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This paper records the occurrence and distribution of ascidians in two
contrasting salt water lagoons in the Netherlands Antilles, Piscadera Baai
in Curagao and Lac in Bonaire. The paper is based on material collected
by Dr. P. WAGENAAR HUMMELINCK during several collecting trips to the
West Indies, but particularly in 1963, 1967 and 1973.

The taxonomy of West Indian Ascidiacea is well known, largely due to
the work of VAN Name (1902, 1921, 1924, 1930, 1945), and previous
discussion of ascidians in the Netherlands Antilles is to be found in Van
NaME (1924), MILLAR (1962) and vaN DER SLOOT (1969). More recently
CLAUDE MONNIOT (1983a-c) and FrRANGOISE MonNIOT (1983a—) have
published papers describing the ascidian fauna of Guadeloupe. For this
reason and since, apart from the Didemnidae, no taxonomic problems
arise with the present collections, I have avoided taxonomic description
of the animals; the reader is referred particularly to VAN NAME (1945) for
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detailed descriptions. Unless otherwise indicated in the text the nom-
enclature used follows that of VAN NaMmE (1945).

All of the material collected by WAGENAAR HUMMELINCK was stored at
Rijksuniversiteit Utrecht in the Laboratorium voor Zodlogische Oec-
ologie en Taxonomie. C. J. VAN DER SLOOT (1969) had examined some of
this material in the course of an earlier study arising from which he
published a paper on the styelid ascidians. VAN DER SLOOT also left an
unpublished manuscript on the ascidians of Piscadera Baai which prima-
rily deals at length with taxonomic descriptions of the species concerned.
With the exception of the styelids referred to in his published paper I have
re-examined all material left by vaAN DER SLooT in Utrecht, as well as
much other material found elsewhere in the museum collections. In pre-
senting this account I have incorporated into the record all information
about species in Piscadera Baai which is given in the papers of MILLAR
(1962) and vaN DER SLOOT (1969). VAN DER SLOOT does not appear to
have examined any material from Lac; 1 believe I have located and
examined all ascidians in the collections from this locality. The specimens
identified by me have been deposited in the Zoologisch Museum, Univer-
siteit van Amsterdam.

In February 1981, I made brief reconnaisance visits to both Piscadera
Baai and Lac, spending two days at each locality. These visits were
primarily to familiarise myself with the localities and make visual ob-
servations on the present occurrences of ascidians. No further collections
were made at this time.

Dr. WAGENAAR HUMMELINCK was meticulous in recording information
about the localities at which he collected specimens and this information
is published in his paper on “Marine Localities” (1977). I have extracted
information from this paper which relates to stations at which ascidians
were collected and this is presented here as Appendices III and IV. In
Figures 41 and 42 the location of station numbers is shown for Piscadera
Baai and Lac of Bonaire respectively.

I am grateful to Dr. P. WAGENAAR HUMMELINCK for giving me the opportunity to
examine these extensive collections and for his friendship and assistance during my visits to
Utrecht. I also extend my thanks and appreciation to Mrs. C. H. E. WAGENAAR
HUMMELINCK-BERKELBACH VAN DER SPRENKEL for her kind and courteous hospitality during
my visits to Utrecht in 1976 and 1979.
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THE LAGOONAL ENVIRONMENTS

PiscaDeRA Baai (Fig. 41)

Piscadera Baai is situated on the south coast of Curagao about 4 km
west of Willemstad. It is oriented north and south, lying between two low
hills of about 100 metres in height. In its original condition the bay
proper opened through a narrow shallow channel to an outer bay or
Boca on the coastal platform of the island. The Boca has a depth of 6
metres or less and extends offshore for about 100 metres before the
bottom slopes steeply downwards. Most of the entrance to the inner bay
is blocked by a coral and debris bar on the western side of which is the
narrow entrance. Until 1962 this entrance had a cross sectional profile of
only 7 square metres, at which time it was widened to give a cross section
of about 45 square metres. In 1972 the entrance was again widened and
deepened so as to provide a channel about 60 metres from side to side.

The inner bay has an area of approximately 0.6 square kilometres, is
steep sided and has an average depth of about 4 metres with a maximum
of 7 metres. Because of the steep sides there is only narrow fringing
mangrove, mostly Rhizophora mangle, and because of the depth and
turbidity of the water there is insufficient illumination to support much
growth of algae or seagrasses, such as Thalassia; in consequence the
bottom is mostly composed of soft, muddy sediments.

The tidal range in Curagao is only 30 cm (DE HAAN & ZANEVELD 1959,
see also WAGENAAR HUMMELINCK 1953, fig. 1); because of this and
because of the narrow entrance to the inner bay there is only a very
limited water exchange between the Boca and the inner bay. The effects of
this interchange are normally only immediately apparent in the most

Fig. 41. Map of PiSCADERA Baal, Curacao showing the location of collecting stations. The
initial digit (1) of every number is omitted. Thus 460 on the map indicates station number
1460; 028 on the map indicates station 1028 (From WAGENAAR HUMMELINCK, 1977). The
dashed line A — — — A represents the approximate limits inside the bay of oceanic elements in
the fauna, and B — —— B represents the inner limit of the intermediate fauna as indicated by
Wagenaar Hummelinck’s collections. The continuous line C —— C indicates the inner
limits of ascidian distribution, except for Diplosoma listerianum, in 1981. For further detail
see text.
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southern portions of the bay. Wind and density changes due to evapora-
tion must provide the mixing process to maintain water quality through-
out the northern portion of the bay. According to DE Kock & DE WILDE
(1964) salinity in the bay is constant throughout and remains within
about 1 to 3% higher than that of seawater. Temperature varies from
26°C to 30°C which corresponds to normal sea water ranges for the
Caribbean.

Piscadera Baai is subjected to pollutional stress due to the discharge of
a small sewer pipe at the northern extremity. In its original condition this
pipe deliverd no more than 1000 cubic metres of highly purified effluent
per day. This effluent is probably responsible for the high phosphate
content of the bay, 1.1 to 3.5 mg at. per litre (total phosphorus). The
purity of the sewage effluent has probably deteriorated in recent years
and has resulted in a change in the quality of the environment in the
north, and particularly north-western part of the bay.

The clarity of the water is low, due to suspended matter and phyto-
plankton growth. A Secchi disc is reported to disappear at 35-50cm in
comparison to a depth in excess of 50 metres for open ocean waters.
Piscadera Baai is essentially a eutrophic lagoon and this state is probably
in part natural due to the impoundment and recycling of organic
materials, but is also strongly influenced by the existence of the sewage
effluent. For further detail on conditions in Piscadera Baai see HOFKER
(1971).

THE LAc oF BoNAIRE (Fig. 42)

Lac is situated on the south-eastern coast of Bonaire and comprises
about 8 square kilometres of open water, mangrove swamp and salinas.
The main lagoonal area is about 5 square kilometres in area and opens to
the sea by a shallow entrance, about 1.5 kilometres wide and usually only
about 0.5 metres in depth. Over much of its area Lac is only 1 to 1.5

Fig. 42. Map of LAc of Bonaire showing the location of collecting stations. The initial digit
(1) of every number is omitted. Thus 585 on the map indicates station 1585; 064 on the map
indicates station 1064 (From WAGENAAR HUMMELINCK, 1977).
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metres in depth but the central portion reaches depths of 3 to 3.5 metres,
and at the north-eastern end of the entrance the bottom slopes rapidly
down to 8 metres as it emerges to the open sea.

Because of the extent of the entrance and its orientation in relation to
the prevailing trade winds there is a strong tidal and wind driven cir-
culation of water through Lac and in consequence the waters are normal-
ly exceedingly clear in marked contrast to the turbid waters of Piscadera
Baai.

Around the margin of the lagoon there is dense mangrove and in most
places Rhizophora roots either hang freely in the water or root below the
surface. In most places these hanging roots are conspicuously free of
encrusting sessile organisms. Over much of the floor of the lagoon there is
a carpet of Thalassia intermingled with Halimeda and sometimes Syring-
odium; in the northern sector at Boca di Coco there is a conspicuous area
of the green alga Avrainvillea.

Throughout most of the lagoon normal sea water salinities prevail. For
further detail on this and other features of the Lac see WAGENAAR HuM-
MELINCK & Roos (1969).

