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ABSTRACT _

KLOSOWSKA, B.B.; VANHINTE, J .E.; TROELSTRA, S.R., and LABAN, C., 2002. Microfacies of Spaanse Water Bay,
Curaca o (Netherlands Antilles), with special reference to benth ic foraminifera. Journal or Coasta l Research, 18(2 ),
316-328. West Palm Beach (Florida), ISSN 0749-0208.

Fifty-one sediment samples from a shallow « 15 rn ) bay of Curacao, Spaanse Water , were clustered based on their
components and grain size. Three main biofacies, in geographically distinct areas of the bay, are recognized. One, the
Halimeda Facies, dominated by the remains of the calcareous alga Halimeda (70')f,), is related to coarse sediments
(coarse and fine sand) and fra mes the coastal, shallow areas of the bay. Another, the Ostr acod Facies, shows a high
ostr acod (46%), echinoid spine (11%) and foraminifer (l 7'!f ) content, and is related to fine sediments , which cover the
central basin , the eastern par t and the channel of the bay. The third, Gast ropod-Ha limeda Facies, is restr icted to the
western part of the bay and characte rized by a poor microfauna and a relatively high percentage of gastropods (20')f1.
It comprises coarse sediments with a relative scarcity of the finest material and with common dark , coated grains.
The Gas tropod-Ha limeda Facies is shown to be a "relict" of the rich Halimeda Facies. Its distr ibution coincides with
an area of intense boatin g activity.

Benth ic foraminifera are widely distributed and make up 4- 30% of the skeleta l components . The asse mblages are
often related to the recognized facies. Increased abundances of the large, algal symbiont-bearing species as well as
Elph idiuni poeyanum and E.discoidale are associated with the Halimeda Facies, while Ammonia tepida , Nonion gra 
teloup ii, Reussella simplex and small, thin-shelled miliolids dominate the foraminiferal asse mblage of the Ost racod
Facies. The distribution pattern of foraminiferal assemblages appears to be related primarily to the natu re ofsubstrate
(grain size) and light penetration (depth). The highest abundance (50'!f,) of A m monia tepida is found in mangrove
areas, where samples contain vegetable matter.

ADDITIONAL INDEX WORDS : Mi crofauna, sediments gra in -size, clust er analys is .

INTRODUCTION

Investi gation s of rec ent sha llow-wa ter carbonate sedime nts
most ly concen trate on large oceanic platforms and reef com
plexes or focus on specific biologica l or sedimentologica l prob
lems. Th ere is relatively little qu antitative information on
small-sca le (hundreds of meters to a few kilometres ) ca rbon
ate environme nts. Th e study of the Spaanse Water bay (Cu
racao) illustrates th e relation ship between deposit ion al en
vironment and sedime ntary facies distribution , which exists
in a mod ern embaym ent, immed iately adjancent to the coral
reef. Th e mod ern coastal environme nt is the result of in te r
action of physica l and biological processes including the re
sults of human activities. The first objecti ve of our study is
to provide the baseline data to interpret the fossil record, i.e.
to recon struct the Holocen e dev elopment of Curacao's bays.
Also, with the still increa sin g pressure for furthe r urbaniza
tion and dev elopment of the bay's coastline, the data can
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se rve as a referen ce to evaluate th e effects of future man
induced di sturbance.

A number of ea r lie r st u dies provide inform ation on the
flor a (VAN DEN HOEK et al . , 1972; KUENEN and DEBROT.
1995; DEBROT et al. , 199 8 ) a nd fauna (VANDER HORST. 1927 ;
Ross , 1964, 1971 ; BAK. 197 5; FRANSEN. 1986 ) of the bay.
HOFKER(1964 ,1971 ,1976 ) described the for aminiferal fa u
na fr om three bays of Cu raca o: the Pi scaderabaai , Sp a anse
Water and Fuikbaa i. Howev er, a qu antitati ve a nd eco log
ica l s t u dy of the benthic for aminifera of the area ha s never
been made.

Th e present study describes the se dime nta ry facies a nd
investigates possible correl ation s between se dimenta ry
component s , particle size and dep ositional env ir on me nts.
The sedimentary facies were di scrimin ated on the ba si s of
grain siz e , skele t a l components , a nd for aminiferal t axa
a nd assemblage di stribution s . Clus ter an al ysi s was a p
pli ed to the component and grain -size data to exa mine pos
sibl e correl ations a nd defin e st a t is t ica lly recogn izable se d
im ent types.
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STUDY AREA

