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Abstract Recent investigations have suggested that a 
lack of circular muscle fibers may be a common situation 
rather than a rare exception in polychaetes. As part of a 
comparative survey of polychaete muscle systems, the 
F-actin musculature subset of Magelana cf. mirabilis and 
Prionospio cirrifera were labeled with phalloidin and 
three-dimensionally analyzed and reconstructed by 
means of cLSM. Obvious similarities are sublongitudi
nal lateral, circumbuccal, palp retractor, dominating 
dorsal longitudinal, perpendicular lateral and ventral 
transverse muscles. Differences between M. cf. mirabilis 
and P. cirrifera are: (I) two types of prostomial muscles 
(transversal and longitudinal) in M. cf. mirabilis versus 
one type (diagonal) in P. cirrifera; (2) one type of palp 
muscles (longitudinal) in M. cf. mirabilis versus three 
types (longitudinal, diagonal, circular) in P. cirrifera; (3) 
five ventral longitudinal muscles (ventromedian, para
median, ventral) in M. cf. mirabilis versus four (two 
paramedian, two ventral) in P. cirrifera. Ventral and 
lateral transverse fibers are present in the thorax, but 
absent in the abdomen of M. cf. mirabilis. The triangular 
lumen of the pharynx in M. cf. mirabilis is surrounded 
by radial muscle fibers; three sets of pharynx diductors 
attach to its dorsal side. The unique features of P. cir
rifera are one pair of brain muscles and segmentally 
arranged dorsal transverse muscles, the latter located 
outside the longitudinal muscles. The transverse lateral 
muscles are restricted to the sides and lie beneath the' 
longitudinal muscles, a pattern described here for the 
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first time. A true, outer layer of circular fibers is absent 
in both species of Spionida that were investigated. 
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Introduction 

Whereas monophyly of Annelida is undoubted, in dis
cussions about the phylogenetic relationships and the 
evolutionary pathways within the taxon, two main 
contradictory opinions-oliogchaete- versus polychaete
like stem species-have emerged (reviewed by Purschke 
2002). The first hypothesis: Clark (1964,1981) proposed 
that the coelom arose as a burrowing adaptation with 
hydroskeletal function. His correlation of structure with 
function convinced many scientists (e.g. Rouse and 
Fauchald 1997), and thus the body form of burrowing 
oligochaetes came to be regarded closest to the ancestral 
annelid condition; this resulted in the first hypothesis, 
which treats Clitellata and Polychaeta as sister groups. 
As a consequence, the presence of an outer layer of 
circular fibers and an inner layer of longitudinal fibers is 
considered to represent the ground pattern of the muscle 
system in Annelida (Lanzavecchia et al. 1988; Gardiner 
1992). Polychaetes are extremely diverse in size and 
form, which is reflected, e.g. by great variability of the 
muscle system. In most species of polychaetes, circular 
fibers are usually less developed than the longitudinal 
fibers. The latter are grouped in dorsal and ventral 
bundles whereas the former are often restricted to the 
spaces'between parapodia. Absence of circular fibers in 
macro- as well as meiobenthic species and in parapodia
bearing errant as well as sedentary ones (e.g. Mettam 
1967, 1971; Storch 1968; Hermans 1969; Gardiner and 
Rieger 1980; Tzetlin 1987; Ivanov and Tzetlin 1997) 
contradicts the opinion that total absence is an excep
tional case in this annelid group (Lanzavecchia et al. 
1988; Gardiner 1992). The second hypothesis, however, 
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postulates an epibenthic parapodia-bearing annelid stem 
species (McHugh 1997; Westheide 1997). Absence of 
circular fibers in Chrysopetalidae (Tzetlin et al. 2002a, 
2002b; Muller, unpublished data), which are supposed 
to be close to such a stem species according to Westheide 
and Watson Russel (1992), implies that an architecture 
without circular muscles represents the plesiomorphic 
condition in Annelida. Detailed investigations of poly
chaete muscle systems are rare (Storch 1968; Pilato 1981; 
Lanzavecchia et al. 1988; see review by Tzetlin and 
Filippova 2004). Other authors' reports of the presence 
of circular fibers might be erroneous, because Mettam 
(1967, 1971) showed that the "circular portions" of 
the body wall. musculature in Nereis diversicolor and 