The contrast between Piscadera Baai and Lac is well illustrated by WAGENAAR HuMm-
MELINCK (1977, p. 5-6) who writes as follows:

“InPiscaderabaai (Piscadera inner-bay) the mangrove-roots are densely covered with
oysters (Crassostrea rhizophorae) and barnacles (mainly Chthamalus bisinuatus) which in
many places are thickly overgrown with ascidians (notably large patches of Didemnum).
There are great masses of sponges and actinians (mainly Aiptasia pallida), beautiful colonies
of hydroids (especially Halecium halecinum and Laomedea bicuspidata) and luxuriant
patches of bryozoa (Amathia, Zoobotryon and Bugula), while in places Schizoporella may
occur as the dominant organism. Thalassia testudinum occurs only in some shallow places,
while Halimeda is almost absent. The bottom of the inner bay consists for the greater part of
blackish mud, carrying in some shallow places large numbers of Chione cancellata and three
Corbula species, while Brachydontes exustus is found nearly everywhere along the rocky
shores.

In Lac, however, there are no mangrove-oysters and only very few barnacles (Chtham-
alus angustitergum), while ascidians, sponges, actinians and bryozoa are much less predomi-
nant than in Piscadera Bay. Hydroid colonies of Dynamena crisoides — common in the
Piscadera outer-bay — are found in many places, and the athecate Myrionema hargitti is as
strikingly present here as in many other Caribbean clear-water lagoons. The bottom of Lac
is covered with a luxurious growth of Thalassia, in many places mixed with Halimeda
opuntia. Locally Codakia orbicularis abounds, but Chione is absent. Oreaster reticulatus and
several species of Strombus found in the basin of Lac are lacking in Piscadera’s inner-bay.
The author has been told that Cassiopea — common in Lac ~ used to occur in Piscaderabaai;
in that case the bay must have been filled with clear water and would have had well-
sheltered places; conditions which no longer exist.”
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THE DISTRIBUTION OF ASCIDIAN SPECIES

TABLE 1 shows the composition of ascidian species in the two lagoons
as recorded from WAGENAAR HUMMELINCK’s collections and my own
observations. APPENDICES I and II show the distribution of each species
by station number in each lagoon represented in a semi-quantitative
manner. In these Appendices five different numerical categories are used
based entirely on the number of specimens found in the collections. These
are single individual or colony (*), two individuals (**), two to five
individuals (***), six to ten individuals (****) and more than ten indivi-
duals or colonies (*****). (Information relating to Didemnum and
Symplegma in Piscadera Baai, which is based on VAN DER SLOOT’s manu-
script notes supplemented by other material in the collections, is slightly
different. For detail see the Appendices). In view of the precision and
detail with which Dr. WAGENAAR HUMMELINCK undertook all his collect-
ing activities it is reasonable to assume that this represents a fair de-
scription of the relative numerical abundance of species in the lagoons. In
the following account these numerical data are supplemented where
necessary by my own observations in 1981.

Family POLYCLINIDAE Verrill, 1871
Polyclinum constellatum Savigny

This is a cushion shaped, gelatinous colony often common in sessile
communities in lagoons. In the collections it occurs only from Piscadera
Baai as two fragments one from the entrance and one from station 1475
on the east side. In 1981 I found it on Rhizophora roots in small quantity
all along the east side of the lagoon from Raphael Island (#1491) to the
junction of the Central and Southern Inner Bay (#1475). Colonies were
also found on mangrove on the west side at stations 1472 and 1473.
P. constellatum is a rapidly growing species which breeds throughout the
year in the West Indies and is associated with the early stages of sessile
community growth. Hence its numbers tend to fluctuate from time to
time and no particular significance can be attached to the difference
between the collection and the more recent observations.

The species is not recorded from Lac.
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Family DIDEMNIDAE Giard, 1872
Didemnum vanderhorsti Van Name

A flat encrusting colony usually coloured deep purple blue or brown
and lacking the calcareous spicules normally found in didemnids. This
species generally prefers an oceanic habitat or clear lagoonal water and in
the collections occurs only in two stations in the entrance to the bay.
However, in 1981 many colonies were observed along the mangroves on
the eastern side of the Central Inner Bay where water conditions were
relatively clear.

The species did not occur in collections from Lac.

Didemnum conchyliatum (Sluiter)
Didemnum psammathodes (Sluiter)
Didemnum duplicatum F. Monniot

Through most of the southern part of Piscadera Baai there are
extensive colonies of didemnids, usually encrusting mangrove roots or
the undersurface of marker buoys etc. These colonies may be pure white,
brown, a mixture of white and brown or orange in colour and form flat
sheets sometimes of considerable size. The whiteness is due to densely
packed spicules in the test, the brown and orange colour is due to pig-
ment cells or in some cases to faecal pellets accumulating in the test.

There are three distinct forms of these didemnids which are recognized
by taxonomists as separate species, as indicated below.

1. Zooids have a single testis lobe; a large atrial aperture which exposes
much of the branchial sac; the larval trunk does not normally exceed
600 u in length. This is the form described as Didemnum conchyliatum
(Sluiter, 1898).

2. Zooids have a bilobed testis; the atrial aperture is usually small and
rounded; the larval trunk is usually more than 800 p in length. This form
has been described as Didemnum duplicatum by FRANGCOISE MONNIOT
(1983a).

3. Zooids have a single testis lobe; the atrial aperture is large and exposes
much of the branchial sac; the larval trunk is usually less than 500 p in
length; spicules are few or absent in the test but the test is usually packed
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with faecal pellets. This is the form described as Didemnum psammatho-
des (Sluiter, 1895).

MILLAR (1962) recognised the first of these, Didemnum conchyliatum,
and noted the presence of the second in collections from Curagao without
assigning a name to it. All three forms are recognised in VAN DER SLOOT’s
manuscript on the Ascidians of Piscadera Baai.

The present paper is not a place to discuss the taxonomy of the group
and it is convenient to ascribe these three forms to the species indicated
above. Nevertheless one may note that the morphological differences
between them are small, they have a similar distribution and habitat
requirement in the West Indies and no immediate ecological differences
can be discerned. The group deserves further attention from a systematic
point of view.

In the collections, colonies of these didemnids occurred from most
parts of the bay but there is a definite preponderance of colonies from the
southern sector as far north as 1473 and 1476. During my visit in 1981
colonies were common in parts of the southern sector and also along the
eastern shore as far as station 1488.

These species were not recorded in the collections from Lac of Bonaire.

Diplosoma listerianum (Milne-Edwards, 1841)

D. listerianum is a fragile, gelatinous, encrusting colony and is a
common component of the early stages of successional development in
sessile communities. It may utilise primary space such as a Rhizophora
root or secondary space such as oyster shell etc. for settlement and
growth. It occurs commonly in mangrove lagoons and less commonly in
reef associations. In 1981 I found it only in the heavily polluted waters of
the northern Inner Bay and in rich ascidian communities along the east
side of the Inner Bay (# 1485 to 1476).

In the Lac it is also widely distributed in the collections from mangrove
areas but I did not see any specimens in 1981. The species is obviously
capable of tolerating a wide variety of ecological conditions.

Diplosoma listerianum from the West Indian region was described as
Diplosoma macdonaldi by HERDMAN (1886) and this latter name has until
recently been in general use in the literature on West Indian Ascidiacea. It
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is now generally agreed that D. macdonaldi is synonymous with the
widely distributed D. listerianum (Milne Edwards), 1841. For a dis-
cussion of the taxonomy see ROwWE (1966).

Family POLYCITORIDAE
Eudistoma olivaceum (Van Name)

E. olivaceum forms clusters of grey-green ‘‘heads” each of which con-
tains a number of zooids; it is a frequent inhabitant of mangrove lagoons
where it grows on Rhizophora roots. In Piscadera Baai it has a restricted
distribution in the southern inner bay on east and west sides, always
growing on Rhizophora. In the collections it occurred only at three sta-
tions, 1469, 1473 and 1671 but in 1981 it was found to occur in small
quantity along the whole eastern side of the southern inner bay.

In the Lac E. olivaceum is one of the commonest ascidians and colonies
have been collected from most parts of the mangrove area. The species
restriction to the southern inner bay in Piscadera and its widespread
occurrence in Lac underline its apparent requirements for relatively clean
conditions, a requirement which I have also noted in Jamaican lagoons.

