the water factory. The water is very murky. 

5.4.1. p7) The boUom vegetation of Zakitó.- a film of Lyngbya majuscula 
(fig. 15, column XIII,- table 15 p7) 

At station 98 the gently sloping bottom of muddy sand was covered, 
at a depth of 1-2 m, by fluffy patches of Lyngbya aestuarii (ab. 3). Other 
species (apart from numerous diatoms): Schizothrix calcicola (Plectonema 
nostocorum) (+), Lyngbya semiplena (+), Phormidium sp. (+), and Rhizo
clonium implexum (+) (survey-plot: 5 m x 5 m). 

5.4.2. pS) The vegetation on submerged Rhizophora roots.- Cyanophyceae 
and Rhizoclonium implexum (fig. 15, column XIII,- table 15 pS) 

At station 98 the Rhizophora roots (down to a depth of 1 m, where they 
meet the bottom) were covered by Lyngbya meneghiniana (ab. 2), Plec
tonema sp. (2), Lyngbya majuscula (1), Schizothrix calcicola (Plectonema 
nostocorum) (+), Rhizoclonium implexum (2), Vaucheria sp. (1), and many 
diatoms. 

It was interesting that an animal periphyton of filter feeders, such a 
characteristic feature of Piscaderabaai, was completely lacking. This can 
probably be ascribed to the rather serious pollution with crude oiI: above 
low water-line the Rhizophora roots were all covered by a band, about 
10 cm broad, of black, oily deposit (fig. 15, column XIII). 

5.4.3. t3 ) The bottom vegetation close to the entrance channel (fig. 12, station 
99,- fig. 15, column XIII).- Rhizoclonium implexum and Padina gymnospora 

Only close to the entrance channel were more algal species encountered, 
although even here Thalassia and Halimeda opuntia were completely 
absent. On a slope of sand (mixed with bitumen) down to a depth of 1 m 
and in a zone ca 5 m broad the following species were observed: Rhizo
clonium implexum (3), Lyngbya majuscula (2), Padina gymnospora (2: in 
upper part), Acrochaetium sp. (ep.) (2), Feldmannia sp. (ep. on Padina) 
(2), Acetabularia crenulata (+), Enteromorpha chaetomorphoides (+), 
Cladophora delicatula (+), Enteromorpha clathrata (+), Lyngbya aestuarii 
(+), Udotea flabellum (+) (survey-plot: 3 m x 3 m). 

Near to station 99 a small (3 m diam.; 1 m deep) pool in open connection 
with the lagoon contained Caulerpa sertularioides (2), Caulerpa verticillata 
(+), Acetabularia crenulata (2), Lyngbya majuscula (+), Cladophoropsis 
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membranacea (+), Oladophora delicatula (+), and Spirulina Sp. (+). The 
algae were growing attached to lumps of bitumen and dead Rhizophora 
branches. 

5.4.4. w2 ) The vegetation ot a pool in connection with Ritwater (fig. 12,. 
station 97) 

The vegetation of this pool (which was about 1 m deep) was characterized 
by the massive development of Rhizoclonium implexum which had devel
oped to such an extent that dense masses of it were kept floating at the 
pool surface by means of the oxygen it was producing being entrapped 
among the filaments. Parts of these floating masses of Rhizoclonium had 
sunk to the bottom, died off, and become covered by Oyanophyceae,. th is 
caused the production of hydrogen sulphide at the bottom of the pool. 
The massive growth of Ohlorophyceae floating at the surface of lagoons 
and lagoonal pools has not been observed in any of the other localities 
investigated on Curaçao or Bonaire. It is quite common in eutrophic 
Mediterranean lagoons (VAN DEN HOEK, 1960), where, however, other 
species (e.g. Monostroma oxyspermum, Ulva sp., Oladophora vagabunda, 
Ol. albida) form floating masses. At station 97 Rhizoclonium probably 
starts its development from plants attached to Rhizophora roots. 

Oladophoropsis membranacea and Oladophora socialis are also capable 
of massive development in this pool. 

The flora comprised the following species: Rhizoclonium implexum (5), 
Acetabularia crenulata (2) (attached to pebbles, etc.), Enteromorpha 
clathrata (1-2), Oladophoropsis membranacea (1-2), Oladophora socialis 
(1-2), Schizothrix calcicola (Plectonema sp.) (3) (on dying Rhizoclonium) , 
Entophysalis deusta (+); there was also a rich development of diatoms. 

The shallow bottom (ca 0.3 m) near the W. shore of Rifwater (station 97) 
was also covered by a mainly cyanophycean vegetation. The trade wind 
had driven much rubbish - wood, tyres, etc. - into this corner. Large hairy 
masses of Ohaetomorpha linum, also driven by the wind into this corner, 
were floating at the surface of the water. Although Ohaetomorpha linum 
is a very common species on Curaçao with a wide ecological amplitude 
(see table 15), nowhere el se did it reach such a quantitative development, 
which is a common feature of this species in eutrophic brackish water of 
temperate regions and in Mediterranean lagoons. 

