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Abstract

The alimentary canal of polychaetes consists of a foregut, midgut, and hindgut. The alimentary canal shows
different specializations even in homonomously segmented polychaetes. The foregut gives rise to the buccal
cavity, pharnyx and oesophagus, the midgut may be divided into a stomach and the intestine proper. Since
polychaetes use a wide spectrum of food sources, structures involved in feeding vary as well and show
numerous specializations. In the foregut these specializations may be classified as one of the following
types: dorsolateral folds, ventral pharynx, axial muscular pharynx, axial non-muscular proboscis and
dorsal pharynx. The latter, typical of oligochaetous Clitellata, occurs rarely in polychaetes. The structure,
evolution and phylogenetic importance of these different types are described and discussed. Axial muscular
and ventral pharynges may be armed with jaws, sclerotized parts of the pharyngeal cuticle. Terminology,
structure, occurrence and development of the jaws are briefly reviewed. Special attention has been paid to
the jaws of Eunicida including extinct and extant forms. Conflicting theories about the evolution of the jaws
in Eunicida are discussed. The epithelia of the intestine may form a pseudostratified epithelium composed
of glandular cells, absorptive cells and ciliated cells or only one cell type having similar functions. A
conspicuous feature in the intestine of certain polychaetes is the occurrence of unicellular tubular struc-
tures, called enteronephridia. So far these enteronephridia are only known in a few meiofauna species.

Introduction

The alimentary canal of polychaetes consists of
three parts: foregut, midgut and hindgut. Foregut
and hindgut are of ectodermal origin, being
formed by stomatodeal and proctodeal invagin-
ations of the ectoderm and thus usually bearing a
cuticle. The midgut is derived from the endoderm.
The structure of the gut is correlated with adap-
tations to feeding and life style of polychaetes.
Usually the alimentary canal shows different spe-
cialized parts even in homonomously segmented
taxa (Fig. 1A–C). The foregut gives rise to the
buccal cavity, pharynx and oesophagus, the mid-
gut may be divided into a stomach and the intes-
tine proper (Fig. 1B and C), and only the hindgut

normally forms a single part. The length of the
different regions varies among species according to
their specific adaptive needs. Usually the intestine
is no longer than the body, but in taxa with
comparatively short or stout bodies the intestine
may be coiled (Fig. 1B) or bear caeca to provide
sufficient digestive surfaces. The gut system is at-
tached to the body wall by means of septa and
mesenteries which, however, may be more or less
reduced or absent when the intestine is coiled or
involved in extensive longitudinal movements. In
contrast to Clitellata, no polychaete taxon is
known to date in which a digestive tract is com-
pletely absent. However, in Siboglinidae (formerly
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Pogonophora, now considered to belong to Poly-
chaeta) it is highly modified to form the tropho-
some housing symbiotic bacteria (Southward et al.,
2005) and in Parenterodrilus taenioides the gut is
residual and non-functional (Jouin, 1979, 1992).

The literature on the anatomy, morphology
and physiology of the polychaete digestive system
and feeding biology is copious and has been re-
viewed by Dales (1963), Jeuniaux (1969), Michel &
DeVillez (1978), Fauchald & Jumars (1979),
Michel (1988), Purschke (1988a), and Saulnier-
Michel (1992).

Pharynx and foregut

Polychaetes use a wide spectrum of food sources
and show a great diversity of feeding habits
(Fauchald & Jumars, 1979). Accordingly, struc-

tures involved in feeding vary as well and show
numerous specializations (for recent reviews see
Purschke, 1988a; Saulnier-Michel, 1992). These
specializations include the structural differentiation
of the foregut proper and presence or absence of
accessory structures, which can include ciliated
tracts, ciliated fields or tentacles. Although feeding
tentacles differ considerably between taxa, they
mostly represent specialized palps and, thus, can be
regarded as homologous (Orrhage &Müller, 2005).

However, in Ampharetidae, Pectinariidae and
Terbellidae the feeding tentacles are considered
not be modified palps (Orrhage, 2001). Moreover
several other tentacle-like structures may be pres-
ent such as the buccal tentacles of Cossuridae,
which originate from the stomodeal epithelium
(Tzetlin, 1994).

The mouth region of the larvae may give rise to
a variety of adult structures often together termed

Figure 1. Different patterns of gut structure in polychaetes. (A) ‘Exogone rubescens’ (Syllidae). Intestine (i) forms a straight tube.

Pharynx differentiated into pharyngeal tube (pt) and proventricle (pv); e developing embryos. (B) Stygocapitella subterranea (Parer-

godrilidae). Gut divided into ventral pharynx (vph), oesophagus (oes), stomach (st), coiled intestine (i), rectum (r), and ventral nerve

cord (vnc). (C) Trochonerilla mobilis (Nerillidae). Digestive tract comprises ventral pharynx (vph), oesophagus (oes), anterior and

posterior stomach (st), enteronephridia (e), intestine (i) and rectum (r). Enteronephridia open into the gut at the border between

stomach and intestine. (mo) mouth. A after Ørsted (unpubl.) from Wolff & Petersen (1991), B from Struck et al. (2002), C from Tzetlin

et al. (1992).
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the buccal organ (Rouse, 2000). In many species
the foregut is more or less protrusile and thus called
a proboscis, which in turn may be composed of
several parts (e.g., Purschke, 1988a; Saulnier-Mi-
chel, 1992). The term pharynx is generally re-
stricted to the muscular regions of the foregut.
Since the foregut is derived from the ectoderm, its
epithelium is usually covered by a cuticle. In several
taxa, areas of this cuticle have become thickened,
sclerotized and mineralized to form distinct jaws or
tooth-like structures (p. 209). Although the
structure of the foregut varies widely among the
polychaete taxa, these different structures have
until recently been classified as only three types of
buccal organs (Fauvel, 1959; Dales, 1962; Saulnier-
Michel, 1992): (1) axial muscular proboscis (phar-
ynx), (2) ventral pharyngeal organ and (3) axial
non-muscular proboscis. However, Purschke &
Tzetlin (1996) described a previously unrecognized,
comparatively simply structured foregut as another
distinct plan of organization, which has been called
dorsolateral ciliary folds. Rouse (2000) subdivided
the ventral pharyngeal organs into simple ventral
buccal organs and ventral buccal organs with
well-developed musculature, the latter only occur-
ring in Eunicida and Amphinomida. Moreover, the
simple, tube-like foregut present in Sabellidae and
Serpulidae (as well as Spirorbidae and Sabellarii-
dae?) has been classified as absence of a buccal
organ by Rouse (2000). Recent investigations of
the foregut in the enigmatic terrestrial polychaete
Hrabeiella periglandulata confirmed the presence of
a dorsal pharynx in this species, elsewhere only
known in and characteristic of oligochaetous Cli-
tellata (Rota, 1998; Purschke, 2002, 2003).

Dorsolateral ciliary folds

In many polychaete species the dorsolateral walls
of the foregut are differentiated into protrusible
ciliated folds (Fig. 2A–H). Although sometimes
briefly mentioned in the literature (e.g., Orrhage,
1964; Purschke & Jouin, 1988; Tzetlin, 1989), their
importance as a distinct type of feeding structure
in polychaetes has not been recognized for a long
time. One reason might be their simple structure
and another reason, that these folds most often
occur together with a ventral pharyngeal organ
(Purschke & Tzetlin, 1996). Since there are species
in which these folds are the only differentiation of

the foregut used for feeding, they are described
separately.

These folds are always positioned dorsolater-
ally and are usually heavily ciliated (about 5–8 cilia
per lm2; Fig. 2D and H). As a rule the ciliated
cells are associated with numerous gland cells,
which may either be randomly distributed over the
folds or are clustered to form distinct pharyngeal
or salivary glands. The ciliation of these folds may
either be restricted to the foregut or represent a
continuation of ciliary fields present on the ventral
side of the prostomium (Fig. 2F–H). Usually these
folds take the form of a pair of inner lips, sepa-
rated by an unciliated pouch from the lips sur-
rounding the mouth (Fig. 2B–E). Musculature is
only weakly developed and consists of a thin layer
of transverse and longitudinal fibres. A few
retractor fibres are present as well.

