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Abstract

Serpulidae (Polychaeta) are benthic, suspension-feeding worms, mostly marine, secreting their own calcare-
ous habitation tubes. Serpulid ‘reefs’ include banks deposited on shallow parts of continental shelves, and
primary frame reefs at intertidal and subtidal depths. Sheltered bays harbour the largest reefs, up to a few
metres in height and kilometres in length. A review of habitats with Recent serpulid mass-occurrences allows
interpretation of the palacoenvironment in which the serpulid limestones in the ‘Upper Malm’ (Upper Juras-
sic-Lower Cretaceous) of NW Germany may have been laid down. The Lower Serpulid Limestones represent
concentrations of re-deposited serpulid tubes. In the Upper Serpulid Limestones (‘Serpulit’) the re-deposited
tubes are embedded in stromatolitic algae. Both limestones were formed in lagoons fringing an inland sea.

Several records of Recent and fossil ‘serpulid’ buildups are erroneous and can be referred to algae, vermi-
form ‘gastropods’ or non-serpulid polychaetes. Differences and similarities between calcareous tubes of ser-
pulids and vermetids (Gastropoda) are summarized.

1. Introduction mention a contribution of 10-11% to the carbonate

fraction in locations on the continental shelves of

1.1. Serpulids as sediment-source

Serpulids (Annelida, Polychaeta) are worms that
build a calcareous habitation tube, which generally
is attached to a submerged surface. On the whole,
they do not constitute a major sediment source. In
the survey of European fossil reefs by Toomey
(1981) they play an insignificant role, and they are
mentioned as encrusters only by Fliigel (1981: 291,
316) and Fliigel & Steiger (1981). Scattered records,
however, indicate that they can locally produce sig-
nificant amounts of carbonate. For example, Milli-
man (1974: 117) and Pendlebury & Dobson (1976)

the eastern United States and Scotland. Hagmeier
(1930: 31) states that almost 27% of the sediment in
a gully near Helgoland (Germany) consisted of
tube fragments of the locally abundant, encrusting
serpulid Pomatoceros triqueter. Buzhinskaja (1991)
reports that in places 30-60% of the ‘biomass’ in the
Sea of Okhotsk may be formed by Crucigera zy-
gophora (as Serpula).

Several authors have commented upon the ambi-
guity of the term ‘reef’. The accumulated confusion
was reviewed and structured by Heckel & Jablonski
(1979). In their terminology, a bank is an accumu-
lation of carbonate without positive topographic re-
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lief, whereas a buildup has such relief. If, in addition,
there is “evidence of potential wave resistance or of
turbulent water, implying wave resistance, and evi-
dence of some degree of control over surrounding
environments”, then the term reef is applied. A
subdivision of six types of reefs is given. This paper
tries to follow Heckel & Jablonski.

Most serpulids are considered to be ‘secondary
frame builders’, filling crevices and cementing rub-
ble in coral reefs (Schroeder & Zankl 1984; Scoffin
& Garret 1984). They act as pioneer organisms
(Rasmussen & Brett 1985), but their role is relative-
ly modest (cf. Choi & Ginsburg 1983). However,
some Recent species may be regarded as ‘primary
frame builders’, or to use Heckel & Jablonski’s
(1979) terminology ‘welded frame-builders’.

The tube morphology still is incompletely
known. Nevertheless, many records of Recent and
fossil ‘serpulid’ buildups can be referred to algae,
vermiform ‘gastropods’, vermetid gastropods or
different groups of non-serpulid polychaetes.

Several Jurassic-Cretaceous limestones in NW
Germany consist mainly of small calcareous tubes,
the remains of serpulids. Accordingly, the lime-
stones have been called ‘Serpulit’ in German litera-
ture. They occur in beds up to 30 metres thick. Re-
cent buildups of serpulids (‘reefs’) are known from
several places, all over the world. However, “little
has been done with the ecology of serpulid reefs to
date” (Boucot 1981: 91); it is the theme of the pre-
sent paper. Jurassic-Cretaceous, German, and Re-
cent, Irish ‘reefs’ were visited by one of us (PvdH),
and information on other fossil and Recent serpulid
buildups was reviewed, in order to attempt a recon-
struction of the palaeoenvironment in which the
German serpulid limestones were formed.

1.2. Systematics

Tube-worm is a rather general name for worms liv-
ing in a tubular housing, and belonging to different
taxa of the class Polychaeta (Annelida). Fauchald
(1977) distinguishes 17 polychaete orders, of which
the Terebellida and the Sabellida are the main tube
constructors; some families of the Spionida and Eu-
nicida may also build tubes. Tubes may be chitinous

(Chaetopteridae) or parchment-like and covered
with silt or other grains (Onuphidae, Amphareti-
dae). They may be built from silt or sand (Maldani-
dae), coarse sand (e.g. Pectinariidae and the reef-
building Sabellariidae) or shell fragments and other
particles (Oweniida, Terebellidae). In Sabellidae,
tubes may be gelatinous or semihardened mucous
to chitinous and sometimes reinforced with fine
sand. One recently described genus of this family
has a calcareous tube (Perkins 1991). The morphol-
ogy of calcareous dwellings constructed by Dodeca-
ceria (Cirratulidae) needs further study (section
1.5.2). The same holds for the furrows gradually
changing into calcareous tubes reported for the
commensal of molluscs Polydora commensalis
(Spionidae) by Dauer (1991: 607).

Worm tubes of calcite and/or aragonite are al-
most exclusively produced by the Serpulidae (Or-
der Sabellida). The chemical composition of some
worm tubes was studied by Vinogradov (1952: 235-
242) and Mitterer (1971); a survey of the ratio cal-
cite-aragonite in serpulid tubes was given by Born-
hold & Milliman (1973).

The family Serpulidae contains about 70 Recent
genera, which are traditionally placed in three sub-
families : Filograninae, Serpulinae and Spirorbinae.
The validity of this classification, and the recent ele-
vation to family rank of the last taxon (Pillai 1970;
Knight-Jones et al. 1975; Fauchald 1977), has been
questioned by Ten Hove (1984) and Fitzhugh (1989:
11). Unless stated otherwise, the serpulids men-
tioned in this paper belong to the traditional sub-
family Serpulinae. Only current names have been
used. Original author, year of publication, original
binomen, and synonyms are given in the Appendix.

1.3. Serpulid ecology

Serpulids are represented in a wide variety of aqua-
tic habitats in salinities up to 55%.. Most living taxa
are marine. Only one living species is known from
fresh water: Marifugia cavatica; it occurs in karst
caves in Bosnia-Hercegovina.

After a free-living stage lasting from a few hours
as (semi)benthos in spirorbids up to two months as
plankton in some planktotrophic taxa, the larvae



settle and start building a calcareous tube. Tube
production was studied by Faouzi (1931), Robert-
son & Pantin (1938), Swan (1950), Hanson (1948),
Hedley (1956a,b, 1958), Vovelle (1956), Neff (1968,
1969, 1971a,b), Finley (1971) and Nott & Parkes
(1975). A summary of the process is given by Clark
(1976). In the majority of serpulids (99%), the tube
is firmly cemented to almost any hard substrate.
Only the species of the genus Ditrupa have through-
out life unattached tubes, on a soft substrate. They
resemble scaphopods, especially of the genus Cadu-
lus, and as a result both taxa have often been con-
fused (Ten Hove & Smith 1990).

One as yet undescribed species of the genus Ser-
pula, from the Canary Islands, may settle on small
objects and subsequently keep up with heavy sedi-
mentation. It forms up to 20 cm-long tubes in the
coarse sand of its habitat, apparently unattached
(Ten Hove, unpublished data). Larvae of Serpula
crenata most likely settle on small objects too, but
the tubes become detached secondarily. They then
resemble hexangular scaphopods, although they
are somewhat irregularly twisted and not as regu-
larly shaped as a Dentalium (Ten Hove & Smith
1990).

The worms extend a number of feathered ra-
dioles out of the tube (Fig. 2D). These are used for
respiration and suspension-feeding (Hall 1954;
Dales 1957; Dixon 1977: 281). The commonly ap-
plied term ‘filter-feeding’ implies a selection of par-
ticles according to size or quality, which has not yet
been proven for most serpulids. Hence the term
suspension-feeding is preferred. When disturbed,
the radioles are withdrawn into the tube. In most
species the tube opening can be closed with an oper-
culum, a modified radiole, warding off predators. In
species occurring intertidally, a tightly fitting oper-
culum may prevent desiccation.

Tubes, especially of juvenile worms, may grow
rapidly. Paul (1937) for instance, reports 14 mm in 9
days for Hydroides elegans. The growth rate gener-
ally slows down at later life stages. In H. dianthus,
the first three months show an increase in length of
54 mm; in the next 9 months only 12 mm are added
(Grave 1933). The growth rate also may depend on
temperature and/or population density (e.g. Fico-
pomatus uschakovi, as Mercierella enigmatica:
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Straughan 1972: 118, 120), available food (Pomato-
ceros triqueter: Fgyn & Gjgen 1953), and salinity (E
enigmaticus: Soldatova & Turpaeva 1960; Turpaeva
1961). In summary, growth rates vary from 1 mm—4
cm per month depending on conditions; 1-2 cm/
month is not unusual.

Little is known of the rate of (bio)erosion of the
tubes. Tubes may be attacked by boring fungi and
algae (Wilson 1976; Bosence 1979: fig. 4; Zibrowius
& Ten Hove 1987: fig. 6B), by sponges (Bosence
1979; Rasmussen & Brett 1985), and by crabs and
polychaetes (Haines & Maurer 1980a,b). They also
may dissolve. On the one hand, Straughan (1971,
1972:121) states that tubes of Mercierella enigmatica
(probably an erroneous identification of Ficopoma-
tus uschakovi) are disintegrating in 4-9 or at most 18
weeks in the almost fresh water with low calcium
concentrations in Brisbane River (Queensland,
Australia). On the other, Baudet et al. (1987) found
recognizable tubes of Pomatoceros in the Loire es-
tuary (France), which had been formed more than
40 years before. From the ratio inhabited/uninhab-
ited tubes of Pomatoceros triqueter near Helgoland
(North Sea), Klockner (1976b: 381) concludes that
empty tubes will soon be demolished by natural
causes. Encrusting tubes in cryptic reef environ-
ments are rapidly eroded (Martindale 1976: 103).
Juvenile tubes can be completely abraded within
one month (Klockner 1976b: 368). Evidently, ero-
sion depends on local factors.

Vuillemin (1965: 22-37) and Hartmann-Schréder
(1967) studied the tube morphology of Ficopomatus
enigmaticus, known from numerous temperate to
sub-tropical localities around the world (Ten Hove
& Weerdenburg 1978). This species flourishes in
mixo- and hyperhaline waters of subtropical tem-
peratures (salinity terminology according to Anon-
ymous 1958). Growth may then be 30 mm in only 16
days (maximum length is about 100 mm), and tubes
are formed with coarser transverse growth lines and
with peristomes (flaring tube mouths, Figs 5D, 6B)
at irregular intervals. Under less favourable condi-
tions the species forms tubes with finer growth lines
and without peristomes (Fig. 6A). Sometimes sev-
eral peristomes are formed during one summer sea-
son. Both endogenic and environmental factors
may be responsible. There is some evidence that pe-
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ristomes are formed simultaneously in certain ag-
gregates, according to Hall (1954) due to shortage
of food, but on the whole the formation of peris-
tomes is unpredictable (Dixon 1977: 400). Hargitt
(1912) already observed that growth rates of indi-
viduals within a given aggregate of Hydroides ele-
gans are erratic, not synchronized. According to
various authors (e.g. Bianchi 1981: 132), tubes of F.
enigmaticus encrust the substrate under unfavour-
able conditions, and do not grow erectly. These ad-
nate tubes have a low longitudinal keel and no pe-
ristomes. However, experimental fouling studies
(Arias & Morales 1969: pls 1-7; Arakawa 1971: pl.9)
have shown that moderate larval settlements result
in tubes that are encrusting, rather than erect. Only
a dense settlement will force the tubes away from
the substrate and give rise to parallel erect tubes
(Ten Hove 1979b). This can be effected by mass sur-
vival of metamorphosing larvae and sufficient food
supply only. If mass settlement and survival are seen
as reflecting ‘favourable conditions’, then erect
masses of tubes reflect such conditions by implica-
tion (see gregariousness, section 2.2). Individual
species may show different growth strategies within
a single lagoon, viz. Mar Piccolo, S Italy: Serpula
vermicularis encrusts in the Cardium-Balanus fa-
cies but forms erect reefs around submarine
springs, whilst Hydroides elegans forms small erect
aggregates in the Aloidis-Chlamys facies (Mastran-
gelo & Passeri 1975: 2027).

Serpulids normally occupy only a small anterior
part of their tubes, but may move deeply inside
when disturbed. They do not leave their tubes vol-
untarily. If forced out, they cannot build a new tube
(e.g. Vuillemin 1954b) and will soon die. It still isnot
clear how a schizont, formed at the posterior end of
individuals in some genera, gains access to the out-
side. Morch’s tentative inference that the parent
(‘nurse’) leaves the tube in order to make way for
the schizont (1863: 364), is uncorroborated. His con-
clusion that Filograna (subfamily Filograninae, as
Filigrana) is the only worm capable of leaving its
tube, was taken out of the context and misunder-
stood by Schmidt (1955: 15).

The life span of individual spirorbids is a few
months at most; in larger worms, for example Fico-
pomatus enigmaticus, it may be 4-8 years (Ten

Hove 1979a). For the even bigger members of the
Spirobranchus giganteus-complex, a life span of 30
or more years can be calculated, comparing the
lengths of the embedded tubes with the growth
rates of the surrounding corals.

1.4. Tube morphology

1.4.1. Serpulids

It is difficult to design a taxonomy of fossil worm
tubes since they have a limited number of charac-
ters and present little information about their one-
time inhabitant. The taxonomy of Recent serpulids
is based on the animal rather than on its tube (Ten
Hove & Wolf 1984: 55-2). A fleshy, chitinous or cal-
careous operculum may be present. It is generally
lost in fossilization, although some calcareous oper-
cula could be matched with their Cretaceous tubes
(Cupedo 1980a, b). Little attention was paid to the
tubes in zoological literature, probably partly due to
the fact that environmentally induced variation
may be great within one species and sometimes
even within a single specimen (e.g. Petit & Rullier
1952: figs 1-2; Zibrowius 1968: pl.5 figs 1-19; Ten
Hove 1973: pLIIb, 1975: 63, pl.7a, g; Imajima 1978:
fig. 3j). Environmental, ontogenetic and diagenetic
changes are still imperfectly documented. In closely
related Recent species, for example the 80 species
currently recognized in the genus Hydroides, most
tubes are indistinguishable (Ten Hove 1979a). The
few species of this genus co-occurring within a sin-
gle habitat, however, may sometimes be distin-
guished by their tubes. On the other hand, species
of Filogranula are mainly distinguished by their
tubes. All this adds to the difficulties in interpreting
the fossil record. Palaeontologists can only describe
the calcareous tubes and, rarely, opercula. Tracing
the present-day relatives poses problems (cf. Re-
genhardt 1961; Lommerzheim 1979; Jager 1983). A
new technique may help to solve these. Shell growth
essentially proceeds in a matrix of organic macro-
molecules, between which the calcite or aragonite
crystals are formed (e.g. Dixon 1980). These macro-
molecules, still present in fossil material, can be
identified with immunological techniques, enabling
taxonomic interpretations (Westbroek et al. 1983).



Many, though not all, serpulid tube-walls consist
of an outer layer with a series of anteriorly directed
chevron-like lamellae, like a pile of plastic coffee
cups. In addition, most forms show an ‘inner com-
pact layer’ or ‘cylindrical layer’, which is thin, hya-
line, and laminated (Go6tz 1931; Avnimelech 1941;
Wrigley 1950; Schmidt 1951; Sokolov 1962 (1971);
Milliman 1974; Burchette & Riding 1977; Lommerz-
heim 1979; Jager 1983; some of these authors merely
copied earlier work). An unidentified fossil serpu-
lid with the same arrangement of tube wall is ex-
plained differently by Bandel (1986: plL.10 fig. 4).
Thin sections of Ditrupa tubes show an inner chev-
ron layer and an outer prismatic layer (Cheng 1974;
Ten Hove & Smith 1990). It is not clear whether this
inner chevron layer is homologous with the outer
ditto in other serpulids or not. The inner chevrons
are not mentioned by Bandel, nor visible in his pic-
ture of Ditrupa (1986: plate 10 fig. 3). Bandel called
the outer prismatic layer “false ‘crossed-lamellar
structure™ (1986: 76), a confusing terminology,
probably because he referred to the individual
prisms of the first order, wall-perpendicular, pris-
matic layer seen under a high-power magnification.
These prisms then show sheet-like crystals, oblique-
ly aligned (cf. Zibrowius & Ten Hove 1987: fig. 3c;
Ten Hove & Smith 1990: fig. 34), resembling a cross-
ed-lamellar structure at a second order level (M.J.
Weedon, pers. comm.). It is hard to visualize how
the model of tube calcification presented by Clark
(1976: fig. 2) could explain at the same time an inner
chevron-like structure and outer prismatic layers,
or alternatively an outer chevron-like structure and
inner laminated layers. Besides, recent SEM work
on fractured tubes of the genus Pomatoceros by Bu-
bel et al. (1983), and on the genera Ditrupa, Lami-
natubus, Neovermilia, Placostegus and Protis by
Bohnné Havas (1981), Ten Hove & Zibrowius
(1986) and Zibrowius & Ten Hove (1987), has
shown that the structure of serpulid tube-walls is
more variable than generally assumed. It may even
consist of three layers, an arrangement thought to
be typical for Vermetidae (Gastropoda) by Barash
& Zenziper (1985:147). Observations from thin sec-
tions and from SEM are not easily compared.
Moreover, fossils may be recrystallized, rendering
structure no longer visible (Lommerzheim 1979:
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126). A review based on ample material, and not on
literature alone, is necessary.

Some serpulid taxa form internal septa, generally
as a response to damage of the posterior tube (La-
marck 1818: 362; Swan 1950: 289-290; Hedley 1958).
These oblique septa are characteristically perforat-
ed (e.g. Hedley 1958: fig. 11; Ten Hove 1973: pl.I c;
Ten Hove & Jansen-Jacobs 1984: 167, 172). Even
when in older septa the perforations are filled (Ban-
del 1986: 68, pl.9), they still are indicated by more or
less regularly placed depressions.

Serpulid tubes never have a coiled ‘protoconch’.
Even the spirally coiled Spirorbidae originate in a
straight, open-ended tube (Malaquin 1904: fig. 3;
Wrigley 1951). Spirorbids typically form small (up
to a few millimetres across) tight coils, with a flat-
tened attachment area. Some taxa grow away from
the substrate, forming helically twisted tubes, which
might be mistaken for vermetid protoconchs. One
of these, Helicosiphon biscoeensis, is regularly pre-
sent in fossil and Recent buildups of Serpula narco-
nensis (section 2.2.2.2, material studied, Zodlogisch
Museum, Amsterdam nrs. V.Pol. 3477, 3478, 3597,
Kirkwood & Burton 1988). This may have led Vero-
nov (1958, cited by Pickard 1985) to the erroneous
conclusion that the fossil Antarctic serpulid buil-
dups were formed by vermetids.

1.4.2. Vermetid gastropods
The similarity in external appearance between the
tubes of vermetid gastropods (and vermiform ‘gas-
tropods’, section 1.5.3) and serpulids is such that
confusion easily arises (e.g. G6tz1931). Gastropods
have a spirally coiled protoconch, closed at its be-
ginning (Morton 1965: fig. 1C; Barash & Zenziper
1985: figs 2, 3). According to Bgggild (1930) and
Schmidt (1951), vermetid tubes usually show a wall
structure with an outer layer of prismatic crystals
and an inner laminated or foliated layer. Weedon
(1990), however, mentions a more complicated pat-
tern with a combination of crossed-lamellar, nacre-
ous and prismatic structures. Although the tube of
serpulids is not always lustreless (contrary to the
statement by Barash & Zenziper 1985:147), it never
has an inner nacreous layer like in Vermetidae.

In some vermetid genera, imperforate, anteriorly
concave septa occur frequently (Morton 1965; Yo-
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chelson 1971). They differ from the oblique, perfo-
rated septa occurring in some serpulids. Differenc-
es between serpulid and vermetid tubes are summa-
rized in Table 1.

Vermetid ‘reefs’ have been mentioned from trop-
ical-subtropical regions by various authors (Kempf
& Laborel 1968; Safriel 1975; Hughes 1979; Barash
& Zenziper 1985). These ‘reefs’ are bank-like and
strong enough to withstand the surf. They form a
long-term diversified habitat (e.g. Ben-Eliahu &
Safriel 1982), and —relative to the tiny inhabitants —
have a major influence on the environment. Thus it
is justifiable to speak of reefs. However, Heckel &
Jablonski (1979) define six subtypes of reefs, togeth-
er clarifying the definition of the (higher ranking)
term ‘reef’, and making it unlikely that the thin (up
to 15 cm thick) vermetid encrustations on intertidal
rock can be called reefs. Both Kempf & Laborel
(1968) and Laborel (1980) stress the usefulness of
fossil vermetid banks as precise sea-level indicators,
as do Flood & Frankel (1989) for intertidal belt-
forming serpulids.

1.5. Confusing records of ‘serpulid reefs’

1.5.1. Algal-gastropod reefs

Several ‘serpulid reefs’ mentioned in the literature
are not (mainly) built by serpulids. For instance,
(Tizard et al. 1885: 138) mention that “large parts of
the Bermuda reefs are formed of Serpula-tubes”.
Agassiz (1895), cited in Gotz (1931) described these
“serpuline reefs” as mainly built by coralline algae,
but nevertheless they were commonly cited as ‘ser-
pulid reefs’ in the literature (e.g. Walther 1893: 674;
Verrill 1903; Sokolov 1962 (1971); Ekman 1967: 54;

Schumacher 1976: 14; Croneis 1982). Already Dar-
win (1841, in Barrett 1971: 141) doubted if they were
really such reefs. According to Stephenson & Ste-
phenson (1972: 66-67), Ginsburg & Schroeder
(1973), Milliman (1974), Safriel (1975) and Hughes
(1979), they indeed are algal-vermetid cup reefs, in
which serpulids are a minor constituent only. Ac-
cording to Kempf & Laborel (1968), Rathbun’s
(1879) ‘nullipore-worm tube reefs’ from Itaparica
(Bahia, Brazil), cited by Walther (1893: 674), fall in-
to this category as well.