The vegetation comprised the following species: Ohaetomorpha linum 
(5) (floating), Lyngbya majuscula (2), L. sordida (2), L. meneghiniana (2) 
(ep. on Ohaetomorpha), Xenococcus schoesboei (2) (ep. on Ohaetomorpha) , 
Oalothrix contervicola (2) (ep. on Ohaetomorpha) , Schizothrix calcicola 
(Plectonema nostocorum (2) (ep. on Ohaetomorpha) , Oladophora delicatula 
(1), Enteromorpha flexuosa (1), Oaulerpa sertularioides (+) (survey-plot: 
3 mx 3 m). 

In table 15 the species tolerant to rather serious pollution are ranged 
under column G2. 
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5_5_ The vegetation of small clear-water lagoons with a limited communication 
with the sea (Lagoentje van St_ Jan, fig- 3,- several small lagoons between 
Awa Blancu and Lagoen Blancu, and a narrow lagoon N. W. of Awa Blancu, 
fig. 9,- a small sublagoon of Lac, fig. 13, stations 102 and 103) 

5.5.1. wl ) The vegetation of small lagoons with Thalassia testudinum and 
a varied algal vegetation (tables 14, 15 wl ,- figs. 31, 32) 

Such lagoons receive fresh seawater as seepage through barriers of coral 
debris (stations 34, 76) (and during storms, by waves swept over the 
barriers) or via an open communication (station 102). The depth varies 
from 0.3 (station 102) to 1.0 (stations 34, 76) m, and the bottom consists 
of corallimestone, more or less covered with a layer of lime mud (station 
102), or of lime sand with boulders and shingle (stations 34, 76). Probably 
salinity and temperature do not rise very much above those of the sea; 
no measurements of our own are available, but WAGENAAR HUMMELINCK 
and Roos (1969) give values between 20 Ofoo and 23 Ofoo CII for station 102. 

TABLE 14 

The vegetation of small clear-water lagoons (wl ). 6 survey-plots from stations 
34 (2 x), 76, and 102 (3 x). 

vegetation-type w 1 

Thalassia testudinum y+-3 

Cladophoropsis membranacea y+-5 

Batophora oerstedii y+-2 

Halimeda opuntia lY+-2 

Cassiopeia (Scyophozoa) lY+-2 

Acanthophora spicifera lY+ 
Acetabularia crenulata lIF-5 

Herposiphonia tenelIa III +-3 

Yalonia ocelIata lIl+-2 

Caulerpa sertularioides lII+-l 
Yalonia ventricosa lII+-l 
Udotea flabellum lIl+ 
Melobesia sp. (ep.) llI+ 
Acicularia schenckii III + 
Ernodesmis verticillata llI+(-2) 

Of the total number of 39 species 14 were frequent (degree of presence 
:;;. lIl) . Of the frequent species Batophora oerstedii, Acetabularia crenulata, 
Caulerpa sertularioides, Valonia ventricosa, U dotea flabellum, and Acicu
laria schenckii are characteristic bay species, of the infrequent species 
Caulerpa verticillata, Halimeda simulans, Penicillus pyriformis, Halodule 
beaudettii, and Caulerpa cupressoides are also bay species. All other species 
have wide ecological amplitudes. 

There are no species characteristically limited to this type of habitat. 
However, the of ten massive development locally of one or a few species 
can be considered a characteristic feature of th is type of habitat. Thus, 
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in station 34, the massive development of Cladophoropsis membranacea 
(ab. 2), Batophora oerstedii (2), Caulerpa racemosa (4), Valonia ventricosa 
(2), Ernodesmis verticillata (2), and Coelothrix irregularis (2) was noticed; 
in station 76 of Cladophoropsis membranacea (5), and Herposiphonia 
tenella (3); in station 102 of Acetabularia crenulata (5) and Batophora 
oerstedii (2). The upside down jellyfish Cassiopeia, which in station 34 
reached an abundance of 2, seems to be rather characteristic for this 
type of habitat. 

Thalassia occurs mainly where a sandy substrate is available. 
Young Rhizophora plants growing at station 102 (fig. 32) bore collars 

of Acetabularia crenulata mainly concentrated directly below low water
level ; and 5-10 cm directly above low water-level up to 1 cm thick silt 
containing collars of Polythrix corymbosa. 