Aphrodite aculeata consist of transverse elements 
belonging to the parapodial muscle complex. The pro
posal that the lack of circular muscles may be a common 
situation rather than a rare exception in polychaetes 
demands a broad-scale investigation. Recent studies 
(Mollers and Miiller 2001; Muller and Schmidt-Rhaesa 
2002;'Miiller et al. 2004; Miiller and Sterrer 2004; Tzetlin 
et al. 2002b) have revealed that phalloidin staining of the 
F-actin musculature subset in combination with cLSM 

. offers a powerful tool for this task. 
The aim of the present paper was to investigate spe

cies of the Spionidae. As early as 1920 Soderstrom 
(1920) wrote (p. 15): " ... kommen bei Formen der Un
terfamilien Nerininae, Laonicinae und Spioninae auf der 
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Fig. 1 a-k Magelona cf. mirabilis, F-actin muscular subset, depth
coded images. a Ventral, b dorsal view of the anterior end. 
Prostomium with transverse (Iprm) and longitudinal (lprm) muscles. 
The circumbuccal muscle complex (cbm) encircles the radial 
pharynx muscles (rphm). The palps contain longitudinal muscles 
(lpm) and are moved by palp retractors (prm2). Other muscles: vIm 
ventral transverse, vim ventral longitudinal, lam lateral, dim dorsal 
longitudinal, phd pharynx diductor. c High magnification of the 
mouth part with circumbuccal (cbm) and radial pharyngeal muscles 
(rphm). d Longitudinal muscles of the palp (lpm). e Ventral view of 
the trunk, demonstrating the transition between thorax (Ih) and 
abdomen (ab). f Ventral view of the thorax with ventromedian 
(vmlm), ventral paramedian (vplm) and ventral (vim) longitudinal 
muscles. Transverse muscles lie ventrally (vIm) and laterally (lam). 
gVentral view of the abdomen. h In the posterior end, oblique 
muscles (obm) run midventrally to the periphery. i Dorsolateral view 
of the thorax. Dorsal longitudinal muscles (dim) and lateral muscles 
lie in close proximity. The latter surround the parapodial muscle 
complex (ppm). j Dorsal view of the posterior region 

Dorsalseite sehr regelmdssig Ringmuskelfdden an jedem 
Segment vor" (members of the subfamilies Nerininae, 
Laonicinae and Spioninae possess very regular circular 
muscle fibers in every segment). Orrhage (1964), 
however, pointed out that the presence of these fibers 
depends on the presence of transverse ciliary bands be
tween the branchiae and that the circular fibers in Pri
onospio are incomplete with a dorsomedian gap. 
Therefore, we stained and three-dimensionally recon
structed the muscle systems of Prionospio cirrifera 
(Spionidae) and Magelona cf. mirabilis (Magelonidae). 
This paper is part of a series to study the muscular 
architecture of the body wall in Annelida. 

Materials and methods 

The investigated specimens of P. cirrifera Wiren, 1883 
were collected at the White Sea and M. cf. mirabilis 
F. Miiller, 1858 near the North Sea island of Helgoland. 
Three specimens of P. cirrifera and two of- M. cf. mira
bi/is were analyzed; specimens of the former were addi
tionally dissected into single segments to obtain z stacks 
of cross sections. The organisms were anesthetized for 