For feeding, the folds can be everted through
the mouth opening and brought into contact with
the substrate (Fig. 2B, C and E). This is mainly
achieved by contraction of the musculature of the
body wall without changes of the hydrostatic
pressure in the body cavity (Purschke & Tzetlin,
1996). Food particles not adhering firmly to the
substrate are kept and retained with mucus, col-
lected by means of the action of the cilia of the
folds, transported and sorted along the folds into
the mouth and further to the oesophagus. Clearly,
these structures are primarily adapted to micro-
phagy and the organisms may be classified as
surface deposit feeders (Fauchald & Jumars,
1979). With this mode of feeding, food particles
attached to the substrate cannot be ingested and
the area which can be grazed is comparatively
small, not exceeding the width of the body. Only in
species also possessing a ventral pharyngeal organ
is it possible for food particles adhering to the
substrate to be abraded by the action of the bulb
and then to be ingested by the beating of the ciliary
folds (Fig. 3B). Both modes of feeding may occur
in one species (Jennings & Gelder, 1969; Schmidt
& Westheide, 1972; Gelder & Uglow, 1973;
Westheide & Schmidt, 1974). Given these consid-
erations, it is not surprising that dorsolateral folds
are present only in small epibenthic or interstitial
species, usually not exceeding a few millimeters in
length, or in juveniles of larger species. In the
latter, other types of microphagous feeding struc-
tures such as feeding tentacles or a non-muscular
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axial proboscis develop later during ontogeny
(Eisig, 1914; Dales, 1957; Heimler, 1983; Purschke,
1988b).

Ventral pharynx

Ventral pharyngeal organs are widespread within
polychaetes. They exhibit a high degree of diver-
sity among the different taxa and several types

may be distinguished (Purschke & Tzetlin, 1996;
Purschke, 1988a,b, 2002). Situated below the
oesophagus, these organs are made up of different
parts divided by a few blind-ending pouches.
These are situated in the ventroposterior region of
the foregut (Fig. 3A and B). The invaginations are
lined by specialized epithelia and are covered by
structurally differentiated cuticles. Most charac-
teristic is the presence of transverse plate-like
muscle fibers underneath one of these invagin-

Figure 2. Foregut. Dorsolateral folds. (A–C) Schematic representation. (A) Sagittal section. (B) Cross-section in the resting position.

(C) Cross-section in the feeding position. (D, E) Saccocirrus papillocercus. (D) Mouth opening with lateral and lower lips (lal, ll) and

dorsolateral folds (dlf) in the resting position. (E) Dorsolateral folds everted for feeding. p palp, pr prostomium. (F–H) Eurythoe

complanata. (F) Ventral view of anterior end, mo mouth. (G) Enlargement of prostomium with ciliary fields (vcf) leading into mouth;

an antenna, p palp. (H) Ciliation of prostomium. A–E modified from Tzetlin et al. (1992), micrographs F–H S. Raabe.
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ations (Figs 3C and 4A). These transverse fibers
usually form a compact muscle structure, called
muscle bulb. Above this bulb a tongue-like organ
may be present. A group of longitudinal fibres
runs semicircularly around the ventral pharynx
from the lower lip to the dorsalmost parts under-
neath the oesophagus. These fibers are either
called sagittal muscle or, since they envelope the
entire ventral pharynx, investing muscle (Purs-
chke, 1988a). The ultrastructure of ventral pha-
ryngeal organs is comparatively well known
(Rieger & Rieger, 1975; Jouin, 1978a; Michel,
1978; Purschke, 1985a,b, 1987a,b, 1988a,b; Tzet-
lin, 1987, 1989, 1991; Tzetlin et al., 1987, 1992;
Purschke & Jouin, 1988; Saulnier-Michel et al.,
1990; Müller et al., 2001).

Ventral pharynges are used for scraping or lick-
ing off food particles from the substrate or they
function as devices for processing food particles in-
side the oesophagus. Usually parts of the cuticle in
the ventral pharynges are differentiated for this
purpose. In these areas it is comparatively thick,
frequently forming tooth-like structures, and mi-
crovilli do not reach the surface of the cuticle
(Fig. 3B). In spite of this function the cuticle is not
sclerotized in most taxa; the only exception is
Eunicida which possess a characteristic jaw appa-
ratus described below (p. 211). The stylets typical of
Nerillidae are actually intracellular skeletal ele-
ments and are not cuticular jaws (Purschke, 1985b;
Tzetlin&Larionov, 1988;Tzetlin et al., 1992;Müller
et al., 2001). The bulb and/or the tongue-like organ
are everted through the mouth, dislodging food
particles; in contrast to axial pharynges these
structures usually cannot be protruded very far.

The bulbus muscle serves as a firm but elastic
cushion supporting the epithelial areas used for
scraping. In the bulbus muscle only transverse fi-
bers are present and antagonistic fibers do not exist.
The bulb is usually surrounded by a comparatively
thick extracellular matrix and several types may be
distinguished. Currently six different types of ven-
tral pharynges may be distinguished on the basis of
the structure of the bulb. Amphinomida, Eunicida,
Dinophilidae, Diurodrilidae and Nerillidae each
possess their own type of ventral pharynx.

Type 1

In the most common type, plate-like muscle cells
and interstitial cells alternate in the bulb (Fig. 3C–

E). In the interstitial cells there is a prominent
system of intermediate filaments oriented dorso-
ventrally, i.e., these filaments are perpendicular
with respect to the myofilaments. In certain species
these interstitial cells have voluminous cell bodies
containing only the nucleus and a few organelles
(Fig. 3C and D; Heimler, 1983; Tzetlin, 1987;
Purschke, 1988b). Histological observations indi-
cate that this type of bulbus muscle occurs in many
species and may thus be the most frequent type. In
Protodriloidae, Protodrilidae and Saccocirridae
interstitial cells with prominent bundles of tono-
filaments are present as well, but the cell bodies are
small (Fig. 3E; Purschke & Jouin, 1988). In this
type the muscle fibers contract against the extra-
cellular matrix surrounding the bulb, opposing the
internal pressure of the interstitial cells and their
dorsoventral tonofilament system (Purschke,
1988b). Because these filaments do not allow a
dorsoventral extension of the bulb, cushions of
varying firmness and elasticity are achieved. In
Parergodrilidae a similar bulbus muscle is present
(Purschke, 1987a, 1988b). However, in Stygocapi-
tella subterranea the bulb is small and more or less
replaced by a voluminous multicellular gland. In
the terrestrial Parergodrilus heideri the muscle bulb
is lacking, completely replaced by this gland and
the investing muscle fibres are transformed to make
up the complex musculature of the tongue-like
organ.

Type 2

In a second type of bulbus muscle a similar func-
tion is realized by bulbus muscle fibers in which
the two myofilament systems are perpendicular to
each other and run from right ventrolateral to left
dorsolateral and vice versa (Fig. 3F and G). This
bulb is found in Dinophilidae (Rieger & Rieger,
1975; Purschke, 1985a, 1988a).

Type 3

In Nerillidae a dorsoventral tonofilament system is
present in each muscle fiber, crossing the myofil-
aments at a right angle (Fig. 4A and B; Purschke,
1985b, 1988a; Tzetlin et al., 1992; Müller et al.,
2001). Very often the muscle fibers making up the
bulbus are of the circomyarian type, with a central
core of sarcoplasm housing mitochondria and
nucleus; this fibre type is usually found in Hiru-
dinea (Lanzavecchia et al., 1988).
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Type 4

In Dorvilleidae the bulbus muscle fibers are of this
type as well but without tonofilaments or inter-
stitial cells in between them (Purschke, 1987b).

Type 5

Most likely another type of pharyngeal bulb is
present in Diurodrilidae, characterized by a large
ventral pharyngeal gland cell and poorly developed
musculature (Kristensen & Niilonen, 1982).
Unfortunately, from the brief description it cannot
be concluded whether this type may have been
evolved from one of thosementioned above and has
be included in one of the types mentioned above.

Type 6

The pharynx of Amphinomida appears to be
completely different from all structures described
above. Unfortunately, the highly muscularized
structure has not yet been described at the ultra-
structural level. It ventrally has a series of distinct
transverse lamellae with a thickend and trans-
formed cuticle (Dales, 1962; Purschke & Tzetlin,
1996).