Family PEROPHORIDAE Giard, 1872
Perophora bermudensis Berrill

Perophora forms colonies of tiny zooids connected by long stolons, the
whole forming either a creeping mat or bush like structure depending on
the prevailing water conditions; in quiet conditions bushes form, in fast
currents mats. In the collections from Piscadera Baai single colonies were
found at opposite ends of the lagoon at stations 1466 and 1488 but no
colonies were found in 1981. In the Lac P. bermudensis occurs through-
out the lagoon but never in large quantity and usually associated with the
quieter areas of the mangroves. This may not necessarily reflect its true
distribution because colonies are often small and easily overlooked unless
associated with larger ascidians.
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In the Lac P. bermudensis was found at four stations associated with
colonies which have been attributed to the smaller, greener species
Perophora viridis. The difference between these species is slight but dis-
tinct depending on the number of rows of stigmata in the branchial sac,
five in bermudensis and four in viridis, and the arrangement of the mantle
muscles. Perophora bermudensis was named by BERRILL (1932). CLAUDE
MonnitoTt (1983a) discusses its possible synonymy with Perophora formo-
sana (Oka, 1931).

Ecteinascidia turbinata Herdman

Like Perophora the zooids of species of Ecteinascidia are connected by
stolons, but they usually form closely packed bunches of soft zooids
which in the case of E. turbinata are bright orange in colour and usually 3
to 4 cms in length. E. turbinata is characteristic of relatively quiet
lagoonal waters, probably so restricted by the form of colony and relative
delicacy of the zooids.

In the collections E. turbinata was restricted to the southern half of
Piscadera Baai and was found in quantity at only three stations on the
east side (1477, 1468 and 1475). This distribution accords well with what
has been found in Jamaica where it also occurs only in quiet lagoons free
of any pollutional effect or heavy eutrophication.

In 1981 E. turbinata was found only along a short stretch of mangrove
on the eastern side of the Central Inner Bay between station 1475 and
1485, It is perhaps significant that this is the sheltered side of the bay thus
underlining the habitat requirements of this species.

E. turbinata was not recorded from the Lac.

Ecteinascidia conklini Berrill

E. conklini has smaller zooids than E. turbinata, usually about one
centimetre in length, and is green sometimes with orange tips to the
siphons. Like E. turbinata it grows in tight bunches, often or usually
attached to the roots of Rhizophora.

In Piscadera Baai the distribution of E. conklini contrasts strikingly
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with that of E. turbinata: in the collections it was found only from
stations in the Northern Inner Bay and in 1981 was observed only along
the north-eastern sector of the bay from station 1476 to 1621 on Raphael
Island. However in the Lac of Bonaire E. conklini was widespread but
never common and had a very similar distribution to that of Perophora
bermudensis. In 1981 I saw it only in Puitu and Boca Jewfish.

Ecteinascidia tortugensis Plough & Jones

Like other members of the family this species has zooids connected by
stolons but in this case the colony forms a flat encrusting system with
individual zooids attached to the substratum by the ventral side and the
siphons directed dorsally. Colonies are normally greyish green in colour.
The species is primarily an inhabitant of oceanic waters and occurs in the
collections only from the Lac of Bonaire principally in the eastern half.
Most colonies are small and attached to pieces of mangrove bark.

BERRILL (1932) described Ecteinascidia conklini minuta as a form of
E. conklini. CLAUDE MONNIOT (1972) regards E. tortugensis as a synonym
of this form and in a subsequent paper (1983a) refers to it as Ecteinascidia
minuta (Berrill, 1932).

Family ASCIDIIDAE Adams, 1858
Ascidia nigra (Savigny)

This is a large solitary ascidian in which the test has a deep purple
black colouration. It is a common inhabitant of inshore waters and
lagoons throughout the West Indies but in general is absent from reefs or
similar areas of clear water. A. nigra usually occurs on raised substrates
where it is clear of bottom sediments and hence is common on Rhizo-
phora roots. In the collections it occurs only from Piscadera Baai where it
is widespread and locally common. In the 1981 survey it was absent from
the west and north-west of the bay except in two areas of mangrove at
1469 and 1472/3. However on the east side of the bay it occurred com-
monly all along the fringing mangrove from Raphael Island (1490) to the
southern end of the bay.
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The species is not recorded from the Lac of Bonaire a situation prob-
ably dictated by the relatively oligotrophic conditions in this lagoon.

Ascidia interrupta Heller

This species differs from A. nigra in being a greenish grey in colour and
commonly living on the sea floor or close to it. In the collections it is
shown to have a widespread distribution in Piscadera Baai reflecting the
fact that it is less dependent on supporting structures (i.e. Rhizophora
roots) than is A. nigra.

A. interrupta is more frequently found in reef areas than is A. nigra
suggesting that it has a greater accommodation to waters poor in sus-
pended matter. This is also reflected in the fact that there are two records
from the Lac of Bonaire (#1572 and 1589).

Ascidia curvata (Traustedt)

This small, sometimes glassy transparent, member of the genus is
normally associated with relatively clear waters and reef areas. It is sur-
prising therefore to have a single record from station 1473 in Piscadera
Baai. There are two records from Lac, both near the entrance (# 1068 and
1572).

Family RHODOSOMATIDAE Hartmeyer, 1908
Rhodosoma turcicum (Savigny)

R. turcicum is a small solitary ascidian, greyish in colour, characterised
by having a “lid” of test material which closes down as a protective flap
over the siphons when they are withdrawn. It is seldom common and is
normally an inhabitant of quiet lagoons. There is only a single record in
the collections from station 1588A in the Lac which is a shallow creek in
the mangroves.



36
Family STYELIDAE Sluiter, 1895
Botrylloides nigrum Herdman

B. nigrum forms flat encrusting colonies with the zooids arranged in
regular systems around common atrial openings. In HERDMAN’s (1886)
original description he names the species nigrum because of the black
colour of the colonies collected by the Challenger in Bermuda. This
colour form does not appear to be common in the West Indies where
many colonies are brick red in colour.

In the collections from Piscadera Baai B. nigrum is not recorded at all,
which is surprising as it is normally common in coastal lagoons with
fringing mangroves, often growing on the surface of other sessile organ-
isms such as oysters, solitary ascidians etc. Absence from Piscadera Baai
collections is made more incomprehensible by the fact that in the 1981
survey B. nigrum was found to be widespread throughout the bay includ-
ing the heavily polluted area around stations 1494 and 1623. Dr. Hum-
MELINCK was too careful a collector to have overlooked this species
during his several visits to the bay and we must conclude that by chance it
never colonised until after the entrance was widened in 1972.

In the collections from the Lac of Bonaire the species is recorded in
small numbers from the north-eastern sector of the lagoon, particularly
in the area of Boca di Coco, Puitu and Cay. I found the species to have an
almost identical distribution in the Lac during my visit in 1981. In the
vicinity of Boca di Coco the species occurred commonly on the tips of
fronds of the alga Avrainvillea, and all of these colonies were of the black
form originally noted by HERDMAN. Elsewhere in the lagoon colonies
were of the normal brick red colour.

B. nigrum is widespread throughout lagoons in the West Indies but
seldom occurs on coral reefs where its place appears to be taken by
species of Botryllus.

Symplegma viride Herdman

S. viride bears a superficial resemblance to Botrylloides forming flat
encrusting colonies often growing on other sessile organisms in sheltered
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lagoons. However, the zooids are not arranged in such ordered systems
and each zooid has its own atrial opening,

The distribution of the species in Piscadera Baai has already been
reported on by vaN DER SLoOT (1969) and additional specimens found by
me in the collections confirm a widespread distribution but particularly
along the more sheltered eastern side. This distribution was confirmed in
1981 when it was found to occur commonly on Rhizophora along the
entire eastern side from station 1502 by the sewage pipe to the southern
end at station 1468. In 1981 it was entirely absent from the stressed areas
in the north-west sector of the lagoon.

In the Lac of Bonaire the species is not common and was recorded only
from two stations in the central portion of the bay.

Styela partita (Stimpson) and Styela plicata (Lesueur)

S. partita is a small grey to pink solitary ascidian which often grows in
dense clusters amongst sessile communities in mangrove areas. VAN DER
SLooT (1969) has already mapped its distribution in Piscadera Baai and
additional specimens located in the collections confirm a widespread
distribution throughout all parts of the bay. In 1981 I recorded it only
from two places in the southern half of the bay, stations 1472/3 on the
west and station 1468 on the east. This change in the population over the
past decade may reflect only a temporary situation, or may be a perma-
nent change due to increasing stress from the sewage outfall. The latter
postion is supported by the discovery in 1981 of a single specimen of
Styela plicata at station 1490 at Raphael Island. S. plicata is very tolerant
of estuarine and stressed conditions and may now be replacing S. partita
in the northern part of the bay.