Curacao is a 444 km" large oceanic island, sit uate d about
70 km off th e coast of Venezu ela , in the southern Caribbean
Sea (Figure l ). It s highest point Christoffelberg (375 m) lies
in the western part of th e island. Around Curacao th e 200-m
isobath lies about 1 km off the coast (Figure 1B). Th e island
is directl y exposed to th e easte rly t rade wind s, which are
nearl y constant in st rength and direction during the whole
yea r . The longitudinal axis of th e island runs roughly from
southeas t to northwest. Thi s causes large differ ence s between
th e exposed northeast coas t and th e shelte red southwes t
coast. Th ere is usu ally a northwest curre nt along th e sout h
west coast of Curacao with a velocity rarely exceeding 1 knot.
However , the sa me current on th e northea st coas t, as well as
th e currents around th e tip s of th e island, can be mu ch stron
ger. The island is just south of the most southe rly hurricane
tracks, but occas iona lly some cyclones exert their influ ence
an d cau se heavy dam age in the sha llow coastal areas. Th e
mean annual temperature is about 27°C, th e differ ence be
tween highest and lowest monthly mean s rare ly exceeds 4°C.
The island fall s within th e area of low rainfa ll; mean an nual
rainfall is less than 700 mm .

Th e shore line of the island is interrupted by several cha r
acteristic, hand-sh ap ed inl and bays. Th e origin of th ese bays
is related to Holocen e sea- level ri se. Th ey are consi de red to
be drowned Pleisto cene eros iona l valley-syste ms , whi ch de
veloped when th e sea level was at least 20 m below present
level. During th e postglacial sea-level rise th ese vall ey-sys
tems drown ed and large inland bays developed , connecte d
with the open sea through narrow passages (DE BUISONJE,
1974). Diffe rential erosion of the rocks during a time of lower
sea level cause d th e cha racteristic shape of th e vall eys and
conse que ntly th e bays.

One of th ese bays is the Spaanse Water , a shallow « 15 m
deep ) inshore bay on th e southeaste rn coast of th e island
(Figure 1C). Th e bay ha s a narrow (approximate ly 100 m
wide ), relatively deep (max 19 m ) cha nne l connection to the
open sea and southeaste rn fringing reefs of th e island. It s
total sur face are a is approxima te ly 3.19 km-. A significant
pr oporti on of the bay's coastline (about one four th) is urban,
and th e bay is used exte ns ively by numerous yachts as an
anchorage. Most of the sur rounding area of the bay consists
lith ologically of Early Cretaceous volcanic rocks nam ely ba
sa lts a nd diabaze. The islands of th e bay, southe rn coasts and
the sur roundings of the cha nne l, wit h hill s up to 80m high ,
consis t of cora l limestones of Neogene and Quarternary in
age . Annual ra nges in physical paramet er s in th e bay are as
follows: surface water temp erature va ries bet ween 26°C to
29°C; sa linity from 34-39',1, and th e pH level is constant at
8.1. The tran sparency is re la t ively low, secchi-disc values:
2.1-2.8 m in th e cent ral area of th e bay (DE KOCK and DE
WILD E. 1964; D.JOHANI and KLoK, 1988 ). Th e restricted range
of sa linit ies signifies the ocean ic nature of the bay. Th e di
urn al tid al ra nge is littl e more th an 30 em thro ughout th e
yea r (DE HAAN and ZANEVELlJ. 1959 ).

Th e bay lies within the Curacao Underwate r Park and con
tain s it s largest man grove a reas and seagrass and algal
meadows, mostly Th alass ia a nd Halimeda (KUENEN and DE-

BROT, 1995 ). Such areas are widely recogniz ed as key com
ponents of th e nearsh ore marine ecosys tems, serving as a
nursery and feeding areas for fish fauna and oth er (juvenile)
organ isms.

MATERIAL AND METHODS

Thirty-nine sedime nt sur face samples were collecte d in
June 1996 du ring geological investi gations carried out by th e
Geological Su rvey of t he Netherlands (TNO) around Curacao
(Fig ure LC). In June 1999 , twelve complementary samples
(sw1-sw12) were tak en and sa linity , temp er ature and pH
were mea sured .

For grain size an alysis, subsamples of approximate ly 0.5
5 g were selecte d from 36 sedime nt samples . A FRITSCH
"La ser Particle Sizer " A22" was used for ana lysis . Th e mea
sured size range is: 0.15-2000 urn. Organ ic carbon was re
moved prior to the grain-size ana lysis by treatment with 30%
H"O", Details on the particle sizer used are give n in KONERT
and VANDENBERGHE (1997).

For the compone nt ana lysis, equal amounts (25 ml ) of all
51 sediment sa mples were gently wash ed on a 63 um-mesh
sieve to remove the clay, and were subse que ntly oven dried .
Th e dry materi al was then sieved over mesh sizes: 125 urn ,
500 u.m and 2000 urn and split with a microsplitter to reduc e
the amount of sedime nt for ana lysis. Approximately 300 ran
domly spre ad grains from each of two fra ctions (125-500 urn
and 500- 2000 urn ) wer e exa mine d under a ste reomicroscope,
giving a quantitative record of the various biot a in the resi 
du e. Th e gra ins were catalogu ed in 15 component types, i.e.,
lithi c grains, Halim eda and othe r green algae, coralline algae,
bivalves, gas tropods, worm tubes, echinoid spines, foram ini
fers , ostracods, coral fragments, gorgonians, bryozoan s,
sponge spicules, pt er opods, fecal pellet s. In addition, from the
fra ctions > 125 urn , approxima te ly 200 specimens of forami
nifer a (live and dead undiffer entiated for this study) were
picked and identified at gen eric or species level. Th e various
taxa are expressed as percentage values of th e total forami
nifer al popul ation of the station.