The investing muscle fibres are not that diverse
and typically are obliquely striated. In certain
species the myofilament system is not helically
arranged so that in sections only one myofilament
system appears to be present, e.g., Nerillidae
(Purschke, 1985b; Müller et al., 2001). Usually
nuclei are located in posterior extensions where the
fibers turn but in some species their positioning
can also be of the Hirudinean type (see above).

Additional muscle fibers may be present in the
tongue-like organs, which are pistil-shaped, lateral
folds or flat structures attached to the lateral walls
of the foregut. Intracellular skeletal elements are
present in many (all?) Nerillidae. Situated in epi-

thelial cells, they measure up to 55 lm in length
and up to 3 lm in diameter. These skeletal rods
are initially made up of tonofilaments which fuse
to form striations with a period of 65–70 nm
(Purschke, 1985b; Tzetlin et al., 1992; Müller et al.,
2001). Depending on the diameter they are rec-
ognizable in the light microscope or not. In Par-
ergodrilidae the cuticle of the tongue-like organ
forms a rod-like posterior extension serving as
attachment area of the musculature (Purschke,
1987a). In other ventral pharynges such special-
izations are unknown.

Axial non-muscular pharynx

An axial non-muscular proboscis is present in
many of the sand- or mud-swallowing species of
Arenicolidae, Maldanidae, Capitellidae, Ophelii-
dae, Orbiniidae and Paraonidae (Fig. 4D and E;
Purschke & Tzetlin, 1996; Rouse, 2000). These
pharynges are composed of epithelial, glandular
and sensory cells but musculature is weakly
developed (Purschke, 1988a; Saulnier-Michel,
1992). The epithelium is unciliated and forms
papillae in Arenicolidae, Maldanidae and Capi-
tellidae. Ultrastructural studies are rare and have
only been made in one species, Notomastus later-
iceus (see Michel, 1972; Saulnier-Michel, 1992).
Everting movements of the proboscis are achieved
by changes in hydrostatic pressure in the anteri-
ormost compartments of the body cavity. The
pressure increase effected by contractions of the
musculature of the body wall is limited to the
anterior part of the body cavity by the presence of
a strong muscular septum in Capitellidae and
Arenicolidae (Purschke & Tzetlin, 1996). The
proboscis is withdrawn by the activity of retractor
muscles.

Figure 3. Foregut. Ventral pharyngeal organ. (A) Nicomache minor (Maldanidae). Sagitally dissected specimen showing ventral

pharynx (vph), dorsolateral folds (dlf) and oesophagus (oes). (B) Eurythoe complanata (Amphinomidae). Everted ventral pharynx

(vph), surface of the bulb supplied with transverse ridges (arrows) used for scraping off food particles; an antenna, dlf dorsolateral

folds, p palp, pr prostomium. (C) Scoloplos armiger (Orbiniidae). Longitudinal section of muscle bulb composed of large voluminous

interstitial cells (ic) and bulbus muscle fibers (bm). (D) Ctenodrilus serratus (Ctenodrilidae). Muscle bulb (bm), large interstitial cells (ic)

with prominent bundles of intermediate filaments (if) crossing myofilaments at a right angle. (E) Saccocirrus papillocercus (Saccoc-

irridae). Bulb made up of small interstitial cells (ic) and plate-like muscle fibers (bm); ecm extracellular matrix, ep epithelium, if

intermediate filaments, sr sarcoplasmic reticulum, z z-rod. (F, G) Dinophilidae, muscle bulb consisting of muscle fibers only; myo-

filaments perpendicular in both halves of the fibers. (F) Trilobodrilus axi. (G) Dinophilius gyrociliatus; m mitochondrion, n nucleus, z z-

rod. A modified from Tzetlin et al. (1992); B micrograph S. Raabe, C modified from Purschke (1988a).

b
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During ontogeny, individuals of Arenicola
marina, Ophelia spp., and Scoloplos armiger
(as well as other Orbiniidae) pass through a juve-
nile stage possessing dorsolateral ciliary folds
and a ventral pharyngeal organ (Eisig, 1914;
Anderson, 1959; Purschke & Tzetlin, 1996). Later
in development these structures are replaced by
axial non-muscular proboscides. Interestingly, in

some species of Maldanidae the adults have a
foregut with a typically developed ventral pharynx
and dorsolateral folds (e.g., Nicomache minor),
whereas other species exhibit various stages of
development of axial proboscis-like structures in
addition to more or less reduced ventral pharynges
(e.g., Nicomache lumbricalis, Praxillela praeterm-
issa) or even possess only a non-muscular axial

Figure 4. Foregut. (A, B) Nerillidium troglochaetoides (Nerillidae). (A) Muscle bulb composed of plate-like muscle cells (bm); myo-

filaments oriented transversally and parallel; im investing muscle, mi median invagination, if intermediate filaments. (B) Enlargement

of bulbus muscle fibre with bundles of intermediate filaments (if) perpendicular to myofilaments. Note myopithelial junction (Arrow);

cu cuticle, ecm extracellular matrix. (C) Phascolosoma agasszii (Sipuncula). Pelagosphera larva with ventral pharynx (ph); dlf dor-

solateral folds, l lower lip, mt metatroch, pt prototroch. (D, E) Paraonella nordica. (D) Everted non-muscular axial proboscis. (E)

Ciliated epithelium of proboscis. C modified from Rice, 1985.
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proboscis (Axiothella rubrocincta) (Fig. 5; Tzetlin,
1991). A similar situation has been observed in
Orbiniidae by Eisig (1914).

Dorsal pharynx

A dorsal pharynx is typical of oligochaetous Cli-
tellata, and Hrabeiella periglandulata is the only
non-clitellate annelid possessing this type of phar-
ynx (Jamieson, 1992; Rota, 1998; Purschke, 1999,
2002, 2003). It is characterized by a conspicuous
thickening of the dorsal wall of the foregut owing
to epithelial cells, gland cells and muscle fibers
(Purschke, 2003). This dorsal pad is densely ciliated
whereas the buccal cavity is always unciliated and,
further posterior, only the oesophagus has an epi-
thelium with motile cilia (Fig. 6). In H. periglan-
dulata a complex system of muscle fibers serving as
protractors and retractors is attached to the dorsal
ciliated pad. The cell bodies of the gland cells form
four pairs of lobes situated on the dorsal side of the
foregut between the muscle fibers. They send long,
thin processes ventrally, the openings of which are
situated exclusively between the ciliated cells of the
pad. The epithelial cells are characterized by a well-
developed cytoskeleton consisting of bundles of
intermediate filaments running in the apical-basal
direction. The ciliary rootlets are connected to this
filament system. The ciliary pad is surrounded by a
cuticular fold and is made up of comparatively
short cilia (about 5 lm long, approximately 12 ci-
lia/lm2) This type of pharynx is obviously adapted
to ingestion of decaying plant material and detritus
in terrestrial habitats (Westheide & Müller, 1996;
Purschke, 2003). This pharynx is structurally rather
similar to dorsolateral ciliary folds in that the cili-
ated and glandular area is restricted to a dorsal pad
and additionally supplied with a well-developed
system of pro- and retractor fibers.

Axial muscular pharynx

An axial pharynx with a well-developed muscular
region is usually present in Phyllodocida (Fig. 1A;
see Purschke, 1988a; Saulnier-Michel, 1992). The
mouth gives rise to the buccal cavity, called pro-
boscidian sheath (see Purschke, 1988a), which
houses the muscular region of the pharynx in the
resting position (Fig. 8D). These organs can often
be protruded to a great distance, and at the junc-

tion of the muscular with the non-muscular region
of the buccal organ jaws may be present, as in
Nereididae, certain Hesionidae, Pisionidae, Glyc-
eridae or Polynoidae (Figs 7A and C, 10A–D).
This region represents the physiological mouth
opening in these taxa. In many species of Pisioni-
dae, Hesionidae, Pilargidae and Syllidae the tip of
the muscular region is differentiated into a number
of finger-like papillae, each bearing a set of sensory
cells (Figs 7C–H, 8A–F and 10A, C). The pro-
boscidian sheath covers the pharynx externally
when everted. It often bears soft papillae, sclero-