S. partita is recorded from a single position in the Lac of Bonaire at
station 1588, a shallow creek in the mangroves in the northern sector of
the bay.

[KorT & GoopBopY (1982) consider Styela partita Stimpson to be
synonymous with Styela canopus Savigny.]
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Polycarpa arnoldi Michaelsen

P. arnoldi is a small solitary species usually found in reef or rocky
areas, often under stones. It is not normally an inhabitant of lagoonal
areas. VAN DER SLoOT (1969) reports on two occurrences near the en-
trance to Piscadera Baai and there is a single record of an animal at
station 1068 A at the entrance to the Lac of Bonaire. This species was first
reported from the West Indies by MILLAR (1962) who named it Polycarpa
crossogonima. For a discussion of the taxonomy see VAN DER SLOOT
(1981).

Polycarpa cartilaginea (Sluiter)

This species is also normally an inhabitant of reef or rocky areas
occurring under stones. VAN DER SLOOT reports on five occurrences near
the entrance to Piscadera Baai.

Polycarpa spongiabilis Traustedt

This solitary styelid is very variable in size, morphology and habitat. It
appears to grow best as an inhabitant of soft bottoms where it is embed-
ded in the sediments, particularly in quiet lagoonal areas, but it may also
occur in Thalassia beds or attached to Rhizophora roots. VAN DER SLOOT
(1969) has reported on its distribution throughout Piscadera Baai where
its widespread distribution reflects its catholic tastes for habitat.

There are no records of the species in the Lac of Bonaire which is
surprising as there are many suitable habitats particularly in Puitu and
Boca Jewfish.

Polyandrocarpa tumida (Heller)
This species forms colonies of small tough tested individuals separated

from one another and connected only by test material. They are usually
deep red in colour. VAN DER SLooT (1969) has reported on its occurrence
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in Piscadera Baai where it is confined to the relatively clean waters of the
southern part of the bay. The species is more normally an inhabitant of
clearer oceanic waters.

Polyandrocarpa tincta (van Name)

P. tincta also forms colonies of individuals, reddish in colour. It is a
characteristic inhabitant of shallow reef areas but occasionally forms
larger colonies in the sheltered waters of clean mangrove lagoons. VAN
DER SLOOT reported on its occurrence in Piscadera Baai and other speci-
mens from the collection confirm that it is found in small quantity along
the eastern side of the bay with one record from station 1473 on the west
side. No colonies were seen in 1981, and the species is not recorded from
the Lac of Bonaire.

Family PYURIDAE Hartmeyer, 1908
Pyura vittata (Stimpson)

P. vittata is a large solitary ascidian with a tough, often wrinkled test.
It is commonly found on reefs and in the cleaner waters of inshore areas
and lagoons. It tends to be replaced ecologically in lagoons by Microcos-
mus exasperatus.

P, vittata has been recorded in the collections from Piscadera Baai only
in the extreme southern portion close to the entrance, except for a single
record at station 1473 where there is a small mangrove patch overhanging
the water. The distribution in Piscadera Baai is in conformity with what
has been found also in Jamaican inshore areas. The species was not
recorded in 1981.

There are only two records from Lac of Bonaire both (stations 1068a
and 1651) being on the reef rubble dam across the entrance of the bay.
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Microcosmus exasperatus Heller

Unlike Pyura vittata, M. exasperatus is seldom found in the clear
waters of coral reefs and is more characteristic of inshore lagoons. As
indicated above the two species appear to be ecological replacements for
one another.

In the collections from Piscadera Baai M. exasperatus is recorded as of
widespread occurrence normally attached to Rhizophora roots or to the
undersurface of marker buoys. In 1981 the species distribution in Pisca-
dera Baai was more restricted; it appeared to be confined to the eastern
side of the bay from Raphael Island (station 1490) to the southern end at
station 1467, and on the western side at stations 1472 and 1473. This
change in the distribution of the species is probably a reaction to in-
creased stress of pollution occurring in the past decade.

Microcosmus helleri Herdman

This is usually a smaller species than M. exasperatus and is an inhabi-
tant of soft bottom communities, usually in clear oceanic water. It char-
acteristically has tube like siphons enabling the body of the animal to lie
buried in the substratum.

In the collections there are two records from the entrance to Piscadera
Baai (stations 1460A and 1671), and no records from Lac.

Herdmania momus (Savigny)

H. momus is a large solitary ascidian with a soft pliable test, usually
greyish in colour; the interior of the siphons often has a characteristic
mixture of red and green colouration making it easily recognisable. The
species is not recorded at all from the collections but in 1981 I found it in
small numbers at stations 1476 and 1485. Like Botrylloides nigrum and
Styela plicata this may be a new arrival to the lagoon since the basic
collection was made in 1963. Elsewhere in the Caribbean H. momus is
characteristically an inhabitant of intermediate waters between open
ocean and enclosed mangrove lagoon, hence its presence in the southern
portion of Piscadera Baai is not unexpected.
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Molgula occidentalis Traustedt

M. occidentalis has similar habitat requirements to M. helleri the two
species often being found in proximity. There is a single record of
M. occidentalis from the Lac of Bonaire at station 1064b in the lagoon at
Puitu. In view of the clarity of water in the Lac the species may in due
course be found to have a wider distribution.
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DISCUSSION

The information presented in the foregoing pages permits us to draw
conclusions concerning the ascidian fauna of the two lagoons, Piscadera
Baai a richly eutrophic enclosed situation and the Lac of Bonaire an open
shallow almost oligotrophic bay.

The fauna of PiISCADERA Baar divides into three groupings, those as-
cidians which are typically oceanic, an intermediate group requiring shel-
ter and a relatively rich food environment, and a widespread group which
appears tolerant of a variety of conditions.

In the oceanic element two species of Polycarpa, P. arnoldi and
P. cartilaginea were found only in the vicinity of the entrance to the bay.
Two species of Polyandrocarpa, P. tumida and P. tincta also have distri-
butions clustered around the entrance, but some colonies of P. tincta
were found further into the bay on the sheltered eastern side. Finally in
the oceanic element two specimens of Microcosmus helleri were found
just inside the entrance of the bay, and a single specimen of Ascidia
curvata at station 1473,

The second group in Piscadera Baai, the intermediate group, have a
distribution clustered around the southern portion of the inner bay
extending as far as station 1473 on the west and 1476 on the east. It is not
clear what may be the ecological limitations defining this area which is
nutritionally fairly rich; it may represent the limit to which the direct
influence of tidal interchange is experienced. The region is characterised
by the presence of Polyclinum constellatum, Eudistoma olivaceum,
Ecteinascidia turbinata, Pyura vittata and Herdmania momus, all of which
have been found to thrive in similar conditions in Jamaica, although
Pyura vittata is also a common inhabitant of more open water conditions
on reefs.

The group of more cosmopolitan ascidians for which there are records
in the collection from most parts of Piscadera Baai includes Diplosoma
listerianum, Didemnum conchyliatum, D. psammathodes and D. dupli-
catum (but not D. vanderhorsti), Ascidia nigra and A. interrupta,
Polycarpa spongiabilis, Styela partita, Symplegma viride and Microcos-
mus exasperatus. All of these species must be fairly tolerant of the eu-
trophic conditions which have existed in the past in the northern portion
of Piscadera Baai, as well as being tolerant of limited water exchange.
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There remain two special cases to consider. Didemnum vanderhorsti is
normally an inhabitant of well aerated reef flat situations but occasion-
ally penetrates into clean lagoonal conditions. In the collections it occurs
only from two stations (1463 and 1464) close to the entrance of the bay.
However, in my observations in 1981 I recorded a number of colonies
along the eastern side of the inner lagoon as far north as stations 1467
and 1709. The second special case is that of Ecteinascidia conklini, which,
although by no means confined to lagoonal areas in its normal distribu-
tion often penetrates into more stressed conditions than does its congener
E. turbinata. In Piscadera Baai the records of its occurrence are confined
to stations in the northern, more stressed portion of the lagoon and the
distribution of the two species of Ecteinascidia in the lagoon does not
overlap. .

The foregoing distributions of ascidians in Piscadera Baai represents
the situation in 1963 when Dr. WAGENAAR HUMMELINCK''s collecting was
undertaken. Parallels between the distribution of ascidians reported here
and the occurrence of Foraminifera are apparent by reference to the
work of Horker (1971).