All clus ter ana lyses in this study were computed with the
statistical ana lysis soft wa re pack age NCSS 6.0.1.

RESULTS

Sediment Texture and Composition

Sorting of the sediments, expressed by the mean squa re
deviation is generally between very poor and poor (1.5-3.37
phi) (FOLK and WARD, 1957). Th e coarsest sedime nts « 1, 1
2 phi) are found in northern, coastal areas and a larger area
in the western part of the bay. Finer sediments dominate in
th e channel , central basin and easte rn part of the bay.
Whereas most of these sa mples have values between 3 a nd 6
phi , in the central basin and in the inner chan ne l the mean
values are > 6 phi , representing by far t he finest sediments
of the bay.

To obt ain a mor e qu antitative graphic identification oftex
tural types a hi er archical cluster ana lysis was carried out
using all grain size data (Figure 2). Seven cluster s wer e dis
tingui shed. In Figure 2B, clusters 1 and 2 are pooled because
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sample locations.
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Table 1. Relative abundance (%) of the main components of the Spaanse Water bay samples.

Lithic Coralline Worm Echinoid Fecal
Samples Grains Halimeda Algae Bivalves Gastropods Tubes Sponges Spines Forarns Ostr acods Pellets

swl 0 l 8 72 7 0 1 1 0 0 7 4 0
sw102 16 53 8 1 1 3 1 1 9 4 0
sw103 6 64 3 1 1 3 0 1 16 4 0
sw104 4 75 3 0 1 2 0 0 10 4 0
sw105 9 74 3 1 2 3 0 0 4 4 0
sw107 6 44 7 2 2 3 0 1 30 4 0
sw108 8 43 8 2 5 8 0 1 19 4 0
swll0 6 49 19 2 5 5 0 1 10 I 0
swll 1 8 27 17 3 14 7 1 2 17 2 0
sw l 12 20 28 2 4 13 10 0 3 12 6 0
sw113 1 60 6 5 2 2 1 3 12 6 0
sw 115 15 31 4 3 14 3 0 4 15 10 0
sw l 17 12 36 11 1 9 3 0 2 15 10 0
sw116 5 47 7 1 6 6 0 2 19 2 0
sw118 10 44 8 1 9 8 0 1 15 2 0
sw l 19 2 39 8 5 7 1 1 7 11 15 0
sw120 8 8 1 2 11 0 3 9 21 31 2
sw l 22 1 20 14 5 3 I 2 3 13 34 0
sw124 15 10 34 0 0 1 2 1 13 15 0
sw126 0 1 1 2 4 0 0 6 14 72 0
sw127 9 38 8 0 3 3 0 6 14 9 7
sw128 1 6 2 3 4 0 0 13 18 52 1
sw129 15 49 18 1 1 2 0 4 5 5 0
sw130 45 28 2 0 2 2 0 2 13 5 0
sw 131 26 46 3 2 3 4 0 4 8 3 0
sw132 7 69 2 2 3 1 0 5 8 3 0
sw l 33 6 24 2 3 1 0 0 17 12 34 0
sw134 2 54 16 1 2 1 0 7 9 7 0
sw135 21 46 7 0 2 3 0 4 14 3 0
sw136 0 84 2 0 0 0 1 2 4 7 0
sw139 1 8 1 1 1 0 I 14 18 53 3
sw 140 1 69 10 3 2 2 0 4 6 2 0
sw l41 0 22 21 2 4 I 1 I 12 36 0
sw142 2 52 9 2 5 1 0 5 8 15 0
sw 143 3 50 4 1 12 6 0 1 16 7 0
swl 45 1 30 15 1 13 5 0 3 19 11 0
sw146 16 56 3 1 3 4 0 2 II 3 0
sw147 0 12 19 4 3 1 1 3 14 34 8
swl 48 0 0 1 0 3 0 0 2 21 67 4
sw151 3 83 0 0 2 1 0 0 3 8 0
swl 1 73 6 0 0 1 0 0 8 10 0
sw2 1 3 1 0 1 0 0 29 22 44 0
sw3 6 68 6 0 0 1 0 4 10 5 0
sw4 0 0 0 3 I 0 0 14 16 65 2
sw5 3 7 4 1 9 0 0 11 18 39 4
sw6 0 27 12 2 14 12 0 0 28 5 0
sw8 3 77 0 0 0 1 0 0 17 I 0
sw9 5 72 5 0 3 4 1 I 6 3 0
sw 10 0 84 0 0 0 0 0 0 4 10 0
swlI 0 0 4 0 0 0 5 0 14 75 0
sw 12 I 2 25 1 2 1 0 1 6 14 0