Figure 5. Tentative outline of evolutionary changes of the

buccal organ in Capitellida. Subsequent and gradual transfor-

mation of ventral pharyngeal organ into non-muscular axial

proboscis. Septum separating anterior compartment of the

coelom only present in Capitellidae and Arenicolidae but ab-

sent in Maldanidae (e.g., Axiothella rubrocincta). Modified

from Tzetlin (1991).
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tized papillae or paragnaths (Figs 7A and B, 10D).
Such papillae with sclerotized parts (onglets) are
especially well developed in Glyceridae and
Goniadidae and bear species-specific characters
(Böggemann, 2002). Comprising two to three
sensory cells with a few penetrative cilia and sup-
portive cells, the papillae of Glyceridae are partly
covered by a sclerotized cuticle often forming fin-
gernail-like structures (Fig. 7B) (Bantz & Michel,
1971, 1972; Böggemann et al., 2000). In the sen-
sory cells the ciliary rootlets fuse to form a single,
extremely large rootlet extending through the en-
tire papilla. This type also incorporates numerous
gland cells, both serous and mucous, which assist
adhesion and the digestion of food (Saulnier-Mi-
chel, 1992). The most complex axial pharynx is
found in Syllidae. The anterior part of the diges-
tive tract consists of a buccal cavity (proboscidian
sheath), pharyngeal tube, proventricle and ventri-
cle (Figs 1A, 7G and H; see Purschke, 1988a). The
ventricle, sometimes supplied with caeca, is re-
garded as part of the intestine. The axial proboscis
is divided into a long non-muscular part, the
pharyngeal tube, followed by a shorter muscular
part with prominent radial musculature, the
proventricle. At the opening of the pharyngeal
tube a circle of soft papillae is often present
(Fig. 10A). This region is followed by differently
arranged jaws or teeth (Fig. 10A and see below) or
may be unarmed (e.g., Syllide sp., Fig. 7D). The
pharyngeal tube is of different length and thus may
be straight or coiled in the resting position.

In axial pharynges, the proboscidian sheath
and the muscular region are covered by the
cuticle, which may be modified in comparison to
that present on the trunk. Especially regions
subjected to mechanical stress possess protective
structures such as the lamellar layers in Hesioni-
dae (Fig. 8B, C, E and F; Westheide & Rieger,
1978; Purschke, 1988a). In Glyceridae such a
lamellar layer is also present on the trunk (Bantz
& Michel, 1971, 1972; G. Purschke & Koldehoff,
unpublished data).

The musculature of this type of buccal organ is
complex: circular, longitudinal and radial fibers
are present, allowing sucking and swallowing
movements (Fig. 8D). Among these fibers the ra-
dial ones predominant. Although usually a com-
ponent of obliquely striated musculature as is
typical for Annelida, these fibers exhibit several
specializations: nucleus and mitochondria are of-
ten located centrally as in Hirudinea and usually a
T-system is present (Purschke, 1988a). In Nephtys
and Syllidae membrane-bounded granules con-
taining crystalline calcium phosphate are present
in the central cytoplasm (Briggs et al., 1985; Bryan
& Gibbs, 1986; Purschke, 1988a). In Syllidae the
radial fibres of the proventricle are not oblique-
striated but cross-striated. The number of sarco-
meres varies from one to about 20 depending on
species. Sarcomeres may be as long as 60 lm, the
longest sarcomeres found in Metazoa so far (Del
Castillo et al., 1972; Smith et al., 1973; Wissocq,
1974).

Figure 6. Foregut, dorsal pharynx. Hrabeiella periglandulata. Reconstruction of foregut with dorsal pharynx (ph) composed of ciliary

pad, pharyngeal musculature (phmu) and pharyngeal glands (pg). Note unciliated buccal cavity (bc); aoes anterior oesophagus, b

brain, ch chloragocyte, cu cuticle, dbv dorsal blood vessel, ep epidermis, g1 ganglion 1, mo mouth, poes posterior oesophagus, st

stomach, step stomodeal epithelium, vbv ventral blood vessel, vnc ventral nerve cord. From Purschke (2003).
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Phylogenetic remarks

The phylogenetic importance of the different
foregut structures is still under discussion. Dales

(1962) in his comprehensive study was among the
first to use the structure of the foregut as a basic
criterion for grouping the polychaete families.
Whereas an axial muscular proboscis is present

Figure 7. Foregut; axial muscular pharynx. (A, B) Goniadides falcigera (Goniadidae). (A) Proboscis (pb) partly everted, densely

covered with finger-like papillae; pr prostomium. (B) Enlargement of papillae. Note sensory cilia on top of papillae (arrow). (C, D)

Pisione remota (Pisionidae). (C) Specimen with everted pharynx bearing 14 terminal papillae. (D) Enlargement of papillae and

pharyngeal opening with tip of jaw (arrow). (E) Microphthalmus listensis (Hesionidae). Two of ten pharyngeal papillae with cilia of

sensory cells (arrows). (G, H) Syllides caribica (Syllidae); unarmed pharynx. (G) Everted proboscis with 10 soft papillae; p palp, tc

tentacular cirrus. (H) Enlargement of two pharyngeal papillae with cilia of sensory cells (arrows). Micrographs A,B M. Böggemann, C,

D S. Raabe, G, H M. Kuper.
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Figure 8. Foregut; axial muscular pharynx. TEM. (A–C) Kefersteinia cirrata (Hesionidae). (A) Buccal cavity (bc) with transverse sectioned pharyngeal

papillae (pp); coe coelom, ps pharyngeal sheath. (B) Transverse section of papilla with numerous sensory cilia (arrows), pharyngeal cuticle (cu) with

several epicuticular lamellar layers. (C) Somewhat deeper section with supportive cells (suc), two central groups of sensory cells (arrows) and a few

peripheral sensory cells (arrowheads). (D) Hesionides arenaria (Hesionidae). Muscular part of pharynx; bc buccal cavity, cc circumoesphageal connective,

coe coelom, ep epidermis, pl pharyngeal lumen, ps pharyngeal sheath, pmu pharyngeal musculature, step stomodeal epithelium. (E, F) Microphthalmus

listensis (Hesionidae). (E) Tip of pharyngeal papilla, sensory dendrite (sd), two sensory cilia (c) attached to one common rootlet, cuticle (cu) with lamellar

cover, suc supportive cell. (F) Cross section of pharyngeal papilla with 5 sensory dendrites (arrows), suc supportive cell.
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only in Phyllodocida (and Myzostomida, a taxon
of questionable affinities; see Eeckhaut & Lanter-
becq, 2005), the other higher taxa of polychaetes do
not exhibit such a uniform distribution of foregut
structures. Even in a given family taxon different
types of buccal organs may be present (Purschke &
Tzetlin, 1996). Due to their structural diversity, the
homology assumption of ventral pharyngeal
organs (e.g., Dales, 1962, 1977) was challenged.
Therefore, fine-structural studies have been con-
ducted to elucidate whether ventral pharyngeal
organs are in fact homologous or evolved conver-
gently (Rieger & Rieger, 1975; Jouin, 1978a,b;
Michel, 1978; Purschke, 1985a,b, 1987a,b, 1988b;
Tzetlin, 1987, 1989, 1991; Tzetlin et al., 1987,
1992; Purschke & Jouin, 1988; Tzetlin & Larionov,
1988; Saulnier-Michel et al., 1990). These investi-
gations confirmed great structural differences
among the various polychaete taxa examined,
making an overall homology unlikely. However, as
more was learned about these organs, it became
possible to demonstrate a plausible origin of these
pharyngeal structures from only a few, conver-
gently evolved, different types (Purschke, 1988b;
Purschke & Tzetlin, 1996). Moreover, there is
strong evidence that non-muscular axial buccal
organs represent derived structures, most likely to
have been evolved from foreguts with a ventral
pharyngeal organ (Tzetlin et al., 1987; Tzetlin,
1991). Evidence is drawn from the fact that in most
cases a ventral pharynx present in larvae is subse-
quently retained only if the adult of the species is
small; it is replaced by a non-muscular proboscis in
larger species. In the clade formed by Arenicolidae;
Maldanidae and Capitellidae the proboscis is
developed from the region in front of the ventral
pharynx, in Orbiniidae behind it (Eisig, 1914;
Tzetlin, 1991). In the former the epithelium of the
proboscis is unciliated, whereas in Opheliidae and
Paraonidae it is ciliated (Hartmann-Schröder,
1958; A.B. Tzetlin, unpublished data; Fig. 4D and
E). Moreover, in taxa with appendages used for
feeding (e.g., Spionidae, Ampharetidae, Terebelli-
dae), a ventral pharynx is present in juveniles as
well and may be retained by the adults.