Focke (1977, 1978) described similar accretions
from the Netherlands Antilles, where an ecopheno-
type of the serpulid Spirobranchus polycerus in
some places adds significantly to the framework (cf.
Ten Hove 1970: 42). Laborel (1980) summarized the
usefulness of fossil vermetid benches as sea-level
indicators, since they always occur at the same level:
the upper level of the infralittoral zone (sensu Péres
& Picard 1964) or the lower limit of the midlittoral
zone (sensu Stephenson & Stephenson 1972).

The ‘serpulid reefs’ from Corsica, mentioned by
Péres & Picard (1964: 52), have been unmasked as
coralline constructions by Zibrowius (1991).

Sigl (1973: 39, pl.1 fig. 3, pl.3 fig. 6) reported ‘Ser-
pelriffe’ of about one metre in size from a depth of
15-29 m in the Adriatic Sea. His brief description
and photographs do not permit identification. Pos-
sibly he was dealing with algal-serpulid bioherms.

In the literature, Pearse & Williams (1951) are
mentioned as having reported ‘serpulid reefs’ from
off North and South Carolina. However, they state
that “the reefs are mostly made of Trent Marl.... Ses-
sile snails and tubicolous annelids are the chief reef
builders” (1951: 160). Although the serpulid in-
volved, Hydroides dianthus, builds reef-fields in the

Table 1. Comparison of tube-characters of serpulids, vermetid gastropods and vermiform ‘gastropods’.

embryonic tube

lining of lumen |septa, if present

layers in tube wall

closed at one end

Serpulidae |straight, open notnacreous |perforate, usually two,
at both ends oblique in lumen |exceptionally three
Vermetidae|snail-like, nacreous imperforate, three

anteriorly concave,

Vermiform |bulbous or helical, ?
'gastropods'[closed at one end

anteriorly concave, |juvenile three,
sometimes with adult two
perforate projection|
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Fig. 1. Tube-clusters. A, C. Dodecaceria; more or less transverse and longitudinal cut respectively (Yucatan, Mexico; Recent; Zodlogisch
Museum Amsterdam (ZMA) collection number V. Pol. 3803; 3.7 x). B, D. Diplochaetetes, more or less transverse and longitudinal cut
respectively (Baja California, Mexico; Oligocene; ZMA V. Pol. 3808; 3.7 ). E, F, G. Filograna. E. Transverse cut, compare Fig. 1G (off
Choya, Mexico; Recent; ZMA V. Pol. 3370; 3.7 x). F. Open meshwork (locality unknown, probably Mediterranean; Recent; 3.7 x). G.
Densely packed tubes, lateral view (same cluster as Fig. 1E).
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area (Haines & Maurer 1980a,b), it is evident from
Pearse & Williams’ text and plates that the large
turritellid gastropod Vermicularia spirata was the
main constituent.

Other records of reef-building serpulids are even
shorter and need to be checked, e.g. those of the
Quaternary in Crimea (Andrusov 1936: 121), and of
the algal-sponge reefs of the Upper Jurassic in S
Germany (Schwibische Alb), described as com-
posed on average of 36% ‘Serpula’ (Aldinger 1968,
probably referring to the % of number of speci-
mens, not to % sediment weight, fide M. Jager pers.
comm.).

1.5.2. Cirratulid patch-reefs

Reish (1952) reviewed two records of ‘Serpula’
‘reef-building’ from the Plio-Pleistocene of Oregon
and California: ?S. octoforis and ‘S.” saxistructuris.
On the basis of a comparison with Recent material
from California and South Africa, he concluded
that the masses of calcareous tubes had been laid
down by the cirratulid polychaete Dodecaceria fis-
tulicola Ehlers, 1901, originally described from
Chile. Literature on Recent cirratulids is somewhat
conflicting. On the one hand, Day, who in 1952 sup-
plied part of Reish’s material, maintains (1967: 449)
that South African Dodecaceria “burrows in thick
encrustations of lithothamnion.... How the worm
burrows in the dense matrix of the coralline [algae]
is unknown but the worm appears to do little dam-
age to the plant which grows up around the hole so
that the whole surface is covered with volcano-like
knobs.” On the other hand, Reish’s observations
are supported by Hartman (1969: 257 fig. 3), who
figured a compact mass of calcareous tubes from
California constructed by Dodecaceria fewkesi Ber-
keley & Berkeley, 1954 (probably a synonym of D.
fistulicola). Mary Petersen (Zool. Mus. Copenha-
gen, pers. comm.) confirmed that at least some Do-
decaceria species are capable of making calcareous
tubes and of building aggregates of a hard mixture
of sand and calcareous cement.

Fischer et al. (1989) and Fischer (1990) studied
another (?) patch-reef-building organism, Diplo-
chaetetes mexicanus Wilson, 1986, previously attri-
buted to the sclerosponges, from the Oligocene of
Baja California and very similar to ‘Serpula rectifor-

mis’ from the Eocene-Oligocene of California. On
the basis of the skeletal structure, the authors came
to a similar conclusion as Reish, namely that their
material seems closely related to the modern genus
Dodecaria (error for Dodecaceria).

Recent cirratulid patch-reefs occur near Chicxu-
lub Puerto, NE of Progreso, Yucatan, Mexico.
“‘Serpulid heads’ are locally distributed and spaced
along the shore, in a claw-like fashion pointing
westward, the direction of the prevailing current.
They occur on a flat rocky bottom, veneered with
sand and with scattered patches of shoal grass (Ha-
lodule wrightii), in 2.5-3 m depth and about 150 m
off a sandy-shelly shore. These heads are solid he-
mispherical structures, 0.5-1.0 m in diameter. Only
one large living head was observed, whereas most
had only small patches of living worms, and were
partially covered by a reddish-orange encrusting
sponge. The short, black tentacles (3-4 mm) of the
worms swayed back and forth with the wave surge
giving the heads a ‘hairy’ appearance” (J.W. Tun-
nell, pers. comm.). A cursory examination of mate-
rial from these heads by the senior author revealed
black cirratulids (Dodecaceria sp. close to D. coralii
(Leidi, 1855) det. M.E. Petersen), inhabiting a tube-
mass (Figs 1A, C) very similar to that figured by
Reish (1952: fig. 3), but with its generally short and
curved dwellings at first sight unlike the parallel
tubes.of Diplochaetetes (Figs 1B, D; material kindly
made available by R. Fischer). Further studies are
necessary to ascertain the relation of the various
forms mentioned in this section, and the exact way
in which cirratulids form patch-reefs.

1.5.3. “Serpula’, ‘Spirorbis’, and Palaeozoic vermi-
form ‘gastropods’

The similarity in external morphology of serpulids
and vermiform ‘gastropods’ has led to mistaken
identifications. Fossil reefs, bioherms and bio-
stromes were reported as ‘worm beds’, constructed
by tubes of Serpula cf. advena, from the Lower Car-
boniferous of Cumberland and Roxburghshire, UK
(Garwood 1931). Leeder (1973) gave more informa-
tion of these buildups. Although in his opinion a
taxonomic revision is necessary, because of unusual
structures unknown in Recent serpulids, he still at-
tributed the buildups to serpulids. However, Bur-



chette & Riding (1977) observed that the tubes have
amolluscan wall structure, numerous internal septa
and a gastropod protoconch: the tubes would repre-
sent a new group of substrate-attached, disjunctly
coiled gastropods. The palacoecology of this taxon
was discussed by Wright & Wright (1981). Serpula
helicalis, reported from the Devonian of Arizona,
USA, by Beus (1980) may also belong to this group,
although Beus could not find septa in his silicified
material. '

On the basis of a SEM analysis, Weedon (1990,
1991) disputed Burchette & Riding’s attribution of
these coiled fossil tubes to gastropods, and argued
that the vermiform ‘gastropods’ belong to the order
Microconchida. This order and the enigmatic tubu-
lar fossil Trypanopora Sokolov & Obut, 1955 should
be included in the class Tentaculitoidea (of uncer-
tain phylogenetic relation) because of their shell
structure.

Recent spirorbids never are ‘reef-forming’. Nev-
ertheless, records of ‘spirorbids’ as contributors to
fossil ‘spirorbid’-algal stromatolites, forming
monospecific banks or even ‘reefs’, are numerous,
e.g.. Lower Devonian, New York State (Laporte
1967: fig. 16), Devonian, France (Mistiaen & Poncet
1983), Carboniferous, Belgium (Barrois 1904; Ma-
laquin 1904; Hance & Hennerbert 1980), Upper
Carboniferous-Lower Permian, New Mexico, USA
(Toomey & Cys 1977), Lower Permian, Germany
(Stapf 1971), Middle Buntsandstein, Germany
(Zimmermann 1907; Haack 1921: 579), Triassic, W
Poland (Peryt 1974, 1975) and Miocene, central SE
Europe (Hoernes 1898; Andrusov 1936; Papp 1956).

Palaeozoic ‘spirorbid’ banks are often reported
as having been formed in fresh water (Van der
Heide 1956), even though Recent spirorbids are
marine, or at most brackish species. Trueman (1942)
held the view that “these non-marine Spirorbids
may have been different from those which occur in
marine deposits”. Weedon’s attribution of many of
these records to the Microconchida necessitates a
review of all Palaeozoic records of ‘Spirorbis’ and
other tubular fossils.

Whether true spirorbids or not, ‘spirorbid’-algal
stromatolites always have been formed in shallow
waters, with a high energy level. Occasionally, fossil
‘spirorbids’ grow on the sides of stromatolitic co-
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lumns (in Poland, Belgium and France), just as de-
scribed for Recent stromatolites from Australia
(section 3.6.2). However, the Recent animals in
general did not actually grow on the living algal
mats, but were deposited as empty tubes or tube
fragments on the algal mats or between the stroma-
tolitic structures.

2. Recent and fossil mass-occurrences of serpulids

Occurrences of Recent and fossil aggregates of ser-
pulid tube-worms have been summarized by Ten
Hove (1979b). Aggregates are nowadays known
from about 10% of the 300 Recent species, all oc-
curring singly too and thus not obligatorily gregari-
ous. This implies that serpulid aggregating beha-
viour is enhanced by environmental conditions.

2.1. Serpulid banks

Recent Ditrupa banks have been reported from
continental shelves in temperate to tropical seas all
over the world (Wilson 1979, Dyer et al. 1982, Ten
Hove & Smith 1990). Ditrupa banks also are known
from the Paleocene-Eocene of N Spain (Gaemers
1978: 190), the Eocene-Lower Oligocene of NW
Germany (M. Jager, pers. comm.) and the Miocene
of Taiwan (Cheng 1974, Kilmer 1988) and Victoria,
Australia (Ten Hove & Smith 1990), and they are
common in the Plio-Pleistocene of the Mediterra-
nean (H. Zibrowius, pers. comm.).

Pendlebury & Dobson (1976) estimate that 11%
of the biogenic grains in coarse sands off Scotland is
calcareous polychaete (probably Ditrupa). In the
same area Wilson (1979) ascribes generally 10-25%,
locally 50-70% of the total carbonate to polychaete
worms. Cheng (1974) supposes that tubes were
post-mortem hydrodynamically transported and
oriented by bottom currents. Transport, especially
downslope, is likely to occur as tubes are commonly
found down to about 1000 m. However, living speci-
mens occur mainly above 140 m (H.J.J. Sips, pers.
comm.; Ten Hove & Smith 1990). In almost all sam-
ples, living specimens are few in proportion to the
number of collected tubes (Wilson in Dyer et al.
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1982; ‘material studied’ in Ten Hove & Smith 1990).
The maximal percentage of living specimens of Di-
trupa arietina in populations around Madeira was
58% (H.J.J. Sips, unpubl.). Large samples consist-
ing of mainly living Ditrupa are unknown. This sug-
gests that larvae are gregarious, as does the senior
author’s observation that extensive sampling dur-
ing CANCAP Expeditions (to the CANary and
CAPe Verde Islands; cf Van der Land 1987) provid-
ed masses of tubes from some localities, while ad-
jacent samples from similar bottoms showed none.
The underlying sediment of the Ditrupa masses
from Madeira consisted of fine siliceous sand with
40-85% of organogenic calcareous debris (mainly
fragments of molluscs and ectoproct bryozoans:
H.J.J. Sips, unpubl.). Most probably, banks come in-
to being by the combined action of gregariousness
and hydrodynamic transport.

Diester (1972:47) records a ‘Serpellage’ (serpulid
layer) in one sample from the Persian Gulf, 5% of
the sediment consisting of serpulid tube fragments.
From Sarnthein (1971: pl. 2 figs 11a, b), working with
Diester in the same area, it can be inferred that the
main constituent will have been Ditrupa gracillima.

The equally bank-forming Cretaceous ‘Ditrupa’
mosae has been transferred to the genus Sclerostyla
by Cupedo (1980b). Recent representatives of the
latter genus are not known as mass-occurring (Ten
Hove 1973). More or less monospecific layers of the
square tubes of Nogrobs (=Tetraserpula) are com-
mon in the Middle Jurassic of Germany (M.J4ger,
pers. comm.). Tubes of both Sclerostyla and No-
grobs start affixed, but when growing may soon
break away from the substrate. As such they are dif-
ferent from Ditrupa, which are unattached through-
out life.

2.2. Primary frame builders, gregariousness

An important mechanism in aggregation is gregari-
ousness, defined as ‘“the interactions between
planktonic larvae and attached resident members
of their own species that result in settlement and
metamorphosis of the larvae” (Scheltema et al.
1981). In experimental set-ups, larvae of several ser-
pulid species show affinity for congeneric adults or

for the physical environment offered by their tubes
(Andrews & Anderson 1963; Straughan 1972;
Klockner 1976a,b; Crisp 1977; Scheltema et al.
1981). Both mechanical and chemical stimuli ap-
pear to be responsible for aggregated settlement
(e.g. Crisp1974). Gregariousness in which the phys-
ical factors causing larvae to aggregate were exclud-
ed was so far only shown for Galeolaria caespitosa
(O’Donnell 1986: 77-94; section 2.2.2.1).

In this context, the polychaete family Sabellarii-
dae is interesting. Gregarious settlement on con-
specific tubes has long been held responsible for the
extensive wave-deforming ‘reefs’, built by mem-
bers of this family. These may be about 0.5 m high,
few metres wide, and several kilometres long (Kir-
tley & Tanner 1968; Wilson 1971; Gruet 1972). Only
recently, however, experiments demonstrated dif-
ferent larval responses for gregarious and non-gre-
garious Sabellariidae: free fatty acids induced lar-
vae of gregarious taxa to metamorphose, buthad no
effect on non-gregarious taxa of the same family
(Pawlik 1988).

2.2.1. Minor primary frame builders
The only living, obligate freshwater species Marifu-
gia cavatica (it dies when placed in mixohaline or
salt water) forms aggregates in karst caves in Bos-
nia-Hercegovina (Absolon & Hrabe 1930). It is
widely distributed in the area. Walls and ceilings of
subterranean streams are covered with a contin-
uous tapestry, dozens of square metres in area and
locally nearly one metre thick, formed by the small
worm tubes (8-10 mm long, 0.8-1.0 mm wide). Since
the meshwork of tubes (Fig. 2B) is filled in with
mud, only the outer layer contains living animals.
Penetrating ground water and condensation keep
the tube crust wet, even during summer when the
streams have dried up, and allow the worms to sur-
vive. Placed in water, all animals become active
again (Remy 1937; Dizdarevic 1969). The surface of
the tapestry of tubes being an open meshwork, the
anterior ends of the tubes break off easily and may
be deposited elsewhere to become a breccia (cf. Fig.
2A).

A new ‘reef-building’ serpulid, Filogranella ela-
tensis, was described by Ben-Eliahu & Dafni (1979,
figs 1,2a, b), from a crevice in a coral knoll at 3-4 m
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Fig. 2. A, B. Marifugia cavatica A. Washed out tubes. B. Individual tubes are hardly distinguishable in the cluster owing to calcareous mud
(both Popovopolje, Bosnia-Hercegovina; Recent; ZMA V. Pol. 3103, 3102; 3.7 x). C. Serpula vermicularis, transverse cut through frag-
ment of reef head showing one full grown tube and several smaller ones attached parallel to each other. See also Fig. 3E (Ardbear Lough,
Ireland; Recent; ZMA V. Pol. 3780; 3.7 x). D, E. Protula tubularia (?). D. Several living specimens forming pseudostalagmites in cave.
Note “hummocky” appearance of aggregate. E. Detail of pseudostalagmite, showing almost parallel growth of tubes and ensuing massive
built of aggregate. Smaller tubes belong to other genera of serpulids (Cyprus; photographs S. Weinberg; 0.28 X, respectively 1.1 x).



34

depth, ca. 100 m northwest of the outlet of the cool-
ing system of the Elat desalination-power plant in
Israel. This outlet released water of increased tem-
perature, salinity and heavy metal contents. The
monospecific worm aggregate had a base diameter
of 1.5 m, and a maximal height of 0.6 m. During a
recent visit (Ten Hove and Ben-Eliahu, June, 1990)
it could not be found again. The same F elatensis or
a similar species forms monospecific aggregates of
several cubic decimetres on coral reefs in Indone-
sia, Australia, and Curacao (Netherlands Antilles),
at a depth of 5-15 m (Ten Hove, unpubl.). The dis-
covery of these aggregates under unpolluted condi-
tions, necessitates a reappraisal of Ben-Eliahu &
Dafni’s opinion that the ‘reef’ formation, at least in
part, should be attributed to pollution.

Macintyre et al. (1982) reported serpulid pseu-
dostalactites, built for more than 90% by two spe-
cies of the Vermiliopsis glandigera-infundibulum-
group (det. H.A. Ten Hove 1978), from a submarine
cave in Belize. Very few tubes contained living
worms; these concretions were up to 50 cm long,
with a diameter of 30 cm. The calcification process-
es involved were analysed by Videtich (1986). For
this seemingly stable, submarine cave, MacIntyre et
al. (1982) suppose that the erratic layering of the
serpulids in the stalactites is due to episodic devel-
opment. “The inner zones of the ceiling (of the
cave) may now and then receive renewed water
containing nutrients and serpulid larvae as a result
of upheaval during severe winter storms or even
hurricanes”. As the individual tubes are only about
2 mm wide, the formation of a single pseudostalac-
tite will have taken decades to centuries, rather
than years. Similar concretions (diameter 20-30 cm,
length up to 1 m; Figs 2D, E), formed by Protula sp.
(probably tubularia), occur in a cave in Cyprus
(Agios Georgios Island, Cape Akamas, depth 9 m;
S. Weinberg, pers. comm.). The hummocky surface
of these aggregates may enhance turbulence, and
thus advection of food (cf. Knight-Jones & Moyse
1961).

The above-mentioned skeletal knolls of both Fil-
ogranella and Vermiliopsis consist of tightly inter-
woven tubes like those found sometimes in Filogra-
na (Fig. 2E), and are unlikely to be reworked into a
major deposit of tube-fragments.

Por & Dor (1975) describe ‘serpulid reefs’ from a
hyperhaline lagoon (45-60%o.) near the Gulf of Elat.
On beachrock, they found 20 x 20 cm-large, round-
ed, head-like reef boulders, constituting the main
environment of macroscopical life in the pool. Al-
though the serpulid Vermiliopsis pygidialis is the
main initiator of these skeletal knolls, and maybe is
a frame builder as well, thick crusts of algae and as-
cidians cover the outside, while the inner knoll is
gradually eroded by excavating sponges. The en-
crusting serpulids thus do not contribute much to
the final deposit of calcareous matter.

2.2.2. Major primary frame builders

The major primary frame builders can be divided
roughly into three groups, each occupying a major
type of habitat and consisting of species that are
morphologically (and probably phylogenetically)
more similar to one another than to the members of
the other groups (Ten Hove 1979b).

The first group consists of taxa that form belts in
the intertidal zone of open coasts (Galeolaria, Po-
matoceros, Pomatoleios and Spirobranchus). In the
intertidal wave action, it is clearly advantageous
that tubes are mutually supporting and form sturdy
clusters. The second group is aggregating in quiet
mixoeuhaline lagoons (Serpula, Hydroides and Ver-
miliopsis). The third group lives in mixopoly-meso-
haline and/or hyperhaline environments, including
lagoons (species of the genus Ficopomatus, incl. its
synonym Mercierella). Lagoons generally have
sandy and muddy bottoms; hard substrates for set-
tlement are rare. In this case, the worms may en-
large the suitable areas. Reef heads grow away from
the bottom, avoiding intraspecific competition and
siltation, and break off in time forming new sub-
strate for settlement.

2.2.2.1. Intertidal belt-forming serpulids

Sizeable buildups of intertidally belt-forming spe-
cies are mainly found on semi-exposed coasts in S
Africa, S Japan, tropical Australia (Pomatoleios
kraussii, also as P. crosslandi), S Australia (Galeola-
ria caespitosa) and New Zealand (Spirobranchus
cariniferus, also as Pomatoceros caeruleus) (Ten
Hove 1979b). They are characterized as serpulid
isoassemblages by Péres (1982: 404-405). Depend-



ing on the steepness of the shore, the masses of
tubes may occupy a belt of 40 cm to several metres
wide, and up to 50 cm thick, in the midlittoral zone
(sensu Stephenson & Stephenson 1972). Examples
are figured by Dakin et al. (1948: pl. 5 fig. 2), Knox
(1953: 205 pl. 15.3), Stephenson & Stephenson
(1972: figs 8.7, 11.19), and McInnes (1976: fig. 1).