th ey are clearl y chara cterized by a very high content of sand southeas tern parts of th e bay , and th e out er cha nnel. Cluster
(70- 90%). Cluste r 3, containing only one sample (swI43) is 7 is entir ely domin ated by th e silt and clay fraction s (95%).
also included in this group because of its high sa nd conten t The samples of thi s clus ter cover th e middl e part of th e cen-
(67%). The sa mples of this group fram e th e coast al areas, and tral ba sin and th e inner channel.
most of th e west ern part of the bay. In cluster 4, th e relation Concerning th e component ana lysis, nearl y all of th e 15
betw een sa nd and silt is nearly equa l (52% vs. 48%). Coarse distingui sh ed grain categories represent skeletal particles,
sands (fractions : > 500 urn) do not occur in this clust er. The composin g more th an 95% of th e sediments of th e bay (Table
distribution of samples of this clust er is related to inner parts 1). Fragm ents of gree n calcareous algae, represented exclu-
of th e bay. In Figure 2B, clust ers 5 and 6 are als o combined; sively by the genus Halimeda, are th e most dominant parti-
th ey are clearly characterized by a high silt content (70- 80%). cles in th e bay (Figure 3A). They occur in most samples, but
The samples of these clust er s are from southern , especially vary considerably in abunda nce. Areas with about 70% and
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more are restricted to the northe rn coas tal parts of the bay,
especia lly in the nor th east and northwest. Also in t he wes t
pa rt of the bay their abunda nces remain high , up to 50%.
Towards the center of the bay and in th e channe l the ir abun
dance diminish es to practical absence in sa mples sw4, swll,
sw 126 and sw 148. In general, only sediments from a nd
around areas of prolifi c growt hs of Halimeda, to depths of 5
6m (KUENEN and D EBROT. 1995 ), are rich in the remains of
thi s alga . Calcareous algae are also represented, to a mu ch
lesser extend, by coralline red algae . Coralline algae show a
very patchy distribution and are only locall y important in th e
sedime nts . Gen er ally, th e frequen cy of coralline algae is less
than 5%, with th e except ion of sa mples sw124 and sw12 (out
er channel), containing 34% and 25% respectively. A larger
cont inuous area, which contains percentages > 15'70 is located
to th e east and to the west of Isla Grandi, as well as a few
isolated sa mples (sw1l7, sw129, sw 134).

Ostracods are present throughout the bay. The average
amount makes thi s group th e second most abundant of all par
ticle categories (Figure 3B). Whereas genera lly about 10%, th e
maxim al frequ encies reach 50- 75% in th e cha nnel, centra l basin
and around Isla di Yerba. The ostracod faun a is very diverse,
consisting of typical open marine asse mblages.

Mollu sca are represente d by bivalv e and gas tropod shells
and the ir fragments. Bivalve s and th eir fragments rem ain
below 3%, however , th ey are present in remarkably hi gh
quantit ies in the larger frac tion (>500 ILm ) of sa mples sw2
(95%), sw5 (77%) an d sw4 (67%). Th ese sa mples are located
in th e vicinity of the islands Willemberg an d Isl a di Yerba
(Figure 3C ). Very low values were regist er ed in areas char
acterized by high per centages of Hal im eda, i.e., along the
coasts and in the west parts.

Th e frequ en cies of gas t ropods in most areas are low. How
ever, in areas around Isla Grandi they become more signifi
cant, cons t ituti ng up to 20% of th e sedime nt. Th e distribu tio n
of worm tubes closely follows that of gastropods; worm re m
nan ts make up to 3% of the tot al sedime nt in those areas
(Figure 3D).

Echinoderm s are represented mainly by echinoid spines,
rarely by plates and fragments of irregul ar echinoid tests.
Th e amount is highl y variable ran ging from 0 to 28% of the
> 125 ILm fra ction. The distribution pattern of thi s group re 
sembles that of bivalv es and ostracods. Gener ally , the sedi
ments of the easte rn part of the bay and t he central basin
are riche r in echi noids than th e rest of th e bay (Figure 3E).

Fecal pellets , although quantita tively in signi ficant, reach
7-8% in some isolated sa mples (sw127, sw147, sw5 l. Th e cat
egory lithic grains includes essentially gree n and gree nish
volcanic rock fragm ents. Although common in some sa mples
(20-30%), lithic grains are very patchily distributed through
out th e bay (Figure 3F). In the sa mples from the northeast
and wes t parts of the bay th ey are more frequently presen t ,
generally composing 5-15%.

Cora l fragments, Bryozoa , sponges, pt er opods, crab and
fish fragme nts (in the form of fish teeth) cons titute a very
sm all fraction of the sediments and their general distribution
is not discu ssed.

Th e skeletal components of most of the sa mples are very
fresh . In th e samples from the central-west part of th e bay

(to t he north and th e south of Isla Grandi), however , the
grai ns show some abrasion of sha rp edges and are dark grey
rather than white (sa mples : sw6, sw107, sw108, sw llO,
sw l l l , sw1l2, sw1l6, sw1l8, sw 145, sw 146), which may be
interpret ed as relict grains and sugges t very low accumula
t ion in th is part of th e bay.