My visit to Piscadera Baai in 1981 was a reconnaissance visit and not a
collecting trip, in which I relied on visual observation of distributions. In
the intermediate group the distribution of Ecteinascidia turbinata and
Eudistoma olivaceum remained unchanged but I saw no specimens of the
other species in this group. In the cosmopolitan group there had been a
widespread withdrawal of distribution away from the north-west sector
of the bay, with the exception of Diplosoma listerianum which still main-
tained colonies in the highly stressed conditions then pertaining around
stations 1493 and 1494. Although quantitative data are lacking in sup-
port it appears that this portion of the lagoon must have changed con-
siderably since HUMMELINCK made his collections, probably due to
changes or defects in the sewage discharge system. As reported earlier the
appearance of Styela plicata, although only a single specimen was seen,
may be an indicator of such change in the northern bay.

The most notable change in the bay since 1963 is the appearance in
quantity of Botrylloides nigrum. B. nigrum is a characteristic inhabitant of
lagoons such as Piscadera Baai and its absence from HUMMELINCK’S
collection remains unexplained.

The distribution of ascidians in Piscadera Baai may be considered to be
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limited by four factors, available substrate, shelter, water quality and
food. Food is unlikely to be a serious limitation except near the entrance
to the bay where the decrease in suspended matter may affect such species
as Ecteinascidia turbinata. Water quality appears to be a serious limiting
factor for many species in the northern portion of the bay but not
elsewhere. Throughout most of the bay, and in many other similar
lagoons, substrate availability and shelter are apparently the two most
important limiting factors. Since most of the floor of the bay is covered
by mud and most species of ascidians are hard substratum limited only a
few species such as Polycarpa spongiabilis can colonise the bottom of
Piscadera Baai. The available surfaces for colonisation are restricted to
hanging roots of the mangrove Rhizophora and the undersurfaces of
floating buoys. Because the distribution of mangrove tends to be re-
stricted by a need for shelter it is difficult to determine in the present case
whether the distribution of ascidians is dependent on shelter or a need for
substrate. In the collections and in the 1981 reconnaissance the greatest
development of sessile animal growth in general and ascidians in particu-
lar occurred along the sheltered eastern shore from station 1488 to 1468
where there is a band of fringing mangrove with suitable hanging roots
for substrate. Pockets of ascidian growth, and growth of other sessile
organisms such as bryozoans, sponges and oysters occurred on the west
side where suitable hanging roots occurred, such as at station 1469 and
stations 1472 and 1473, which are relatively sheltered sites. On the
exposed coastline in the neighbourhood of 1471 both mangrove develop-
ment and sessile community growth were relatively poor. The shoreline
between stations 1474 and 1479 is directly exposed to the trade wind and
there is virtually no mangrove development with a consequent absence of
sessile growth. The marker buoys at stations 1477, 1482 and 1484 which
lie in the path of wave disturbance all had sessile communities on their
undersurfaces but with the exception of some small colonies of Diplo-
soma listerianum the ascidian fauna was composed of large solitary
forms, particularly, Ascidia interrupta, Microcosmus exasperatus Polycar-
pa spongiabilis, and Styela partita. In the more sheltered position of the
buoy at 1470 Didemnum was also found. It seems likely therefore that
most of the small colonial ascidians particularly the species of Ecteina-
scidia and Eudistoma are dependent on shelter.

WAGENAAR HUMMELINCK (1977) divided Piscadera Baai into five
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regions, namely Outer Bay, Entrance, Southern Inner Bay, Central Inner

Bay and Northern Inner Bay. The division of the inner Bay into three

parts appears to have been undertaken on points of éeography rather

than ecology. It seems to me that on the basis of the ascidian distribu-

tions one might suggest the existence of faunal boundaries as follows (see

Fig. 41): “

(a) A line from station 1467 to 1468, south of which is found the
oceanic element in the fauna.

(b) A line from station 1474-1491, south of which is found the inter-
mediate group.

(¢) A line from 1479 to 1491 and Raphael Island which now marks the
northern limit of normal distributions. North of this line the lagoon
may be too stressed for survival by most species.

The almost oligotrophic waters of the LAc of Bonaire provide a stri-
king contrast to the eutrophic conditions prevailing in Piscadera Baai.
The regime, and hence the fauna, in Lac appears to be governed by the
wide entrance to the open sea and the prevailing winds creating extensive
wave wash along the shallow mangrove fringed western sector of the bay.
The heavy wave action and water with disturbed sediments are unsuitable
conditions for most ascidian growth on the mangrove roots, and it is only
in the sheltered areas of the northern part of Lac and in Boca Jewfish at
the south that suitable conditions prevail. Much of the bottom of Lac is
covered by Thalassia and Halimeda. Thalassia blades are seldom
colonised by ascidians and Halimeda only occasionally by perophorids
such as Perophora bermudensis and Ecteinascidia tortugensis.

The ascidian fauna of Lac is dominated by small colonial species, and
there is a noticeable absence of large solitary forms such as Microcosmus
exasperatus, Ascidia nigra, or Polycarpa spongiabilis. For several species
there are so few records that no conclusions can be drawn about their
distribution i.e. Symplegma viride, Styela partita, Rhodosoma turcicum,
Ascidia interrupta, Ascidia curvata, Polycarpa arnoldi, Pyura vittata and
Molgula occidentalis. In the case of P. vittata and P. arnoldi the single
specimens occurred on the rock dam at the entrance which is a likely,
relatively oceanic, habitat for such species.

Of the remaining species Eudistoma olivaceum is the most widespread
and common in the collections, usually collected from mangrove roots.
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The relative abundance of E. olivaceum in comparison to some other
species may represent an unintentional bias in the collecting process as it
is a very conspicuous object, particularly in comparison to the pale green
transparent forms of the perophorids. Nevertheless it remains true that
E. olivaceum is a conspicuous and common element of the fauna of Lac.

The three perophorids, Perophora bermudensis, Ecteinascidia conklini
and E. tortugensis occur commonly in the northern sheltered part of the
bay often growing on mangrove roots, pieces of bark or leaves on the
floor, as well as on Halimeda. These species are probably more common
in Lac than the records suggest; when growing on Halimeda in particular
they are very difficult to see and can be overlooked in the collecting
process.

Botrylloides nigrum, which is a conspicuous organism, appears to be
confined to the sheltered northern sector of the lagoon. It is of note that
while it seldom grows on leaves of Thalassia it appears to occur common-
ly on the tips of the green alga Avrainvillea. The distribution of Diplo-
soma listerianum in the Lac parallels that of B. nigrum in the northern
part of the lagoon but there are also several records from the rocky areas
of the Dam and Sorobon in the south. There are no records of other
didemnids.

It is likely that further collecting in Lac may reveal populations of
benthic ascidians, particularly Polycarpa spongiabilis, Microcosmus hel-
leri and Molgula occidentalis. All of these species are found on occasion
in amongst Thalassia.

The contrast between these two lagoons, Piscadera Baai and Lac, in
terms of their ascidian fauna is thus vivid; this is further demonstrated by
the abundance of the mangrove oysters Crassostrea rhizophorae and
Isognomon alatus in Piscadera Baai and their absence from the Lac of
Bonaire. It is not easy to explain the contrast other than by reference to
subjective measures of eutrophy and oligotrophy. While the high level of
development of all sessile communities in Piscadera Baai must be due to
corresponding levels of nutritional material in the form of suspended
particulate organic matter, the paucity of sessile organisms in Lac is not
necessarily a simple reflection of low levels of suspended material. Over
much of Lac exposure to wave action may inhibit growth but it is not
easy to see why there are not richer communities in the sheltered
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mangrove enclosed lagoons at Puitu in the east and Boca Jewfish in the
south. A contributory cause may be grazing by fish but we do not have
information which would help to substantiate this. Another possibility is
that there are seasonal levels of high salinity along the mangrove fringe

TABLE 1

SPECIES OF ASCIDIAN RECORDED FROM PISCADERA BaAl (CURAGAO)
AND LAc (BONAIRE).