The existence of a comparatively simple feeding
structure in polychaetes was recognized by Pur-
schke & Tzetlin (1996), namely the so-called dor-
solateral ciliary folds, which are widespread
among polychaetes. These microphagous feeding

structures are most often found together with a
ventral pharynx but may also occur alone. They
are present in larvae, juveniles and adults of small
species but are usually replaced by other feeding
structures in larger species. In connection with
their widespread occurrence, these observations
strongly indicate that dorsolateral ciliary folds and
a ventral pharynx represent the plesiomorphic
condition for Annelida (Purschke & Tzetlin, 1996).
All other types of feeding structures may have
been evolved from these folds, as is indicated by
structural and developmental data (Fig. 9; see
Purschke & Tzetlin, 1996). Since these folds are
obviously restricted to individuals of small body
size in extant Annelida, it follows that the annelid
stem species either was comparatively small and
microphagous, or at least had a life cycle that
included a developmental stage showing these
characteristics (Purschke & Tzetlin, 1996; Pur-
schke, 2002). Although it seems conceivable that
dorsolateral ciliary folds might already have been
present in the stem species of Annelida, it is
questionable whether they are an autapomorphy
of Annelida or, more probably, a plesiomorphy
(Ax, 1999). The latter interpretation is supported
by the presence of such ciliary folds and a ventral
pharynx (buccal organ) in pelagosphera larvae of
Sipuncula (Fig. 4C; Rice, 1973, 1976). Homology
of these structures in Sipuncula and Annelida re-
mains to be proven but appears to be likely.
However, the position of Sipuncula is still uncer-
tain: in analyses using morphological data they
usually fall outside Annelida (Rouse & Fauchald,
1997; Ax, 1999), whereas molecular data often
suggest placement of Sipuncula within Annelida
(e.g., Winnepenninckx et al., 1998; Martin, 2001).

Jaws

General

Polychaete jaws are cuticular structures formed on
the surface of specialized epithelial cells, often
called gnathoblasts. Usually jaws are sclerotized
parts of the pharyngeal cuticle which may be
highly mineralized in some taxa, but chitin is ab-
sent (Saulnier-Michel, 1992). Jaws occur in
Phyllodocida and Eunicida (Wolf, 1980; Paxton,
2000, Rouse, 2000; Rouse & Pleijel, 2001) and
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more recently jaws were found in certain Ampha-
retidae (Desbruyères, 1978; Mackie, 1994).

Various aspects of jaw structure are tradi-
tionally used as taxonomic and phylogenetic
characters. Special attention has been paid to the
jaws of Eunicida ever since the fossil scolecodonts
were identified as jaws belonging to extinct
Eunicida (Pander, 1856; Ehlers, 1868). First
Kozlowski (1956) presented a reconstruction of a
fossil jaw apparatus directly comparable with
extant ones. So far, the palaeozoic jaws of
Eunicida are the most abundant fossil material in
Annelida (Croneis & Scott, 1933; Kielan-Jaw-

orowska, 1966; Kozur, 1970; Mierzejewski &
Mierzejewska, 1975; Mierzejewski, 1978, 1984;
Colbath, 1986, 1988; Zaslavskaya, 1989). Hence
the comparative analysis of extant and fossil jaw
apparatuses is highly important for our under-
standing of evolutionary trends among poly-
chaetes. Fossil jaws that can be referred to extant
polychaete genera are Mesozoic and belong to
Glyceridae, Goniadidae and Dorvilleidae (Oph-
ryotrocha) (Szaniawaski, 1974), or later fossils
from the lower Miocene (Szaniawaski & Wrona,
1987).

Figure 9. Schematic representation of different foregut structures in polychaetes related to dorsolateral folds (DLF). Arrows indicate

probable phylogenetic pathways, some of which can be followed during ontogenesis. (A) DLF only feeding structure present (e.g.,

Polygordiidae). (B–E) DLF and different ventral pharyngeal organs (VPO). (B) VPO composed of muscle cells only (e.g., Dinophil-

idae). (C) VPO with jaw apparatus (Eunicida). (D) VPO consisting of muscle bulb, tongue-like organ and investing muscle (e.g.,

Orbiniidae, Ctenodrilidae, Protodrilidae). (E) VPO and additional feeding appendages (palps) (e.g., Spionidae). (F) VPO Ventral organ

and numerous feeding appendages. DFG absent in adults, anterior compartment of coelomic cavity separated by muscular septum

(e.g., Terebellidae). (G) DLF and VPO replaced by non-muscular axial proboscis, anterior part of the body separated by muscular

septum (e.g., Maldanidae, Capitellidae, Arenicolidae). (H) DLF replaced by axial muscular pharynx (Phyllodocida). (I) DLF modified

to dorsal ciliated glandular pad (oligochaetous Clitellata, Hrabeiella periglandulata). (K) Dorsal pharynx replaced by axial muscular

pharynx (Hirudinea). Modified from Purschke (2002).
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Phyllodocida

In Phyllodocida the jaws are represented as more
or less numerous tooth-like structures located on
the axial muscular proboscis, usually at the begin-
ning of the muscular part (Fig. 10A–D). Jaws have
been described for Acoetidae, Aphroditidae, Eu-
lepethidae, Polynoidae, Pholoidae, Sigalonidae,
Pisionidae, Chrysopetalidae, Hesionidae, Nereidi-
dae, Syllidae, Goniadidae, Glyceridae, and Neph-
tyidae. In most cases they are used to capture and
hold the prey, and in tearing off pieces of algae or
decaying matter. The number of jaws may be one,
two, four or rather more (Rouse & Pleijel, 2001).
Scale worms such as Polynoidae, Sigalonidae, Eu-
lepethidae and Aphroditidae possess two pairs of
dorso-ventrally oriented jaws which are more or
less well-developed; ultrastructural studies of the
jaws are lacking (Saulnier-Michel, 1992; Rouse,
2000). In Syllidae there may be single mid-dorsal
jaw (tooth; e.g., Exogone, Sphaerosyllis, Syllis), a
series of teeth in a ventrolateral arc (sometimes
combined with the large mid-dorsal tooth, e.g.,
Odontosyllis, Eusyllis; Fig. 10A) or a complete ring
of teeth called trepan (e.g., most Autolytus spp.)
situated somewhat behind the pharyngeal papillae
(Fig. 10A). In several syllid species the pharynx
may be unarmed (e.g., Syllides, Fig. 7G); hence
pharyngeal structures are highly important for
taxonomy in Syllidae (e.g., Licher, 1999; Glasby,
2000). The syllid tooth is scarcely sclerotized and
primarily consists of a thick cuticle (Purschke,
1988a; Saulnier-Michel, 1992). There is no experi-
mental evidence that these teeth may be chitinized
as sometimes found in the literature. In Hesionidae
some taxa possess a pair of jaws (Fig. 10C), the fine
structure of which is unknown. One pair of lateral
jaws is also present in Nereididae, Nephtyidae, and
Pisionidae and all possess heavily sclerotized jaws
(Fig. 10B–D; Michel et al., 1973; Purschke, 1988a;
Saulnier-Michel, 1992). In Nereididae additional
hard structures, the paragnaths, are present
(Fig. 10B). Other types of buccal pieces are found
Goniadidae: The chevrons are additional, serially
arranged v-shaped hard structures situated more
basally on the muscular proboscis (Fig. 10E).

A more conspicuous jaw apparatus is found in
Glyceridae (Fig. 10D): the two pairs of jaws are
always associated with venom glands and each of
the venom ducts opens at the tip of the jaw, with

an additional series of pores on the ventral side.
The jaws are situated at the end of the eversible
proboscis and each bears a supporting structure
called the aileron (Böggemann et al., 2000). In
addition to scleroproteins the jaws are highly
mineralized (see Saulnier-Michel, 1992; Bögge-
mann et al., 2000). In the closely related Goni-
adidae the jaws are completely different and
comprise a pair of larger jaws (macrognaths)
associated with smaller ones (micrognaths) form-
ing a complete circle (e.g., Rouse, 2000).