One of the first records of intertidal belt-forming
serpulids may be that of ‘Serpula lithogena’ from
the Baie de Bougainville, ile Decres (Péron [&
Freycinet] 1816: 82). Recorded as a nomen nudum
by Morch (1863: 453), the name was never men-
tioned again in the polychaete literature, nor in the
literature on worm-like gastropods (R. Bieler, pers.
comm.). “Sur divers points de la baie Bougainville,
on observait avec admiration des masses trés-volu-
mineuses d’une espéce de roche calcaire entiere-
ment formée d’un nombre prodigieux de Serpules
entrelacées ensemble”. Only the surface contains
living worms; no doubt these have smothered their
parents below. So far, material could not be traced
in the Muséum National d’Histoire Naturelle, Paris,
where some of Péron’s material can still be found
(pers. comm. P. Bouchet and J. Renaud-Mornant).
From the locality (ile Decrés = Kangaroo Island, S
Australia) and intertidal habitat, it is evident that
Péron [& Freycinet] were referring to Galeolaria
caespitosa, described by Lamarck (1818: 372) from
Australian material collected by Péron.

tracted below, on the zonation pattern of Galeolaria
caespitosa may exemplify similar intertidal belt-
forming elsewhere. “More worms recruited within
the Galeolaria zone than outside it, ... even when
the intensity of recruitment was great... Larvae
were shown to settle gregariously, ... in greater num-
bers on dense patches of live adults, suggesting that
the agent responsible for the gregarious behaviour
was more effective when adults were dense. Some
worms did settle on artificial substrate, suggesting
that presence of conspecifics is ... not required...
Grazing gastropods reduced settlement and surviv-
al of young worms on bare rock, but not of worms
that settled among the tubes of adults. The gastro-
pods probably damaged the worms while grazing...
Most young worms transplanted upshore to areas
where water did not form pools died... There was no
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evidence that any predator caused a significant de-
crease in the population... It appears, then, that the
downward extension of the worm zone is prevented
primarily by failure to settle, possibly due to lack of
sufficient cues provided by adults, or other causes.”

Belt-forming in Pomatoleios kraussii was men-
tioned by Day (1969), Straughan (1967, 1969), Crisp
(1977) and others. The causes of zonation might dif-
fer slightly from place to place. In Hawaii, worms
settling above the range of adults were eaten by
crabs, while those settling below were overgrown
by colonial ascidians (Straughan 1969). In the Per-
sian Gulf, the cause of death for those settling above
the level of adults is unknown, while those settling
below were overgrown by ectoproct bryozoa,
sponges and filamentous algae (Mohammad 1975).

Flood & Frankel (1989) advocate the use of the
maximum height of such intertidal belt-forming or-
ganisms as precise sea-level indicators. They found
fossil Galeolaria caespitosa in a cave ‘1.02 m’ above
the upper limit of their modern living equivalents,
in New South Wales, Australia. The radiocarbon-
dated material suggests that the sea-level was about
one metre higher at 3420 BP. A record of Withers
(1932) should be reviewed in this light. A mass of
‘Serpula’ is present on the piece of limestone with
the type specimens of the barnacle Octomeris cras-
sa, found “considerably above high-water mark”.
He states that “they represent a comparatively re-
cent deposit, possibly of Pleistocene age”. The
bluish tubes of the species involved (Queensland
Museum nr. F2026; Magnetic Island, near Towns-
ville, Qld, Australia) are undistinguishable from
Recent belt-forming Pomatoleios kraussii.

The intertidal belt-forming species all form very
closely packed bundles of tubes, mostly cemented
for almost their entire length to conspecifics (Figs
3A-C). It is unlikely that erosion would loosen
these aggregates to such an extent that the ensuing
deposit would consist of single tubes mainly, as in
the German ‘Upper Malm’ serpulid limestones
(section 3.4).

2.2.2.2. Mixoeuhaline and euhaline habitats.
Ardbear Lough, Ireland. Reefs, built by Serpula

vermicularis were first mentioned by Bosence

(1973) from Ardbear Lough, and thoroughly de-
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Fig. 3. Tube-clusters of various Recent serpulid species. A. Pomatoleios kraussii (False Bay, South Africa; ZMA V. Pol. 3639; 3.7 x). B.
Galeolaria caespitosa (Port Jackson, Australia; ZMA V. Pol. 3637;3.7 x). C. Spirobranchus polycerus (Conset Bay, Barbados; ZMA V. Pol.
3017; 3.7 X). Note convergence in shape of tubes in the three intertidal belt-forming species (Figs 3A-C). D, E. Serpula vermicularis. D.
Tubes encrusting an oyster-shell and growing upwards distally (unknown locality; 0.28 ). E. Fragment of reef head (Ardbear Lough;
same sample as Fig. 2C; 0.28 x).



scribed by him in 1979. His findings are summarized
below. Such reefs have been reported too from
nearby Killary Harbour (Minchin 1982). Ardbear
Lough is a glacially formed lagoon south of Clifden,
County Galway, Ireland. Its surface area is about
0.4 km?. Though mostly shallow, its maximum depth
is 30 m. It has a very restricted opening, causing a
small tidal range (max. 1 m), and a water exchange
with the outside Ardbear Bay of only about 10%
per tidal cycle. During spring tides, the Lough grad-
ually fills up with sea water, and salinities range
from 25.0 to 33.8%.. During neap tides, the Lough
progressively empties. The influx of fresh water
from inland drainage systems causes a layering of
the water column, resulting in salinities ranging
from 5.0%o in the top layer to 33.2%. in the deeper
parts. The substrates consist for 65% of mud, 25%
serpulid reefs and carbonate gravel and 10% rock
outcrops, terrigenous pebbles and gravels.

The sublittoral reefs cover areas up to hundred
metres across and are mainly initiated on rocky sub-
strates, between 2-20 m depth. After an encrusting
stage on a freshly colonized substrate, the worm
tubes grow upwards (cf. Fig. 3D). New larvae settle
on these erect tubes (Figs 3E, 2C), thus forming
large bushes of up to one metre in diameter, and a
height of two metres. Around the reef heads, the
tube openings show an even (non-random) distri-
bution, generally with a spacing of 10-15 mm. In this
position the branchial crowns will not overlap or in-
terfere, and as a result many anterior tube ends are
free to lengths of up to 1 cm, not attached to other
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tubes. As growth of the reef head proceeds, its old
base is weakened, mainly as a result of biological
erosion by boring sponges and algae, and by grazing
fish and echinoids. Consequently segments of the
reef fall off, providing new areas for larval settle-
ment. This is the main way by which a reef can ex-
pand from its initial rocky outcrop and cover large
areas of previously soft substrate.

Where suitable substrates are present through-
out, a depth zonation of the reef heads is evident.
The maximum development lies between 2 and 15
m. Above this zone brown and green algae are dom-
inant; probably they are stronger substrate compet-
itors than the serpulids. The temporary low salinity
in the top layers of the water column may limit ser-
pulid distribution as well. From 15 to 30 m the water
isvery muddy and has low oxygen levels. These con-
ditions are unfavourable for serpulids (and other
macrofauna), as evidenced by transplantation ex-
periments.

The serpulid aggregates are the basis for a rich
ecosystem consisting of encrusters like bryozoans,
sponges and bivalves, of predators and scavengers
like echinoids and fishes, and of species looking for
shelter like decapods.

Sediment samples were taken by one of us
(PvdH, 18-19 April 1984) between the reef heads at
a depth of about five metres. Serpulid tube frag-
ments made up 17.5-60% of the sediment (Table 2).

Plastic pipes of 8.5 cm diameter were driven into the
sediment for about 15 cm. Obtaining complete sedi-

Table 2. Taxonomic composition of two sediment samples from between serpulid reef heads (Recent, Ardbear Lough, Ireland); particles

larger than 0.85 mm.

Group sample 1 sample 2

weight  (g) % |weight (g) %
Serpulids 66.4 17.5% 175.1 59.7%
Bivalves 40.9 10.8% 22.7 7.7%
Gastropods 24.6 6.5% 8.5 2.9%
Balanids 17.2 4.5% 3.8 1.3%
Decapods 0.1 0.0% 2.4 0.8%
Echinoderms 16.8 4.4% 1.1 0.4%
Calc. algae 34 0.9% 6.4 2.2%
Rock 123.4 32.5% 66.8 22.8%
Undefined 86.5 22.8% 6.4 2.2%
total 379.4 100.0% 293.2 100.0%
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ment cores proved to be difficult. Coring was obstruct-
ed by large stones, grasped the upper few centimetres
only, and some material was lost during retrieval. The
only two sufficiently large and undisturbed sediment
samples were washed over a series of standard sieves
with meshes from 3.9 to 0.06 mm. All fractions were
dried at 80 °C, and weighed. The coarsest fraction of
both samples was entirely sorted into nine taxonomic
groups (Table 2). The relative weight per fraction was
calculated for all groups. Fractions 1.9 and 0.85 were
only partially sorted, and results were extrapolated to
the whole fraction. Particles of the finer fractions were
too small for reliable identifications. In total, 70.6% of
the first and 83.7% of the other sample was actually
sorted. The ratio ‘whole tubes’ / smaller fragments was
determined in the two coarsest fractions as well; ‘whole
tubes’ were defined as having at least one entire, cy-
lindrical part. Finer fractions only contain smaller tube
fragments. Bivalves and gastropods were identified to
species level, as far as possible.

In both samples, more than 70% of the particles are
larger than 0.85 mm, and the finer fractions contribute
little to the total weight (Table 3). Regarding the taxo-
nomic composition of the three coarsest fractions to-
gether, serpulids, terrigenous gravel and undefinable
particles are most frequently found (Table 2). The
three fractions analysed separately show that most ser-
pulid fragments are larger than 2 mm. Molluscs, bala-
nids, decapods and echinoderms are present but of mi-
nor importance. Remarkable is the high diversity of
molluscs: 17 bivalve and 23 gastropod species. In the
fraction coarser than 3.9 mm, 84-90% of the tube frag-
ments still show at least one entire, cylindrical part.
These ‘whole tubes’ are fragments of adult tubes; the

Table 3. Size fractions of two sediment samples as in Table 2.

maximum tube diameter of S. vermicularis is 5 mm.
The 25% ‘whole tubes’ in the 2-3.9 mm fraction are
tubes of younger worms.

In fragments of the reef heads, seasonal growth ap-
pears not to be reflected in either striation on the
tubes or lengths of peristome-intervals.

In conclusion, the aggregation of S. vermicularis
in Ardbear Lough appears to be induced by a limit-
ed availability of hard substrates and a surplus of
larvae after spawning, caused by restricted water
exchange with the open sea. The total amount of
substrate suitable for larval settlement is dimin-
ished further by physical factors like mud sedimen-
tation, low oxygen levels and fluctuating salinities.
On the other hand, the serpulids create their own
settlement sites. Initially, about 5% of the bottom
will have been hard substrate; the developing reefs
have increased this to about 25%. Moreover, near
the mouth of the Lough, carbonate gravels have
been deposited which are composed mainly of
eroded serpulid reef material, together with some
shell debris (Bosence 1979: 305, fig. 7). According to
B. O’Connor (pers. comm.), a serious decline in the
Serpula population over the last number of years
affected its structure significantly.

Ellis Fjord, Antarctica. A few years ago, a re-
markable example of serpulid buildup was discov-
ered in Ellis Fjord (Vestfold Hills, Antarctica). First
mentioned by Perrin (1983, in Pickard et al. 1986), it
was described extensively by Kirkwood & Burton
(1988) (cf. section 1.4.1). Serpula narconensis builds

fraction (mm) [sample 1 sample 2
weight  (g) % |weight (g) %
3.96 118.8 22.1% 214.4 61.2%
1.98 940 17.5% 49.8 14.2%
0.85 166.5 31.0% 29.2 8.3%
0.71 36.5 6.8% 52 1.5%
0.43 82.5 15.4% 11.7 3.3%
0.36 9.1 1.7% 2.2 0.6%
0.30 12.9 2.4% 35 1.0%
0.06 16.7 3.1% 22.1 6.3%
<0,06 0.0 0.0% 12.6 3.6%
total 537.1 100.0% 350.6 100.0%




a sizeable reef in 8-30 m depth (diving was restrict-
ed to 30 m, but reefs did not appear to go much
deeper;J. Kirkwood, pers. comm.). Tube-clusters of
up to 2 m in diameter and 1.5 m in height (Fig. 4A)
stretch out over a length of more than 8 km. The
serpulid covers 25% of the benthic substrate in the
fjord down to a depth of 32 m, in many places with a
100% cover. The waters are of normal salinity and
have a temperature of 1.4-1.9°C below zero. A pos-
sible explanation for this unusually high proportion
of suspension-feeders is the high level of primary
production in the fjord.

The reefs have characteristics similar to those of
Ardbear Lough. They form a substrate for more
than 100 other taxa. Their upper limit is defined by
the influence of fresh water from melting ice in the
summer; the lower limit by sandy substrates or by
Porifera (sponges) and Ascidiacea (tunicates). Al-
though the worms show a preference for rocky sub-
strates, they are able to colonize sandy areas too.
Dead reef heads, fallen to the bottom, function as
substrates for young animals.

Interestingly, the reefs apparently are already
present since 7680 *+ 120 yr BP. Calcareous banks
from this area, with a total thickness of 2.5 m, con-
sisting for more than 50% of loose serpulid tubes,
were at first erroneously mentioned as Hydroides
sp. (Zhang et al. 1983), and as Mercierella enigmat-
ica (Adamson & Pickard 1983). They were later
identified as S. narconensis (Ten Hove, in Pickard
1985). The fossil serpulid tubes occur in two differ-
ent modes: encrusting pebbles and boulders, or in
irregularly bedded deposits of tube fragments, of-
ten cemented together in bundles of up to 4 cm long
(Pickard 1985: 194-195; Fig. 4C). The diameter of
the tubes is up to 3 mm, with a thickness of the walls
of 0.05-0.15 mm (our measurements). These beds
cannot represent an unmodified in situ aggregation
but probably are bundles of tubes which have fallen
to the bottom from a fragmented nearby reef.

Baffin Bay, USA. Probably the famous ‘serpulid
reefs’ of Baffin Bay, Texas, USA, mentioned by sev-
eral authors (Reed 1941; Hedgpeth 1953, 1954,
Breuer 1957; Shepard & Rusnak 1957; Mitterer
1971; Milliman 1974; Schumacher 1976; Boucot 1981;
Péres 1982), have also been formed under mixoeu-
haline or euhaline conditions. Andrews (1964: 119)
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argued that Baffin Bay may have been a ‘normal
salinity lagoon’ in the past. He gave a detailed de-
scription of the buildups and the environment. Baf-
fin Bay is a drowned river valley system, connected
to the north part of the Laguna Madre. Nowadays,
the waters are poikilohaline, generally hyperhaline
with a salinity range from 1.4-75%., averaging
51.7%o during 1951-1953 (Andrews 1964). Salinities
varied from 34.5-88.8%. in the inner parts of the bay
in the years 1946-1948 (Hedgpeth 1953: fig. 37).
These elevated salinities are due to high evapora-
tion and reduced run-off. Continuous south-east
winds cause a permanent high turbidity. Salinities
prior to the completion of the Intracoastal Canal in
1946 even soared as high as 102%. (Breuer 1957),
which will have killed any serpulid.

The buildups are only found in shallow waters
(0.6-2.4 m) along the bay margins. Two distinct
forms of ‘reefs’ are recognized: patch-reefs and reef
fields. The patch-reefs are small, isolated, more or
less circular reef heads, 840 m in diameter. Cores
have been taken from such heads, revealing that
they developed on loose sediment of sand and
shells. The reef fields are large areas of sandy bot-
tom, covered by broad expansions of scattered reef
rock, protruding 40-50 cm above the sediment. The
buildups are covered by a thick mat of green fil-
amentous algae and several invertebrate species:
barnacles, bivalves, stone crabs and mat-forming
bryozoans. On the most inland stations, with the
highest salinity values, only some small tufts of
green algae are attached to the reef blocks. Material
studied by us shows one additional detail (ZMA
V.Pol. 3802, made available by W. Tunnell and B.
Hardegree, Corpus Christi State University, Texas).
The reef heads are not unlike clumps formed by Fil-
ograna implexa or Serpula vermicularis, in the sense
that the spatially alternating bumps and hollows en-
able a maximal number of worms to collect food,
and at the same time avoid interference with their
neighbours (cf. Knight-Jones & Moyse 1961: 85).

Within the buildups two different growth struc-
tures can be recognized: random growth (cf. Fig.
4D) with barnacle-incrustation and oriented
growth (Fig. 4B; Andrews 1964: fig. 5). Andrews
supposed that oriented growth took place under
‘optimum growth conditions’ (food, oxygen, tem-
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Fig. 4. A. Serpula narconensis, reef head (Ellis Fjord, Antarctica; Recent; photograph R. Besso; scale unknown). B. Transverse cut
through fragment of subrecent reef head, probably Hydroides dianthus, showing parallel tubes (Baffin Bay, Texas; ZMA V. Pol. 3802;
3.7 X).C. S. narconensis, tube rubble (Vestfold Hills, Antarctica; subfossil; ZMA V. Pol. 3478; 3.0 x). D. H. dianthus, tubes encrusting

subrecent reef head (same sample as Fig. 4B; 3.7 x).

perature, calciumcarbonate) whilst random growth
occurred under adverse conditions of temperature
and/or salinity (however, see section 1.3). Sediment
analysis of bottom samples adjacent to the patch-
reefs gave for the fraction coarser than 0.72 mm the

following weight percentages: serpulid tubes 5-
15%, barnacles 1545 %, molluscs 5-10%. The mol-
lusc fraction included four species, of which three
are characteristic for sandy and shelly bottoms in
high-salinity lagoons.



In recent times no living worms have been ob-
served in the buildups. Hedgpeth (1953: 177) cites a
manuscript by W. A. Price (1950), in which active
growth of the aggregations was reported between
1875-1910. In 1971 living serpulids were not present
(D. E. Harper, pers. comm.). It is unknown which
species actually constructed the reefs. Price’s mate-
rial (Allan Hancock Foundation nr.5650, now Nat-
ural History Museum of Los Angeles; made avail-
able by K. Fitzhugh and L. Harris) consists of sever-
al reef fragments of a few centimetres. The con-
structing tubes show two longitudinal rounded
keels, and peristomes are absent. Such tubes occur
in many Hydroides species, for instance H. dian-
thus. In larger reef blocks (ZMA V.Pol.3802), the
tubes do not show free parts, only the diameter and
thickness of the walls (Fig. 4B) could be measured.
For comparison (Table 4), two populations of Hy-
droides dianthus have been used, respectively from
Georgia, Sapelo Sound (ZMA V.Pol.3640) and
Florida, Indian River (ZMA V.Pol.3664), as well as
Ficopomatus enigmaticus from the Lake of Tunis
(ZMA V.Pol.3779) and H. elegans from Australia
(Australian Museum nrs. W3659, W198114). These
three possibly reef-forming species have been re-
ported from nearby localities in Texas.

It appears that the differences in tube-measure-
ments between Baffin Bay and H. dianthus from
Florida are smaller than between the populations of
H. dianthus from Florida and Georgia. These mea-
surements certainly do not agree with those of the
other two species, which show much thinner tube-
walls as well as smaller diameters. Nowadays H.
dianthus lives as an irregular cover of encrusting
tubes in the hollows of the dead reef heads (Fig.
4D). It is likely that the subfossil reefs have also
been constructed by this species.
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A few remarks follow on the other possible reef
formers reported for the Baffin Bay area. Ladd
(1951:139) mentions Chitinopoma sp. (identified by
Pettibone) from the Laguna Madre area. Occur-
rence of this arctic-boreal genus in subtropical con-
ditions is, however, extremely unlikely, and more
easily explained by a misidentification of the similar
Ficopomatus. The species F. enigmaticus has been
reported from Rockport in the same coastal lagoon
system (Ten Hove & Weerdenburg 1978), and a
small aggregate of it was recently collected in Pack-
ery Channel, N Laguna Madre (J. Adams and W.
Tunnell, pers. comm.). Hydroides elegans caused
severe fouling in the concrete tunnels supplying
cooling water to the power station of Corpus Christi
Bay (Behrens 1968), only 50 miles north of Baffin
Bay and in open contact with the Laguna Madre.
However, so far no natural ‘reefs’ of this species
have been reported, except two records of small
‘reefs’, probably better termed aggregates, respec-
tively from Mar Piccolo, a lagoon in S Ttaly (Mas-
trangelo & Passeri 1975: 2027) and locally in the
Lake of Tunis (Zaouali in Harbridge et al. 1976).

Other occurrences. Serpulid assemblages, some-
what less massive than those described above, are
built by Hydroides dianthus in salinities of 23-28%o
in Delaware Bay, USA (Maurer et al. 1979; Haines
& Maurer 1980a, b). The buildups consist of series
of narrow (less than 25 m wide), elongate, discon-
nected tube clusters separated by sediment areas.
They stretch out for 500 to 1000 m, in about 6 m wa-
ter depth, and cover a total area of about 1 km?.
Clusters of tubes range in size from 10 to 400 cm’,
rising 2 to 10 cm above the bottom. The sediment
consists of a mixture of poorly sorted very fine,
muddy sand with some coarse sand. Mean grain size
varies from 2.9 to 4.5 ®; the silt-clay fraction from 22

Table 4. Comparison of serpulid tube measurements (in mm) for subrecent reef worms of Baffin Bay, Texas, and three Recent reef-
forming species. SD = Standard Deviation, n = number of measurements.