The Lagoentje van Sint Jan (station 34) is lined, on its landward side, 
by a fringe of Rhizophora mangle (figs. 3, 31). The roots of Rhizophora, 
which lie in the shade of the foliage, were covered from water-level down 
to the bottom (ca. 0.75 m deep) by a dense growth of algae dominated 
by Valonia ventricosa (ab. 3). Other algae growing on the roots were: 
Ernodesmis verticillata (1), Cladophoropsis membranacea (1), Caulerpa race
mosa (1), Valoniaocellata (+), "Arnoldiella" (in the bark), andEntophysalis 
deusta (gloeocapsoid form) (+). 

Up to 0.10 m above water-level the roots were covered by a eulittoral 
zone (a) of Entophysalis deusta (gloeocapsoid form) (2), Schizothrix calcicola 
(5), and Rhizoclonium riparium (2). 

On the seaward side the barrier of coral debris was covered, up to 
0.10 m above water-level, by a eulittoral zone of Entophysalis deusta 
(a) (mainly perforating) and Schizothrix calcicola, forming a zone ca 
1.5 m broad. 

The eulittoral Bostrychia-subzone occurring in the surf niche along the 
sublagoon of Lac (station 102) was treated under 5.1.1.3 (see also fig. 32). 

For station 76 the algal growth of the slopes, consisting of coral debris 
lying on sand, is given in table 14. The sandy bottom, with shingle (depth 
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l.0-l.5 m) was mainly covered by Batophora oerstedii (3), Entophysalis 
deusta (3), Oladophoropsis membranacea (+), Acicularia schenckii (+), 
Herposiphonia tenella (+) and Oladophora jongiorum (+). 

In general, in the small lagoons, the availability of solid substrates 
determines the density of algal growth which correspondingly is greatest 
on the slop es of coral debris. 

5.5.2. v2 ) Small Batophora lagoons 

Some shallow parts (about 0.5 m) ofthe Lagoentje van Sint Jan (station 
33, fig. 3) and two smalllagoons between Awa Blancu and Lagun Blancu 
(stations 77, 78; fig. 9), l.0 and 0.3 m deep, respectively, contained almost 
pure vegetations of Batophora oerstedii with several abundant Oyanophyceae 
(stations 77, 78), namely Entophysalis deusta, Aphanocapsa littoralis, 
Schizothrix calcicola, and Aphanothece pallida. 

Batophora is capable of tolerating brackish to hypersaline conditions. 
WAGENAAR HUMMELINCK and Roos (1969) mention Batophora for pools 
in back-mangroves of Lac (Bonaire) with salinities between 20-23 to 
120-1600/00 CI- (compare also 5.l.2.7. v1). Probably the small clear-water 
lagoons with almost pure Batophora stands reach salinities which are too 
high for other algae. 

5.5.3. p9) Small clear-water lagoons with a vegetation ol Oyanophyceae 

Shallow (up to 0.10 m) clear-water lagoons, in which the salinity rises 
very high, or which sometimes dry up, are covered by dense vegetations 
of Oyanophyceae (stations 74, 79; vicinity of Awa Blancu, see fig. 9). 
Polygonal patterns (ca 10 to 30 cm in diameter) in the cyanophycean felts 
indicate intermittent drying up of these shallow lagoons. In station 74 
up to 5 cm thick layered gelatinous "pancakes" of Oyanophyceae covered 
the bottom. Down to at least 1 cm below the surface the pancakes still 
contained living Oyanophyceae, but still lower only dead ones. The high 
salinities possibly preserve the gelatinous sheaths. Such "pancakes" are 
very reminiscent of living stromatolithes. 

In station 74 the following species were observed: Aphanothece pallida 
(5), Entophysalis deusta (gloeocapsoid) (2), Microcoleus chthonoplastes (2), 
Microcoleus tenerrimus (2), Schizothrix calcicola (Plectonema nostocorum) 
(2), Ohroococcus turgidus (1), and Spirulina subsalsa (+). 

In station 79: Aphanocapsa littoralis (5), Microcoleus chthonoplastes (2), 
Lyngbya aestuarii (2), Phormidium Iragile (2), Spirulina subsalsa (+), 
Spirulina sp. (+). 

5.6. The vegetation ol a hypersaline bay: Lagûn Jan Thiel (fig. 11) 

A number of bays are closed by barriers of coral debris and are hyper
saline. The vegetation of one of these bays, Lagun Jan Thiel, hal'! been 
investigated. In the N.E. part salines are still operated (just N. of 
station 95). 
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On the barrier of coral debris a zonation of algal vegetation types 
could be distinguished. This zonation is probably the consequence of 
seepage of seawater through the barrier. Water of relatively low salinity 
floats on deeper layers with higher salinities; the lowest layers are un
doubtedly saturated, as a saltcrust is formed on the bottom. The upper 
water layer is distinctly cooler than the lower water layers. 