The list includes all records. Species numbers according to Appendices I and II.
Species marked* are not listed in the Appendices; see text for information

PiSCADERA
Baal Lac
1 Polyclinum constellatum Savigny, 1816
19 Didemnum conchyliatum (Sluiter, 1898)
20 Didemnum duplicatum F. Monniot, 1983
21 Didemnum psammathodes (Sluiter, 1898)
22 Didemnum vanderhorsti Van Name, 1924
2 Diplosoma listerianum (Milne Edwards, 1841) 1
3 Eudistoma olivaceum (Van Name, 1902) 2
Perophora viridis Verrill, 1871 3
4 Perophora bermudensis Berrill, 1932 4
5 Ecteinascidia turbinata Herdman, 1880
6 Ecteinascidia conklini Berrill, 1932 5
Ecteinascidia tortugensis Plough & Jones, 1939 6
7 Ascidia nigra (Savigny, 1816)
8 Ascidia interrupta Heller, 1878 7
9 Ascidia curvata (Traustedt, 1882) 8
Rhodosoma turcicum (Savigny, 1816) 9
. Botrylloides nigrum Herdman, 1886 10
23 Symplegma viride Herdman, 1886 11
10 Styela partita (Stimpson, 1852) 12
hd Styela plicata (Lesueur, 1823)
11 Polycarpa arnoldi Michaelsen, 1915 13
12 Polycarpa cartilaginea (Sluiter, 1898)
13 Polycarpa spongiabilis Traustedt, 1883
14 Polyandrocarpa tumida (Heller, 1878)
15 Polyandrocarpa tincta (Van Name, 1902)
16 Pyura vittata (Stimpson, 1852) 14
* Herdmania momus (Savigny, 1816)
17 Microcosmus exasperatus Heller, 1878
18 Microcosmus helleri Herdman, 1881

Molgula occidentalis Traustedt, 1883 15
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due to back-flooding from the salinas behind the mangrove. This would
cause intermittent mortality and maintain sessile communities in an early
stage of succession. There is insufficient information on salinity changes
to pursue this suggestion. :
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APPENDIX T A

DISTRIBUTION OF ASCIDIAN SPECIES, OTHER THAN Didemnum
AND Symplegma (see Appendix 1B), IN PISCADERA BAAL

Data are based on numbers of individuals or colonies in the collections. Data for Styelidae
are based in part on information given in VAN DER SLooT (1969). +, Fragment only; *,
Single zooid or colony; **, Two zooids or colonies; ***, 3-5; **** 6-10; ***** More than
10 zooids or colonies. For detail relating to station numbers see Appendix III and Figure

41.
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1475A = 1620 .
1476a - 1620 EE 2t 1]
1476b bl 1621 S
bpidd . 1621a *
1479 P2 21 23 1623 o
1481a ** ent -
1482 Py ol .
1484 kkkEk 1707 .
1485 R 22 L] 1708 .
las2 . 1708A *
1487 Aadad
el : 18. Microcosmus helleri
1460A *

1487
b i 1671A *
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APPENDIX 1B

DISTRIBUTION OF SPECIES OF Didemnum AND Symplegma
IN PISCADERA Baal

Data for Didemnum from unpublished manuscript (VAN DER SLOOT), MILLAR (1962) and the
collections; data for Symplegma from vaN DER SLoOOT (1969). -, Quantity not recorded; *,
Single colony; **, A few colonies; ***, Rather common; ****, Numerous, very common;
#*#x2, Very numerous. For detail relating to station numbers see Appendix III and Figure
41.

19. Didemnum conchyliatum 1460 hdaas
1460 *ER 1461 e
1460A -8 ]462 kS
1461 bl 1463 .
1462 A 1463A -
1463 L2222 ] 1464 *ed
1463A . 1464A *
1464 hkE ]465 £ 1)
1465 - 1466 *
1469 e 1466A .
1472a nenn 1468 ETT TS
1476b . 1469 b
1479 . 1469A .
1671 * 1473 **
1708A ** 1475 .
1482 b
20. Didemnum duplicatum 1485 b
1028A b 1487 .
1457 * 1708A b
1460A *
1461 . 22. Didemnum vanderhorsti
1462 *EEh 1463 =0
1463 *hk kR 1464 L ]
1464 e RS
1468 b 23. Symplegma viride
1469 *ek R 1466 2 1]
1470 bt 1474B b
1472 bt 1475 "
1472a ess 1476a e
1473 sane 1482 P
1475 *ran 1485 T
1476 Lt 1] 1487 L L2
1476a b 1487b .
1479 i 1621 **
1623 e
21. Didemnum psammathodes 1671 hid

1028A hd 1708A hid
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APPENDIX II

DISTRIBUTION OF ASCIDIAN SPECIES IN THE LAC OF BONAIRE.

Data are based on the number of individuals or colonies in the collections and include
information already published by MiLLAR (1962) for earlier records. Because colonies
fragment during collection and in storage, data for Eudistoma olivaceurm may be subject to
error. +, Fragment only; *, Single zooid or colony; **, Two zooids or colonies; ***, 3-5;
sexr 6-10; ***** More than 10 zooids or colonies. For detail relating to station numbers
see Appendix IV and Figure 42.

1. Diplosoma listerianum 1597 *
1066 + 1599 +
1068 + 1601 .
1373A hd 1602 i
1566 + 1602A *
1568A + 1653 b
1575A b
1576A * 3. Perophora viridis
1585A * 1064c *
1586 + 1576A *
1586A * 1590 *
1587 * 1595 *
1587A *
1588 + 4. Perophora bermudensis
1590 . 1064 *
1064a +
2. Eudistoma olivaceum 1064c **
1064a * 1064A *
1064b i 1066 *
1064c . 1066b **
1576 ** 1566 *
1576A . 1573 d
1577 b 1576 **
1577a b 1576A **
1579 i 1577 .
1582 . 1587 *
1583 b 1590 >
1584A hiad 1592A +
1585 he 1595 *
1586 whe 1597 +
1586A * 1601 *
1587 hid
1588 . 5. Ecteinascidia conklini
1589 . 1064 *
1590 b 1064a +
1595 + 1064b .
1596A hd 1064c .



1066b hd
1571 .
1573 e
1576 e
1576A *
1577 *
1577a

1578 .
1579 b
1584A
1586
1587
1590
1592
1592A
1597A
1599
1601

D.++il:§

6. Ecteinascidia tortugensis
1064
1064b
1064c
1569
1573
1575A
1576
1576A
1577
1578 b
1582 *
1582A +
1586A .

::Q’++.Q~I

7. Ascidia interrupta
1572 .
1589 *

8. Ascidia curvata
1068a .
1572 .

56

9. Rhodosoma turcicum

1588A .

10. Botrylloides nigrum
1064 i
1064b .
1064c hd
1064A **
1064Ab .

1066 +
1576 *
1576A **
1580 bl
1584A o
1585 -
1585A *
1587A *

11. Symplegma viride
1561 *

1570 *

12. Styela partita
1587 *=*
1588 kdkkk
1588A b
1598A *

13. Polycarpa arnoldi
1068a .

14. Pyura vittata
1068a *

1651 bl

15. Molgula occidentalis
1064b *



57

WG ‘pnl SWOS YIIM WONOq N0y Keg 1suu] wIdyINOS
‘W |- ‘psoydoziyy ‘pnuwl gum sUqQap aseqeiq Keg 1suu] widynog
wg| ‘pues Appny Keg Jouu] wIdYINOG

‘w g |- ‘pioydoznpy 1s3uowe pnw }Jog Aeg Iouu] WISYINOS

W [ ‘02415055040 Y1m pLoydoznpy Keg 1oUU] UIYINOG

‘W G'0—0 ‘poydozigy Yum pnui Kpueg douesjuy

‘W | ‘vpauwiply ynm pnw Apueg souenuyg

WG Q-0 ‘vioydozupy ‘wionloq Appniy sduenuy

‘w | ‘pissopoy g Kueos ‘ppaunp ynm Apues souenuyg

W |—( ‘pioydozuy ‘pues Appnuwl Yim NooIyoesq souenuyg
‘W [—) ‘SUBIPIOSE 2sUAP Moy [epn ‘spioddns uory souenuyg
W [—Q ‘mop [epn ‘puoydozipy ynm ‘Apueg ouRIUYg
WG ‘DIssoy [ ‘Dpauapl] ‘Kedsp jes| ‘pueg souenuy
WG ‘oed[e YIm S1IQIp pue sauolg souenug