Locality species diameter of tube (mm) thickness of tube (mm)
range mean SD n range mean SD n
Baffin Bay 1.6-23 195 023 12 0.2-0.3 025 004 12
Georgia H.dianthus [1.5-2.6 2.0 036 14 0.2-05 0371 011 5
Florida H.dianthus |[19-24 218 016 9 03-05 043 007 9
Australia  H.elegans |1.1-1.7 14 020 9 |[0.05-0.13 0.08 003 9
Tunesia  F.enigmaticus |1.1-1.8 14 025 12 0.05-0.2 0.13 013 12




42

to 53%. Fragments of tube heads are incorporated
in the sediment. Most typical for these buildups is
the abundant associated fauna: over 50 species; 17
of them proved to be statistically dependent on the
tube worm. In the reef sediment the gastropod Mi-
trella and bivalve Nucula are abundant; many soft-
bodied invertebrates occur too. The spatial hetero-
geneity offered by tubes does increase species di-
versity, as shown experimentally by Dauer et al.
(1982) in nearby Chesapeake Bay. '

The ‘antireefs’, built by Serpula vermicularis (and
bryozoans) as chalice-shaped frame works around
submarine springs in a lagoon in S Italy (Mastrange-
lo & Passeri 1975) are unique and strictly local. It is
not likely that such buildups will be encountered
elsewhere.

Serpulid buildups, described from the inner sker-
ries along the Norwegian coast (Gaertner 1958),
have probably been built by Pomatoceros triqueter
(Ten Hove 1979b). They are formed in depths of 34
m on the leeward sides of small islands from Har-
stad up to Tromso. Subfossil terraces of serpulid
limestone, mixed with bivalve grit, are found up to
12 m above sea-level in the same area.

2.2.2.3. Mixopolyhaline and hyperhaline habitats.
The Lake of Tunis has been the subject of intensive
study (Heldt 1944; Lucas 1959; Vuillemin 1952,1965;
Hartmann-Schroder 1967; Harbridge et al. 1976; Ali
etal.1977;Kelly 1977; De Groot & Ottevanger 1980;
Keene 1980). Especially the northern part of this
subtropical, seasonally hyperhaline lagoon near the
city of Tunis is strongly influenced by man. Due to
hydrological works the water exchange with the
Mediterranean is restricted nowadays. On average
the lake’s water contents will be exchanged every
10-30 days. Pollution stems from sewage waters of
surrounding communities, and to a lesser extent
from cooling water of an energy plant. Eutrophica-
tion may be the most severe from all marine waters
in the world. Salinity ranges from 28 to 47%., and
temperature from almost 10 to 30°C, with an aver-
age of 18°C; the maximum depth is 1.9 m, the pH is
8-9 in general, and 9-10 in the reefs.

Large reef heads, domes or micro-atolls with a
diameter of 1to 3 m, but occasionally up to 750 m in
length, are formed by Ficopomatus enigmaticus

(Vuillemin 1952: pl.14,1965: 340-345 figs 1-12; Heldt
1953: figs 1-4; cf. Figs SA-D, 6 A-C). Growth of mi-
cro-atolls and reefs mainly takes place at their edg-
es; worm-tubes in the centre generally are empty.
The reefs are rather fragile, but sufficiently strong
to carry a person, at least in the centre of the patch.
Altogether about 10% of the North Lake is filled in
with worm reefs, with a total mass of carbonate esti-
mated at 540 000 tons of dry weight. The North
Lake covers an area of 28 km?. Its reefs grow up to
just below the water surface, thus restricting water
circulation. Although in places Hydroides elegans
and H. dianthus are present as well (Zibrowius 1979;
Vuillemin 1954a), these species do not play a signif-
icant role in the reefs in the North Lake (cf. Har-
bridge et al. 1976). Bottom sediments are almost an-
aerobic and consist of very fine mud and some shell
gravel, made up of the remains of gastropods (Hy-
drobia ventrosa and Pirenella conica), ostracods
and barnacles. Other bottom dwellers like the bi-
valve Cerastoderma edule and the gastropod Cy-
clope neritea (as Nassa) are also present. The reefs
probably started from larval settlement on any
small solid object, e.g. pebble, tin can, bottle, brick,
as mentioned for similar accretions in the southern
UK. (Thorp 1987; cf. Fig. 3D). Worm tube frag-
ments make up a surprisingly low percentage (less
than 5%) of the sand-size sediment, although occa-
sional patches are almost entirely composed of
them. They are more abundant in the fraction coar-
ser than sand, usually representing less than 15% of
the weight of the sample. Thus most of the CaCO,
content of the sediments (on average 64%, exclud-
ing the samples composed entirely of worm reef
material) is produced by molluscs, ostracods and fo-
rams (Harbridge et al. 1976). Saad (1974) gives an
average carbonate content of 63% for the bottom
sediments of Lake Mariut (Egypt, Mediterranean),
where F. enigmaticus is abundant too.

Less well-documented cases of Ficopomatus
forming ‘reefs’ are reported from a tidal stream in
the Sydney area, Australia (Allen 1953), a hyperha-
line lagoon in S Australia (Geddes & Butler 1984;
Bone & Wass 1990), the thermally polluted mixoha-
line harbour of Flushing, SW Netherlands (Wolff
1969; Ten Hove & Weerdenburg 1978; cf. Fig. 5C),
lagoons in Italy (Bianchi 1981: pl. 2; Bianchi, Chessa



Fig. 5. Ficopomatus enigmaticus, Recent. A. Reef-field emerged at spring tide (Pickleridge Lagoon, Wales; photograph K. Atkinson;
scale unknown, but individual clumps will be 30-60 cm across). B. Small fragment of a reef head, oriented growth (Lake of Tunis, Tunesia;

ZMA V. Pol. 3779; 0.84 x). C. Detail of reef head, showing relatively open structure of surface layer (Flushing, the Netherlands; ZMA V.
Pol. 3169; 0.33 x). D. Close-up of Fig. 5A ( photograph K. Atkinson; 1.6 X).
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. .

Fig. 6. Ficopomatus enigmaticus, Recent. A, B. Details of Fig. 5C, showing that tubes may or may not have peristomes, depending on their
position in one and the same cluster (3.7 x). C. Transverse cut through fragment of reef head as in Fig. 5B (Lake of Tunis; 3.7 x).

& Morri 1984; Gravina 1985), the harbour of Mar-
tigues, S France (Ten Hove, unpubl.), mixohaline
lagoons in S France (Petit & Rullier 1956), and Pick-
leridge Lagoon (Figs SA, D) and the docks in Car-
diff, S Wales (pers. comm. C. Mettam). The devel-
opment of such reefs in S England was monitored
by Thorp (1987). In these comparatively quiet la-
goons, the reefs have a definitely hummocky ap-
pearance (Fig. 5A), probably enhancing turbulence
and food supply (cf. Valentine 1973: 249; Holloway
1990).

An early Indo-Pacific record, Mahim 50 mi N of
Bombay (Keswal 1892), states ““Serpula builds reefs
here that would not be a disgrace to some of the
corals”. At that time, but later as well (e.g. Withers
1932; section 2.2.2.1), the name Serpula was often
used for almost any serpulid by non-specialists. The
topography of Kelvi-Mahim beach has changed due

to land reclamation, and serpulid reefs are not pre-
sent any longer (U.D. Gaikwad, pers. comm.). In
view of the previous presence of a lagoon, and the
record of Ficopomatus spp. from backwaters in In-
dia (Ten Hove & Weerdenburg 1978: fig. 6), Kes-
wal’s record is mentioned here.

2.2.2.4. Serpulid buildups from the Tertiary.

In their letter to Sir Charles Lyell, Desor & Cabot
(1849, also in Packard 1867) describe alocation near
Sancati Head, Nantucket (Mass., USA), which in
their opinion is of Miocene age. On a layer of tough
clay they found an oyster-bank of one foot thick,
intermixed and covered by large masses of ‘Serpu-
lo’, which were, like the oysters, in their natural
growth position. The oysters point to a slightly mix-
ohaline palaecoenvironment. Probably they were
used as settlement sites, and subsequently smoth-



ered by the serpulids. Recent oysters, mussels and
whelks, completely covered by tubes of Pomatoce-
ros triqueter, are frequently found in the North Sea
(Wollebaek 1912: pl. 49; cf. Fig. 3D).

Schmidt (1955: 74) mentions rock-forming mass-
es of serpulids in the Austrian Tertiary, citing Papp
& Haiusler (1940) and Brandl (1952); further refer-
ences are given in the Lexique Stratigraphique In-
ternational (Europe 8). Some of Schmidt’s material
was studied by the junior author in the Vienna Mu-
seum of Natural History. A Tortonian piece (Donau
cliffs near Petronell, 1869) has two labels: Serpula
intestinum Lmk., Rovereto det. and an obviously
newer one: Hydroides norvegica Giinerus (sic). It
shows great similarity with the Jurassic Lower Ser-
pulid Limestones from the Hannover region in
Germany: small, fragmented tubes embedded in a
calcareous matrix. Schmidt supposed that these
fragments had been secondarily transported. A sec-
ond piece is labelled “1938 No 36, Serpulid colony
(Serpulit) on Lithothamnion limestone, Miocene,
Torton-Leithakalk, Mannersdorf am Leithage-
birge, Hydroides norvegica Giin.”. This shows the
original growth form. The basis is a pebble of rho-
dolite (diameter about 8 cm), covered with initial
tube-whorls, from which straight, more or less in-
tertwined tubes arise. The growth form is similar to
Recent accretions of H. elegans, as described by
Behrens (1968). The whole pebble is enclosed in a
coarse sandstone; probably the growth of the serpu-
lids was stopped by the sedimentation of sand. Ser-
pula intestinum non Lamarck : Rovereto, 1895 was
included in Schmidt’s list of synonyms of Hydroides
pectinatus. Obviously ‘H. norvegica’ is Schmidt’s
preliminary identification of H. pectinatus (section
3.5).

Schmidt’s Sarmatian pieces from Deutsch Alten-
burg and Nussdorf are labelled Hydroides pectina-
tus. The small tubes have a diameter of 1 mm, and a
length of about 10 cm; the outer surface shows a
more or less developed, dense transverse striation.
Such serpulid limestones have been found in the
Upper Tortonian and Lower Sarmatian from the
Vienna Basin and Steiermark in Austria. The Low-
er Sarmatian limestones were probably deposited
in mixohaline environments (Schmidt 1955).

Serpulid limestones have also been reported
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from the Miocene in Poland (Pisera1978), and from
the Miocene and Pliocene in Spain (V6lk 1967; Pag-
nier 1977; material studied, Geol. Mus. Amsterdam
nrs. J5729, Figs 7B, D, G and Pg74 071, Figs 7C, E,
H); the latter are layered reef heads, deposited in
situ (Pagnier 1977: fig. 2).

2.2.2.5. Serpulid buildups from the Mesozoic.
Serpulid reefs, formed by Filograna socialis, occur
at the Triassic-Lias boundary in S Spain. The largest
is an “irregular body cropping out for some 75 min
length and 25 m in height. Their internal structure
consists of three distinct facies: a serpulid/synsedi-
mentary-cement boundstone; a serpulid bound-
stone, often covered by microbial micritic crusts;
and a bioclastic breccia, also at times encrusted by
thin micritic laminae”. The reefs grew ““in a context
of micritic and pelitic sedimentation upon a west-
ward dipping carbonate ramp, supposedly below
the storm-wave base and outside the influence of
strong currents. The 25-metre height of this biocon-
struction was reached by the accumulation of suc-
cessive growth stages that were simultaneously sur-
rounded by sediments and never stuck up above the
sea floor more than a few centimetres. The concen-
tration of serpulids attracted an epifauna, mainly
brachiopods, which lived on or near the serpulids.
In the neighbourhood of the reef invertebrate re-
mains are much more abundant in the same level
than further away” (Braga & Lopez-Lopez 1989).
The authors conclude that the reef grew in deep wa-
ter, but still in the photic zone. There is a similarity
with the Recent assemblages of Hydroides dianthus
in Delaware Bay (section 2.2.2.2).

2.3. Secondary frame builders

Most serpulids occur cryptically, in crevices be-
tween coral rubble, and may be regarded as second-
ary frame builders. A special case are the aggre-
gates enhanced by asexual reproduction through
scissiparity, reported for three genera by Ten Hove
(1979b): Filogranula, Filograna and Josephella (the
last two sf. Filograninae). Recently it was found to
occur in Rhodopsis (Ben-Eliahu & Ten Hove 1989)
and in Spiraserpula as well (Pillai & Ten Hove, in
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Fig. 7. Three serpulid limestones. A. Upper Jurassic Lower Serpulid Limestone consisting of Serpula coacervata mainly (Woltjebuche,
Deister Hills, Germany; ZMA V. Pol. 3754; 2.23 x). Natural weathering has loosened the tube-fragments. B. Miocene (Spain, J5729;
0.88 x). C. Pliocene (Spain, Pg 74 071; 0.88 x). The difference between the natural growth position in the two Spanish pieces (7B, C) and
the more or less oriented, redeposited fragments in the German limestone (7A) is evident. D-F. Details of Figs 7A-C respectively (all
3.7 ). For close-up of Fig. 7D see Fig. 9C. Figures 7D-F again show the difference between accumulations of loose tube-fragments (D)

and tubes clustered in growth position (E, F). G, H. Transverse cuts through specimens of Figs 7B, C (3.7 x). Note difference in recrystalli-
zation between Figs 7E, G (Miocene) and 7F, H (Pliocene).



preparation). However, scissiparity is a slow pro-
cess and cannot by itself be responsible for the up to
30 cm-large masses of Filograna (Fig. 1G). These
masses were already figured by Dalyell (1853: pl.
34) and Bianchi (1981: pl. 1 fig. 5). Filograna’s tubes
are small and fragile (diameter 0.2-0.35 mm, mean
x =0.26, Standard Deviation (SD) = 0.04; thickness
of wall 0.015-0.03 mm, x = 0.019, SD = 0.005, n = 18;
cf. Figs 1E, F). Representatives of the other genera
are also small, with tube diameters of 0.2-0.5 mm
(exceptionally 2 mm in Spiraserpula). Generally
these taxa occur cryptically. Though they undoubt-
edly play a role as secondary frame builders, ce-
menting rubble, itis unlikely that they will form ma-
jor buildups.

2.4. Conclusion

In general, serpulid buildups are formed in unstable
marine habitats, mostly mixo- or hyper-haline, by
ecologically widely ranging species. At the periph-
ery of their ecological ranges, aggregation is en-
hanced by a complex of environmental factors such
as (avoidance of) predation and/or competition for
food and space, and abiotic factors as salinity and
temperature. Attributes of the animal itself: dura-
tion of the larval stage, habitat selection, gregari-
ousness of larvae and conditioning of water by pres-
ence of congeners all contribute to aggregation.

Midlittoral belts of serpulids occur on semi-ex-
posed coasts, whereas those of vermetid gastropods
are developed best in exposed conditions. Real ser-
pulid reefs occur sub- or infra-littorally, at 0.6-30 m
depth, and mainly in sheltered lagoonal conditions.
Their size and extent vary with local factors. The
largest reef reported so far covers the walls of Ellis
Fjord (Antarctica) over a length of more than 8 km,
between 8 and 30 m depth, with an up to 1.5 m-thick
layer of more or less erect, aggregated tubes.
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Table 5. Simplified stratigraphy of Jurassic-Cretaceous bounda-
ry beds in NW Germany (after Casey et al. 1975).

Biickeberg
Formation
(='Wealden")
Serpulit Member (Upper
Miinder Serpulid Limestone)
Formation Katzberg Member
Miinder Marl (with intercalated
Lower Serpulid Limestone)

3. ‘Upper Malm’ serpulid limestones in NW Ger-
many

3.1. Palaeogeographical setting

During the Late Jurassic, a large inland sea extend-
ed from the Netherlands-German border eastwards
to Hannover (NW Germany), covering the area of
the Lower Saxony Basin. The centre of this basin
contains several hundred metres of ‘Upper Malm’
rock salt. Marls with intercalations of anhydrite and
limestone occur below and above the salt as well as
along the basin’s margins (Brand & Hoffmann 1963,
Betz et al. 1987). During the Early Cretaceous, lim-
nic deposits of the Biickeberg Formation (‘Weal-
den’) were laid down in the basin.

Two levels of serpulid limestones have been dis-
tinguished in the Upper Malm: the Lower Serpulid
Limestones (LSL), which are intercalated locally in
the Miinder Marl, and the Upper Serpulid Lime-
stones (USL), which correspond to the so-called
‘Serpulit’ and which occur in places in the upper
part of the Miinder Formation, close to its contact
with the Biickeberg Formation (Table 5).

The serpulid limestones outcropping to the
southwest of Hannover and sampled for this study,
have been dealt with in detail by Schonfeld (1979),
who thoroughly investigated the Upper Malm in
that area. The first author to describe these lime-
stones, was Blumenbach (1803).

Serpulid limestones of similar age are known
from Ochtrup and a few other places near the Ger-
man-Netherlands border (Schott 1951; Kemper
1988), from central Poland (Kubiatowicz 1977) and
from S England (Bazley et al. 1971, in Schonfeld
1979:188).
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Fig. 8. A. Outcrop (about 5 m high) of massive Lower Serpulid Limestone (Wéltjebuche, Deister Hills, Germany; Upper Jurassic). B.

Ripple-marks on top of same outcrop.
3.2. Localities studied, sample processing

The following locations were visited during sum-
mer 1983 to collect material of Jurassic-Cretaceous
serpulid limestones:

NW Germany (locality nrs. are those of Schon-
feld 1979: fig. 15): Hills of Deister.- S of Wennigsen,
loc. 1, Woltjebuche (Lower Serpulid Limestone,
probable type locality of Serpula coacervata; ZMA
V.Pol.3754) and loc. 37, 38, Hiittenweg and Lehm-
brink (both Upper Serpulid Limestone)

- near Volksen, loc. 49, 50, 52, 72, Kalenberg and
Lauseberg (Lower and Upper Serpulid limestones)

- S Nesselberg and NW Osterwald, loc. 105-108
(Upper Serpulid Limestone).

German-Netherlands border area: -NW of Och-
trup (E of Gronau), Miihlenberg (Jurassic; Kemper
1988: 14, 18). Small pieces of serpulid limestone
were picked up from a corn field (ZMA V.Pol.3771).
Outcrops could not be found; they are only known
from ditches to build housing foundations.

- Liinten (Schott 1951). Only a small, fenced-in
quarry filled with water could be found. Local peo-
ple discouraged gathering material.

E Netherlands: Upper Jurassic serpulid lime-
stones are mentioned from the eastern Netherlands
in the Lexique Stratigraphique International (Eu-
rope 4aV), by Harsveldt (1977) and by NAM &
RGD (1980). Cores from the boreholes concerned
could not be retraced at the Geological Survey of
the Netherlands in Haarlem. Core material from
nearby localities (Schoonebeek 2, 760-796 m;
Schoonebeek 3, 928-982 m, and Losser 3, ca 350 m)
did not contain serpulid limestone.

The material was sawn and polished on several
planes with carborundum powder up to coarseness
600. Efforts to make acetate-peelings failed be-
cause of the relatively soft consistency of the lime-
stones. Since regular SEM pictures did not give
enough information on the tube-wall structure, ad-
ditional ones were taken from very fine-polished
planes (1 ), etched for 20 sec. with 30% citric acid.
Measurements were taken under a stereo-micro-
scope with an ocular micrometer.
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Fig. 9. A-C. Serpula coacervata (Woltjebuche, Lower Serpulid Limestone; ZMA V. Pol. 3754). A. Tubes in calcareous matrix; vertical
plane, sawn and polished (1.0 x). B. Detail of Fig. 9A, showing telescoping of the tubes (30 x). C. Scanning Electron Micrograph, close-up
of part of Fig. 7A, showing transverse striation of outer tube-wall (43 ). D. Serpulid limestone from Ochtrup, vertical plane, sawn and
polished. Note bivalve fragments (E of Gronau, Germany; Jurassic; ZMA V. Pol. 3771; 1.4 x).
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3.3. Lower Serpulid Limestones

The LSL at Woltjebuche are light to dark grey, and
consist exclusively of the tubes of Serpula coacerva-
ta embedded in a calcareous matrix (Fig. 9A). They
are 5 m thick and have well-defined contacts with
under- and over-lying marl beds (Fig. 8A). The Ser-
pula tubes are relatively small, max. 12 mm long and
about 1 mm wide (Fig. 7A). They occur singly or in
small clusters; sometimes smaller juvenile tubes are
cemented to larger adult ones. Coiled juvenile
tubes have not been observed. Most tubes are filled
with smaller ones, up to five tubes telescoping into
one another, or with tube grit (Fig. 9B). The tubes
are oriented parallel to the bedding planes and to
ripple-marks (Fig. 8B). The matrix consists of two
‘micrites: one unstructured, the other pelletal-like.
The latter is of biotic origin and resembles the mi-
crite deposited by algae (probably the cyanophyte
Girvanella) in the USL (Schonfeld 1979: 71, 111).

The LSL are very pure: 37-40% Ca and a maxi-
mum of 0.7% Mg. They do not contain detrital
quartz, nor inclusions of sandy limestone, clay or
marl. The proportion tubes versus matrix varies.
The serpulid limestone facies in the area locally
grades laterally and vertically into an oolite facies,
or into a serpulid grit facies, containing 10-50% bi-
valve grit (M. Schonfeld, pers. comm.). It is hard to
establish the lateral dimensions of the buildups; ap-
parently they are relatively small, their thickness
ranges from 1-6 m (Schonfeld 1979: 65-67).

The tubes were probably deposited in shallow
water, in a relatively high-energy environment. As
evidenced amongst others by the occurrence of ho-
rizons with flat pebbles (“Flachgerolle”), the marls
between which the serpulid limestone is intercalat-
ed are definitely deposited in shallow-subtidal or
intertidal environments (Schonfeld 1979: 75, 79,
82). The top of the limestone in places shows des-
iccation cracks.

The ambient salinities are ill known. Possible sa-
linity-indicators as ostracods and bivalves are not
present in the LSL (Gramann 1971). Serpulids
themselves are unreliable indicators of salinity (sec-
tion1.3), although their mass-occurrences are most-
ly found under peripheral marine conditions (Ten
Hove 1979b). For the LSL these most probably will

have been either mixohaline or hyperhaline. The
under- and overlying marl beds show indications of
hyperhaline conditions like rock-salt, gypsum and
celestite. On the other hand the strontium content
of the serpulid limestone indicates a euhaline to
mixohaline environment (Schonfeld 1979: 77-78).
Jordan (1970: fig. 2) hypothesizes a general increase
of the salinity in the entire inland sea during Miin-
der Marl times, up to values between 40 and 160%o
near the basin borders.