5.6.1. a) The eulittoral type of Entophysalis deusta, from water-level up 
to 10 cm above it and ca 1 m broad 

This Entophysalis zone, giving the blocks of coral debris a dark bluish 
colour, is identical to all other eulittoral Entophysalis zones. It contained 
the perforating Hyella phase and the epilithic phase; Schizothrix calcicola 
was also present. 

5.6.2. b5 ) A chlorophycean zone of Enteromorpha flexuosa (from water-level 
down to a depth of 0.05 m, and ca 0.4 m broad) 

The dominant species was Enteromorpha flexuosa (ab. 5). This is the 
sole non-cyanophycean plant species observed in the Lagun Jan Thiel. 
It was only observed growing on the barrier of coral debris. Probably 
seawater enters the lagoon here as seepage through the barriers. In the 
salt-pans of Bonaire Enteromorpha fringes circular patches where seawater 
seeps into these salt-pans. 

Other participants of this zone: Lyngbya semiplena (2), Entophysalis 
deusta (perforating and epilithic) (2). 

5.6.3. plO) A Micmcoleus zone (0.05-0.15 m deep; 1.0-1.5 m broad) 

The dominant species we re Microcoleus chthonoplastes (2) and Microcoleus 
tenerrimus (2). Other species: Entophysalis deusta (2), Lyngbya semiplena 
(2), Enteromorpha flexuosa (+), Aphanothece pallida (+), Spirulina sub
salsa (+). 

This zone covers blocks of coral debris and the saltcrust co vering the 
sediment. 

5.6.4. pll) A zone of flocculent, gelatinous, gloeocapsoid Entophysalis deusta 

From 0.15 m down to more than 4 m, the bottom-which consists of a 
thick crust of salt crystals - is covered by dense flocculent brown masses 
of gloeocapsoid Entophysalis deusta (5). Other species were: Aphanothece 
pallida (+), and Dichothrix sp. (+). Large numbers of chrysalids of the 
saltfly Ephydra are quite characteristic. 

At the other two stations (94 and 95) no zonation was observed, and 
the vegetation was there identical to the lowest zone at station 93. The 
gently sloping bottom was covered by a saltcrust which was overgrown 
(down to at least 0.5 m) by dense, brown, flocculent masses of gloeocapsoid 
Entophysalis deusta (5). Aphanothece pallida was also abundant (1, 2), 
and so were the saltfly-chrysalids. 
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Apparantly in a number of other hypersaline bays on Bonaire and 
Curaçao Entophysalis deusta is the most important constituent of the 
otherwise extremely poor algal vegetation (KOSTER, 1963)_ 

Data regarding the ecology, in hypersaline bays, of the fishes Cyprinodon 
dearborni and M ollienesia sphenops vandepollii, and of the brine shrimp 
Artemia salina are given by KRISTENSEN (1962)_ 

6_ A LIST OF THE SPECIES ENCOUNTERED (tabIe 15) 

The species list has been composed according to the procedures described 
under 4 (cf. 4 for the explanation of the symbols used). 

The exposure-oceanity gradient A -+ I has been composed on the basis 
of the geographic configuration of the coast (cf. 4). If we use the simple 
coefficient ofsimilarity S = (cja+ b-c) 100, in which a=the total number 
of species in one habitat (e.g. A), b = the total number of species in another 
habitat (e.g. B), and c=the number of species shared by both habitats 
(e.g. A and B), it appears that, starting with A, one can compose a gradient 
of similarity from A to I (SAB=65 %, SAc=40 %, SAD=32 %, SAE= 
31 %, SAF=26 %, SAG=23 %, SAH=2 %, SAI=3 %). I Since both 
gradients follow roughly the same sequence, they mutually confirm each 
other. 

For a further treatment of the environmental factors involved in the 
gradient A -+ I, see sections 3 and 4. 

It should be pointed out again that almost nothing is known about the 
ecology of the individual species; some experiments have been carried 
out on the ecology of the species participating in the eulittoral Bostrychia 
subzone (cf. 5.1.1.3). 

Along the relatively sheltered open S.W. co ast conspicuous coral reefs 
occur and there intensive grazing by herbivorous animals, especially 
fishes, is considered to reduce the algal vegetation to an unobtrusive 
stubble (VAN DEN HOEK, 1969). (Apart from the dominant coralline 
Porolithon pachydermum). 

Grazing does not seem to play an important röle in determining the 
aspect of vegetation-types in bays and lagoons, except in the extensions 
of the Porolithon pachydermum coral formations in the bay-entrances on 
the S.W. coast (cf. 5.1.2.2. el). 

The number of species of Rhodophyceae is much higher than that of 
Phaeophyceae and Chlorophyceae. 