Fig. 2 Schematic drawings of the F-actin muscular architecture of 
the anterior end (a, b) and the midbody region (c, d). a In M. cf. 
mirabilis, longitudinal (lprm) and transverse (Iprm) muscles are 
visible in the prostomium; palps possess longitudinal muscles (lpm) 
only; two retractor muscles (prml-2) insert at the base of the 
appendage. The ventral area is dominated by circumbuccal muscles 
(cbm). Radial muscles surround the pharynx (rphm), and three 
complexes of diductor muscles (Phdl-3) attach dorsally. Thick 
bundles of dorsal (dim) and ventral (vim) longitudinal muscles 
dominate within the trunk. Dorsoventrally oriented muscles (lam) 
fill the lateral gap between them, leaving space only for the 
parapodial complexes (Ppc). b In P. cirri/era, one thick bundle 
within the prostomium (dprm) and another associated with the 
brain (brm) are visible. The palps possess circular (cpm), diagonal 
(dpm) and longitudinal (Ipm) muscles. c The trunk of M. cf. 
mirabilis possesses five longitudinal muscles ventrally: one ventro
median (vmlm), two ventral paramedian (vplm) and two ventral 
(vim) bands. Between the paramedian bands, transverse muscles 
(VIm) are visible. From midventral regions, oblique muscles (obm) 
stretch towards the parapodia. d Prionospio possesses four 
longitudinal muscles ventrally: two paramedian (vplm) and two 
ventral (vim). Dorsally transverse muscles (dIm) reach from one 
parapodial complex to the other. From the sides diagonal muscles 
(dm) stretch dorsally and ventrally 
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10 min in 8% MgClz solution and subsequently fixed on 
ice overnight in 4% paraformaldehyde in 0.15 M 
phosphate-buffered saline (PBS; pH 7.4) containing 
12% sucrose. After rinsing, specimens were pre-incu
bated in PBT (PBS with 0.1 % Triton X-lOa) for 1 hand 
then incubated in FITC- (fluorescein isothiocyanate) 
labeled phalloidin solution (5 III of 3.3 IlM solution in 
100 III PBS). Specimens were embedded in Citiflour 
(Plano) between two cover slips and investigated with a 
Zeiss LSM 410 confocal laser scanning microscope. 
Z stacks were projected into maximum-intensity pixel 
images (MIP). The three-dimensional arrangement of 
stained structures can be deduced from the colors, which 
follow the spectral light from red = peripherally to 
dark blue = centrally. Image adjustment was carried out 
with Adobe Photoshop 7.0 and arrangement of plates 
with Adobe Illustrator 7.0 and 10.0. 

Results 

On the basis of the three-dimensional reconstruction of 
the F-actin muscular subsets of the two species, the 
muscles of the prostomium (pr), palps (p), pharynx (ph), 
parapodia (pp) and trunk will be described. For the sake 
of clarity, we employ a nomenclature that explains ori
entation as well as location of the muscles within the 
respective section of the body. All muscles orientated 
perpendicular to the anterior-posterior body axis are 
termed "transverse muscles". Out of these, fibers 
encircling the entire body as a complete ring in a 
supralongitudinal position are called "circular muscles". 

Architecture of the anterior end 

In both species, the prostomial muscles are anterior 
extensions of the ventral longitudinal muscles of the 
trunk. In M. cf. mirabilis (Fig. la, b), dorsally as well as 
ventrally four muscle strands can be distinguished, of 
which each inner pair contains transversely oriented, and 
each outer pair longitudinally oriented fibers. P. cirrifera 
possesses only one, very prominent pair of diagonal 
prostomial muscles (Figs 2b, 3e). They run from posterior 
and ventral in an anterodorsal direction and start as a 
thin fiber that gradually expands. Dorsally, in front of the 
brain, the two bands approach each other, leaving a small 
gap. between them in the middorsal region (Fig. 3b). The 
prostomial muscles in P. cirrifera are accompanied by a 
pair of brain muscles that lie behind the diagonal muscles 
and are orientated correspondingly (Fig. 2b). Such 
muscles have not been observed in M. cf. mirabilis. 

A thick complex of circumbuccal muscles represents 
the posterior margin of the mouth opening (Figs. la, c, 
2a, b, 3a, c) in both species. While this complex com
prises mainly transverse fibers in M. cf. mirabilis, they 
are arranged in a more or less regular grid of longitu
dinal and transverse fibers in P. cirrifera (Fig. 3). The 
circumbuccal complex occupies the ventral area behind 

Fig. 3 a-i Prionospio cirrifera, F-actin muscular subset. a-h Depth
coded images. i Single section. a Ventral, b dorsal view of the 
anterior end. Diagonal prostomial muscles (dprm) meet dorsome
dially. The circumbuccal muscle complex (cbm) borders the mouth 
posteriorly. Only the outer longitudinal muscles (lpm) of the palps 
are visible. Other muscles: vim ventral longitudinal, lam lateral, dim 
dorsal longitudinal. c High magnification of the mouth part with 
circumbuccal (cbm) muscles, mo mouth opening d Longitudinal 
(lpm) and diagonal (dpm) muscles of the palp. e Lateral view of the 
anterior end. Parapodial muscle complex (ppm). f Dorsal view of the 
trunk. g Ventral view of the trunk with ventral paramedian (vplm) 
and ventral (vim) longitudinal muscles. Ventral transverse muscles 

. (vtm). h Lateral view of the posterior end. Between the dense lateral 
muscles (lam), the parapodial muscle complexes are visible. i Each 
segment possesses dorsal transverse muscles (dtm). 

the mouth opening in M. cf. mirabilis, but, together with 
the diagonal prostomial muscles, forms a large, promi
nent cave around the mouth in P. cirrifera. 