W G'0—0 ‘vLoydoziyy yum 1dul Apueg ouenug

WG SUQIP Y001 Yum pues Appay Aeg 1010

"W Z-] {[e100 wos Yim sajqqad Apueg qewre)) wed g-N

‘wg°g ‘pues Appny Aeg 10O

WUGUE puesg Keg 10100

‘W GE ‘SIOPINOQ SUOISIWI] YIm pueg Keg 10100

w [0 ‘jood Surumms jo sisod a0udg Keg 19100

‘W () ‘SURIPIISE pUE SI31SK0 Y3im puoydoziyy Keg Jouu] wisynog
SOLLSIHALOVHVHO dLVYLSEANS ALvoo]

(1p 81 ‘LL61 MONITANWNH YVVNIOVM WolJ)
"ALOFTIOO dYdM SNVIAIOSY HOIHM WOYUA IVVY vIdAavOsId NI SNOILVLS

III XIANAIddV

£9IIX 81
£9°1IX81
£9IX°6T
€9IIXLIL
€9 TIIX LI
£9IIX 11
£9TIX T
£9'IX'8T
€9 IX 1
[2210.44!
9TC
£91IX V1
€9 1IX V1
£9IIX Y1
€9 IIX V1
yors
120 89
122 ¥4
£9'IX"6C
Te
6V I'6T
6v'11'T

avg

V89ri
8911
Lov1

VI9ri
99v1
sovi

Vvl
1214

A4%4!
1344
(444
19%1

vo9vi

091
(1,44
1341
LSyl
23494
123941
1334
V6101
V801

WAGNON
NOLLV1S



58

“w | ‘pLoydozuny

"W g0 ‘pues Appnut ul vsoydozryy

"W |- ‘81918K0 ‘SLQap aseqeIp Appnw uo psoydoziyy 1004
mgs ‘pnw Apueg

U [—Q ‘SI9SAO 210YS A)Y201 U0 vioydoznpy

WS/ 00 ‘oedje ‘s19isho ‘sueiplose Yim Aong

"W GL°0—0 ‘S[ossnu pue sIjoRLIRG ‘sUBIpIOSE 1M Kong

‘W G Q-0 ‘veoydoziyy

‘W ‘sajuopyovag ‘pues Appn

W -0 ‘vioydoznpny

W GO ‘Saruopryonsg ‘smppwwyiy) ‘paiisosspdy) ‘vioydoziyy Kyuess ‘pues Appn

‘WG, 00 SUBIPIOSE YIlm papmold Aong
W |- ‘psoydozigy

W pnA

‘W00 ‘vioydoznpy

w0 ‘vioydozrpy

W [ ‘pnuw SWOs YIM SLQIp Apueg

‘W [ ‘DasisossvL) ‘vioydozipy

"W SHQIP [[3Yys |m Py

"W ‘SLQIP [[2US Yikm puw Apues

‘Wl [ ‘vioydozupy

W[ ‘pnu 3] AI9A Yim [daeIS Apueg
WG Q-0 ‘vioydozigy

‘W () ‘910Ys Y001 uo pvsoydoznpy
‘w0 ‘voydoznpy

wW§ 00 ‘vioydozupy

"W 'SUGap [19Ys [ pues Appny

"W 'SLUQap [[2Ys Yim pnx Apueg

"W G/ 00 ‘SUBIPIOSE ‘s1915A0 AQ UM01319A0 Aong
‘W G'0-0 ‘SUQaP YOOI 3 PI|d duoisawl]
‘WG {—] ‘pnw dWOs Yim wonoq Apues Jo L300y
W () ‘SLIGIpP 201 Appnwl Ul vuoydoznpy
“W |~ 2I0Ys %001 uo vioydozigy Kjuesg

Keq Iauu] WSYUON
Keg Iouu] WISYLION
Keg Jauuy WISYUON
Keg Jouu] WIdYLON
Keq Isuu] WISYUON
Aeg JoUu] WISYUON
Keg 1ouu] WIYLION
Aeg 1oUU] WAYLON
Keg Iouu] WISYUON
Keg JoUU] WISYUON
Keg Iouu] WISYLON
Keq lsuu] [eRU3)
Aeq Iouu] [NU)
Aeg Iouuj renu)
Keq Jauuj [enua)
Keq Jouu] [enua)
Keg Josuuj renua))
Keg Jauuj [enua)
Keq 1suuj [enua)
Keq 13uu] ENU)D)
Keg Jouuj [BIU)
Keg Iouuj renud)
Aeq louu] renua)
Aeg Jauu] [enua)
Keg 1ouuj [enus)
Keg 1suy] [enua)

Aeq Jouu] wIdyINoOg .

Aeg 1suu] WAYINOS
Keg Jouu] uIdyInog
Keg Jouu] widyInog
Keg Iouu] wWOYINOS
Keg Iouuj wayInog
Keg Iouuj woyinog

ELTIIAST
LIXI'LT
£9IX’ST

£9°X0t
€9 TIXTT
£9'IXT
£9°X'It
T9°XI'9C
£9°X°0t
ELTIA9T
£9IX'11
£9°X'1E
ELTIA'ST
T9TIA'ST
9°XI'9T
T9TIAST
IR N1) ¢
£9TIX ¢
£9'IX"6T
£9IX°6C
ELTIA9T
£9IIX't]
LIXI'LT
£9TIX'¢ET
T9XI'9T
TOTIAST
£9'IX"6C
£9'IX°6T
£9X'IE
€9 1IX 81
£9°1IX'81
ELTIA'LT
€9 11X'81

qL8¥1
BLgYl
L8yl
98¥1
1394
vsrl
(414!
eIyl
vosyl
B6LYI
6LP1
Lyl
QILr]
VoLrl
vILP1
Il
Vsirvl
124!
avivi
1724
qeLvl
VeLvI
BELYVI
YA 4
BZLY]
(454}
qgiLvi
Viyl
oLvi
qa69v1
A {34!
B6ov 1
69v1



59

‘W G0 SLIqIp pue pues ul voydozipy
‘WS- ‘pnuwr Yim wolzoq £yooy

*(dew uo jou) W [—( ‘pnw SWOS ‘2I0YS JO0I U0 pIoydoOZIfy
W [ ‘pnux pue suoisewr| ‘vioydozufy

‘W' [-1 ‘SLQIP }201 YIm pnut Apues

‘WG Q—( ‘pues pue pnw ul pioydozupy

W [-§°( ‘2U0NYD YIM Papmold pues Appny
‘w |0 ‘souods {pues Appnw Ul vioydoziyy
w [ ‘vioydozupy

‘w [ ‘s191sK0 % spwuejeq ‘vioydoznpy

ur [—Q ‘sojod uspoop % UOIf

*(dew wo j0u) sonouw 9 3pIs *M'N

‘w g 00 ‘odid 1omas Jo syzoddns o]

w0 ‘wydiowosarug pue vdiamp,) puul Yyim suqap aseqelp ‘vsoydozigy peaq

WG ‘pnuw ut s[[oys pue odsno)

‘W' ‘vaoydozyyy yeau dedfe Yum pnw Apueg

‘w7—'| ‘pdiamo) % vaj) ‘pn Apueg

W [—Q ‘pioydozugy

W [—() ‘Da41s0ssDLD) 79 uowoubosy J1o Jo Surows pnu Ul vLoydozuy
"W~ ‘auoryD ‘apmpovy ‘vissoppy [ ‘vajf] Yim pues Appriy
“W¢Q-Q ‘vioydozupy

Wi [0 ‘s191sA0 Auew ‘vioydoziyy Yym pues Appnul asieo))
W00 ‘vioydoznpy

W §'0-Q ‘vioydozupy

‘W |- ‘vdiamo)) ‘saBuods ‘s1915K0 Yym vioydozupy

‘W §0-0 ‘vioydozugy

WG Pa41505sDL) YIM pLoydoziyy

Keg Jauu] wISYLON
Keg 1ouu] uiaynog
Aeg Isuuj UWIINOG
souenjug

Keg Iouu] wdYINOS
Keq Jouu] wiaynog
Keq Jouu] WISUON
Keg Jouu] WIdYLON
Keq Iouu] UIOYWON
Keg Iouu] wIayON
1914 lqeulre)

Keg 1ouu] wiaynog
Keq Jsuuj wWayUON
Aeg Iouu] wIayLION
Aeq Isuu] WIRYUON
Keq Iouuj wIdYUON
Aeg Jauu] WSYUON
Keg 1ouu] WIAYMON
Aeg Iouu] UIOYHON
Aeg 1ouu] WYUON
Keg Jauu] WIAYPON
Keq Iouu] WaYUoN
Aeg Isuu] WaYUON
Keg 1ouu] wWISYUON
Aeg IoUuu] WISYLON
Keq Iouu] uIdYUON
Keq Iouu] uISYUON