The RjP quotient (= the number of rhodophycean speciesjthe number 
of phaeophycean species) of amounts to 3.7 (in VAN DEN HOEK, 1969 an 
RjP quotient of 3.2 is given; this lower value reflects the fact that only 

1 The va1ues of SAR, SAF, and SAG given in VAN DEN HOEK (1969) are here 
corrected; for this publication only incidenta1 observations on the a1ga1 vegetations 
in bays and 1agoons were availab1e. However, the direction of the gradient remains 
the same_ 
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incidental observations on the algae of bays and lagoons were included). 
However, it appears from table 16 (in which the total nu mb ers and 

relative proportions of Chlorophyceae, Rhodophyceae, and Phaeophyceae are 
given) that on open coasts the R/P quotient shows a shift in favour of 
the Phaeophyceae and amounts to 3.0, whereas in bays and lagoons the 
R/P amounts to 5.3. 

When we take only species which are more important constituents of 
the algal vegetation, e.g. species with a presence ;> III and an abundance 
;> l in at least one vegetation-type, th en the difference between the R/P 
quotient of open coasts (1.6) and that of bays and lagoons (7.4) is still 
more evident. If we take the numbers of species of the above category 
which are ca 10 cm or > 10 cm high, the R/P quotient on open coasts 
amounts to 0.7, and that in bays and lagoons to 7.0. As to the numbers 
of chlorophycean species, it appears that, like rhodophycean species, these 
are relatively more abundant in bays and lagoons than on open coasts; 
th is relative abundance is accentuated for frequent (;> lIl) and simul
taneously abundant (;> l) species, and still more so for frequent, abundant, 
and large (;> 10 cm) species. 

6.1. Species determining the aspects of vegetation on open coasts (presence 
;;;. 111 and abundance ;> I in at least one vegetation-type, height ;> 10 cm) 

Apparently the aspects of most algal vegetations on open coasts are 
predominantly determined by relatively large Phaeophyceae (;> 10 cm). 
These are the following species: Sargassum rigidulum, S. platycarpum, S. 
polyceratium, Turbinaria turbinata, Stypopodium zonale, Dictyopteris justii, 
Dictyota dentata, D. ciliolata, and Dictyota dichotoma. Conspieuous Rhodo
phyceae have secondary importance: Porolithon pachydermum, Litho
phyllum daedaleum (these two species determining the aspect of the 
Porolithon pachydermum coral formation (el) and the Sargassum rigidulum
Porolithon pachydermum type (d3 ), cf. VAN DEN HOEK, 1969), Lithophyllum 
"Oostpunt", Hypnea musciformis, Acanthophora spicifera and Spyridia 
{ilamentosa. 

Only two chlorophycean species belong to th is category, namely Clado
phora vagabunda and Halimeda opuntia,- the latter species apparently has 
its main distribution in bays and lagoons. 

6.2. Species determining the aspects of vegetation in bays and lagoons 
(presence ;> 111 and abundance ;> I in at least one vegetation-type,- height 
;> 10 cm) 

The aspects of vegetation in bays and lagoons are largely determined 
by the seagrass Thalassia testudinum. As to the algal species Chlorophyceae 
and Rhodophyceae play an equally important röle. Of the Chlorophyceae 
a nu mb er of tropical sand-dweIIing species determine the aspects of 
vegetation: Caulerpa cupressoides, C. mexicana, C. sertularioides, C. race
mosa, C. verticillata, Halimeda opuntia and Penicillus capitatus. 
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Chiorophyceae Phaeophyceae 

open 
bays 

open 
bays 

& both & both 
coasts 

Iagoons 
coasts 

Iagoons 

Total number of species 42 56 68 30 16 32 

Number of spp. with 
frequency P ;;. III and 
abundance ;;. I in at 
least one vegetation-
type 12 26 32 17 5 13 

The number of species 
of the above category 
which are ca 10 cm or 
> 10 cm high 2 7 8 9 1 9 
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coasts 
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The following Rhodophyceae belong to this category: Acanthophora 
spicifera, Spyridia (ilamentosa, Laurenciapapillosa, Porolithon pachydermum 
(only in the extension of the Porolithon pachydermum coral formations 
(e) in bay entrances on the S.W. coast), and the lagoonal species Goniolithon 
spectabile, G. strictum and Hypnea cervicornis. 

Only one Phaeophycea belongs here: Dictyota dichotoma. 
The above considerations make it clear that, as to biomass, purely 

oceanic habitats along the coasts of Curaçao are either dominated by 
large Phaeophyceae (along the most severely battered N.K coast), or by 
crustaceous corallines (in less battered stations along the S.W. co ast where 
coral reefs can develop). 

On the other hand, as to biomass, lagoonal and bay habitats are domi
nated by the seagrass Thalassia testudinum and secondarily by a number 
of tropieal, sand-dwelling Chlorophyceae (Halimeda opuntia and several 
Caulerpa ssp.) and Rhodophyceae. 