The architecture of the pharyngeal musculature has 
been observed only in M. cf. mirabilis. The triangular 
lumen of the pharynx (Fig. lc) is surrounded by a thick 
layer of radially oriented muscles (Fig. la, c, 2a). Three 
sets of muscles attach to the dorsal side of the pharynx. 
Within each set, thick bundles run in a straight dorsal 
direction, whereas thinner ones extend more anteriorly 
(Fig. 2a). No such muscles are visible at the ventral side. 

The palps have muscles along their entire length. In 
M. cf. mirabilis, the only muscle layer contains exclu
sively longitudinal fibers (Fig. ld, 2a). Within the palps 
of P. cirrifera, three layers can be distinguished (Fig. 3d, 
2b): an outer layer of longitudinal muscles, a middle 
layer of diagonal muscles, which form a regular grid of 
perpendicular fibers, and finally, a central layer of cir
cular muscles. In M. cf. mirabilis two and in P. cirrifera 
three palp retractor muscles (rpml-3) move each pro
stomial appendage. All three retractors attach to the 
base of the palps, but they are differently orientated: 
rpm1 extends anteriorly, rpm2 ventrally and rpm3 
posteriorly (Figs. Ib, 2a, b). 

Structural design of the body wall 

The trunk musculature of both investigated species is 
dominated by thick dorsal and ventral longitudinal 
muscle bands (Figs. 1-4). On the dorsal side, these 
muscles almost cover the entire width of the body. While 
the fiber-free middorsal area is distinct in the anterior 
region in M. cf. mirabilis (Fig. Ib), there is only a small 
gap in P. cirrifera (Fig. 3b). Towards the posterior end, 
this difference disappears: in both species, the dorsal 
longitudinal muscle bands lie next to each other. The 
ventral body-half of M. cf. mirabilis possesses five evenly 
separated bands of longitudinal muscles, namely from 
central to the periphery: a single ventromedian, a pair of 
paramedian and paired ventral bands (Figs. 1e-h, 2c). 
The diameter of these bands increases in a central-to
lateral direction. The ventromedian muscles are missing 
in P. cirrifera and in the place of the ventromedian band 
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two paramedian fibers are present, one on each side of 
the midline (Figs 2d, 3g). Transverse fibers form a 
conspicuous pattern in both spionidans, but in M. cf. 
mirabilis they are borded by the paramedian (Figs. Ie, 
2c), in P. cirrifera by the ventral (Figs. 2d, 3g, 4b) lon
gitudinal muscles. Cross sections reveal that the trans
verse fibers form a dorsal are, which encloses the 

ventromedian and the paramedian longitudinal muscles 
in M. cf. mirabilis and P. cirrifera, respectively. 

The lateral space between dorsal and ventral longi
tudinal muscles is occupied by muscles, which are ori
ented perpendicular to the body axis (Figs. le-k, 2, 3b, 
h). They are located beneath the longitudinal muscles 
and diverge to surround the parapodia. While these gaps 
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are narrow in M. cr. mirabilis (Figs. Ie, 2a, c), fiber
stuffed and fiber-filled areas are of almost equal size in 
P. cirrifera (Fig. 2b, d). 

A unique pattern for M. cf. mirabilis is the abrupt 
change within the muscular arrangement at the transi
tion from thorax to abdomen (Fig. Ie). The latter is 
completely devoid of transverse fibers: the ventral as well 
as the lateral fibers are absent. The longitudinal muscles 
are arranged in the same way in both sections of the 
body. 

Segmentally arranged dorsal transverse fibers repre
sent a unique pattern for P. cirrifera (Figs. 2d, 3i). These 
thin fibers reach intrasegmentally from dorsal areas of 
one parapodium to that on the other side. Of all the 
muscles of the two spionid species described here, these 
fibers represent the only transverse elements located 
peripheral to the longitudinal muscles. 