3.4. Upper Serpulid Limestones

The USL (Figs 12A-E) are quite different from the
LSL and consist of alternating serpulid limestones,
stromatolites, stromatolitic-serpulid limestones,
sandy limestones and marls. All biogenic compo-
nents like serpulids, bivalves, ostracods and stroma-
tolites are fragmented and worn, and form pro-
nounced grit facies. The bivalves are heavily weath-
ered by boring algae. The stromatolites are seldom
found in the original growth positions, but generally
as eroded pebbles and mostly in combination with
serpulids. All these characteristics, together with
the presence of many ooids and pellets, indicate a
rather high-energy environment, probably periti-
dal. Locally, however, less fragmented layers of cya-
nophytes with a high micrite content are evidence
of amore sheltered environment. The over- and un-
derlying marls show evidence of mixomesohaline to
limnic conditions, and include desiccation cracks
(Schonfeld 1979: 105-109, 111, fig. 7).

The serpulid limestones from the German-Dutch
border region (Ochtrup) were deposited discon-
formably on a Lias underground. Their stratigraph-
ic position is not clear. In addition to these serpulid
limestones (Fig. 9D), limestones mainly consisting
of the bivalves Neomiodon and Corbula have been
reported from the same locality (Kemper 1988).
Stromatolitic algae occur as well (Schott 1951; from
bore holes in the area).

It is not clear whether the Polish serpulid lime-
stones mentioned by Kubiatowicz (1977) can be
correlated to the German ones. Kolbel (1967) pre-
sents a map showing that the maximum basin exten-
sion at the time of the Miinder Marl stretches



throughout northern Germany towards Poland.
However, it is questionable if there has been an
open water contact. Serpulid limestones are not
known from E Germany (formerly DDR; Kolbel
1967).

3.5. Systematic description

Phylum Annelida Lamarck, 1818
Class Polychaeta Grube, 1850
Family Serpulidae Rafinesque, 1815
Genus Serpula Linnaeus, 1758

Serpula coacervata Blumenbach, 1803 (Figs 7A,
D; 8A-B; 9A-C; 10A-B)

1803 Serpulites coacervatus Blumenbach, p. 22—
23,pl.2, fig. 8

1962 Serpulites coacervatus : Howell, p. W160, fig.
100-1 [copy from Blumenbach]

1979 Serpulites coacervatus : Lommerzheim, p.
140-141

1979 Serpula coacervata : Schonfeld, p. 65-66, figs
13,4345

1980 Serpulites coacervatus : Jahnke & Ritzkow-
ski, p. 51, 59.

Original diagnosis: In the forest of Deister, near
Wennigsen (west of Hannover), a thick, wide, dis-
tinct layer of solid limestone is found, entirely built
up of very small serpulid tubes. The tubes are most-
ly milky white with a length of 1/24 foot and width of
1/20inch. They are curved and have a circular cross-
section. The outer surface of the tubes has a fine
transverse striation. Although other serpulid spe-
cies usually are attached to other fossils like belem-
nites or shells, these tubes are not connected to
other fossils, but are all intertwined and cemented
together, thus forming large beds (Blumenbach
1803; free translation; one Hannoverian inch was
24.4 mm).

Derivatio nominis: coacervatus means ‘piled up’,
after the up to 6 metres-thick beds of this species.

Locus typicus: Deister Hills, W Germany, most
probably the old quarry Woltjebuche between
Springe and Wennigsen (Schonfeld 1979: 66).
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Stratum typicum: Miinder Marl (Upper Jurassic),
Lower Serpulid Limestone

Typus: Unknown to the present authors.

Description (based on topotypical material):
Tube fragments are circular in cross-section, never
flattened on one side, except for a small attachment
area when fixed to another tube. The maximum ex-
ternal diameter is 1.1 mm; 35 cross-sections in a ran-
domly chosen cm” had a range of 0.2-0.85 mm (x =
0.55, SD = 0.18). Most tube fragments are straight
(Figs 7A, D); few are more or less curved. The
length of the fragments is at most 12 mm. The tube-
wall (Figs 9B,10A, B) is very thin, 0.02-0.07 mm (x =
0.04, n = 18). The tube fragments show no signs of
boring activities. Neither microscopic nor SEM ob-
servations gave much structural detail. The inside
of the tube-wall is smooth; the outside shows very
fine, transverse striae (Figs 9C, 10B). These striae
are more or less irregular when observed under
large magnification (>100x), and alternatingly
thicker and thinner. The density is about 50 striae
per mm. There are no signs of peristomes nor frag-
ments with a coarser or finer striation, indicative of
a differentiated growth regime. Longitudinal keels,
ridges or ribs are absent, as well as tabulae. Opercu-
la are not known for this species.

Remarks: The generic name Serpula was emend-
ed by Blumenbach by adding -ifes to the stem, solely
to indicate that his species coacervatus was a fossil,
without evidence that he proposed a new genus-
group taxon. Serpulites therefore is a junior homo-
nym of Serpula (Intern. Code Zool. Nomencl. art.
20). Little work has been done so far on the struc-
ture of the tube-wall in serpulids (section 1.4.1). Pre-
liminary SEM observations indicate that the tube-
wall of S. coacervata shows a uniform granular
structure, unlike the multi-layered tube in e.g. S.
narconensis. External tube-characters are virtually
missing. In the absence of data, especially a compar-
ative SEM study, the ichnotaxon coacervata can re-
main in the genus Serpula. It should be stressed,
however, that it might be placed in other genera as
well.

If the striation of the tubes were the result of di-
urnal activity, as in some corals, a life-span of 600
days for the 12 mm long fragments can be calculated
from the number of approximately 50 striae per mil-
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Fig. 10. A, B. Serpula coacervata, SEM of oblique longitudinal section of two telescoped tubes; sawn, polished and etched (locality as in
Figs 9A-C). A. Scale is 0.1 mm. B. Enlargement of white rectangle of Fig. 10A; two tube-walls (indicated by half moons), both with smooth
inner side and rippled outer side (cross-striations indicated by arrows; scale is 0.01 mm).



limetre. This would appear to be an unlikely low
growth rate in view of the obviously good environ-
ment and the rates given in section 1.3.

Size and fragility of walls, absence of distinguish-
ing characters as longitudinal keels or previous pe-
ristomes, are reminiscent of Hydroides, especially
the Recent H. elegans, although the latter’s average
wall thickness (about 0.05 mm) and tube diameter
(11-1.7 mm) are larger. This is one of the most com-
mon mass-occurring harbour-fouling species in the
world. It is often misidentified as H. norvegicus or
as H. pectinatus (Zibrowius 1971: 721-725). This
similarity will have been the reason that Schmidt
(1955: 46-47; section 3) used the name of the Recent
H. pectinatus for the Miocene ‘reef-forming’ serpu-
lid from Austria, which indeed is not unlike Serpula
coacervata.

The material from Ochtrup is decidedly larger
(Figs. 9D, 11), with a maximum external tube-dia-
meter of 1.3 mm (in one randomly chosen cm? 0.4—
1.1mm,x=0.78,SD =0.16,n =33) and a thickness of
tube-walls of about 0.02-0.08 mm (x = 0.05, n = 10).
Although identified as S. coacervata by Kemper
(1988: 20), a close study is needed to confirm its
identity.

Serpula coacervata is also reminiscent of Serpu-
lites n. sp. Lommerzheim, 1979, from the Upper
Cretaceous of Westphalia in western Germany. The
longitudinal striation of the tube-wall in Serpulites

n. sp. is a differentiating character.

Palaeoecology: The following tentative recon-
struction of the palacoenvironment is suggested,
based on a comparison of the Lower and Upper
Serpulid Limestones with other fossil and Recent
examples. In addition, the environmental interpre-
tation of the over- and underlying layers by Schon-
feld (1979) was taken into account.

In both the Miinder Marl (LSL) and the Serpulit
Member (USL), the serpulid worm Serpula coacer-
vata was forming reef fields on a muddy substrate in
(a) large lagoon(s), fringing an inland sea. Fluctu-
ating or permanently high or low salinities, the ab-
sence of competitors, and a more or less enclosed
character of the lagoon(s) may have enhanced gre-
garious settlement of its larvae. The initial sub-
strates for this settlement may have been shells or
pieces of dead stromatolites. The increasing
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Fig. 11. Graphic comparison of tube-diameter (in mm) of Serpula
coacervata from Woltjebuche with material from Ochtrup. Box-
esinclude 50% of the measurements; lines indicate entire range.
Thick vertical lines are mean values. Full data can be found in
section 3.5.

amount of tubes created new substrata for settling,
thus enlarging the reef fields when reef heads fell
apart. The fields were constantly eroded. Most tube
fragments were selectively transported and depos-
ited in monospecific banks of serpulid tubes (espe-
cially LSL). Other tube fragments were transported
to places within the lagoon(s) where they became
incorporated in living stromatolites, or served as
initiating substrates for oncolites (USL).

Unambiguous salinity indicators have not been
found within the serpulid limestones. Over- and un-
der-lying sediments indicate conditions fluctuating
from hyperhaline to limnic, in shallow peritidal wa-
ters (Schonfeld 1979: 79, 109, fig.7; see also sections
3.6.2 and 4).

Geographic distribution: NW Germany and E
Netherlands.

3.6. Discussion of palaeoecology

3.6.1. Historical

Blumenbach (1803), who originally described the
species Serpula coacervata, did not explain the skel-
etal buildups. Credner (1863), Struckmann (1879),
Koert (1898), Lerch (1913) and Schondorf (1914a, b,
c) only gave stratigraphic descriptions. Walther
(1908, cited in Huckriede 1967) was the first to con-
sider the limestones as remains of ‘serpulid reefs’,
and compared these with the cup-reefs of the Ber-
mudas (which, however, are algal-vermetid reefs:
Ginsburg & Schroeder 1973). This opinion was fol-
lowed by Haack (1909, cited in Huckriede 1967) and
Dahlgriin (1923). Kauenhowen (1927) interpreted
the serpulid limestones as fossilized accumulations
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of reef debris. Klingler (1955), unaware of the exist-
ence of Recent ‘serpulid reefs’, hypothesized that
the tube-worms probably were living on floating al-
gae, as do some Recent spirorbids. The limestone
then would have been formed by accumulation of
dead algae and tubes in shallow waters near the
coast.

In the following years, Bischoff & Wolburg
(1963) and Hoyer (1965) argued that there must
have been a kind of a ‘reef’ or biostrome, because
they observed no textural evidence for accumula-
tion of floating epibionts. The weathered appear-
ance of the tubes would be a result of in-situ re-
working, implying a high-energy environment in
shallow water. On the other side, Klingler was fol-
lowed by Huckriede (1967). The latter stated that

“the tubes must have been growing on floating algae
because the species never had been found growing
on shells or stones (however, see section 3.6.2).

Schonfeld (1979) made a clear distinction be-
tween the Upper and Lower Serpulid Limestones.
They are stratigraphically (Casey et al. 1975) and
lithologically different. Other authors have been
unaware of these differences, which at least in part
will have added to the confusion. In Schonfeld’s
opinion the USL are a result of a stromatolite-ser-
pulid co-occurrence. The LSL might be remains of
such a co-occurrence as well, because the embed-
ding matrix contains considerable numbers of cya-
nophytic pellets. High (wave?) energy would have
been responsible for the in-situ destruction and re-
working of the original growth form, which was
probably an algal-serpulid ‘reef’-field.

Jahnke & Ritzkowski described the facies se-
quence in the quarry of Thiiste, south of Osterwald,
where a 13 m-thick LSL is exposed, overlain by the
same marly facies as in Deister. Applying Walther’s
rule of facies correlation (Middleton 1973; Wood-
ford 1973), they concluded that the serpulid tubes
have been reworked (from a non-specified original
environment) and deposited along sandbars paral-
lel to a stromatolitic reef (Jahnke & Ritzkowski
1980: fig. 3).

3.6.2. Comments
Lower Serpulid Limestones. Huckriede’s argument
that the serpulids were living on floating algae since

the species never had been found growing on stones
is moot for two reasons. Firstly, serpulids occurring
on algae (common in spirorbids, rare in Hydroides
elegans) have flattened attachment areas. The frag-
mented fossil tubes don’t show attachment sides,
except where they are attached laterally to each
other. Moreover, it is unlikely that clusters of serpu-
lids as occasionally found in the limestones could
have survived on floating algae. Secondly, broken
off free tube-parts of serpulid species in general are
more or less circular, whilst the belonging adnate
tube-parts can be triangular or trapezoidal. Free
and adnate tube-parts often have not been recog-
nized as belonging to one species.

Telescoping of tube fragments under the influen-
ce of wind and wave action, was observed by Rein-
eck (1960) on the beach of the German island Noz-
derney and by Bandel (1986: 41). Up to six tubes,
pushed into each other, may be moving together
and pile up, forming a bed of predominantly pecti-
nariid tubes (Pectinariidae, Polychaeta; tubes of
sand grains). This made Bandel explain the fre-
quent occurrence of telescoped tubes in beds of the
presumed annelid Hyolithes kingi Richter & Rich-
ter, 1941, from the Cambrian of Jordan. Applied to
the LSL of Woltjebuche, the telescoping, the weath-
ered appearance, the parallel orientation of tube
fragments and the ripple marks on top of the bed
indicate a relatively high-energy environment.

There is little evidence for an in-situ reworked
reef near Woltjebuche. The limestone bank is
monospecific. Bivalve species are present in an ad-
jacent grit facies 100 m distant. This may point to
differential sedimentation by selective transport.

A Recent example of selective transport is found
on the Roggenplaat, a tidal flat in the Eastern
Scheldt, SW Netherlands. It is inhabited by several
bivalve and gastropod species like Macoma balthi-
ca, Scrobicularia plana, Mya arenaria, Mytilus edu-
lis, Cerastoderma edule and Hydrobia ulvae. Never-
theless, large monospecific banks of Cerastoderma
shells occur on the northeast edges of the tidal flat
(Bams 1987). Obviously the physical conditions like
prevailing southwest winds, geomorphology, tidal
currents and weight and structure of the shells are
responsible for the accumulation of these banks.
One of the few pointers to selective transport of Re-
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Fig. 12. Upper Serpulid Limestone. A-C. Lehmbrink (loc. 38 of Schénfeld 1979). A. Outcrop. B. Stromatolitic structure with a diffuse mass of serpulid tubes
below, and alternating layers of algal growth (light grey) and serpulid tube-fragments (dark) above (145 x). C. Stromatolite from left lower corner of Fig. 12A,
vertical plane, sawn and polished. Note oncoidal nucleus around serpulid tube-fragments (0.65 x). D, E. Osterwald (loc. 106 of Schonfeld 1979). D. Oncoid
with nucleus of serpulid tube-fragments, and concentric stromatolitic layers (1.45 x). E. Detail of nucleus; serpulid tube-fragments embedded in calcareous
matrix (25.5 x).
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cent serpulid tubes may be found in the ambiguous
statement by Saad (1974): “shell of dead bivalves,
specially Cardium sp., and empty calcareous tubes
of the serpliud (sic) worm Mercierella enigmatica
accumulate nearly on the whole lake bottoms in
great amounts. Some of these shells are transported
by the action of wave and currents to the lake mar-
gin forming calcareous beds”.

In-situ reworking at Woltjebuche of a serpulid-
stromatolitic growth form is also unlikely, because
this should be visible as some kind of layering in the
limestone bank. It is unlikely that erosion would de-
stroy the stromatolite parts completely, and yet
leave the fragile tubes in relatively good condition.
Probably the tubes were supplied from elsewhere.

Upper Serpulid Limestones. Co-occurrence of ser-
pulids (‘vermetids’ or ‘spirorbids’) and algal stro-
matolites, mentioned by several authors (Laporte
1967; Leeder 1973; Peryt 1974,1975), suggests a biot-
icrelation. In the USL most tubes occur in the cen-
tres of oncoids (Figs 12C, D) and in specific, well-
separated layers towards the edges of stromatolites
(Fig.12B). Generally tubes are embedded separate-
ly in the matrix. Only few are cemented together in
growth position; often they are broken (Fig. 12E).
This implies that the serpulids in the centre of the
stromatolites were dead before the algae started to
form the oncoid or stromatolite.

Evidently, clusters of dead serpulids and calcare-
ous mud were the initiating substrates for oncoid
formation (Fig. 12D). When these oncoids became
too heavy to be turned over, they developed into
fixed stromatolites (Figs 12A, C). Serpulid tubes in
the USL stromatolites are fragmented and only
present in well-defined layers, together with pellets
and other particles (Fig. 12B). Apparently the
growth of the algal mats was regularly interrupted
by sedimentation. Schonfeld (1979: 111, fig. 47) de-
scribes serpulids in growth position covered by stro-
matolites. His fig. 47 shows a fragment of a 20 cm-
thick, 3 m-wide layer of serpulids, which in his opin-
ion (pers. comm.) is evidence for a serpulid-stroma-
tolite community.

Our conclusion is that there has been no other
biotic relation between algae and serpulids than
that caused by living in the same area. Clusters of

dead serpulids were the initial substrate for the
USL stromatolites, and algal mats incorporated
empty tubes and other calcareous grains. Evidence
for stromatolites providing a substrate for serpulid
growth has not been found. It rather will have been
the other way around. Serpulid reef fields probably
were covered by stromatolites when conditions pre-
vented further serpulid growth (as for instance in
the centre of the Tunisian micro-atolls (section
2.2.2.3), during a prolonged period of higher salin-
ity such as killed the reefs in Baffin Bay (section
2.2.2.2), or when excessive reef growth restricted
water circulation in parts of the lagoon killing off
serpulids).

This interpretation appears to be in concord with
the ‘spirorbid’-algal stromatolites (section 1.5.3),
and with Recent stromatolites in a hyperhaline (55—
70%o) lagoon near Shark Bay, W Australia. The col-
loform mat forming most subtidal stromatolites in
that bay, is soft but coherent at the surface, and lith-
ification of the structures begins a few millimetres
or centimetres below, increasing progressively
downwards (Playford & Cockbain 1976). It is un-
likely that serpulid larvae (or spirorbids or verme-
tids ) ever settle on this soft surface of living algae;
they need a firm substrate. The lower parts of the
stromatolitic columns are generally well lithified
and commonly have a ‘beard’ of the chlorophyte al-
gae Acetabularia. Masses of tiny serpulids encrust
cavities in the sides of the stromatolites and they
play asignificant role in the construction of the mar-
gins (Playford & Cockbain1976). The algal mats are
growing on top of the columnar stromatolites, while
the lower, lithified parts are not covered any more
by living mats and serve as a substrate for epibiontic
organisms, serpulids included. In contrast, the USL
show small, rather diffuse stromatolites (Fig. 12A),
which hardly have space for encrusting serpulids.
Moreover, we did not find large clusters of serpulids
in situ on these stromatolites, although aggregates
of few serpulid tubes with stromatolites are not un-
common (M. Schonfeld, pers. comm.).

The Recent stromatolites in Shark Bay are con-
structed of sedimentary material, trapped and
bound by algae, and cemented by aragonite. These
solid structures are composed of about 80% angu-
lar shell fragments in the grain size range very fine



sand to silt, and incorporate foraminiferal tests,
small pelecypods, gastropods, worm tubes, pellets
and detrital quartz grains (Logan 1961).

Recent stromatolite development in mixohaline
inland lakes in the SW Netherlands starts from a
wide variety of substrates: mainly bryozoan buil-
dups of Electra crustulenta, but also from bottles,
rubber tires and rush stems (Bijma & Boekschoten
1985). These lakes have relatively quiet waters, and
few clastic sediment particles are incorporated in
the stromatolitic layers, making them morpholog-
ically different from the USL stromatolites and the
Recent stromatolites of Shark Bay. If the palaecoen-
vironment in NW Germany had been as quiet as in
these mixohaline lakes, then the serpulid accretions
probably would have been conserved by the stro-
matolites just as well as the fragile Recent bryozoan
buildups. However, since we only found stromato-
lites with a nucleus of serpulid debris, the palaeoen-
vironment must have been more agitated.

4. Conclusions

At first glance the differences between the Recent
serpulid reefs of Ardbear Lough in Ireland and the
‘Upper Malm’ buildups of NW Germany are strik-
ing. A great variety of (mainly mollusc) species lives
on these Recent reefs, and contributes to the ad-
jacent sediment. Such a diversity of accompanying
species s typical for Recent serpulid buildups. Even
those from extreme lagoonal environments, like
Lake Tunis or Baffin Bay, are not monospecific, but
contain associated species, just as the Mesozoic
‘deep water’ reefs. However, the serpulid lime-
stones and adjacent grit facies of NW Germany con-
tain very few non-serpulid species. This, and the lo-
cal presence of stromatolites, indicates strenuous
environmental conditions. Such conditions, nota-
bly widely fluctuating salinities and temperatures,
are often a result of isolation, for instance in a more
or less enclosed lagoon or fjord. Lack of circulation
is one of the factors enhancing aggregating beha-
viour of planktonic larvae, like in serpulids. It may
be inferred that the NW German buildups arose in
lagoonal conditions, probably in lagoons fringing
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an inland sea. There is ample geological evidence
for the existence of such a sea.

In the palaeoenvironment of Woltjebuche no
rock outcrops were present. However, many Re-
cent and one Austrian Miocene example show that
only a small hard substrate, even an oyster shell
(Fig. 3D) or a piece of stromatolitic limestone, is
needed to start a serpulid aggregate. Such small ob-
jects, no doubt, will have been present in the Ger-
man palaeoenvironment as well. Once an aggregate
has started to grow, dead fragments fall aside, and
form new settling places. In this way even muddy
substrates can be colonized by serpulids, and reefs
may be formed.