These vegetational differences between open co ast and lagoonal plus 
bay habitats are rather clear cut (see table 16). 

Presumably the shift of the RfP quotient in favour of the Rhodophyceae 
from temperate towards tropical regions is determined to a considerable 
extent but not entirely by the availability of more or less extensive 
lagoonal habitats, which are apparently unfit for the growth of many 
Phaeophyceae, and by the relative lack of oceanic sublittoral rocky sub
strates other than coral reefs, where large Phaeophyceae can develop 
massively. 

The relatively easy accessibility of lagoonal areas for investigation as 
compared with the inaccessibility of sublittoral regions where lush 
development of Phaeophyceae could be expected possibly also contributes 
to the high RfP values given for tropical regions. 

7. TAXONOMIC AND FLORISTIC NOTES (see also VAN DEN HOEK, 1969) 
Cyanophyceae 

Critical identification of blue-green algae is difficult. Recent revisions 
of coccoid Cyanophyceae and the Oscillatoriaceae by DROUET and DAILY 
(1956) and DROUET (1968) considerably reduced the number of species 
traditionally contained in both groups. It is our opinion that part of these 
reductions to synonymy by Drouet are justified; we are, however, not 
convineed that all su eh reductions are justified. For this reason we 
generally adopted the taxonomie concepts of more traditional taxonomie 
literature on Cyanophyceae (TILDEN, 1910; CHAPMAN, 1961; FRÉMY, 1934; 
GEITLER, 1932), although we fully realize the deficiencies of th is traditional 
literature. For a few species we adopted Drouet's specific concepts and 
nomenclature, although with some hesitation. 

Matters are furthermore complicated, because taxonomie and nomen
clatural difficulties are seriously entangled. The above mentioned "tra
ditional" authors only rarely investigated type specimens of the names 
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they used; therefore their concepts of certain species do not necessarily 
correspond with the concepts of the authors who described these species 
(see, e.g., Symploca hydnoides). 

Agmenellum quadruplicatum (Menegh.) Bréb. sensu Drouet and Daily. 
This entity covers a considerable number of species ranged under M eris
mopedia in the traditional literature. 

Aphanocapsa littoralis Hansgirg. According to Drouet and Daily this 
is a synonym of Entophysalis deusta (Menegh.) Dr. et D. However, our 
material identified as A. littoralis agreed with the descriptions and figures 
of the latter species in Frémy and Geitier, and differed from any of the 
forms known to us belonging to the highly plastic Entophysalis deusta. 

Aphanothece pallida (Kütz.) Rabenh. and Gloeothece fusco-lutea Näg. are 
considered synonyms of Coccochloris stagnina Sprengel by Drouet and 
Daily. 

Chroococcus turgidus (Kütz.) Näg. is considered a synonym of Anacystis 
dimidiata Drouet and Daily by the latter two authors. 

Hydrocoleum lyngbyaceum Kütz. ex Gom., Lyngbya majuscula (Dillw.) 
Harv., Lyngbya aestuarii (Mert.) Lyngb., Lyngbya semiplena (Ag.) J. Ag. 
and Lyngbya meneghianiana (Kütz.) Hansg. are all considered by Drouet 
to be synonyms of Microcoleus lyngbyaceus (Kütz.) Crouan, a species of 
which the diameter of the trichomes varies between 3.5-80 /-l, and which 
may consist of single naked or sheathed trichomes or of few to many 
trichomes in a common cylindrical sheath. 

Lyngbya sordida (Zanard.) Gom. is a synonym of Schizothrix mexicana 
Gom., according to Drouet. 

Microcoleus chthonoplastes (Mert. ) Zanard. is considered a synonym of 
Schizothrix arenaria (Berk.) Gom. by Drouet. 

Microcoleus tenerrimus Gom. should be referred to as Schizothrix 
tenerrima (Gom.) Drouet according to the latter author. 

Oscillatoria nigro-viridis Thwaites is ranged under Porphyrosiphon no
tarisii (Menegh.) Kütz. by Drouet. 

Phormidium crosbyanum Tilden and P.fragile (Menegh.) Gom. are both 
considered synonyms of Schizothrix calcicola (Ag.) Gom. by Drouet. 
However, Phormidium crosbyanum is an easily recognizable entity in the 
field (see also VAN DEN HOEK, 1969). 

Symploca hydnoides (Harv.) Kütz. The nomenclatural type of this 
species belongs to the genus Calothrix, according to Drouet. Our material 
agreed with descriptions and figures of Symploca hydnoides in Frémy and 
Geitier. 

Xenococcus schoesboei Thur. A synonym of Entophysalis conferta Drouet 
and Daily, according to these two authors. 