ELTIIA'E
ELTIA'LT
ELTIA'LT
ELTIA'LT

OL’IIT'0t
oL'1IT 0t
L9XI'9T
L9X1'9C
ELIIIA'ST
L9XI'9T
LXv1
T9INS
89°X'IT
£9IX'ST
£9°X’ST
£9°X’6T
£9°X'9C
ELTIA'9T
£9IXST
£9°X'6T
ELTIA9T
£9'IX'ST
T9XI'9C
TITIA'ST
£9'IX'ST
9°XI'9C
CYTIAST

60L1
V8oLl
80L1
LOLT
VI
191
Vel
£091
BIz91
1291
0291
01S1
BEOST
1051
Voos1
00S1
66v1
eg6v1
86vl
Sovi
qe6vl
1304
Bl6bl
161
68v1
2:3:141
88yl



W [—T°0 ‘opaunwy ‘vissoy L KppnN

‘WSO ‘DISSDIDY [ ‘pioydozigy ‘pap

WS Q-1°0 ‘DpaunDy ‘VISsOpY ] PN

WG| ‘DpauyvH ‘DISsopy [ ‘pues Appaw

wg ‘vpawnpy ‘visspjoy [ ‘pues Appnpy

WE'E PISSOIDY L ‘pues

‘W ‘DIssopoy [ ‘pueg

"W T D241SD43PIS PUR §311404 SUOISIWIN] UO pues uny],
WG T ‘AUOISIW| UO puBg

WG Q1) ‘UopuwDY 10T ‘DISSDIDY L ‘Sandod

W g ‘wnpobulidS ‘vissojpy [ qiim pueg

WEQ-CT'0 -uotUUDY0YI] PUE DISSDIDY [ YNM Saj1i0d
‘wz-| ‘ps0dosdy Jao1 Apue§

"W -1 'SHGIP Yim oI Apues

"W GQ—0 ‘pruuadnay pue vioydozufy Yim pnpy

W |—§7°0 ‘D1uuaday pue pissooy  Yim uoode| Appnw jo ued mojeys
W -1 DISSOY L Yim pny

W [-] ‘Dssopy L Appny

‘w [ ‘pnw ut vsoydoznpy

w | ‘pawt Ul vioydozuy

‘W [ ‘pnw yos ut vsoydozipy

‘WG -0 ‘pnw 1Jos Ul vsoydozigy

SOLLSNALIVIVHD 4LVYLSENS

re) Jo HN

€D jo AN

nmg jo souenuyg
uiseg Jo anud)
uiseq Jo anua)) 1seq
uiseq Jo a1jud)
uiseq Jo anua)
seq[eD njed jo 'H
uiseq [enua)

od Uoqoiog Jo ‘N
®) JO M ‘duenuyg
uod uoqolIog jo “N
1) Jeau ‘dvuenuyg
OURIIUD JO ANUD
mmg ‘viseqd AN
e jo aloys gN
mmq ‘uiseqd gN
mmg ‘uiseq gN
nmng ‘viseq IN
ming ‘oiseqd AN
nng ‘uiseq N
mmg ‘wiseg AN

ALITVDO]

(Zp “S1q ‘LL6] “MONITHWWNH YVYVNEDVA WOI])

*@HLOATION FUHM SNVIAIISY HOIHM WOYd TAIVNOY 40 OV FHL NI SNOLLVLS

Al XIANH3ddV

L9°XT91
L9'XI'91
LYTIIA'TL
LY'IIIAST
LY'TIIATY
LYTIA'H
LYTIIATE
LYTIA'TL
OL'IIT'01
LYTIIA'IT
LYTIALL
SS'AI'LL
8'X'1
0€'X'9C
9¢'1I'6l1
S¥'XI'l
8V'XI'Ll
0£'X"CI
SS'AT'LI
8¥'XI'LI
0e'IX'81
0e'X’61

avq

WIEHNNN
NOLLVLS



61

W G0 ‘Dpawnvl ‘Dissopy L ‘pues KPP  20UEIIUD ‘YSYMI[ BoOg

‘w00 ‘sjood ‘§ooi-yoeaq asieo)

‘WG 0-6T0 ‘pupgp1oYy ‘vioydoipg ‘pues Appn

‘W G0 ‘vupmqp130y ‘vioydoznpy ‘pues Appunpy

‘W GQ—Q ‘puwmqp1aoy ‘pioydoznpy ‘Appny

WG Q-0 ‘vioydozgy a1 Apueg

WE'0—ST 0 ‘vissopy ) ssreds ‘duoissuny] uo pnw Apueg
‘W ST'0-0 ‘prpmqp1aoy ‘vioydoziyy ‘puwi Apueg

WS 00 ‘prvnguIady ‘vioydozupy ‘pnwi Apueg

‘wg ‘Aesop gum pnw Apueg

WG 160 ‘pdaamv) ‘vioydozupy

WG/ 0-ST0 ‘pajpauiviay ‘vissooy [ ‘pues Appn

W G0 ‘pissopoy [ ‘wpauaofy ‘vioydoziyy ‘pues Appn
‘W00 ‘vioydovg ‘vissvjoy [ ‘pioydozngy ‘pnwi Apueg
‘W GQ-0 ‘snppwvyiy) ‘vioydozufy ‘pnwi Apueg

‘WG| ‘pues pue pnpy

W00 ‘PMpnquiady pioydoznpy ‘pues Appup

W [—§°Q ‘ppawypl ‘vayauwaay ‘pnu Apues

W G0 ‘vioydozugy ‘vrvmgpiaoy ‘pnw Apueg

W [—CT'0 ‘DIrauiviay SUIP YuUM pny

WG 00 ‘vrvgpady ‘pioydoziyy ‘pues uo pnp

‘W |—C'Q ‘DISSOIDY [ ‘Da|jjaupay ‘pues uo pny

‘WG 00 ‘pioydoziyy ‘pues pue pap

"W [-$°Q ‘DISSD[DY [ ‘Dpauttpl ‘Dajpiaupiay ‘pues Appn
‘W [0 ‘pioydoziyy ‘pnu 3 pueg

W [0 ‘Dpauv] ‘pisspjpy [ ‘pnw Apueg

‘w00 ‘pnw ut vuoydoznpy

WG'0-0 “DIYDPOD YNM DISSO[DY [ ‘snjpuwyiy) s pioydozupy pny
W00 ‘wyopo) ‘vioydoznpy im pny

w00 ‘spuwoyy?) Yim vioydoziyy ‘Diyppo) YIm pnu Apues Uo DIsSopy [

W00 ‘paw ut vsoydozigy
w0 ‘vdsamv) ‘vissojoy | ‘vioydoznpy ‘puws kpues

pus yInog-adueruy
eules MN
eures MN
eures MN
eulles MN
ysymaf eoog
ysymaf eoog
Ysymaf voog
qsymaf eoog
ysymaf eoog
uiseq jo a3pa 1soM
uiseq Jo a3p3 1s9M
33po 199 qUON
98po 1590 YHON
uo3o eoog
uoSoq woog
uoS8o, edog
uodo,] exog
moyy esog
nHY) eooy
0300 1p ®30g
020D 1p B30g
030)) 1p ®o0og
sod 1p woog

sod 1p vdog
urseq Jo wed gN
nmg

nymng

mmg

nmg

nimg

oLTIrol
oLIIre
LYTIIAOE
L9HIAOE
LY'THA’IE
LIXI'Y
LITMATT
LYIIATT
LITIIATC
LYTIIAYT
LITIIAYT
LIXTS
LoXIs
LITIIAPI
LITIIAYL
LYTIIA'YT
LITIIAYT
LYTIIAYT
L TIAMT
LYIIIA'ST
L9TIIA'ST
LYTIIAST
LYTIIA'ST
LYTIIA'ST
LYTIIA'YL
LYTIIAY]
LYTIIAVL
LY'TIIAOL
LI'IIIA01
LY'IIIAOT
OL'TII'TI
LYTIIAOT

£991
1991
V2091
091
1091
6651
V86s1
VL6S1
L6S1
V9651
S6s1
Viest
681
0651
6851
V8sel
88¢1
Vi8Sl
L8S1
VI8¢s1
98¢1
Vessl
S8¢s1
V8l
€851
Vissl
881
08s1
6LS1
8LS1
BLLST
LLS