Ampharetidae

In a few, small species of Ampharetidae jaws were
found: Gnathampharete paradoxa, Ampharete sp.,
and Adercodon pleijeli (Desbruyères, 1978; Uebe-
lacker & Johnston, 1984; Mackie, 1994). In all
species the jaws consist of a transversal row of
denticles located on the posterior edge of the
ventral bulb (Fig. 10I). Nothing is known about
how Ampharetidae use their jaws.

Eunicida

In Eunicida the jaw apparatus consists of a pair of
mandibles, located on the ventral muscle bulb of
the ventral pharynx, and one or two paired rows of
maxillary plates located on lateral folds of the
ventral pharyngeal organ (Fig. 10F and G; Wolf,
1980; Purschke, 1987b; Paxton, 2000). In all
known extant and fossil Eunicida the mandibles
are paired longitudinal structures usually with
denticulated frontal edges (Fig. 10F). They are
anchored in deep epidermal follicles. There is an
articulation in the anterior part between left and
right mandible, sometimes forming a ligament-like
structure or a symphysis (Hartmann-Schröder,
1967; Purschke, 1987b). Although such an articu-
lation is present, the main movements are in the
anterior–posterior direction.

The maxillary apparatus varies between differ-
ent Eunicida and several types may be distin-
guished (Figs 12 and 13). In general, one or two
pairs of longitudinally arranged rows of maxillary
plates are present, which may be connected cau-
dally by carriers or carrier-like structures
(Fig. 12D–H). The individual maxillary plates are
usually denticulated or, rarely, single toothed. The
number of maxillary plates in each row varies from
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four in Lumbrineridae to 50 and even more in
Dorvilleidae (Figs 10F and G, 12A–H). Mandibles
and maxillae can be moved independently. The
movements of the jaws are complex
(Hartmann-Schröder, 1967; Wolf, 1980). In most
cases Dorvilleidae use their jaws, especially the
mandibles, for scraping off food particles from
hard substrates and, predominantly the maxillae,
for capturing and holding these particles (Tzetlin
et al., 1987; A.B. Tzetlin & G. Purschke, unpubl.
obs.). Larger extant Eunicida (Lumbrineridae,
Onuphidae, Eunicidae) are macrophagous animals
using their jaws for capturing and holding food
(Jumars, 1974).

Since the mandibles are very similar among the
different taxa in Eunicida, classification of eunici-
dan jaws is based on the structure of the maxillae.
The first classification of jaw structures in Eunicida
was introduced by Ehlers (1864–1868). A more
detailed classification was done by Kielan-Jaw-
orowska (1966) in her outstanding monograph on

fossil polychaete jaws: (1) placognath jaws, (2)
ctenognath jaws, (3) labidognath jaws and (4) pri-
onognath jaws (Figs 12A–H, 13A and C–E). Later
a fifth type, xenognath jaws, was introduced by
Mierzejewski & Mierzejewska (1975) (Fig. 13B).

(1) The placognath maxillary apparatus is
characterized by asymmetrically arranged den-
ticulated plates in the posterior part and two
symmetric anterior rows of apparently free
maxillary plates (Fig. 13A). Carriers are lacking.
Placognath jaws are only known from Ordovi-
cian until the Upper Devonian. Kielan-Jaw-
orowska (1966) and Mierzejewski (1978)
described moulting of the maxillae in Mochty-
ellidae. Jaws of this type appear to be unique
within Eunicida and are difficult to compare
with other jaws.

(2) Ctenognath jaws consist of small, symmet-
rically arranged basal plates in the posterior part
and four rows of numerous, presumably free, so-
called denticles anteriorly (Figs 11, 12A–C and

Figure 11. Different jaws of Ophrytrocha spp. (Dorvilleidae). (A, B) O. irinae. (A) Juvenile p-type maxillae. (B) Adult maxillary

apparatus with two rows of plates without shedding of the juvenile plates (PP-type). (C–E) O. dimorphica. (C) Maxillae of 7 chaetiger

juvenile with bidentate MI. (D) Juvenile during replacement to adult jaw apparatus. (E) Adult maxillae with large MI (forceps; K-

type). A, B after Tzetlin (1980a), C–E after Zavarzina & Tzetlin (1986).

Figure 10. Jaws. (A) Eusyllis blomstrandi (Syllidae), pharyngeal tube with circle of papillae (pa), cilia and dorsal tooth (arrow) and row

of smaller teeth (arrowhead). (B) Nereis sp. (Nereididae), jaws (j) and first group of paragnaths (arrow). a antenna, p palp. (C) Syllidia

armata (Hesionidae), shovel-like jaws at the tip of everted pharynx, note unequal distribution of pharyngeal papillae (pa). (D) Glycera

alba (Glyceridae), specimen with completely everted pharynx showing the four jaws (arrows) and numerous external papillae. pr

prostomium. (E) Goniada maculata (Goniadidae), chevron. (F–H) Protodorvillea kefersteini (Dorvilleidae), jaw apparatus consisting of

mandibles (md) and two rows of maxillary plates (mx). dlf dorsolateral folds. (G) Close up of maxillary plates. (H) TEM-micrograph

of mandible (md), note short microvilli (mv) of gnathoblast (gb). (I–K) Adercodon pleijeli (Ampharetidae). (I) Position of jaws in the

foregut (arrow), oes oesophagus, te tentacle. (K) TEM-micrograph of jaw (j), gnathoblast (gb) with long microvilli. Micrographs D, E

M. Böggemann, I modified from Mackie (1994).

b
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13C). These rows form longitudinal series
extending for more than half of the length of the
maxillary apparatus. Typical carriers are lacking.

Ultrastructural studies of extant material have
shown that all maxillary plates are fused and form
one piece (Purschke, 1987b). Thus a distinction
between basal plates and denticles appears to be
difficult and uncertain. According to, e.g., Åkesson
(1976) the neutral term ‘maxillary plate’ should be
favored. Posterior jaw pieces (denticles and base
plates) possess narrow open pulp cavities. These
are present in extant (Dorvilleidae, Histriobdelli-
dae; see Jennings & Gelder, 1976; Tzetlin, 1980b;
Purschke, 1987b) and fossil forms (Tetraprionidae
from Ordovicium; Kielan-Jaworowska, 1966).
According to Tzetlin (1980b) the jaws of Poly-
chaetaspidae and Paulinitidae (Fig. 13D) also be-
long to this type, but see Kielan-Jaworowska
(1966) who classified these jaws as labidognath.

(3) Jaws of the labidognath type are arranged
in a semicircle when retracted (Ehlers, 1864–1868).
Labidognath maxillae have short, broad carriers
embedded in the pharyngeal tissues (Kielan-Jaw-
orowska, 1966). There are 4–5 right and 4–6 left
maxillary plates (Figs 12D–F and 13D). Jaws of
this type are present in Eunicidae, Hartmanielli-
dae, most Lumbrineridae and Onuphidae but are
known from extinct forms as well (Hartman, 1944;
Paxton, 2000).

(4) Prionognath maxillae (extant and extinct)
are arranged in two parallel rows of up to 5
maxillary plates and possess long slender carriers,
slightly longer than or as long as the group of
maxillary plates (Figs 12G, H and 13E). This type
is found in Oenonidae among the extant Eunicida.
Sometimes the jaw apparatus of Histriobdellidae is
also assigned to this type (see Paxton, 2000).

In recent material prionognath and labidog-
nath maxillae differ not only in the maxillary
arrangement but also in the structure of the
posterior maxillary plate (MI; numbering from
posterior to anterior). In the prionognath type it is
denticulated on the inner surface, like the anterior
ones, whereas in labidognath maxillae MI is
forceps-like and lacks teeth. However, if the clas-
sification of Kielan-Jaworowska (1966) of the
maxillae as labidognath in Polychaetapsidae and
Paulinitapsidae is correct, this distinction does
only apply for recent taxa. In both extant and
fossil labidognaths and prionognaths, the maxillae
are two-rowed jaw apparatuses each consisting of
only a few denticulated or non-denticulated
cuticular maxillary plates.