Chlorophyceae 

Cf. "Arnoldiella". This unidentifiable species was found growing quite 
frequentlyon and in the outer dead layers of the bark of Rhizophora roots. 
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It shows some resemblance to the Oladophoracea Arnoldiella conchophila 
Miller, a species described from fresh water in Russia (cf. FRITSCH, 1935, 
pp. 245-246) or Wittrockiella paradoxa Wille (cf. FRITSCH, 1935, pp. 243-
244), a species described from saltmarshes in Norway. It is referred to 
in the text as cf. " Arnoldiella". 

Ohaetomorpha gracilis Kütz. This species was referred to as Ohaetomorpha 
capillaris (Kütz.) Börg. in VAN DEN HOEK, 1969. 

"Oladophora conferta Crouan" . This is a nomen nudum listed in SCHRAMM 
and MAzÉ (1865). Material edited in the exsiccata-series "Algae guade
loupenses" (H. Mazé, nrs . 676, 679, and 1047; in the herbarium of Kew 
Gardens) was investigated. It appeared to be an undescribed species of 
Oladophora, which will be published elsewhere. On the shores of the bays 
with wide entrances "Cl. conferta Crouan" appeared to be a characteristic 
constituent of the eulittoral chlorophycean zone. 

Oladophora delicatula Montagne. In VAN DEN HOEK (1969) Ol. albida 
(Huds.) Kütz. was distinguished from Ol. delicatula. Ol. albida (a species 
with a subtropical and temperate distribution) very much resembles Ol. 
delicatula (a probably subtropical to tropical species) . The plants identified 
as Ol. albida in VAN DEN HOEK (1969) are now considered to belong to 
Ol. delicatula. 

Oladophora jongiorum Van den Hoek (1969b ) . This recently described 
species was fust discovered growing attached to coral debris at a depth 
of 10 m in Boca Santa Marta, on the South coast of Curaçao. We have 
subsequently collected it quite frequently in bay and lagoon habitats 
(cf. table 15). In Awa di Oostpunt (station 70) extensive masses of loose 
entangled Ol. jongiorum plants covered the bottom (see 5.1.2.11 S2). 

Enteromorpha clathrata (Roth) Grev. When using BLIDING'S (1963) work 
on European Enteromorphas most of our Enteromorpha material could be 
ranged under E. clathrata (including the Enteromorpha material identified 
as E. compressa in VAN DEN HOEK, 1969a) and which showed the character
istic growth-habit of E . compressa). However, we realize that identification 
of Caribbean Enteromorphas can hardly be critical at th is moment. 

Rhodophyceae 

Acrochaetium sp. In VAN DEN HOEK (1969) no attention was paid to 
the occurrence of Acrochaetium. Therefore, the data on its distribution 
given in table 15 are incomplete with regard to the columns A, B, C, D. 

Aglaothamnion cf. furcellariae (J. Ag.) Feldm.-Mazoyer. Gonimocarps 
are needed to differentiate between A. furcellariae and A. pseudobyssoides 
(Crouan) Halos. All our material was steriIe and so we could not assign 
it to A. furcellariae with certainty (see HALOS, 1964, 1965). 

Oruoriopsis cruciata Duf. This species was identified as Cruoria sp. in 
VAN DEN HOEK (1969). It contained of ten cruciate tetrasporangia, and 
agrees with descriptions and figures of Oruoriopsis cruciata in ZANARDINI 
(1871, p. 25, t. 86), HAUCK (1885), FELDMANN (1942). According to HAUCK 
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(1885) and DENIZOT (1968) Oruoriopsis cruciata is a synonym of Oruoriella 
armorica Crouan 1859. 

As far as we know, th is is the first record of a Oruoriopsis (or Oruoriella) 
for the Caribbean. 

Erythrotrichia carnea (Dillw.) J. Ag. The same remark is valid as for 
Acrochaetium sp. 

Goniolithon spectabile Fosl. and G. strictum Fosl. These two corallines 
cannot be maintained in the genus Goniolithon, as the type species of 
Goniolithon does not have heterocysts (megacells). They belong to the 
genus Neogoniolithon Setchell et Mason (1943), and should therefore be 
referred to as N eogoniolithon spectabile (Foslie) Setchell et Mason and 
Neogoniolithon strictum (Foslie) Setchell et Mason. See also ADEY 1970. 
The differences between Lithophyllum, Dermatolithon, Goniolithon, N eo
goniolithon and Porolithon have been recently treated by CABIOCH (1968; 
1970 a, b). 

Goniotrichum alsidii (Zanard.) Howe. The same rem ark is valid as for 
Acrochaetium sp. 