To differ entiate t he initial raw data into mean ingful
groups, a clu ster ana lysis was perform ed from a data matrix
comprisin g 5 1 observations (sa mples) and 11 va riables (com
ponent categories). Five clus te rs were disti ngui shed (Figure
4A). Of th ese clust er s, only three have a high num ber of sa m
pIes and thus are the most imp ortant. Th e largest, clus te r 1,
(20 sa mples ), is characteri zed by Hal im eda (70%). Forami
nifera , lithic gra ins, cora lline a lgae and ostracods amount to
only 5% to 8%, whil e none of the others reach 2% of the in
vest iga te d fractions. Alt hough Hal imeda debri s (38'Yr·) is by
far th e most abunda nt compone nt of cluster 2 (12 sa mples ),
th e clus te r is distinctly characteri zed by rela t ively large
amount of severa l other components : foraminifer s (17'Yr·), gas
tropods (20%), coralline algae (10'Yr ,), worm tubes (3';a Clus 
te r 3 consists of 11 sa mples a nd is dominated by ostraco ds
(46.5%). For aminifers (17%), echinoid spin es (11'y,-.) a nd Hal 
im eda debri s (8%) are also imp ortant componen ts of th is clus 
ter . Clus te r 4 includes only 3 isola ted sa mples and is clearl y
related to cluster 2. Th e separa t ing charact er is th e occur
ren ce of bivalves (5%), echinoid spines (4.5%) and ostracods
(18%) in slight ly higher percentages. Th e 3 sa mples of clus ter
5 are sepa rate d du e to th e highest coralline algae (32.5%)
content. Th e oth er im portant compone nts are: ostracods
(27%), Hal im eda fragme nts (14'Yr·), foraminifer s (12%) and
lithic grains (6.5%).

A distribution map of these clusters (Figure 4B) revea ls
th at cluster 1 dominates th e northe rn an d easte rn coas ta l
areas of the bay, cluster 2 is restricted to the western part of
the bay and cluster 3 covers th e centra l basin , cen tral-eastern
part of the bay and most of th e cha nnel.

Foraminiferal Fauna

Benthic foraminifer a are an important skeletal compone nt
of the Spaan se Water (4-30% of t he skeleta l compone nts of
the > 125 ILm fraction). Larger forms , in the fraction above
500 ILm, can significantly cont ribute to th e production of sed
iment in th e bay . The fora minifera l assemblage consists of
about 100 species, belonging to some 50 genera (Table 2).
Miliolids are the most common group (15-60% of t he tot al
popul ation), rep resented by Tril ocul ina , (}u inqu eloculina,
Sp irolocul in a and less freque ntly Hauerin a and Miliolinella.
Other abunda nt foraminifers belong to th e following families
a nd/or species: Elphidii dae tE lphidium poeya nurn
(d'Orbigny), E. d iscoida lc (d'Orb. i), A mmonia tepida (Cush
man ), A m monia pa rchinsoniana (d'Orb.), Peneroplidae (Pe
neroplis proteus d'Orb., P. planatu s (Fichte l and Moll), P. per
tu sus (Forska ll), Soriti dae iArchaios angulatus (Fichtel and
Moll), Cyclorbiculina compres sa (d'Orb. )), A mp histegina les
soni d'Orb., Nonion gra teloupii (d'Orb .i and Textularia agglu
tinans d'Orb. Th e rare or only locally more significant forms
include Reussella simplex (Cushman), Discorbis mira Cus h-
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th e clust ers of the cluster an alysis perform ed on compone nts .
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Table 2. Relative abundance (%) of selected species, genera and species groups of benthic foraminifera from the Spaanse Water bay.

Species sw l O'l swI02 swI03 swI04 sw105 sw107 swlOS swllO swlll sw1l2 sw113 sw115 sw116 sw 117 swl18 sw 119 sw120 sw 122 sw 124 sw126 sw127 sw 128

arenaceous 7
Spiroloculina spp. 0
Hauerina sp. 2
Quinqueloculina spp. 2
Miliolinella sp. 2
Triloculina spp. 6
Penoroplis proteus 6

Peneroplis planatus 3
Archaias angulatus 7
Bolivina spp. 0
Reussella simplex 0
Cancris 0
Discorbis mira 2
Discorbis rosea 1
Rosalina globularis 0
Cibicides refulgens 0
Cibicides 2
Cymbaloporetta squammosa 0
homotrematiids and acervulinids 1
Amphistegina lessoni 1
Asterigerina carinata 0
Nonion grateloupi 2
Ammonia tepida 9
Ammonia parckinsoniana 5
Elphidium poeyanum 12
Elphidium discoidale 6
Elphidium spp. 4

311
001
151
752
o 1 4
8 12 8
9 10 12
236
713
200
000
000
3 5 18
012
311
000
000
000
001
1 19 4
180
001
354
530
946