The Recent Irish sediments contain large reef
fragments, deposited near the source. The Meso-
zoic reefs from S Spain evidently have been pre-
served in situ. The fossil tubes from Woéltjebuche
have a more fragmented appearance, apparently
due to transportation. Probably originating from an
‘open’ meshwork (cf. Figs 1F, 4A, 5C) with spaced-
out anterior tube-parts (as described for S. vermicu-
laris, section 2.2.2.2), the thin and small fragments
of S. coacervata are more liable to have been selec-
tively transported than the fragments of the rela-
tively solidly built Recent reef (cf. Fig. 4C). A grit
facies, containing up to 50% bivalve fragments,
only 100 m distant from the Miinder Marl serpulid
deposits, may be taken as further evidence for se-
lective transport. The serpulid material may have
accumulated in a depression in the lagoon, possibly
a tidal channel.

The differences in tube deposition between the
two serpulid limestones may be due to a lesser de-
velopment of stromatolite-forming algae in the case
of the LSL, and be related to slight changes in hy-
drology (M. Schénfeld, pers. comm.).
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Appendix
Annotated checklist of serpulid names.

Part of the confusion in the literature is due to
mistaken identifications and erroneous nomencla-
ture. For the clarity of this paper, we have replaced
all erroneous names, as used in the papers cited, by
their current names.

In this checklist, current names are given in ital-
ics, and with original author, year of publication,
and original binomen. Synonyms, in regular letter-
type, are cross-indexed.

Crucigera zygophora (Johnson, 1901), as Serpula zygophora

Ditrupa Berkeley, 1835

Ditrupa arietina (O. F. Miiller, 1776), as Dentalium arietinum.
Indo-Pacific records of this name belong to D. gracillima

Ditrupa crenata Ehlers, 1908, see Serpula crenata

Ditrupa gracillima Grube, 1878, pro parte synonymous: D. arieti-
na

Ditrupa mosae (Bronn, 1837), see Sclerostyla mosae

Ficopomatus Southern, 1921, synonyms: Mercierella, Neopoma-
tus

Ficopomatus enigmaticus (Fauvel, 1923), as Mercierella enig-
matica. Palaeotropical records of this name belong to F. uscha-
kovi

Ficopomatus uschakovi (Pillai, 1960), as Neopomatus uschakovi,
p-p- syn.: M. enigmatica : Straughan 1972. In part her paper
refers to F enigmaticus as well

Filipora filograna Dalyell, 1853, see Filograna implexa

Filograna Berkeley, 1835

Filograna implexa Berkeley, 1835, syn.: Filipora filograna

Filogranella elatensis Ben-Eliahu & Dafni, 1979

Filograna socialis (Goldfuss, 1831), as Serpula socialis, syn.: Sar-
cinella socialis

Filogranula Langerhans, 1884

Galeolaria Lamarck, 1818 <

Galeolaria caespitosa Lamarck, 1818, syn.: ‘Serpula lithogena’

Helicosiphon biscoeensis Gravier, 1907

Hydroides Gunnerus, 1768

Hydroides dianthus (Verrill, 1873), as Serpula dianthus, syn.: H.
hexagonus, p.p. syn.: H. uncinatus

Hydroides elegans (Haswell, 1883), as Eupomatus elegans. One
of the most common harbour-fouling species of the world,
temperate to tropical. Often erroneously mentioned as H.
norvegicus, and as H. pectinatus

Hydroides hexagonus (Bosc, 1802), as Serpula hexagona, see H.
dianthus

Hydroides norvegicus Gunnerus, 1768. An essentially boreal-
lusitanian species. Records of this name from (sub)tropical
harbours and lagoons generally should be attributed to H. ele-
gans, for instance: Behrens 1968, Harbridge et al. 1976, Mas-
trangelo & Passeri 1975, Paul 1937, Vuillemin 1954a

Hydroides pectinatus (Philippi, 1844), as Eupomatus pectinatus.
As mentioned by Hargitt 1912 and Schmidt 1955, see H. ele-
gans; in part also see H. norvegicus

Hydroides uncinatus (Philippi, 1844), as Eupomatus uncinatus.
Confused, complex of about 10 species. As used by Vuillemin
1954a, see H. dianthus

Josephella Caullery & Mesnil, 1896

Laminatubus Ten Hove & Zibrowius 1986

Marifugia cavatica Absolon & Hrabe, 1930

Mercierella Fauvel, 1923, see Ficopomatus

Mercierella enigmatica Fauvel, 1923, see Ficopomatus enigmat-
icus. However, palaeotropical records with this name general-
ly belong to E uschakovi; as used by Adamson & Pickard, see
S. narconensis

Neovermilia Day 1961

Nogrobs Montfort, 1808, syn.: Tetraserpula

Placostegus Philippi 1844

Pomatoceros Philippi, 1844

Pomatoceros caeruleus (Schmarda, 1861), as Vermilia caerulea.
Confused, New Zealand records see Sp. cariniferus

Pomatoceros coeruleus, error for caeruleus

Pomatoceros triqueter (Linnaeus, 1758), as Serpula triquetra. Of-
ten confused with the similar species P. lamarckii (Quatrefag-
es, 1865)



Pomatoleios Pixell, 1913

Pomatoleios crosslandi Pixell, 1913, see Pomatoleios kraussii

Pomatoleios kraussii (Baird, 1865), syn.: Pomatoleios crosslandi

Protis Ehlers 1887

Protula tubularia (Montagu, 1803), as Serpula tubularia

Rhodopsis Bush, 1905

Sarcinella socialis (Goldfuss, 1831), see Filograna socialis

Sclerostyla Morch, 1863

Sclerostyla mosae (Bronn, 1837), as Dentalium mosae, syn.: Di-
trupa mosae

Serpula Linnaeus, 1758

Serpula cf. advena Salter, 1863, not serpulid but belonging to the
Order Microconchida (see Weedon 1991)

Serpula coacervata Blumenbach, 1803, as Serpulites coacervatus

Serpula crenata (Ehlers, 1908), as Ditrupa crenata

Serpula (Cycloserpula) socialis Goldfuss, 1831, see Filograna so-
cialis

Serpula helicalis Beus, 1980, not serpulid but belonging to the
Order Microconchida (see Weedon 1991)

‘Serpula lithogena’ Péron & Freycinet, 1816, nomen nudum,
most probably belongs to Galeolaria caespitosa

Serpula narconensis Baird, 1865, syn.: Mercierella enigmatica
non Fauvel : Adamson & Pickard 1983.

?Serpula octoforis Dall, 1909, not serpulid but cirratulid poly-
chaete Dodecaceria fistulicola Ehlers, 1901

‘Serpula rectiformis’ Clark, 1918, not serpulid but probably Di-
plochaetetes mexicanus Wilson, 1986, a Dodecaceria-like cirra-
tulid polychaete

‘Serpula saxistructuris’ Howell & Mason, 1937, not serpulid but
cirratulid polychaete Dodecaceria fistulicola

Serpula socialis Goldfuss, 1831, see Filograna socialis

Serpula vermicularis Linnaeus, 1767. Although reported world-
wide, it is becoming increasingly clear that the name has been
used for a complex of species. In this paper we have used the
name in its restricted sense of an Atlantic-Mediterranean spe-
cies only

Serpula zygophora Johnson, 1901, see Crucigera zygophora

Serpulites coacervatus Blumenbach, 1803, see Serpula coacerva-
ta

Spiraserpula Regenhardt, 1961

Spirobranchus Blainville, 1818

Spirobranchus cariniferus (Gray, 1843), as Vermetus cariniferus,
partly syn.: Pomatoceros caeruleus

Spirobranchus polycerus (Schmarda, 1861), as Cymospira poly-
cera

Tetraserpula Parsch, 1956, see Nogrobs

Vermiliopsis Saint-Joseph, 1894

Vermiliopsis pygidialis (Willey, 1905), as Vermilia pygidialis.

References

Absolon, K. & S. Hrabe 1930 Uber einen neuen Siisswasser-Poly-
chaeten aus den Hohlengewissern der Herzegowina — Zool.
Anz. Leipzig 88: 249-264

59

Adamson, D. & J. Pickard 1983 Late Quaternary ice movement
across the Vestfold Hills, East Antarctica. In: Oliver, R.L.,
PR. James & J.B. Jago (eds) 1983 Antarctic earth science.
Austr. Acad. Sci.: 465469

Agassiz, A. 1895 A visit to the Bermudas in March, 1894 — Bull.
Mus. Comp. Zool. 26: 209-281

Aldinger, H. 1968 Ecology of algal-sponge-reefs in the Upper
Jurassic of the Schwibische Alb, Germany. In: Miiller, G. &
G.M. Friedman (eds) 1968 Recent developments in carbonate
sedimentology in central Europe. Springer Verlag, New York:
250-253

Ali, M.H., M. Kelly & F. Ktari 1977 Research on the eutrophica-
tion of the Lake of Tunis: background, conclusions and recom-
mendations — Inst. Nat. Sci. Techn. Océanogr. Péche, Envi-
ronm. Protect. Agency, Tunis [mimeogr. rept]

Allen, EE. 1953 Distribution of marine invertebrates by ships —
Austr. J. mar. freshw. Res. 4: 307-316

Andrews, J.C. & D.T. Anderson 1963 The development of the
polychaete Galeolaria caespitosa Lamarck (Fam. Serpulidae)
—Proc. Linn. Soc. New South Wales 87: 185188

Andrews, PB.1964 Serpulid reefs in Baffin Bay, Southeast Texas.
In: Scott, A.J. (ed.) 1964 Depositional environments South-
Central Texas coast — Gulf Coast Ass. Geol. Soc. 1964, Field
trip guidebook. [mimeogr.]: 102-120

Andrusov, N. 1936 Vergleich der fossilen Bryozoenriffe der Hal-
binseln Kertsch und Taman mit anderen riffartigen zoogenen
Bildungen - Bull. Ass. russe rech. sci. Prague IV (=IX), Sci.
nat. math. 22: 113-123

Anonymous, 1958 The Venice system for the classification of ma-
rine waters according to salinity. Symposium on the classifica-
tion of brackish waters, Venice, 8-14 April,1958. (Supplemen-
tary sheet) In: Remane, A. & C. Schlieper 1958 Die Biologie
des Brackwassers. E. Schweizerbart Verlag, Stuttgart, 348 pp.

Arakawa, K.Y.1971 Notes on a serious damage to cultured oyster
crops in Hiroshima caused by a unique and unprecedented
outbreak of a serpulid worm, Hydroides norvegica (Gunne-
rus) in 1969 — Venus 30: 75-82

Arias, E. & E. Morales 1969 Ecologfa del puerto de Barcelona y
desarollo de adherencias orgédnicas sobre placas sumergidas
durante los afios 1964 a 1966 — Invest. Pesq. 33: 179-200

Avnimelech, M. 1941 Upper Cretaceous Serpulids and Scapho-
poda from Palestine — Bull. Geol. Dept Hebrew Univ. 3: 1-16

Bams, C.J.1987 Bodemkundige kartering intergetijdengebieden
Oosterschelde. Deel III: Roggenplaat. Nota Rijkswaterstaat,
Dienst Getijdewateren, Middelburg — AO 87.102, 38 pp.

Bandel, K. 1986 The reconstruction of “Hyolithes kingi” as anne-
lid worm from the Cambrian of Jordan — Mitt. Geol.-Paléont.
Inst. Univ. Hamburg 61: 35-101

Barash, A. & Z. Zenziper 1985 Structural and biological adapta-
tions of Vermetidae (Gastropoda) — Boll. Malac. 21: 145-176

Barrett, PH. (ed.) 1977 The collected papers of Charles Darwin.
Univ. Chicago Press, Chicago & London. 1, xviii + 277 pp.; 2,
viii + 326 pp.

Barrois, C. 1904 Sur les Spirorbes du terrain houiller de Bruay
(Pas de Calais) — Ann. Soc. géol. N. 33: 50-63

Baudet, J., Y. Gruet & Y. Maillard 1987 Evolution historique des



60

gestions hydrauliques dans les marais “Breton-Vendéen”;
conséquences hydrologiques et biologiques — Bull. Ecol. 18:
439-455

Behrens, E.W. 1968 Cyclic and current structures in a serpulid
reef — Contr. mar. Sci. 13: 21-27

Ben-Eliahu, M.N. & J. Dafni 1979 A new reef-building serpulid
genus and species from the Gulf of Elat and the Red Sea, with
notes on other gregarious tubeworms from Israeli waters —Isr.
J. Zool. 28:199-208

Ben-Eliahu, M.N. & H.A. ten Hove 1989 Redescription of Rho-
dopsis pusilla Bush, a little known but widely distributed spe-
cies of Serpulidae (Polychaeta) — Zool. Scripta 18: 381-395

Betz, D., F. Fiihrer, G. Greiner & E. Plein 1987 Evolution of the
Lower Saxony Basin — Tectonophysics 137: 127-170

Beus, S.S. 1980 Devonian serpulid bioherms in Arizona, US.A. -
J. Paleont. 54: 1125-1128

Bianchi, C.N. 1981 Policheti serpuloidei — Guide per il riconosci-
mento delle specie animali delle acque lagunari e costiere ital-
iane. Cons. Naz. delle Ricerche, AQ/1/96, 5: 1-187

-Bianchi, C.N.,L.A. Chessa & C. Morri 1984 Serpuloidea (Anne-
lida, Polychaeta) della Sardegna con particolare riguardo alle
lagune costiere — Rend. Semin. Fac. sci. (R.) Univ. Cagliari,
Suppl. 54: 49-58

Bischoff, G. & J. Wolburg 1963 Zur Entwicklung des Ober-Malm
im Emsland — Erdo6l-Z. 79: 445-472

Bijma, J. & G.J. Boekschoten 1985 Recent bryozoan reefs and
stromatolite development in brackish inland lakes, SW
Netherlands — Senckenb. marit. 17: 163-185

Blumenbach, J.F. 1803 Specimen Archaeologiae telluris terrar-
umque imprimis Hannoveranarum. H. Dieterich, Gottingen,
1803, 28 pp.

Bgggild, O.B. 1930 The shell structure of the mollusks — Kgl.
Danske Vidensk. Selsk. Skr. (nat. mat.) (9) II 2: 233-326

Bohnné Havas, M. 1981 Selection of Ditrupa cornea (L.) and
forms convergent with it by scanning electron microscope —
Evi Jelent. magy. All Foldt. Intéz. 1979: 387-415. [Hungarian,
Engl. summary]

Bone, Y. & R.E. Wass 1990 Sub-Recent bryozoan-serpulid buil-
dups in the Coorong lagoon, South Australia — Aust. J. Earth
Sci. 37: 207-214

Bornhold, B.D. & J.D. Milliman 1973 Generic and environmen-
tal control of carbonate mineralogy in serpulid (polychaete)
tubes — J. Geol. 81: 363-373

Bosence, D.W.J. 1973 Recent Serpulid reefs, Connemara, Eire —
Nature 242: 40-41

Bosence, D.W.J.1979 The factors leading to aggregation and reef
formation in Serpula vermicularis L. In: Larwood, G. & B.R.
Rosen (eds) Biology and systematics of colonial organisms —
Syst. Ass. Spec. Vol. 11: 281-298

Boucot, A.J. 1981 Principles of benthic marine paleoecology.
Acad. Pr. New York etc., 1981, xiii + 463 pp.

Braga, J.C. & J.R. Lopez-Lopez 1989 Serpulid bioconstructions
at the Triassic-Liassic boundary in southern Spain. Facies 21:
1-10

Brand, E. & K. Hoffmann 1963 Stratigraphy and facies of the

northwest German Jurassic and genesis of its oil deposits — 6th
World Petrol. Congr., Frankfurt am Main, Proc. 1,17: 223-245

Breuer, J.P. 1957 An ecological survey of Baffin and Alazan
Bays, Texas — Publ. Inst. Mar. Sci. 4: 134-155

Bubel, A.,R.M. Stephens, R.H. Fenn & P. Fieth 1983 An electron
microscope, X-ray diffraction and amino acid analysis study of
the opercular filament cuticle, calcareous opercular plate and
habitation tube of Pomatoceros lamarckii Quatrefages (Poly-
chaeta : Serpulidae) — Comp. Biochem. Physiol. 74B: 837-850.

Burchette, T.P. & R. Riding 1977 Attached vermiform gastro-
pods in Carboniferous marginal marine stromatolites and bio-
stromes — Lethaia 10: 17-28

Buzhinskaja, G.N. 1991 Diversity and biomass of polychaetes in
shelf ecosystems of the Far Eastern Seas of the U.S.S.R. In:
Petersen, M.E. & J.B. Kirkegaard (eds) 1991 Proc. 2nd Int.
Polychaete Conf., Copenhagen — Ophelia, Suppl. 5: 539-545

Casey, R., P. Allen, G. Dorhofer, F. Gramann, N.F. Hughes, E.
Kemper, PF. Rawson & F. Surdijk 1975 Stratigraphical sub-
division of the Jurassic-Cretaceous boundary bedsin NW Ger-
many — Newsl. Stratigr. 4: 4-5

Cheng, Y.M. 1974 Paleocurrent direction of the Taliao Forma-
tion (Lower Miocene) indicated by Ditrupa sp. (Serpulidae)
shells — Acta Geol. Taiw. 17: 13-22

Choi, D.R. & R.N. Ginsburg 1983 Distribution of coelobites
(cavity-dwellers) in coral rubble across the Florida Reef Tract
— Coral Reefs 2: 165-172

Clark, G.R. 1976 Shell growth in the marine environment: ap-
proaches to the problem of marginal calcification — Am. Zool.
16: 617-626

Credner, H. 1863 Uber die Gliederung der oberen Juraformation
und der Wealden-Bildung im nordwestlichem Deutschland.
Prag, 192 pp.

Crisp, D.J. 1974 Factors influencing the settlement of marine in-
vertebrate larvae. In: Grant, PT. & A.M.Mackie (eds) 1974
Chemoreception in marine organisms. Acad. Pr., London,
New York: 177-265

Crisp, M. 1977 The development of the serpulid Pomatoleios
kraussii (Annelida, Polychaeta) — J. Zool. London 183: 147—
160

Croneis, C. 1982 Annelida, fossils — McGraw-Hill Encycl. Sci.
Techn 1 (5th ed.): 551-553

Cupedo, F. 1980a De opercula van Hamulus sexcarinatus Gold-
fuss (Polychaeta sedentaria, Serpulidae) uit het Boven-Krijt
van Zuid-Limburg — Publ. Nat. Hist. Gen. Limburg 1979, 29
(2):1-4

Cupedo, F.1980b De opercula van Sclerostyla mellevillei (Nyst et
le Hon), “Serpula” instabilis (Wrigley) en “Ditrupa” mosae
(Bronn), en hun betekenis voor de systematiek van deze soor-
ten — Publ. Nat. Hist. Gen. Limburg 1979 29 (3): 1-19

Dahlgriin, F. 1923 Tektonische, insbesondere kimmerische Vor-
ginge im mittleren Leinegebiet — Jahrb. preuss. geol. Lande-
sanst. 42: 723-763

Dakin, W.J., I. Bennett & E. Pope 1948 A study of certain aspects
of the ecology of the intertidal zone of the New South Wales
coast — Austr. J. Sci. Res. B (Biol. Sci.) 1: 176-230



Dales, R.P.1957 Some quantitative aspects of feeding in sabellid
and serpulid fan worms — J. mar. biol. Ass. UK. 36: 309-316

Dalyell, J.G.1853 The powers of the creator displayed in the cre-
ation; or, observations on life amidst the various forms of the
humbler tribes of animated nature: with practical comments
and illustrations. J. van Voorst, London. 2, xiii + 359 pp.

Dauer, D.M. 1991 Functional morphology and feeding behavior
of Polydora commensalis (Polychaeta: Spionidae). In: Peter-
sen M.E. & J.B. Kirkegaard (eds) 1991 Proc. 2nd Int. Poly-
chaete Conf., Copenhagen — Ophelia, Suppl. 5: 607-614

Dauer, D.M., G.H. Tourtelotte & R.M. Ewing 1982 Oyster shells
and artificial worm tubes: the role of refuges in structuring
benthic communities of the Lower Chesapeake Bay — Int. Re-
vue ges. Hydrobiol. 67: 661-677

Day, J.H. 1967 A monograph on the Polychaeta of Southern
Africa. 2. Sedentaria. London, Brit. Mus. (Nat. Hist.): 459-878

Day, J.H. 1969 A guide to marine life on South African shores.
Balkema, Cape Town, 1969, iii + 300 pp.

De Groot, S.J. & G. Ottevanger 1980 Visserij problematiek in
enige Tunesische kustmeren — Rijks Instituut voor Visserij
Onderzoek / Rijks Waterstaat, rapp. CA-80-01, 41 pp., 5 Ap-
pendices [mimeogr.]

Desor, M.E. & E.C. Cabot 1849 On the Tertiary and more recent
deposits in the Island of Nantucket — Proc. Geol. Soc. London
5:340-344

Diester, L. 1972 Zur spétpleistozdnen und holozidnen Sedimen-
tation im zentralen und ostlichen Persischen Golf — Meteor
Forsch. Ergebn. (C, Geol. Geophys.) 8: 37-83

Dixon, D.R. 1977 The energetics of Mercierella enigmatica Fau-
vel — Thesis, Univ. London, 494 pp. [mimeogr.]

Dixon, D.R. 1980 The energetics of tube production by Mercie-
rella enigmatica (Polychaeta : Serpulidae) — J. mar. biol. Ass.
UK. 60: 655-659

Dizdarevic, M. 1969 Periodicity in the activity of Marifugia cavat-
ica Abs. & Hrabé — Actes IV Cong. Int. Spéléol., Ljubljana
1965, 4/5: 63-64

Dyer, M.F,, W.G. Fry, PD. Fry & G.J. Cranmer 1982 A series of
North Sea benthos surveys with trawl and headline camera—1J.
mar. biol. Ass. UK. 62:297-313

Ekman, S. 1967 (1953) Zoogeography of the sea. 2nd ed. Sidg-
wick & Jackson Ltd, London, xiv + 417 pp.

Faouzi, H. 1931 Tube formation in Pomatoceros triqueter L. —J.
mar. biol. Ass. UK. NS 17: 379-384

Fauchald, K. 1977 The polychaete worms. Definitions and keys
to the orders, families and genera — Nat. Hist. Mus. Los An-
geles Cy., Sci. Ser. 28, 188 pp.