The parapodial complex 

Here, we only briefly describe the arrangement of the 
parapodial muscle complex; more detailed studies re
main for further investigations. In each of the two 
branches of the biramous parapodia, pro- and retractor 
muscles can be observed (Fig. 2c, d). On the dorsal side, 
transverse muscles reach from the notopodia to the 
longitudinal bands. On the ventral side, oblique muscles 
extend from the midventral area towards the neuropodia 
(Figs. 1h, 2c, d, 4a~). Whereas these muscles terminate 
at the parapodial base in M. cf. mirabilis, they penetrate 
the neuropodium in P. cirrifera and end within its most 
distal section. In both species, the pro- and retractor 
muscles of the noto- and neuropodium are intercon
nected by small fibers located at the base of the 
appendages (Figs. 2c, d, 4d). 

Discussion 

Architecture of the anterior end 

The specific muscle arrangements in the anterior ends of 
M. cf. mirabilis and P. cirrifera reflect differences in their 
morphological organization. Whereas magelonids pos
sess a well-developed prostomium, it is enfolded by the 
first segment in Spionidae (Fauchald and Rouse 1997). 
In both species, however, ventral longitudinal muscles 
extend in a dorsal and anterior direction within the 
anterior end. This is in accordance with observations in 
other Annelida (Muller 1999), as well as non-related 
invertebrates (Plathelminthes: Rieger et al. 1994; Gna
thostomulida: MUller and Sterrer 2004): longitudinal 
fibers surround the mouth opening in the same manner 
as do the circumesophageal connectives; accordingly, 
these fibers could be called "circumesophageal longitu
dinal muscles". In contrast to the non-spionidan species, 
in which these fibers form and anchor at a dorsally 
located rostral cross, they remain distinctly separated in 

M. cf. mirabilis and terminate vis-a-vis in P. cirrifera. In 
accordance with the site of their endings, the furthest 
posterior of the circumesophageal muscles it). P. cirrifera 
are called brain muscles. While in this species they ter
minate below the brain, the corresponding muscles in 
other Polychaeta penetrate the neuropile (Muller 1999). 

Fig. 4 a-d Prionospio cirrifera, F-actin muscular subset of 
parapodia. a, c, d Single section. b Depth-coded image. Oblique 
muscles (obm) run from midventral areas towards the parapodia 
(ppm). Ventral transverse muscles (VIm). b The oblique muscles lie 
beneath the ventral longitudinal muscles (vim). Paramedian 
longitudinal muscles (vclm). c Oblique and longitudinal muscles 
penetrate each other. d The lateral muscles (lam) lie more centrally 
than the longitudinal ones. Gut musculature (im) 
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Regularly arranged transverse and longitudinal mus
cles form the circumbuccal complex in both species. 
Their location directly beneath the ectodermal epithe
lium could tempt one to call the transverse elements 
circular muscles; however, as they are restricted to the 
ventral side, they do not represent true circular muscles 
of the body wall. The pharynx of M. cf. mirabilis with its 
triangular lumen and surrounding powerful radially 
oriented muscles is an axial pharynx. The three sets of 
diductor muscles reflect its suctorial function. Although 
the pharynx as a whole is eversible, we found no retractor 
muscles attached posteriorly. Purschke and Tzetlin 
(1996) found that the pharynx of other Spionida usually 
consists of a ventral pharyngeal organ and dorsolateral 
folds. These authors (Tzetlin 1992; Tzetlin and Purschke 
2004) also state that the muscular axial pharynx of 
Phyllodocida evolved from such dorsolateral folds. 
Development of the magelonid axial pharynx from such 
folds, which are present in all other Spionida, would 
indicate a· convergent evolution, which might also have 
happened in other taxa (e.g. Myzostomida, Hirudinea). 