Melobesia sp. The same remark is valid as for Acrochaetium sp. 
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SUMMARY 
The algal vegetations along bay- and lagoon shores of Curaçao have been in

vestigated using the phytosociological methods of Braun-Blanquet. 
Bays with wide (70-200 m) and deep (3-12 m) entrances. 
The shores mostly consist of gently sloping beaches strewn with shingle and 

pebbles and merging into marginal shallows covered by Thalassia meadows. Here 
the following vegetation-types were distinguished from the upper limit of algal 
vegetation down to the lower limit (at a depth of 2-4 m): 
- the eulittoral Entophysalis deusta subzone (a) (on extensions of limestone cliffs 
into the bays, and on Rhizophora roots, lacking on beaches); 
- the eulittoral chlorophycean subzone (mainly the type of Oladophora "con/erta 
Orouan") (b4); 
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- the eulittoral Bostrychia subzone (i) (on Rhizophora roots or m surf-niches in 
the bay-entrances). This subzone was lacking in the most sheltered parts; 
- the upper sublittoral rhodophycean turf of Laurencia papillosa and Gelidiella 
acerosa (c2 ) (on rocky substrates in bay-entrances on the N. coast); 
- extensions of the sublittoral Porolithon pachydermum coral formation (el) into 
the entrances of bays on the S. coast; 
- the upper sublittoral Murrayella zone on aerial roots of Rhizophora (m) (lacking 
in the most sheltered parts of the bays); 
- the rich sublittoral type of Thalassia testudinum, Halimeda opuntia, and Penicillus 
(q1) (in bay-entrances on the N. coast); 
- the sublittoral type of Thalassia testudinum and Halimeda opuntia (q3) (along 
relatively exposed bay shores); 
- the sublittoral "poor" 1.'halassia-type (q4) (below q3 and directly bel ow low water· 
level in the most sheltered parts of the bays; no obvious algal growth); 
- sublittoral sand- and muddy sand-binding vegetations of small Rhodophyceae 
(e.g. Centroceras clavulatum and Polysiphonia subtilissima) below Thalassia meadows 
(s-types). 

Oceanic lagoons (Awa di Oostpunt and Lac on Bonaire). 

In these regularly replenished lagoons with relatively dear water the vegetation 
resembled that of the oceanic lagoons along the Florida-Keys. A zonation occurred 
which resembled th at along the shores of the entrances of bays on the N. coast of 
Curaçao, the most obvious difference being the rich occurrence of the loose corallines 
Goniolithon strictum, G. spectabile, and of Porolithon ("aegropiloid form") in the 
lagoons. Furthermore, the vegetation-types in the bay-entranees were obviously 
much richer, because they contained numerous open coast specics. 

Santa Martabaai has had a narrow (30 m) and shallow (3 m) entrance since 1962 
(before that time it was separated from the sea most of the time by a barrier of 
coral debris). The algal vegetation in the turbid water was poor, and was dominated 
by Caulerpa sertularioides, Acanthophora spicijera, and Spyridia [ilamentosa. Thalassia 
and Rhizophora were lacking (they probably had not yet migrated into this formerly 
hypersaline habitat). 

Piscaderabaai has a narrow (7 m) and shallow (1 m) entrance. It is polluted and 
eutrophied by the inflow of domestic sewage. The alga1 vegetation was poor and 
consisted main1y of Caulerpa verticillata and C. sertularioides (type 02 ). The massive 
development of filter-feeders (e.g. Crassostrea, Isognomon, barnades, holothurians, 
hydroids, tunicates), mainly growing attached to Rhizophora roots, was most 
probably correlated with the relatively high fertility. Thalassia occurred only in 
the vicinity of the entrance-channel. 

Small, more or lcss hypersaline lagoons and pools in back-mangroves. 

Contained vegetations of Batophora oerstedii and/or Cyanophyceae. 

Flats oj compact silty soils fringing back-mangroves on the land side, and which 
are intermittently wetted by either high water or showers, were bare or covered 
by cyanophycean felts (predominantly Microcoleus chthonoplastes and M. tenerrimus). 

The heavily polluted lagoons Zakitá and Rijwater were surrounded by Rhizophora 
thickets. The submerged vegetation was extremely poor, and consisted main1y 
of Lyngbya spp. and Rhizoclonium implexum, in one station of 100se Chaetomorpha 
linum. Thalassia and living Halimeda opuntia (of which dead remains were abundant) 
were lacking. 
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Small, and 8lightly hypersaline door-water lagoonB. 

The number of species was smalI, but they of ten occurred massively, e.g. Thalas8ia, 
CladophoropBiB membranacoo, Batophora oerstedii, Halimeda opuntia, Acetabularia 
crenulata, Valooia ventrwosa. 

A hypersaline bay: Lagun Jan Thiel. 

In the N.E. part salines were stilloperated. The bottom was covered by a thick 
saltcrust overgrown by dense, brown, flocculent masses of Entophysali8 deUBta and 
Aphanothece pallida. 
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