13 0 2
723

161
000
311
7 5 10
101

11 6 12
9 13 14
251
6 13 13
101
001
000
800
000
110
000
011
111
010
4 7 10
301
211
834
121
8 5 11
252
111

6 9 21
002
220
8 11 2
101

11 12 3
12 11 5
221
760
000
002
000
000
000
111
000
100
100
000
210
000
o 3 1
222
102

13 9 10
9 5 12
124

6 24
3 0
2 0
3 3
2 0
7 3
6 2
1 0
o 0
2 0
o 2
3 0
2 0
o 0
1 1
o 0
5 0
o 0
1 0
4 0
1 0
3 4
3 2
3 1
4 5
2 15
1 3

10 22 7 21
o 0 0 3
412 1

11 7 4 4
1 100

15 9 6 5
13 10 23 5

2 0 3 0
103 1
000 1
o 0 0 2
o 000
000 0
000 1
o 0 1 0
000 0
010 1
o 0 0 0
000 0
6 0 0 0
400 1
1 115
3 482
123 1
3 6 5 10
3 123
2 870

14 10
4 3
o 2
5 10
1 10
6 21
2 2
o 0
o 0
1 1
4 0
o 0
() 2

o 0
1 1
o 1
o 3
1 0
o 2
() 0
() 0
5 3
8 2
1 0
5 0
6 0
1 1

8
7
1

11
8

19
o
o
o
5
1
1
1
o
o
o
1
o
o
o
o
2
1
2
o
o
2

3 20
5 2
o 4

10 4
o 1

10 6
o 10
o 1
o 1
1 1
o 1
() 0

o 0
o 0
o ()
o 0
1 0
o 0
o 0
o 0
o 0
7 2

16 4
5 0
1 3
o 8
1 5

5
5
o
5
1
5
1
o
o
2
4
o
1
o
1
o
o
o
o
o
o
4

13
4
5
4

10

man, Rosalina globularis d'Orb., Cymbaloporetta squammosa
(d'Orb.), Cancris and Bolivinidae.

Archaias angulatus is reported from a variety of shallow
water reef habitats. It is a prominent component of quiet,
back reef assemblages and restricted marine embayments
(MARTIN, 1986; BRASIER, 1975). A large number of empty tests
occur also in shallow, high-energy environlnents and fore-reef
foraminiferal sediment assemblages (MARTIN and LIDDELL,
1988; MARTIN and WRIGHT, 1988). The widespread distribu
tion indicates broad physiological tolerance of this species. In
the study area, A. angulatus is restricted to the shallow, near
shore western and eastern parts of the bay (Figure 5B). Pe
neroplis has been reported as living on both seagrass and
sediment substrate; e.g., LANGER (1993) described Peneroplis
as a motile, grazing epiphyte, living on different kinds of al
gal and seagrass substrates. Although living P pertusus and
P planatus have been reported only from the phytal sub
strates (BRASIER, 1974, 1975; VENEC-PEYRE, 1991), P proteus
in the Gulf of Mexico was largely restricted to sediments
(POAG and TRESSLAR, 1981). In most studied areas, empty Pe
neroplis shells contribute to sandy substrate, colonized by
seagrass and algae. In the Spaanse Water we also found Pe
neroplis in sands associated with Halimeda and Thalassia
(Figure 5C).

Amphistegina lessoni and Asterigerina carinata are restrict
ed to the coastal, western part of the bay, where both reach
10% (Figure 5A).

Miliolids generally form 10-60% of the total foraminiferal
assemblage of the bay (Figure 5D). Maximum values occur in
the areas associated with fine sediments. The proportion
tends to decrease from the channel, south and central basin
towards the coastal areas where A. angulatus, peneroplids

and Elphidium spp. become increasingly abundant. Within
the group, clearly defined changes are also observed. Thick
walled, robust specimens are associated with coastal areas,
while fragile, thin-walled, often elongated forms increase to
the center and the channel. Triloculina tricarinata d'Orbigny,
T. oblonga d'Orb., T. cultrata (Brady), Spiroloculina commu
nis Cushman and Todd, Quinqueloculina poeyana d'Orbigny,
Q. bradyana Cushman are the common miliolids from the
finer sediments.

Elphidiids with a rounded periphery (here Elphidium poey
anum, E. discoidale) and Ammonia tepida are considered to
be infaunal and sediment dwellers (BANDY, 1964; FRENKEL,
1974; MURRAY, 1991; LANGER, 1993). We found Elphidium in
coastal areas (Figure 5E) characterized by coarser sediments
and Halimeda. It is absent in deeper parts of the bay where
sediment is finer. The distribution of Ammonia tepida, on the
other hand, is less controlled by the nature of the substrate
than by other environmental factors. Although the species is
mainly common in the finer sediments of the central-eastern
part (Figure 5F), it reaches highest abundances (as much as
50%) in coarser sediment near areas of mangrove growth
(samples sw3 and sw8; Figure lC). Ammonia tepida is known
to be an euryhaline indicator, which tolerates seasonal fluc
tuations in salinity. As the measured salinity in Spaanse Wa
ter was constant our observations confirm SEIGLIE and BER
MUDEZ (1963) and SEIGLIE (1968) who similarly recorded
abundant Ammonia tepida from normally saline areas with
mangroves, where sediments contain vegetable matter.