Finley, R.R. 1971 The effects of environmental variables on tube
secretion by the polychaetous annelid Hydroides pacificus —
MS thesis, Calif. State College, Long Beach, 69 pp. [mimeogr.]

Fischer, R. 1990 Arrecifes de poliquetos en el Oligoceno Superi-
or de Baja California (Mexico) — Rev. Soc. Mex. Paleont. 2:
69-75

Fischer, R., C. Galli Oliver & J. Reitner 1989 Skeletal structure,
growth, and paleoecology of the patch reef-building poly-
chaete worm Diplochaetetes mexicanus Wilson, 1986 from the
Oligocene of Baja California (Mexico) — Geobios 22: 761-775

61

Fitzhugh, K. 1989 A systematic revision of the Sabellidae-Coa-
bangidae-Sabellongidae complex — Bull. Amer. Mus. Nat.
Hist. 192: 1-104, 3 Appendices

Flood, P.G. & E. Frankel 1989 Late Holocene higher sea level
indicators from eastern Australia — Mar. Geol. 90, 3: 193-195

Fliigel, E. 1981 Paleoecology and facies of Upper Triassic reefs in
the northern calcareous Alps. In: Toomey, D.F. (ed) European
fossil reef models — Soc. Econ. Paleont. Mineral., Spec. Publ.
30, Tulsa: 291-359

Fliigel, E. & T. Steiger 1981 An Upper Jurassic sponge-algal buil-
dup from the northern Frankenalb, West Germany. In: Too-
mey, D.F. (ed) European fossil reef models — Soc. Econ. Pale-
ont. Mineral., Spec. Publ. 30, Tulsa: 371-397

Focke, J.W. 1977 The effect of a potentially reef-building verme-
tid-coralline algal community on an eroding limestone coast,
Curagao, Netherlands Antilles. In: Taylor, D.L. (ed) Proc. 3rd
Int. Coral Reef Symp., Miami, 1, Biol.: 239-245

Focke, J.W. 1978 Limestone cliff morphology and organism dis-
tribution on Curagao (Netherlands Antilles) — Leidse Geol.
Meded. 51: 131-150

Fgyn, B. & 1. Gjgen 1953 Studies on the serpulid Pomatoceros
triqueter L. 1. Observations on the life history — Nytt mag.
Zool. 2: 73-81

Gaemers, P.A.M. 1978 Biostratigraphy, palacoecology and pa-
laeogeography of the mainly marine Ager formation (Upper
Paleocene - Lower Eocene) in the Tremp Basin, Central-
South Pyrenees, Spain — Leidse Geol. Meded. 51: 151-231

Garwood, E.J. 1931 The Tuedian beds of Northern Cumberland
and Roxburghshire east of the Liddel Water — Quart. J. Geol.
Soc. London 87: 97-159

Geddes, M.C. & A.J. Butler 1984 Physicochemical and biological
studies on the Coorong Lagoons, South Australia, and the ef-
fect of salinity on the distribution of the macrobenthos—Trans.
Roy. Soc. S. Austr. 108: 51-62

Ginsburg, R.N. & J.H. Schroeder 1973 Growth and submarine
fossilization of algal cup reefs, Bermuda — Sedimentol. 20:
575-614 :

Gotz, G. 1931 Bau und Biologie fossiler Serpuliden — N. Jb. Min-
eral., Beil. 66B: 385-438

Gramann, F. 1971 Brackish or hyperhaline? Notes on paleoecol-
ogy based on Ostracoda — Bull. Centre Rech. Pau Soc. Nat.
Pétrole Aquitaine, 5th Suppl.: 93-99

Grave, B.H. 1933 Rate of growth, age at sexual maturity and du-
ration of life of certain sessile organisms, at Woods Hole, Mas-
sachusetts — Biol. Bull. 65: 375-386

Gravina, MLF. 1985 Ecology and distribution of polychaetes in
two lagoons of central Italy (Latium): Fondi and Lungo — Oe-
balia NS 11: 303-310

Gruet, Y. 1972 Aspects morphologiques et dynamiques de con-
structions de I’annélide polychete Sabellaria alveolata (Linné)
- Rev. Trav. Inst. péches marit. 36: 131-140

Haack, W. 1921 Zur Stratigraphie und Fossilfiihrung des Mittle-
ren Buntsandsteins in Norddeutschland — Jahrb. preuss. geol.
Landesanst. Berlin 42: 560-594

Hagmeier, A. 1930 Die Besiedelung des Felsstrandes und der



62

Klippen von Helgoland. Teil I. Der Lebensraum — Helgol.
wiss. Meeresunt. 15: 1-35

Haines, J.L. & D. Maurer 1980a Quantitative faunal associates of
the serpulid polychaete Hydroides dianthus — Mar. Biol. 56:
4347

Haines, J.L. & D. Maurer 1980b Benthic invertebrates associated
with a serpulid polychaete assemblage in a temperate estuary
— Int. Revue ges. Hydrobiol. 65: 643656

Hall, J.H. 1954 The feeding mechanism in Mercierella enigmatica
Fauvel (Polychaeta: Serpulidae) — Wasmann J. Biol. 12: 203
222

Hance, L. & M. Hennebert 1980 On some Lower and Middle
Visean carbonate deposits of the Namur basin, Belgium —
Meded. Rijks Geol. Dienst 32: 66-68

Hanson, J. 1948 Formation and breakdown of serpulid tubes —
Nature 161: 610-611

Harbridge, W., O.H. Pilkey, P. Whaling & P. Swetland 1976 Sedi-
mentation in the Lake of Tunis: a lagoon strongly influenced
by man — Environm. Geol. 1: 215-225

Hargitt, C.W. 1912 Observations on the behavior of tubicolous
annelids. ITII — Biol. Bull. 22: 67-94

Harsveldt, H.M. 1977 Das Pritertiér von Siidost Twenthe (Nie-
derlande) — Meded. Rijks Geol. Dienst N.S. 28,16 pp.

Hartman, O. 1969 Atlas of the sedentariate polychaetous anne-
lids from California. Allan Hancock Found., Los Angeles,
California, 812 pp.

Hartmann-Schroder, G. 1967 Zur Morphologie, Okologie und
Biologie von Mercierella enigmatica (Serpulidae, Polychaeta)
und ihrer R6éhre — Zool. Anz. Leipzig 179: 421-456

Heckel, PH. & D. Jablonski1979 Reefs and other carbonate buil-
dups. In: Fairbridge, R.-W. & D. Jablonski (eds) The Encyclo-
pedia of Paleontology. Dowden, Hutchinson & Ross, Penna:
691-705

Hedgpeth, J.W.1953 An introduction to the zoogeography of the
Northwestern Gulf of Mexico with reference to the inverte-
brate fauna — Publ. Inst. Mar. Sci. 3: 107-224

Hedgpeth, J.W.1954 Bottom communities of the Gulf of Mexico.
In: Galtsoff, P.S. (ed) Gulf of Mexico, its origin, waters, and
marine life — Fish. Bull., Fish Wildl. Serv., U.S. 55, 89: 203-214

Hedley, R.H. 1956a Studies of serpulid tube formation. I. The
secretion of the calcareous and organic components of the
tube by Pomatoceros triqueter — Quart. J. micr. Sci. 97: 411-419

Hedley, R.H. 1956b Studies of serpulid tube formation. II. The
calcium-secreting glands in the peristomium of Spirorbis, Hy-
droides and Serpula — Quart. J. micr. Sci. 97: 421-427

Hedley, R.H. 1958 Tube formation by Pomatoceros triqueter
(Polychaeta) — J. mar. biol. Ass. UK. 37: 315-322

Heldt, J.H. 1944 Sur la présence de Mercierella enigmatica Fau-
vel, serpulien d’eau saumétre dans les eaux tres salées du Lac
de Tunis — Notes Stat. océanogr. Salammb6 30: 1-4

Heldt, J.H. 1953 Mercierella enigmatica Fauvel et le comblement
eventuel du Lac de Tunis — Notes Stat. océanogr. Salammbd
33:1-7

Hoernes, R. 1898 Sarmatische Conchylien aus dem Oedenburg-
er Comitat — Jb. geol. Reichsanst. Wien 47: 57-94

Holloway, M. 1990 Mussels may clump together to improve their
food supply — Sci. Amer. 263, 12: 15

Howell, B.F. 1962 Worms. In: Moore, R.C. (ed) Treatise on In-
vertebrate Paleontology: W144-W177

Hoyer, P. 1965 Fazies, Paldogeographie und Tektonik des Malm
im Deister, Osterwald und Siintel - Beih. Geol. Jb. 61, 249 pp.

Huckriede, R. 1967 Molluskenfaunen mit limnischen und brack-
ischen Elementen aus Jura, Serpulit und Wealden NW-Deut-
schlands und ihre paldogeographische Bedeutung — Beih. Ge-
ol. Jb. 67, 263 pp.

Hughes, R.N. 1979 Coloniality in Vermetidae (Gastropoda). In:
Larwood, G. & B.R. Rosen (eds) Biology and systematics of
colonial organisms — Syst. Ass. Spec. Vol. 11: 243-253

Imajima, M. 1978 Serpulidae (Annelida, Polychaeta) collected
around Nii-jima and O-shima, Izu Islands — Mem. Nat. Sci.
Mus. Tokyo 11: 49-72

Jager, M. 1983 Serpulidae (Polychaeta sedentaria aus der nord-
deutschen hoheren Oberkreide — Systematik, Stratigraphie,
Okologie — Geol. Jb. A68: 1-219

Jahnke, H. & S. Ritzkowski 1980 Die Fazies-Abfolge im Miinder
Mergel der Steinbriiche bei Thiiste (Ober Jura, Hilsmulde) -
Ber. naturhist. Ges. Hannover 123: 45-62

Jordan, R. 1971 Zur Salinitit des Meeres im hoheren Oberen Ju-
ra Nordwest-Deutschlands — Z. Deutsch. geol. Ges. Berlin
122: 231-241

Kauenhowen, W. 1927 Die Faziesverhiltnisse und ihre Bezie-
hung zur Erdélbildung an der Wende Jura-Kreide in Nord-
westdeutschland — N. Jb. Mineral. Geol. Paldont. B: 215-272

Keene, W.C., Jr. 1980 The importance of a reef-forming poly-
chaete, Mercierella enigmatica, Fauvel, in the oxygen and nu-
trient dynamics of a hypereutrophic subtropical lagoon — Es-
tuarine coast. mar. Sci. 11: 167-178

Kelly,M. (ed.) 1977 Research on the eutrophication of the lake of
Tunis; geology, biology, chemistry and hydrology. II — Inst.
Nat. Sci. Techn. Océanogr. Péche, Environm. Protect. Agency,
Tunis [mimeogr. rept]

Kemper, E. 1988 (1976) Geologische Fiihrer durch die Graf-
schaft Bentheim und die angrenzenden Gebiete. 5 Aufl. Nord-
horn, 206 pp.

Kempf, M., & J. Laborel 1968 Formations de vermets et d’algues
calcaires sur les cotes du Brésil — Rec. Trav. Stat. Mar. d’En-
doume, Bull. 43 (59): 9-23

Keswal, M. 1892 A tubicolar annelide —J. Bombay nat. Hist. Soc.,
India 7: 114-115

Kilmer, FH. 1988 A paleoenvironmental sketch of Taiwan for
the Miocene-Early Pliocene interval — Saito Ho-on Kai Spec.
Publ. (Professor Tamio Kotaka Comm. Vol.) 1988: 4667

Kirtley, D.W. & W.F. Tanner 1968 Sabellariid worms: builders of a
major reef type — J. Sediment. Petrol. 38: 73-78

Kirkwood, J.M. & H.R. Burton 1988 Macrobenthic species as-
semblages in Ellis Fjord, Vestfold Hills, Antarctica — Mar.
Biol. 97: 445457

Klingler, W. 1955 Mikrofaunistische und stratigrafische-fazielle
Untersuchungen im Kimmeridge und Portland des Weser-All-
er Gebietes — Geol. Jb. 70: 167-246

Klockner, K. 1976a Zur Okologie von Pomatoceros triqueter



(Linne 1758) (Serpulidae, Polychaeta) — Thesis, Univ. Tiibin-
gen, 168 pp. [mimeogr.]

Klsckner, K. 1976b Zur Okologie von Pomatoceros triqueter
(Serpulidae, Polychaeta). I. Reproduktionsablauf, Substrat-
wahl, Wachstum und Mortalitidt — Helgol. wiss. Meeresunt. 28:
352-400

Knight-Jones E.W., P. Knight-Jones & S.M. Al-Ogily 1975 Ec-
ological isolation in the Spirorbidae — Proc. 9th European
Mar. Biol. Symp. Oban. Univ. Press, Aberdeen: 539-561

Knight-Jones E.W., P. Knight-Jones & PK. Bregazzi 1973 Hel-
icosiphon biscoeensis Gravier (Polychaeta: Serpulidae) and its
relationship with other Spirorbinae — Zool. J. Linn. Soc. 52:
9-21

Knight-Jones E.W. & J. Moyse 1961 Intraspecific competition in
sedentary marine animals — Symp. Soc. exp. Biol. 15: 72-95

Knox, G.A. 1953 The intertidal ecology of Taylor’s Mistake,
Banks Peninsula - Trans. Roy. Soc. New Zealand 81: 189-220

Koert, W. 1898 Geologische und paldontologische Untersuchun-
gen der Grenzschichten zwischen Jura und Kreide auf der
Siidwestseite des Selter. Go6ttingen: 17-23

Kolbel, H. 1967 Die Paldogeographie des Juras im Nordteil der
DDR in Beziehung zu den Nachbargebieten — Ber. deutsch.
Ges. geol. Wiss., A Geol. Paldont. 12: 259-288

Kubiatowicz, W. 1977 Ostracodes of the Volgian “Serpulite”
from Brzostéwka near Tomaszéw, Mazowiecki, Central Po-
land — Acta Geol. Pol. 27: 65-74

Laborel, J. 1980 Les Gastéropodes Vermetidés: leur utilisation
comme marqueurs biologiques de rivages fossiles — Océanis 5,
fasc. hors-série (1979-80): 221-239

Ladd, H.S. 1951 Brackish-water and marine assemblages of the
Texas coast, with special reference to molluscs — Publ. Inst.
Mar. Sci. 2: 129-163

Lamarck, J.B. de 1818 Histoire Naturelle des animaux sans ver-
tebres, présentant .... Part 5. Deterville & Verdiere, Paris, 612
pp- [Annélides: 274-374]

Laporte, L.F. 1967 Carbonate deposition near mean sea-level
and resultant facies mosaic : Manlius Formation (Lower De-
vonian) of New York State — Bull. Amer. Ass. Petr. Geol. 51:
73-101

Leeder, M.R. 1973 Lower Carboniferous serpulid patch reefs,
bioherms and biostromes — Nature 242: 41-42

Lerch, L. 1913 Anleitung fiir geologische Wanderungen in der
Umgegend von Hannover. Hannover, 128 pp. [Serpulids p.85-
86]

Lexique Stratigraphique International. Europe. Fasc. 4, France,
Belgique, Pays-Bas, Luxembourg. Fasc. 4aV, Jurassique s.str.
M.Dreyfuss (ed.) 1956, 169 pp.

Lexique Stratigraphique International. Europe. Fasc. 8, Au-
triche. O. Kuehn (ed) 1962, 646 pp.

Logan, B.W. 1961 Cryptozoon and associate stromatolites from
the recent, Shark Bay, Western Australia—J. Geol. 69: 517-533

Logan, B.W,, R. Rezak & R.N. Ginsburg 1964 Classification and
environmental significance of algal stromatolithes — J. Geol.
72: 68-83

Lommerzheim, A. 1979 Monographische Bearbeitung der Ser-
pulidae (Polychaeta sedentaria) aus dem Cenoman (Oberk-

63

reide) am Stidwestrand des Miinsterlander Beckens — Deche-
niana (Bonn) 132: 110-195

Lucas, G. 1959 Deux exemples actuels de “biolithosores” con-
struits par des Annélides — Bull. Soc. géol. France (7) 1: 385-
389

Maclntyre, I.G., K. Riitzler, J.N. Norris & K. Fauchald 1982 A
submarine cave near Columbus Cay, Belize: a bizarre cryptic
habitat. In: Riitzler, K. & I.G. Maclntyre 1982 The Atlantic
barrier reef ecosystem at Carrie Bow Cay, Belize ~ Smiths.
Contr. mar. Sci. 12: 127-141

Malaquin, A. 1904 Le Spirorbis pusillus du terrain houiller de
Bruay. La formation du tube des Spirorbes et leur adaption en
eau douce a I'époque houillere — Ann. Soc. géol. N. 33: 63-75

Martindale, W. 1976 Calcareous encrusting organisms of the Re-
cent and Pleistocene reefs of Barbados, West Indies — Thesis,
Edinburg, xxii + 156 pp., 6 tabs., 55 figs., 56 pls. excl., 6 Ap-
pendages with 32 pp., 22 pls., 34 tabs. [mimeogr.]

Mastrangelo, P. & L. Passeri 1975 Sedimenti calcareo-argillosi e
biolititi a serpulidi nel Mar Piccolo di Taranto - Boll. Soc. geol.
ital. 94: 2019-2046

Maurer, D., L. Watling, W. Leatham & P. Kinner 1979 Seasonal
changes in feeding types of estuarine benthic invertebrates
from Delaware Bay —J. exp. mar. Biol. Ecol. 36: 125-155

Mclnnes, D.E. 1976 Galeolaria — the white, coral-like growth
seen on rocks at low tide — Vict. Nat. 93: 228-231

Middleton, G.V. 1973 Johannes Walther’s law of the correlation
of facies — Geol. Soc. Amer. Bull. 84 (3): 979-988

Milliman, J.D. 1974 Marine carbonates. Part 1 of: Milliman, J.D.,
G. Miiller & U. Forstner (eds) 1974 Recent sedimentary car-
bonates. I. xv + 375 pp.

Minchin, D. 1987 Serpula vermicularis L. (Polychaeta: Serpuli-
dae) reef communities from the West coast of Ireland — Irish
Nat. J. 22: 314-316

Mistiaen, B. & J. Poncet 1983 Stromatolithes, Serpulidés et Try-
panopora (Vers?), associés dans de petits biohermes Givé-
tiens du Boulonnais — Palacogeogr. Palaeoclimatol. Palaeoe-
col. 41: 125-138

Mitterer, R.M. 1971 Comparative amino acid composition of cal-
cified and non-calcified polychaete worm tubes — Comp. Bio-
chem. Physiol. 38B: 405409

Mohammad, M.B.M. 1975 Competitive relationship between
Balanus amphitrite amphitrite and Pomatoleios kraussii with
special reference to their larval settlement — Hydrobiologia
46:1-15

Morch, O.A.L. 1863 Revisio Critica Serpulidarum. Et bidrag til
rgrormenes Naturhistorie — Naturh. Tidssk. Henrik Krgyer,
Kgbenhavn (3) 1: 347470

Morton, J.E. 1965 Form and function in the evolution of the Ver-
metidae — Bull. Brit. Mus. (Nat. Hist.), Zool. 11: 585-630

NAM & RGD (Nederlandse Aardolie Mij. & Rijks Geol.
Dienst) 1980 Stratigraphic nomenclature of the Netherlands —
Verh. Kon. Ned. Geol. Mijnb. Gen. 32:1-77

Neff, J.M. 1968 Calcium carbonate formation by serpulid poly-
chaete worms: physiology and ultrastructure — Diss. Abstr.
29B: 1489



64

Neff, J.M. 1969 Mineral regeneration by serpulid worms — Biol.
Bull. 136: 76-90

Neff, .M. 1971a Ultrastructural studies of the secretion of calci-
um carbonate by the serpulid polychaete worm Pomatoceros
caeruleus — Z.. Zellforsch. mikrosk. Anat. 120: 160-186

Neff, J.M.1971b Ultrastructure of calcium phosphate-containing
cells in the serpulid Pomatoceros caeruleus — Calc. Tiss. Res. 7:
191-200

Nott, J.A. & K.R. Parkes 1975 Calcium accumulation and secre-
tion in the serpulid polychaete Spirorbis spirorbis L. at settle-
ment —J. mar. biol. Ass. U. K. 55: 911-921

O’Donnell, M.A. 1986 The ecology and early life history of the
intertidal tubeworm, Galeolaria caespitosa — Thesis, Univ.
Sydney, 1986, viii + 158 pp., 6 appendages [mimeogr.]

Packard, A.S.,Jr. 1867 Observations on the glacial phenomena of
Labrador and Maine, with a view of the recent invertebrate
fauna of Labrador - Mem. Boston Soc. nat. Hist. 1: 210-303

Pagnier, H. 1977 Excursion to Messinian reef deposits in the
northern part of the Sorbas Basin: an introduction. Messinian
Seminar 3, Fieldtrip 2 (Sorbas), Malaga-Alicante 28 Sept.—1
Oct. 1977: 44-54 [mimeogr.]

Papp, A. 1956 Fazies und Gliederung des Sarmats im Wiener
Becken — Mitt. Geol. Ges. Wien 47: 35-98

Paul, M.D. 1937 Sexual maturity of some organisms in the Ma-
dras Harbour — Curr. Sci. Bangalore 5: 478-479

Pawlik, J.R. 1988 Larval settlement and metamorphosis of sabel-
lariid polychaetes, with special reference to Phragmatopoma
lapidosa, a reef-building species, and Sabellaria floridensis, a
non-gregarious species — Bull. Mar. Sci. 43: 41-60

Pearse, A.S. & L.G. Williams 1951 The biota of the reefs off the
Carolinas — J. Elisha Mitchell Sci. Soc. 67: 133-161

Pendlebury, D.C. & M.R. Dobson 1976 Sediment and macrofau-
nal distribution in the eastern Malin Sea, as determined by
side-scan sonar and sampling — Scott. J. Geol. 11: 315-332

Péres, J.M. 1982 Ocean Management. In: Kinne, O. (ed) 1982
Marine Ecology. A comprehensive, integrated treatise on life
in oceans and coastal waters, 5,1, xix + 642 pp.