Figure 12. Diagramatic outline of different types of maxillary

apparatuses present in extant and extinct Eunicida. (A–C)

Ctenognath maxillae (Dorvilleidae). (A) Polymeric maxillae

arranged in four rows (B) Oligomeric maxillae arranged in two

rows. (C) K-type maxillae of Ohryotrocha. (D–F) Labidognath

maxillae (D) Lumbrineridae. (E) Eunicidae. (F) Onuphidae. (G,

H) Prionognath maxillae; Oenonidae (formerly classified in

Lyseratidae and Arabellidae). Redrawn after Kilan-Jaw-

oroswska (1966), Tzetlin (1980a, b), Zavarzina & Tzetlin (1986).
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(5) Xenognath maxillae were described for
Archeoprion quaristata by Mierzejewski & Mier-
zejewska (1975). Maxillae of this type consist of
two symmetrical plates with a few transverse rows
of numerous denticles (Fig. 13B). This jaw appa-
ratus has comparatively long and slender carriers,
sometimes regarded as pseudocarriers.

Maxillae in Ophryotrocha

Another classification of the maxillae was intro-
duced to describe the pharyngeal armature in
Ophryotrocha (Dorvilleidae). Species of this genus
like other dorvilleids replace maxillae sequentially
during ontogeny (maturation, changes of sex, etc.).
When leaving the egg mass, juveniles possess only
a few achaetigerous segments. The pharyngeal
armature in this stage consists of rudiments of
paired mandibles and two rows of maxillary plates

(Åkesson, 1967, 1976; Tzetlin, 1980b). Initially
there are only 3–4 maxillary plates in every row,
but soon 7–8 pairs of denticulated maxillary plates
have been produced (Fig. 11A; Åkesson, 1973a,
1976; Tzetlin, 1980b). Carriers are very weakly
developed at this stage. This type of maxillae was
named P-type (Düsing, 1961; Müller, 1962). Peri-
odically, maxillae of the P-type are replaced by
new ones of the same type. A number of species
have such jaws throughout life, such as Ophryo-
trocha geryonicola, O. gracilis and O. cosmetandra.

In Ophryotrocha irinae juveniles have a two-
rowed P-type maxillary apparatus, and later a
second pair of P-type maxillae appears, while the
old ones are not shed (Fig. 11A and B; Tzetlin,
1980b). As a result the maxillary armature consists
of four almost equal rows of maxillary plates. Later
this four-rowed maxillary apparatus may be re-
placed by a new one also consisting of four rows of
maxillary plates (PP-type). This jaw type has been

Figure 13. Types of maxillary plates found in fossil Eunicida. Upper row: reconstructions of jaws, lower row: drawings of specimens.

Modified from Kielan-Jaworowska (1966) and Mierzejewski & Mierzejewska (1975).
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regarded as homologous to the four rows of max-
illary plates present in the maxillary apparatus of
the other genera of Dorvilleidae by Tzetlin (1980a).

In other species of Ophryotrocha, such as O.
dimorphica and O. puerilis, juveniles bear P-type
maxillae and then change to another type of jaws –
K-type – upon replacement (Düsing, 1961; Müller,
1962). This type of maxillae consists of a pair of
large forceps (MI) and two rows of maxillary
plates (MII–MVIII) identical with the juvenile P-
type (Fig. 11C–E). The MI maxillary plates are
rooted in carriers, and are connected with MII –
MVIII by a narrow strip of sclerotized cuticle. The
MI plates have unidentate or asymmetrical
prongs. After K-jaws have formed they are not
replaced any more. Very often development of the
big MI forceps is connected with sexual matura-
tion or change of sex in sequentially hermaphro-
dite species (Düsing, 1961; Müller, 1962; Åkesson,
1976; Zavarzina & Tzetlin, 1986). The general
appearance of the K-type maxillae is consistent
with labidognath jaws apparatus (Fig. 12C–F;
Tzetlin, 1980a). During differentiation of the
K-type maxillae the forceps (MI) appear after the
development of MII – MVIII maxillae has been
completed.

In some species (e.g., Ophryotrocha schubravyi),
maxillae are formed that have relatively small MI
(forceps) with bidentate prongs, and then after the
next replacement, typical K-type large MI forceps
with unidentate prongs appear (sometimes asym-
metrical: one branch bi-, the other uni-dentate;
Fig.11C and D). The term T-type maxillae (tran-
sition) was created for maxillae apparatus having
relatively small bidentate MI by Tzetlin (1980a)
while others regard these maxillae as P-type.

The maxillae present in other taxa of Dorvil-
leidae may be classified as P- and PP-type jaw
apparatuses, while K- and T-types are only known
among species of Ophryotrocha. P-type maxillae
occur in many species of the genus Ophryotrocha,
in all known juveniles of Dorvilleidae and in adults
of several dorvilleid genera: Petrocha, Pusillotro-
cha, Arenotrocha, Apophryotrocha, Exallopus,
Westheideia, Pseudophryotrocha, Parophryotrocha
(Jumars, 1974; Westheide & Nordheim, 1985;
Wolf, 1986; Nordheim, 1987; Hilbig & Blake,
1991). PP-type are found in Ophryotrocha irinae,
and in Dorvillea, Schistomeringos, Pettibonea,
Protodorvillea. Relatively large species of Dorvillea

and Schistomeringos have more then 30 maxillary
plates in each of the four rows (Hilbig & Blake,
1991).

Evolution of jaws in Eunicida

It is beyond discussion that Dorvilleidae represent
the most ancient living members of Eunicida (Or-
ensanz, 1990; Paxton, 2000). Usually polymeric
maxillary apparatuses of large Dorvilleidae, such
as are present in Dorvillea and Schistomeringos,
were considered as plesiomorphic for Dorvilleidae
and all Eunicida (Kielan-Jaworowska, 1966;
Jumars, 1974; Orensanz, 1990; Eibye-Jacobsen &
Kristensen, 1994; Paxton, 2000). According to
Jumars (1974) the most primitive jaw apparatus
consisted of numerous maxillary plates which were
arranged in six rows. The evolutionary trends of
the jaws in dorvilleids were (1) decrease in the
number of maxillary plates and (2) subsequent
reduction of number of rows from four to finally
two rows of maxillary plates. This evolutionary
trend was strongly supported by the finding of a
number of intersitial dorvilleid taxa with reduced
or even lacking jaws (Arenotrocha, Westheideia,
Pusillotrocha, Petrocha and Apodotrocha) (Wes-
theide & Riser, 1983; Westheide & Nordheim,
1985; Wolf, 1986; Nordheim, 1987). Dorvilleidae is
thought to represent a well-defined monophyletic
group (Rouse & Fauchald, 1997). The morpho-
logical basis for this hypothesis is the presence of a
ctenognath jaw apparatus. However, if this jaw
apparatus was already present in the stem species
of Eunicida, it is a plesiomorphy of Dorvilleidae
and hence cannot support monophyly of this
group. Non-monophyly of Dorvilleidae is also
suggested by recent molecular data (Struck et al.,
2002).

A completely different theory was proposed by
Tzetlin (1980b). According to this hypothesis
based on a different interpretation of dorvilleid
jaws there is no support for a basal polymeric
ctenognath jaw apparatus. The main arguments
are: (1) Among fossil jaw apparatuses there are no
polymeric forms with irregular maxillae. All
known Palaeozoic Eunicida have two or four rows
and no more than 10 maxillary plates in each row,
in most cases rather less (Fig. 13). (2) Data on the
development of ctenognath and labidognath
apparatuses show that always oligomeric ctenog-
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nath-like jaws are formed in the first ontogenetic
stages (Åkesson, 1967, 1973a, 1976; Hsieh & Si-
mon, 1987; Tzetlin, 1980a). Due to the resem-
blance of K-type maxillae of Ophryotrocha with
labidognath jaws it was concluded that they most
likely evolved from oligomeric ctenognath jaws
(Fig. 12B–F). (3) Four rows of maxillae in Dor-
villeidae most likely evolved from two-rowed jaws
by prevention of shedding of the old maxillae
during the processes of replacement (Fig. 12A and
B). Oligomeric organization with two rows of
maxillae of the P-type should thus be suggested as
the plesiomorphic maxillary apparatus of Eunici-
da. (4) The life style of extinct Paleozoic Eunicida
very likely was similar to that of extant Ophryo-
trocha sp.: i.e., small animals that feed by scraping
off microfouling and other debris from hard sub-
strates. However, this theory has not been ac-
cepted and was criticized by e.g., Orensanz (1990).
Additional investigations appear to be necessary
to resolve Eunicidan relationships and thus evo-
lution of the different types of jaws.