Nonion grateloupii, Reussella simplex and Cancris show in
creasing abundance with higher amounts of finer sediments
(Figures 5H, I). This is in agreement with the worldwide dis
tribution of these species that are often characteristic of finer
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Tab le 2. Extellded.

sw l2 9 iOw l:W sw l:!1 sw l;l~ s w t:t l sw l:l ·1 s w l:Jf)s w lS ti sw l:J9 ;o; w 140 s w 14 1 sw l42 s w 143 sw 145 8w 146 sw 147 1'w 148 8w 15 1 sw l sw2 oS w3 sw4 s w5 swf swB sw9 sw lO 8w 12

8 7 7 4 4 7 3 4 15 8 9 13 17 15 12 5 5 2 0 2 1 12 4 1 4 1 12
11 1 1 0 0 0 0 0 2 1 5 3 0 1 1 5 4 1 1 1 0 6 2 1 0 0 1 1

1 1 0 1 0 1 1 6 0 1 4 2 0 1 1 1 0 4 2 0 1 0 0 5 0 5 0 1
3 1 5 :3 5 7 3 7 7 7 8 9 7 5 6 5 5 4 8 8 4 14 5 9 1 9 2 10
2 0 1 0 0 0 0 4 0 2 6 1 0 3 0 12 6 4 2 0 4 0 1 1 0 0 5 7
5 3 6 4 5 7 4 17 7 10 17 12 8 9 7 18 11 13 11 8 9 14 5 14 2 14 6 18
9 15 12 17 3 8 10 2 1 15 1 4 9 4 9 1 0 9 0 0 0 0 0 0 0 0 0 0
0 1 0 1 0 I 1 2 0 1 0 1 0 I 2 1 0 3 0 0 0 0 0 0 0 0 0 0

10 :1 8 Hi 0 12 3 0 0 2 0 0 0 4 1 0 0 2 0 0 1 0 0 3 0 5 0 1
1 0 1 0 5 1 0 2 1 0 1 0 0 0 0 1 0 1 2 2 2 3 1 1 2 0 1 0
3 1 4 I :J I I 0 2 2 0 0 0 0 0 0 0 0 0 3 0 2 5 0 0 0 0 0
0 0 0 0 0 0 0 0 0 I 1 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0
0 0 0 I 0 0 1 6 0 1 4 3 0 0 0 0 0 1 3 0 0 0 0 0 0 3 29 0
0 0 0 0 0 I 0 2 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
1 0 0 1 I 0 0 0 2 2 1 1 0 1 1 0 0 1 1 0 1 1 0 0 2 0 0 2
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 1 0 2 2 0 2 1 0 0 0 3 1 0 0 1 0 1 1 1 0 0 4 3
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 6
0 0 0 0 0 0 0 2 0 0 1 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 1 5
0 0 1 :1 0 I 0 0 0 0 0 0 0 0 11 2 1 2 0 0 2 0 0 6 4 2 0 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 3 0 1 0 0 1 0 0 6 3 1 0 0
2 1 2 0 9 4 3 2 5 2 :J 3 1 2 1 5 2 1 2 8 4 4 5 1 3 0 0 2
5 4 6 9 15 10 7 17 14 4 4 9 5 3 1 3 9 10 23 38 57 22 9 6 50 6 0 2
1 3 1 6 13 2 4 1 4 2 1 5 2 1 1 2 0 1 0 0 3 0 0 0 5 0 1 0
4 5 6 9 5 II 10 3 7 13 1 6 14 14 2 2 0 4 0 4 28 2 8 5 0 7 0 0

16 19 10 6 2 13 25 2 :1 2 1 4 9 4 10 0 0 3 0 0 0 0 0 1 0 3 0 0
2 8 5 3 :1 2 3 2 2 0 2 5 4 3 3 2 0 1 20 2 10 1 0 0 3 1 2 0

substrate (SEIGLIE. 1969; SEN GUPTA a nd SCHAFTER, 1973;
FRENKEL, 1974),

Bolivinidae constit ute a persistent bu t minor faunal ele
ment in th e Spaanse Water and show no substrate pr efer
ence . Aren aceaous foram inifera , mainl y represen ted by Tex
tularia agglutinans and Bigenerina irregular is Phl eger and
Parker, show no pr efer ence for a particular subst ra te eithe r .
They mostl y constitute less th an 10% of t he total assemblag
es, but locally, may reach 20-30% (Fig ure 5G).

Foram inifera th at are perm an ently attache d to hard sub
strate or phytal surfaces (cibicidinids, homotrematiids and
acervulinids ) were rarely found in differ en t parts of the bay
but probably are under -represen ted in this study du e to the
sampling meth od (only loose sediment sa mples were collect
ed).