Péres, J.M. & J. Picard 1964 Nouveau manuel de bionomie ben-
thique de la mer Méditerranée — Rec. Trav. Stat. Mar. d’En-
doume 47 (Bull. 31): 1-137

Perkins, T.H. 1991 Calcisabella piloseta, a new genus and species
of Sabellinae (Polychaeta: Sabellidae) — Bull. Mar. Sci. 48:
261-267

Péron, F, [& L. Freycinet] 1807, 1816 Voyages de découvertes
aux Terres Australes, exécuté par orde de sa Majesté 'Empe-
reur et Roi, .... pendant les années 1800, 1801, 1802,1803 et 1804
—Paris, 1807. 1, xv + 496 pp.; 1816. I1, xxxi + 471 pp.; Atlas, 65 pls
& maps

Peryt, T.M. 1974 Spirorbid-algal stromatolites — Nature 249: 239—
240

Peryt, T.M. 1975 Significance of stromatolites for the environ-
mental interpretation of the Buntsandstein (Lower Triassic)
Rocks — Geol. Rdsch. 64: 143-158

Petit, G. & F. Rullier 1952 Mercierella enigmatica Fauvel sur les
cotes de la Méditerranée Frangaise. Observations sur deux

stations nouvelles du littoral des Pyrénées-Orientales — Vie
Milieu 3: 1-19

Petit, G. & F. Rullier 1956 Encore Mercierella enigmatica dans les
eaux saumatres du Roussillon et du Languedoc - Vie Milieu 7:
27-37

Pickard, J. 1985 The Holocene marine macrofauna of the Vest-
fold Hills, Antarctica — Boreas 14: 189-202

Pickard, J., D.A. Adamson & C.W. Heath 1986 The evolution of
Watts Lake, Vestfold Hills, East Antarctica, from marine inlet
to freshwater lake — Palacogeogr. Palaeoclimatol. Palaeoecol.
53:271-288

Pillai, T.G. 1970 Studies on a collection of spirorbids from Cey-
lon, together with a critical review and revision of spirorbid
systematics, and an account of their phylogeny and zoogeog-
raphy — Ceylon J. Sci. (biol. Sci.) 8: 100172

Pisera, A. 1978 Miocene reef deposits of the western Roztocze —
Przegl. Geol. 3: 159-162

Playford, PE. & A.E. Cockbain 1976 Modern algal stromatolites
at Hamelin Pool, a hypersaline barred basin in Shark Bay, W.
Australia. In: Walter, M.R. (ed) Stromatolites. Developments
in Sedimentology. Elsevier, Amsterdam: 389411

Por, E.D. & L. Dor 1975 Ecology of the metahaline pool of Di
Zahav, Gulf of Elat, with notes on the Siphonocladacea and
the typology of near-shore marine pools — Mar. Biol. 29: 3344

Rasmussen, K.A. & C.E. Brett 1985 Taphonomy of Holocene
cryptic biotas from St.Croix, Virgin Islands: information loss
and preservational biases — Geol. 13: 551-553

Rathbun, R. 1879 Notes on the coral reefs of the island of Itapar-
ica, Bahia, and of Parahyba do Norte — Amer. J. Sci. Arts (3)
17:327-328

Reed, C.T. 1941 Marine life in Texas waters — Texas Acad. Publ.
Nat. Hist., non-techn. ser., 88 pp.

Regenhardt, H. 1961 Serpulidae (Polychaeta sedentaria) aus der
Kreide Mitteleuropas, ihre okologische, taxionomische und
stratigraphische Bewertung — Mitt. Geol. Staatsinst. Hamburg
30: 5-115

Regenhardt, H. 1964 “Wurm-" und Serpuliden-Rohren in Ges-
chieben unter besonderer Beriicksichtigung von “Riffbildun-
gen” — Lauenburgische Heimat NF 45: 57-62

Reineck, H.E. 1960 Uber eingeregelte und verschachtelte Roh-
ren des Goldkécher-Wurmes (Pectinaria koreni) — Natur und
Volk 90: 334-337

Reish, D.J. 1952 Discussion of the colonial tube-building poly-
chaetous annelid Dodecaceria fistulicola Ehlers — Bull. S. Cal-
if. Acad. Sci. 51: 103-107

Remy, P. 1937 Sur Marifugia cavatica Absolon et Hrabe, serpu-
lide des eaux douces souterraines du karst adriatique — Bull.
Mus. nat. Hist. nat. Paris (2) 9: 66-72

Robertson, J.D. & C.F.A. Pantin 1938 Tube formation in Poma-
toceros triqueter (L.) — Nature 141: 648-649

Saad, M.A.H. 1974 Calcareous deposits of the brackish-water
lakes in Egypt — Rapp. proc.-verb. réun., Comm. int. Expl. sci.
Mer Médit. 22: 53

Safriel, U.N. 1975 The role of vermetid gastropods in the forma-
tion of Mediterranean and Atlantic reefs — Oecologia (Berlin)
20: 85-101



Sarnthein, M. 1971 Oberflichensedimente im Persischen Golf
und Golf von Oman II. Quantitative Komponentenanalyse
der Grobfraktion — Meteor Forsch. Ergebn. (C Geol. Geo-
phys.) 5:1-113

Scheltema, R.S., I.P. Williams, M.A. Shaw & C. Loudon 1981
Gregarious settlement by the larvae of Hydroides dianthus
(Polychaeta: Serpulidae) — Mar. Ecol. Progr. Ser. 5: 69-74

Schmidt, W.J. 1951 Die Unterscheidung der Rohren von Scapho-
poda, Vermetidae und Serpulidae mittels mikroskopischer
Methoden — Mikroskopie, Zentr. bl. mikr. Forsch. Meth. 6:
373-381

Schmidt, W.J. 1955 Die tertiiren Wiirmer Osterreichs —
Denkschr. Ost. Akad. Wiss. (math.-nat. K1.) 109: 1-121

Schondorf, F. 1914a Die Schichtfolge des Oberen Jura am Sam-
keweg bei Springe — Jahresber. Niederséchs. geol. Ver. 7: 107
115

Schondorf, F. 1914b Die Weiss-Jura-Aufschliisse von Volksen am
Deister — Jahresber. Niederséchs. geol. Ver. 7: 125-144

Schondorf, F. 1914c Geologisches Wanderbuch 1. Nidhere Um-
gebung von Hannover. Naturhist. Ges. Hannover, 144 pp.

Schonfeld, M. 1979 Stratigraphische, fazielle, paldogeogra-
phische und tektonische Untersuchungen im Oberen Malm
des Deisters, Osterwaldes und Stintels (NW-Deutschland) —
Clausthaler Geol. Abhandl. 35:1-270

Schott, W. 1949 Zur Paldogeographie des nordwestdeutschen
Malms. In: Bentz, A. (ed) 1949 Erdél und Tektonik in NW
Deutschland (Erdéltagung Hannover, 1947): 129-135

Schott, W. 1951 Der obere Weisse Jura und die tiefste Unterk-
reide im Deutsch-Hollédndischen Grenzgebiet — Geol. Jb. 65:
213-270

Schroeder, J.H. & H. Zank11974 Dynamic reef formation: a sedi-
mentological concept based on studies of recent Bermuda and
Bahama reefs. In: Cameron, A.M., BM. Campbell, A.B.
Cribb, R. Endean, J.S. Jell, O.A. Jones, P. Mather & FH. Tal-
bot (eds) 1974 Proc. 2nd Int. Symp. Coral Reefs June 22-July 2,
1973, Great Barrier Reef Committee, 2: 413-428

Schumacher, H. 1976 (1982) Korallenriffe: ihre Verbreitung,
Tierwelt und Okologie. BLV Verlag, Miinchen, Bern, Wien,
275 pp. (2nd ed.1982)

Scoffin, T.P. & P. Garrett 1974 Processes in the formation and
preservation of internal structure in Bermuda patch reefs. In:
Cameron, A.M., BM. Campbell, A.B. Cribb, R. Endean, J.S.
Jell, O.A. Jones, P. Mather & F.H. Talbot (eds) 1974 Proc. 2nd
Int. Symp. Coral Reefs June 22-July 2, 1973, Great Barrier
Reef Committee, Brisbane, 2: 429-448

Shepard, FP. & G.A. Rusnak 1957 Texas Bay sediments — Publ.
Inst. Mar. Sci. 4: 5-13

Sigl, W.1973 Der Golf von Manfredonia (Siidliche Adria). 1. Die
fazielle Differenzierung der Sedimente — Senckenb. marit. 5:
3-49

Sokolov, B.S. (ed) (1962) 1971 Porifera, Archaeocyatha, Coelen-
terata, Vermes. Volume 2 In: Y.A. Orlov (ed) 1962 Fundamen-
tals of Palacontology 2, Izdatel’stvo Akademii Nauk SSSR,
Moskva. (1971 Israel Progr. Sci. Transl., Jerusalem)

Soldatova, I.N. & E.P. Turpaeva 1960 [On the duration of adapta-
tion with change of salinity in the bivalve mollusc Teredo nava-

65

lis L., and the polychaetous worm Mercierella enigmatica Fau-
vel.] (in Russian) — Dokl. Akad. Nauk SSSR 130: 646648

Stapf, K.R.G. 1971 Rohrentragende Spirorben (Polychaeta,
Vermes) als Zeugen des sessilen Benthos aus dem pfilzischen
Rotliegenden — Abhandl. Hessischen Landesamt. Boden-
forsch. 60: 167-174

Stephenson, T.A. & A. Stephenson 1972 Life between tidemarks
on rocky shores. Freeman Cy, San Francisco, 1972, xiii + 425
pp.

Straughan, D.1967 Marine Serpulidae (Annelida: Polychaeta) of
Eastern Queensland and New South Wales— Austr. J. Zool. 15:
201-261

Straughan, D. 1969 Intertidal zone-formation in Pomatoleios
kraussii (Annelida: Polychaeta) — Biol. Bull. 136: 469-482

Straughan, D. 1971 Establishment of non-breeding population of
Mercierella enigmatica (Annelida: Polychaeta) upstream from
a breeding population — Bull. S. Calif. Acad. Sci. 69: 169-175

Straughan, D. 1972 Ecological studies of Mercierella enigmatica
Fauvel (Annelida: Polychaeta) in the Brisbane River — J.
Anim. Ecol. 41: 93-136

Struckmann, C. 1879 Uber den Serpulit (Purbeckkalk) von Volk-
sen am Deister, iiber die Beziehungen der Purbeckschichten
zum oberen Jura und zum Wealden und iiber die oberen Gren-
zen der Juraformation—Z. Deutsch. geol. Ges., Berlin 31: 227—
243

Swan, E.F. 1950 The calcareous tube secreting glands of the ser-
pulid polychaetes — J. Morphol. 86: 285-314

Ten Hove, H.A. 1970 Serpulinae (Polychaeta) from the Carib-
bean: I. The genus Spirobranchus — Stud. Fauna Curagao Ca-
rib. Isl. 32:1-57

Ten Hove, H.A. 1973 Serpulinae (Polychaeta) from the Carib-
bean: II. The genus Sclerostyla — Stud. Fauna Curagao Carib.
Isl. 43:1-21

Ten Hove, H.A. 1975 Serpulinae from the Caribbean: III. The
genus Pseudovermilia (including species from other regions) —
Stud. Fauna Curagao Carib. Isl. 47: 46-101

Ten Hove, H.A. 1979a Tube worm — Yearb. Sci. Technol.,
McGraw-Hill, 1979: 400402

Ten Hove, H.A. 1979b Different causes of mass occurrence in
serpulids. In: Larwood, G. & B.R. Rosen (eds) Biology and
systematics of colonial organisms — Syst. Ass. Spec. Vol. 11:
281-298

Ten Hove, H.A. 1984 Towards a phylogeny in serpulids (Anneli-
da; Polychaeta) In: Hutchings, P.A. (ed) Proc. first Int. Poly-
chaete Conf., Sydney: 181-196

Ten Hove, H.A. & M.J. Jansen-Jacobs 1984 A revision of the ge-
nus Crucigera (Polychaeta, Serpulidae); a proposed methodi-
cal approach of serpulids, with special reference to variationin
Serpula and Hydroides In: Hutchings, P.A. (ed) Proc. first Int.
Polychaete Conf., Sydney: 143-180

Ten Hove, H.A. & R.S. Smith 1990 A re-description of Ditrupa
gracillima Grube, 1878 (Polychaeta, Serpulidae) from the In-
do-Pacific, with a discussion of the genus — Rec. Austr. Mus.
42:101-118

Ten Hove, H.A. & J.C.A. Weerdenburg 1978 A generic revision
of the brackish-water serpulid Ficopomatus (Southern 1921)



66

(Polychaeta : Serpulinae), including Mercierella Fauvel 1923,
Sphaeropomatus Treadwell 1934, Mercierellopsis Rioja 1945
and Neopomatus Pillai 1960 — Biol. Bull. 154: 96-120

Ten Hove, H.A. & P.S. Wolf 1984 Family Serpulidae Johnston,
1865. In: Uebelacker, .M. & P.G. Johnson (eds) 1984 Taxo-
nomic Guide to the Polychaetes of the Northern Gulf of Mex-
ico — Final Report to the Minerals Management Service, con-
tract 14-12-001-29091. Barry A. Vittor & Ass., Inc., Mobile,
Alabama, 7: 55-1 to 55-34

Ten Hove, H.A. & H. Zibrowius 1986 Laminatubus alvini gen. et
sp.n. and Protis hydrothermica sp.n. (Polychaeta, Serpulidae)
from the bathyal hydrothermal vent communities in the east-
ern Pacific — Zool. Scripta 15: 21-31

Thorp, C.H.1987 Ecological studies on the serpulid Ficopomatus
enigmaticus (Fauvel) in a brackish millpond — Porcupine
Newsl. 4: 14-19

Tizard, T.H.,H.N. Moseley, J.Y. Buchanan & J. Murray 1885 Nar-
rative I — Rep. sci. res. Challenger 1873-76, liv + 509 pp.

Toomey, D.F. (ed) 1981 European fossil reef models — Soc. Econ.
Paleont. Mineral., Spec. Publ. 30, Tulsa, iii + 546 pp.

Toomey, D.F. & J.M. Cys 1977 Spirorbid/algal stromatolites, a
probable marginal marine occurrence from the Lower Per-
mian of New Mexico, U.S.A. — N. Jb. Mineral., Geol. Paldont,
Mh 1977: 331-342

Trueman, A.E. 1942 Supposed commensalism of Carboniferous
spirorbids and certain non-marine lamellibranchs — Geol.
Mag. 79: 312-320

Turpaeva, Y.P. 1961 [The reaction of the Black Sea polychaete
worm Mercierella enigmatica to various salinities] (Transl. U.S.
Naval Oceanogr. Office 180, 1963) — Trud. Inst. Okeanol.
Akad. Nauk SSSR 49: 187-199

Valentine, J.W. 1973 Evolutionary paleoecology of the marine
biosphere — Prentice Hall Inc., Englewood Cliffs New Jersey,
511 pp.

Van der Heide, S. 1956 Quelques remarques sur Spirorbis pusil-
lus (Martin) du Carbonifere des Pays-Bas—Leidse Geol. Med-
ed. 20 (1955): 100-109

Van der Land, J. 1987 Report on the CANCAP-project for ma-
rine biological research in the Canarian — Cape Verdean re-
gion of the North Atlantic Ocean. Part I. List of stations. Zool.
Verh. Leiden 243: 1-94

Verrill, A.E. 1903 The Bermuda Islands: their scenery, climate,
productions, physiography, natural history, and geology; with
sketches of their early history and the changes due to man —
Trans. Connect. Acad. Arts Sci. 11: 413-911

Videtich, PE. 1986 Stable-isotope composition of serpulids give
insights to calcification-processes in marine organisms — Pa-
laios 1986, 5: 189-193

Vinogradov, A.P.1952 The elementary chemical composition of
marine organisms — Mem. Sears Found. mar. Res. 2, Yale Un-
iv., Xiv + 647 pp.

Volk, H.R. 1967 Zur Geologie und Stratigraphie des Neogen-
beckens von Vera, siidost-Spanien — Thesis, Univ. Amster-
dam, 1967, 160 pp.

Von Gaertner, H.R. 1958 Vorkommen von Serpelriffen noérdlich

des Polarkreises an der norwegischen Kiiste — Geol. Rdsch. 47:
72-73

Vovelle, J. 1956 Processus glandulaires impliqués dans la recon-
struction du tube chez Pomatoceros triqueter (L.), annélide
polychete (Serpulidae) — Bull. Lab. marit. Dinard 42: 10-32

Vuillemin, S. 1952 Les récifs & Mercierella enigmatica Fauvel —
Bull. Soc. Sci. nat. Tunisie 3: 209-211

Vuillemin, S. 1954a Les annélides sédentaires des récifs de Mer-
cierella enigmatica Fauvel — Bull. Soc. Sci. nat. Tunisie 6: 31

Vuillemin, S. 1954b Essais de reconstruction du tube chez Mer-
cierella enigmatica Fauvel — Bull. Soc. Sci. nat. Tunisie 7: 195-
196

Vuillemin, S. 1965 Contribution a I’étude écologique du lac de
Tunis. Biologie de Mercierella enigmatica Fauvel — Thesis, Un-
iv. of Paris, A 4622 (5469), 554 pp.

Walther, J. 1893 Einleitung in die Geologie als historische Wis-
senschaft. Beobachtungen iiber die Bildung der Gesteine und
ihrer organischen Einschlisse. Jena, G. Fischer, 1893, xxx +
1055 pp.

Weedon, M.J.1990 Shell structure and affinity of vermiform ‘gas-
tropods’ — Lethaia 23: 297-309

Weedon, M.J. 1991 Microstructure and affinity of the enigmatic
Devonian tubular fossil Trypanopora — Lethaia 24: 227-234

Westbroek, P, J. Tanke-Visser, J.PM. de Vrind, R. Spuij, W. van
der Pol & E.W. de Jong 1983 Immunological studies on macro-
molecules from invertebrate shells — recent and fossil. In:
Westbroek, P. & E.W. de Jong (eds) Biomineralization and bi-
ological metal accumulation: biological and geological per-
spectives: papers presented at the fourth international sympo-
sium on biomineralization, Renesse, the Netherlands, June
2-5,1982. Reidel Publishing Company, Dordrecht, 1983: 249
253

Wilson, D.P. 1971 Sabellaria colonies at Duckpool, North Corn-
wall, 1961- 1970 — J. mar. biol. Ass. U.K. 51: 509-580

Wilson, J.B.1976 Attachment of the coral Caryophyllia smithii S
& B to tubes of the polychaete Ditrupa arietina (Miiller) and
other substrates — J. mar. biol. Ass. UK. 56: 291-303

Wilson, J.B. 1979 Biogenic carbonate sediments on the Scottish
continental shelf and on Rockall Bank — Mar. Geol. 33, 3-4:
M85-M93

Withers, T.H. 1932 Barnacles from Magnetic Island, North
Queensland — Mem. Queensl. Mus. 10: 122-124

Wolff, W.J.1969 Mercierella enigmatica Fauvel, een borstelworm
van het brakke water, voor het eerst in Nederland gevonden —
Levende Natuur 72: 85-92

Wollebaek, A. 1912 Nordeuropaeiske annulata polychaeta. 1.
Ammocharidae, Amphictenidae, Ampharetidae, Terebelli-
dae og Serpulidae — Skr. Vidensk. Christiania 1 (math. nat.) 18:
1-144

Woodford, A.O. 1973 Johannes Walther’s law of the correlation
of facies: discussion — Geol. Soc. Amer. Bull. 84: 3737-3740

Wright, VP. & E.V.G. Wright 1981 The palaeoecology of some
algal-gastropod bioherms in the Lower Carboniferous of
South Wales — N. Jb. Mineral., Geol. Paldont., Mh 1981: 546—
558



Wrigley, A.1950 The differences between the calcareous tubes of
Vermetids and of Serpulids — J. Conchyliol. 90: 118-121

Wrigley, A. 1951 Some Eocene serpulids — Proc. Geol. Ass. Lon-
don 62: 177-202

Yochelson, E.L. 1971 A new late Devonian gastropod and its
bearing on problems of open coiling and septation — Smiths.
Contr. Paleobiol. 3: 231-241

Zhang, Q., Y. Xie & Y. Li1983 A preliminary study of the evolu-
tion of the post late Pleistocene Vestfold Hills environment,
East Antarctica. In: R.L. Oliver, P.R. James & J.B. Jago (eds)
1983 Antarctic earth science. Austr. Acad. Sci.: 473477

Zibrowius, H. 1968 Etude morphologique, systématique et éco-
logique, des Serpulidae (Annelida Polychaeta) de la région de
Marseille — Rec. Trav. Stat. Mar. d’Endoume, Bull. 43 (59): 81—
252

Zibrowius, H. 1971 Les especes Méditerrannéennes du genre

67

Hydroides (Polychaeta Serpulidae). Remarques sur le préten-
du polymorphisme de Hydroides uncinata —Téthys 2: 691-746

Zibrowius, H. 1979 Quelques récoltes de Serpulidae (Annelida
Polychaeta) sur les cotes nord de la Tunisie — Bull. Off. nat.
Péche Tunisie 1978, 2: 211-222

Zibrowius, H. 1991 A propos des prétendus “récifs de Serpuli-
dae” deI'ille Rousse, Corse (Méditerranée Nord-Occidentale)
—Mésogée 50 (1990): 71-74

Zibrowius, H. & H.A. ten Hove 1987 Neovermilia falcigera
(Roule, 1898) a deep- and cold-water serpulid polychaete
common in the Mediterranean Plio-Pleistocene — Biol. Soc.
Washington Bull. 7: 259-271

Zimmermann, E. 1907 Diskussionsbemerkung zu einem Vortrag
Blanckenhorn’s — Z. Deutsch. geol. Ges., Berlin 59, Mb 12:
311-315