The palps in Spionida generally represent highly 
developed mobile sensory and feeding structures (e.g. 
Rouse and Pleijel 2001). Detailed palp morphology and 
function in Spionida is highly diverse; descriptions are 
usually restricted to a variety of external patterns 
including ciliation and various types of papillae (Dauer 
et al. 2003; Worsaae 2003). The palps of M. cf. mirabilis 
and P. cirrifera can be moved as a whole in all directions 
by the three palp retractor muscles, acting antagonisti
cally to each other. As the appendage only has longi
tudinal fibers in M. cf. mirabilis, its movement is 
restricted to contraction and slight coiling. The long, 
filiform palps are circular in cross section and have an 
expanded, densely papillated distal region characteristic 
of the entire taxon M. cf. mirabilis. A ciliated food 
groove is absent. These papillae are thought to have a 
sensory and adhesive function (Gardiner 1988), whereas 
the palps are respiratory and involved in collecting food 
particles (see Wilson 2000). According to transmission 
electron micrographs, the longitudinal muscle cells form 
a continuous layer lining the coelomic cavity of the palp 
(Gardiner 1988). In contrast, Spionidae possess groved 
feeding palps, U-shaped in cross section and densely 
ciliated (Worsaae 2003). Although this ciliation mainly 
serves to transport food particles to the mouth (e.g. 
Dauer 1985, 1991; Dauer et al. 2003; Worsaae 2003), at 
least in some species this is assisted by quick movements 
of the palps (Dauer and Ewing 1991) or the palps are 
used for resuspending food particles (Dauer 1985). Most 
likely these movements require a more elaborate mus
culature, such as has been described for P. cirrifera. 
Although exclusively sensory in function, highly mobile 
palps are present in many other polychaetes belonging to 
Canalipalpata. In Protodrilus and Saccocirrus species, 
for instance, a somewhat similar arrangement of muscle 
fibers has been observed (Purschke 1993). In these taxa, 
however, there are outer longitudinal, inner circular 
fibers and more central longitudinal fibers lining the 

coelomic palp cavity. According to the present data, the 
innermost layer of circular muscle cells most likely forms 
the coelomic lining in P. cirrifera. However, this should 
be clarified by further investigations (TEM). 

Structural design of the body wall 

The muscular architecture of body segments is rather 
similar in M. cf. mirabilis and P. cirrifera: it is dominated 
by dorsal and ventral longitudinal muscles, but also 
comprises transverse ventral and lateral as well as diag
onal and dorsoventral and oblique muscles, associated 
with the parapodial complex. These similarities support 
the assumption that magelonids are closely related to the 
spioniform families (see Rouse and Glasby (2000) and 
Rouse and Pleijel (2001) for proposed relationships). The 
small middorsal gap between the longitudinal fibers, 
which apart from this cover the entire width of the body, 
designates where the mesenteries attach to the epidermis. 

No explanation can be given as to why M. cf. mira
bilis possesses five and P. cirrifera only three ventral 
longitudinal bands. The large space separating the thick 
main ventrolateral bands is occupied by the ventral 
nerve cord and is a common feature (see Tzetlin et al. 
2002a, 2002b). The same holds true for the ventral 
transverse muscles. The arrangement, however, invites 
speculation that if the semicircular lumen were to be 
filled with body liquid, this could be pushed through the 
body by waves of contraction. 

While Orrhage (1964) described dorsomedian gaps in 
the segmentally arranged dorsal circular muscle fibers in 
P. cirrifera, P. steenstupi and P. mamgreni, we found 
that these fibers in the middle of each segment are 
continuous in P. cirrifera. According to our observa
tions, these fibers do not contribute to the parapodial 
muscles and are not true circular but transverse muscles, 
because they do not extend beyond the lateral margin of 
the dorsal longitudinal fibers. 

A specialty, described here for the first time for 
members of "Polychaeta", is the sublongitudinal loca
tion of the transverse lateral muscle fibers. Due to this 
peculiar location and restriction to the sides of the body, 
these fibers do not seem to be homologues with true 
circular fibers of the body wall, which form a layer 
outside the longitudinal muscles underneath the epider
mis and encircle the entire body. In conclusion, circular 
fibers are clearly absent in the species investigated. 

However, in regenerating Dorvillea bermudensis 
(Dorvilleidae), a loose regular grid of supralongitudinally 
locate<;l circular and underlying longitudinal fibers occurs 
as a transient architecture of the body wall musculature. 
During further differentiation, the circular fibers seem to 
be transformed into parapodial muscles and are relocated 
to a more central position (M.C.M. Muller and T. Hin
ken, unpublished data). It can be speculated that such a 
regular muscular grid represents the ground pattern from 
which the dense oligochaete as well as the specialized 
polychaete muscular pattern could have been derived. 