DISCUSSION AND CONCLUSIONS

Th e sedimen ts of Spaan se Water can be divided into three
facies (Fig ur e 4) and th e following patterns can be observ ed :

(1) Halimeda Facies

In the shallowest (approx. < 6 rn ) coastal areas, th e domi
na ting sedime nt compone nt is Halimeda debri s (70%); no oth
er compone nt reaches an average of 10'XI. Th e grain size is
sand-dominated, with more than 60% of coarse sa nd. Th e silt
and clay cont ent is generally below 20% (Figur e 6A). Th e fo
ra minifera l assemblage consis ts essentially of Archaias an
gu latus, Amphistegina lessoni, As terigerina carinata, pen ero
plids, Elphid ium poeyanum, E. discoulale an d some mili olids.

(2) Ostracod Facies

Th e deeper parts of th e bay have fine sedime nt (> 90% of
silt and clay in the central ba sin an d inner channe l (Figure
6B» , rich in ostracods (average 46%), foraminifers (17%),
echinoid spines (11%). Sma ll mil iolids domin ate the forami 
niferal assemblage and species such as Nonion grat eloupii,
Reussella simplex, Cancris are largely restricte d to sa mples
of this facies.

(3) Gastropod-Halimeda Facies

Th e western part of the bay is characte rized by an impo v
erishe d Hal imeda Fac ies composition with a re lative ly high
per centage of sturdy gas tropods (20%). At 38% Halimeda is
sti ll the most ab unda nt eleme nt. The grain size distribution
is domin ated by sa nd (mainly coarse sa nd; Figure 6C), except
for sa mples sw115 and sw117, which have 54% and 63% of
silt, respectively. Particl es of most sa mples of this facies are
dark-stained , rounded , which suggest low- to non-accumula
tion/-production and constant movement (highe r energy con
dit ions). We interpre t the relative scarcity of the finest ma
terial , i.e., finer than 6 phi (0.16 mm ), as th e re su lt of win 
nowin g (compare Figures 6A and C).

In Spaanse Water no large-scale transport of the biogeni c
components across the bay tak es place; it is for ins tance ap
paren t that the lateral limit s of Halimeda debris coincide
with t he limi ts of it s growth areas. Horizontal water move
ments in the deeper parts of the bay are imp eded by a cor
alline sill at 6 m depth at the entrance of the bay (KUENEN
and DEBROT, 1995).

Th e grain size distribution of carbona te sedime nts is well
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Figure 5. Frequ ency distribution of some foraminifer a species and species group s (> 125 urn).

known to be controlled by the initial size of individual skel 
etons, their variable resistance to disintegration agents, and
water energy (FOLK and ROBLES, 1964). In th e study area,
grain size is governed by biological rather than physical pro
cesses, since most sediments are poorly sorted and tests are
well preserved. The western part of the bay with the Gastro
pod-Halimeda Facies forms a notable exception. Although

physical conditions like water depth and the absence of cur
rents are similar to the Halimeda Facies area, the biota have
drastically diminished their carbonate production. The obvi
ous difference with the rest of the bay is th e fact that this
part of the bay , with its small islands and peninsulas, is the
most intensively urbanized and used as an anchorage by nu
merous boats and yachts, as well as a place for various water
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Figure 6. Grain size frequency distributi on of selected' sa mples from th e three recognized facies and mean frequency dist ribution of those facies.

sports. We th erefore conclud e tha t human acti vities might
have a det rim ental effect on the natural environment of th is
part of th e bay.

The depth range of Spaanse Water is limited to 15 m, yet
it s waters are genera lly well mixed in term s of sa linity and
temper ature. Occasiona l fluctua tions as a result of heavy
rainfall or evapora tion are too bri ef to influence th e distri
buti on of the biota . Water colum n turbidity differ s between
the various areas of the bay, being re latively low in th e chan
nel and the west ern and cen tral basin (light exti nction coef
ficient: 0.332-0.421), and highe r in the eas te rn basin (light
extinction coefficient : 0.514) (KUENEN and DEBROT, 1995).
Therefore, th e substra te type and light penetration (turbidi
ty) are expected to be th e most important fact ors det ermining
th e distribution of biota and benthic foram inifera in th e bay.

Sediment size and composition, ind eed, do show a rela tion 
ship with foraminiferal faunas, as is seen by th eir difference

in fine-grain ed an d in coarse-grained sediments . Large alga l
symb iont-bearing foraminifera (sorit iids, peneroplid s) togeth
er with Elphidium spp., Discorbis mira and A mph istegina les
soni are restri cted to shallow, coas ta l areas and the western
part of the bay, associa ted with th e Halimeda and Th alassia
pattern. The central basin and the channel , with th e finest
sediments of th e bay, are domin ated by miscellan eous sma ll
er miliolids alone. The relation of the Ammonia tepida dis
tribution with the presence of man groves is an exception.
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