Jaw histogenesis

Despite the great diversity in number and com-
position of the jaws in the different taxa there is
only little information about their formation. Jaws
of Phyllodocida, Eunicida and Ampharetidae are
basically different and probably evolved indepen-
dently. In Eunicida mandibles and maxillae are
different as well. However, growth appears to be
similar and only two types of jaw histogenesis and
growth are known: in the first the gnathoblasts
possess comparatively long microvilli and the jaws
continue to grow throughout the animal’s life
(Fig. 10K). The gnathoblasts continuously pro-
duce new portions of the cuticular collagen matrix,
which later becomes sclerotized by formation of
scleroproteins. They may be calcified by calcite
(Lumbrinereidae), aragonite (Onuphidae, Eunici-
dae) (Colbath, 1986) or otherwise mineralized by
heavy metals such as iron, copper and zinc in
Phyllodocida (Michel et al., 1973; Bryan & Gibbs,
1979, 1980; Gibbs & Bryan, 1980a, b; Böggemann
et al., 2000). In Phyllodocida jaw growth is re-
stricted to the basal parts (Olive, 1977, 1980). Since
these jaws have a lifelong growth period, growth-
lines can usually be observed (Kirkegaard, 1970;
Olive, 1977, 1980; Tzetlin, 1990; Britaev & Belov,

1993; Britaev et al., 2002). Jaws of this type are the
only ones found in Phyllodocida and applies for
the mandibles in Lumbrinereidae, Onuphidae,
Eunicidae and Ampharetidae as well (Wolf, 1980;
Colbath, 1986; A.B. Tzetlin, unpublished obser-
vations).

A different type is typical for the maxillary
apparatus in Dorvilleidae. It is characterized by
gnathoblasts with very short microvilli or without
microvilli (Fig. 10H; Damas, 1987; Purschke,
1987b). Jaws of this type do not grow after they
have been formed. In many cases species with
this type of jaws replace them regularly. The
new ones are formed by newly developed groups
of gnathoblasts (Damas, 1987; Purschke,
1987b). The old ones are shed and eliminated
from the pharynx via the digestive tract (Tzet-
lin, 1980a; Hsieh & Simon, 1987). Whether max-
illae are replaced in the other Eunicida is seen
controversially and appears not to be resolved yet.
Kielan-Jaworowska (1966) suggested replacement
of labidognath maxillae which was refuted by
Paxton (1980) who found evidence for growth
throughout life without replacement in Onuphi-
dae. Colbath (1987) suggested that Oenonidae
have a fine structure of the jaws that is inconsistent
with continuous growth and probably undergo
regular shedding and replacement of maxillae.
Replacement of maxillae has been described in
Onuphidae by Hsieh & Simon (1987). So there is
certain evidence indicating that shedding of the
maxillae is typical of all Eunicida (Colbath, 1987;
Hsieh & Simon, 1987) but further experimental
evidence and ultrastructural investigations are re-
quired.

Intestine

In polychaetes the midgut may be differentiated
into a stomach and intestine. Structure and func-
tion have been reviewed by Michel (1988) and
Saulnier-Michel (1992) and only a few new results
have since been obtained. Therefore, only a short
summary is given here. The endodermal epithelia
making up this part may form a pseudostratified
epithelium, and rest on an extracellular matrix
followed by the peritoneal lining. This lining
comprises longitudinal and circular muscle fibers
as well. Blood spaces are frequently found in the
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extracellular matrix between the two epithelia to
form the blood sinus of the gut.

A distinct stomach representing a glandular or
muscular organ is present in many microphagous
polychaetes traditionally referred to as sedentary
polychaetes (Fig 1B and C). This part of the ali-
mentary canal is the site of extra- and intracellular
digestion. It may be composed of glandular cells,
absorptive cells and ciliated cells or only one cell
type having similar functions. In Phyllodocida an
anatomically separated stomach cannot be distin-
guished (Fig. 1A).

The stomach is followed by the intestine, which
mostly forms a straight tube. In certain poly-
chaetes it may be coiled (e.g., Parergodrilidae;
Fig. 1B) or bear lateral caeca (e.g., Aphroditidae).
The epithelium often comprises absorptive cells
and gland cells but in certain species only one cell
type may be present (Heffernan, 1988; Michel,
1988; Saulnier-Michel, 1992; Tzetlin et al., 1992).
Usually the intestinal cells are equipped with cilia

and a well-developed brush border of microvilli.
Additional excretory cells filled with spherocrys-
tals have been described for a few species (see
Michel, 1988). A ciliated gutter separated from the
intestine by a phalanx of straight microvilli has
been described ultrastructurally in the meiofaunal
polychaetes Dinophilus gyrociliatus and Nerillidium
troglochaetoides (see Oster, 1986; Tzetlin et al.,
1992) but a similar structure is present in many
macrofaunal species as well (Saulnier-Michel,
1992). In Notomastus latericeus this gutter gives
rise to an accessory intestine of uncertain function
(Saulnier-Michel, 1992). Sometimes a posterior
intestine characterized by a progressive numerical
increase in absorptive cells and decrease in gland
cells can be distinguished.

A conspicuous feature in the intestine of most
Nerillidae is the occurrence of unique tubular
structures, discovered and called ‘entéronéphri-
dies’ by Jouin (1967). These enteronephridia have
been reported for the taxa Meganerilla, Mesone-

Figure 14. Enteronephridia of Nerillidae. (A–B) Nerillidium troglochaetoides. (A) Cross-section of entire specimen to show position of

the three enteronephridia (arrows) in the epithelium of the intestine (i); coe coelom, ep epidermis lm longitudinal musculature, sd

spermatids, vnc ventral nerve cord. (B) Enlargement of entronephridium (en) with microvilli and cilia, cross section; ecm extracellular

matrix, iep intestinal epithelium. (C) Troglochaetus beranecki, limnetic species. Section with nucleus (n) of enteronephridium (en) close

to opening into intestine (i).
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rilla, Nerillidium, Akessoniella, Trochonerilla, Ari-
stonerilla and Troglochaetus (Jouin, 1967, 1968;
Tzetlin & Larionov, 1988; Tzetlin & Saphonov,
1992; Tzetlin et al., 1992; Müller, 2002). In larger
species, such as Nerilla antennata, enteronephridia
are lacking. These structures are blind-ending cil-
iated intestinal canals, which open into the pos-
terior stomach and run posteriorly all along the
intestine (Figs. 1C and 14A–C). Situated in the
periphery of the gut, they are embedded between
the regular epithelial cells (Tzetlin et al., 1992).
The number of enteronephridial canals differs be-
tween species and ranges from 3 to 13. Ultra-
structural investigations revealed that they are
unicellular structures, each cell measuring up to
130 lm in length and approximately 5 lm across
(Tzetlin et al., 1992). The canal is formed by the
invaginated cell apex and is present throughout the
length of the enteronephridia. The luminal cell
surface bears a well-developed brush border of
microvilli and a few cilia. The apical membrane is
characterized by endo- or exocytic vesicles but
there is no increase of the basal surface by means
of basal folds or a basal labyrinth. These cells are
attached to the adjacent cells of the stomach by
typical junctional complexes, indicating that the
enteronephridia belong to this part of the gut. The
enteronephridia resemble protonephridial or
metanephridial ducts (Fig. 14B and C), although
all species investigated possess protonephridia
(Smith, 1992; see Chapter 8). The function of these
structures is presumed to be excretory, but exper-
imental evidence is lacking. So far these organs
have not been found in any other taxon of
Annelida: The enteronephridia described for
Megascolecida are structurally different: they are
true metanephridia opening into the intestine (see
Tzetlin et al., 1992). The only known species with
structurally similar organs is Jennaria pulchra (see
Tzetlin et al., 1992), a taxon with annelid affinities
but uncertain systematic position (Rieger, 1991).

Rectum

The rectum is the ectodermal posterior part of the
gut (Saulnier-Michel, 1992). It may be short, not
exceeding the length of the pygidium, or may ex-
tend over several segments. Generally the epithe-
lium bears a cuticle of varying thickness and may

be ciliated as well. The anus usually opens termi-
nally, dorsally or ventrally and often possesses a
sphincter formed by circular fibres.
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