8 

Acknowledgements We are grateful to Prof. Dr. Wilfried Westheide 
for support and hospitality towards the Russian colleagues during 
their investigations at the University of Osnabruck. The study of A. 
Filippova was supported by the Deutscher Akademischer Aust
auschdienst. 

References 

Clark WB (1964) Dynamics in metazoan evolution. The origin of 
the coelom and segments. Clarendon Press, Oxford 

Clark WB (1981) Locomotion and the phylogeny of the Metazoa. 
Boll Zool 48: 11-28 

Dauer DM (1985) Functional morphology and feeding behavior of 
Paraprionospio pinnata (Polychaeta: Spionidae). Mar BioI 
85:143-151 

Dauer DM (1991) Functional morphology and feeding behavior of 
Polydora commensalis (Polychaeta: Spionidae). Ophelia Suppl 
5:607-614 

Dauer DM, Ewing RM (1991) Functional morphology and feeding 
behavior of Malacoceros indicus (Polychaeta: Spionidae). Bull 
Mar Sci 48:395--400 

Dauer DM, Mahon HK, Sarda R (2003) Functional morphology 
and feeding behavior of Streblospio benedicti and S. shrubsolii 
(Polychaeta: Spionidae). Hydrobiologia 296:207-213 

Fauchald K, Rouse G (1997) Polychaete systematics: present and 
past. Zool Scr 26:71-138 

Gardiner SL (1988) Respiratory and feeding appendages. In: 
Westheide W, Hermans CO (eds) The ultrastructure of poly
chaeta. Microfauna Marina, vol 4. Fisher, Stuttgart, pp 37--43 

Gardiner S (1992) General organization, integument, musclulature, 
coelom and vascular system. In: Harrison FW (ed) Microscopic 
anatomy of invertebrates, vol7. Wiley-Liss, New York, pp 19-52 

Gardiner SL, Rieger RM (1980) Rudimentary cilia in muscle cells 
of annelids and echinoderms. Cell Tissue Res 213:247-252 

Hermans CO (1969) The systematic position of the Archiannelida. 
Syst Zool 18:85-102 

Ivanov IE, Tzelin AB (1997) Fine structure of the trunk in the 
polychaete family Phyllodocidae (Annelida, Polychaeta) a 
functional morphological analysis (in Russia). Dok Akad 
NAUK 354:272-277b 

Lanzavecchia G, de Eguileor M, Valvassori R (1988) Muscles. In: 
Westheide W, Hermans CO (eds) The ultrastructure of poly
chaeta. Microfauna Marina, vol 4. Fischer, Stuttgart, pp 71-88 

McHugh D (1997) Molecular evidence that echiurand and pogo
nophorans are derived annelids. Proc Natl Acad Sci USA 
94:8006-8009 

Mettam C (1967) Segmental musculature and parapodial move
ment of Nereis diversicolor and Nephthys hombergi (Annelida: 
Polychaeta). J Zool (Lond) 153:245-275 

Mettam C (1971) Functional design and evolution of the poly
chaete Aphrodite aculeata. J ZooI (Lond) 163:489-519 

Moilers S, Muller MCM (200 I) Development of the muscle system in 
Myzostoma cirriferum (Annelida, Myzostomida). Zoology 
94(1):41 

Muller MC (1999) Das Nervensystem der Polychaeten: Immun
histochemische Untersuchungen an ausgewiihlten Taxa. PhD 
Thesis, Universitiit Osnabruck 

Muller MCM, Schmidt-Rhaesa A (2002) Reconstruction of the 
muscle system in Antygomonas sp. (Kinorhyncha, Cyclorhag
ida) by phalloidin labelling and cLSM. J MorphoI256:103-11O. 
DOl 10.1002/jmor.10058 

Miiller MCM, Sterrer W (2004) Musculature and nervous system 
of Gnathostomula peregrina (Gnathostomulida) shown by 
phalloidin labeling, immunohistochemistry, and cLSM, and 
their phylogenetic significance. Zoomorphology 123: 169-177. 
DOl 10.1007/s00435-004-0099-2 

Muller MCM, Jochmann R, Schmidt-Rhaesa A (2004) The mus
culature of horsehair worms (Gordius aquaticus, Paragordius 
varius, Nematomorpha): F-actin staining and reconstruction by 
cLSM and TEM. Zoomorphology 123:45-54. DOl 10.1007/ 
s00435-003-0088-x 

Orrhage L (1964) Anatomische und morphologische Studien uber 
die Polychaetenfamilien Spionidae, Disomidae und Poecilo
chaetidae. Zool Bidr Uppsala 36:386--405 

Pilato G (1981) The significance of musculature in the origin of the 
Annelida. Boll Zool 48:209-226 

Purschke G (1993) Structure of the prostomial appendages and the 
central nervous system in the Protodrilida (Polychaeta). Zoo
morphology 113:1-20 

Purschke G (2002) On the ground pattern of Annelida. Org Divers 
Evo12:181-196 

Purschke G, Tzetlin AB (1996) Dorsal ciliary folds in the poly
chaete foregut: structure, prevalence and phylogenetic signifi
cance. Acta Zool (Stockh) 77:33--49 

Rieger RM, Salvenmoser W, Legniti A, Tyler S (1994) Phalloidin
rhodamine preparations of Macrostomum (Plathelminthes): 
morphology and postembryonic development of the muscula
ture. Zoomorphology 114: 133-147 

Rouse G, Fauchald K (1997) Cladistics and polychaetes. Zool Scr 
26:139-204 

Rouse GW, Glasby CJ (2000) Phylogeny. In: Beesly PL, Ross GJB, 
Glasby CJ (eds) Polychaetes and allies: the southern synthesis. 
Fauna of Australia, vol 4A. CSIRO Publishing, Melbourne, pp 
46-51 

Rouse GW, Pleijel F (2001) Polychaetes. Oxford, Oxford 
Soderstrom A (1920) Studien uber die Polychiitenfamilie Spinoni

dae. Diss. Almquist and Wiksell, Uppsala, pp 1-286 
Storch V (1968) Zur vergleichenden Anatomie der segmentalen 

Muskelsysteme und zur Verwandtschaft der Polychaeten
Familien. Z Morphol Tiere 63:251-342 

Tzetlin A (1987) Structural peculiarities of Pisionidens tchesunovi 
(Polychaeta) and their possible significance (in Russian). Zool 
Zh 66:1454--1462 

Tzetlin AB (1992) Evolution of the feeding apparatus of the 
Polychaetes (Annaelida). Dr. of. Sc. Thesis, Faculty of Biology, 
Moscow State Univ., Moscow:I--475 

Tzetlin AB, Filippova A (2004) Muscular system. In: Purschke G 
Bartolomaeus T (eds) Morphology, molecules, evolution and 
phylogeny in the polychaeta and related taxa. Hydrobiologia/ 
Dev Hydrobiol 

Tzetlin AB, Purschke G (2004) Pharynx and Intestine. In: Purschke 
G, Bartolomaeus T (eds) Morphology, molecules, evolution 
and phylogeny in the polychaeta and related taxa. Hydrobio
logia/Dev Hydrobiol 

Tzetlin AB, Dahlgren T, Purschke G (2002a) Ultrastructure of 
the body wall, body cavity, nephridia and spermatozoa in 
four species of the Chrysopetalidae (Annelida). Zool Anz 
241:37-55 

Tzetlin AB, Zhadan A, Ivanov I, Muller MCM, Purschke G 
(2002b) On the absence of circular muscle elements in the body 
wall of Dysponetus pygmaeus (Chrysopetalidae, 'Polychaeta', 
Annelida). Acta Zool 83:81-85 

Westheide W (1997) The direction of evolution within the Poly
chaeta. J Nat Hist 31: 1-15 

Westheide W, Waston Russel C (1992) Ultrastructure of chryso
petalid paleal chaetae (Annelida; Polychaeta). Acta Zool 
(Stockh) 37: 197-202 

Wilson RS (2000) Family Magelonidae. In: Beesly PL, Ross GJB, 
Glasby CJ (eds) Polychaetes and allies: the southern synthesis. 
Fauna of Australia, vol 4A. CSIRO Publishing, Melbourne, pp 
194--195 

Worsaae, K (2003) Palp morphology in two species of Prionospio 
(Polychaeta: Spionidae). Hydrobiologia 496:259-267 


