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Abstract: The chrysopetalid polychaetes are a small group of marine worms that have
aglobal distribution but are most common on tropical coral reefs. Most of the ca. 50
described forms are distinguished by flattened notochaetae which are arranged as
roofing tiles on the dorsum. Recent attention to the group has focused on a possible
close relationship between chrysopetalids and the Cambrian fossil worms Wiwaxia
and Canadia, known mainly from the Burgess Shale, British Columbia. Despite
several descriptive studies on the group, one part of the Chrysopetalidae, the
“dysponetid” taxa, has been largely neglected. In papers I, 1l and IlI, two new
(Dysponetus bipapillatus and D. macroculatus) and two poorly known taxa (D.
caecus and D. paleophorus) are described from newly collected specimens.

Apart from the aim to increase our knowledge on the organismal diversity
among the dysponetids, this thesis is the first attempt to resolve problems concerning
the phylogeny of chrysopetalids and its allies. Traditionally the group is treated as a
family group taxon within the order Phyllodocida, but there is no agreement on the
closer position of chrysopetalids within this large assemblage of errant worms. Papers
IV and V explore, among other issues, the delineation and position of
Chrysopetalidae. They include three different analyses, applying both morphological
and DNA sequence data. While the resulting trees indicate a well-delineated
Chrysopetalidae, the topologies are not conclusive on identifying the sister group to
the chrysopetalids. It is suggested, however, that either Hesionidae or Nereididae may
represent the most likely candidate.

The last paper of the thesis (V1) discusses and analyses some of the disparate
views that have been presented on the position of the Cambrian fossil Wiwaxia. The
hypothesis that Wiwaxia is an annelid, close to the Phyllodocida, is further examined
and related to recent advances in polychaete phylogeny. One implication is that, if
Wiwaxia and Canadia indeed hold a basal position in the annelid tree, then the
Phyllodocida (including Wiwaxia and Canadia) constitutes a grade in which the sister
to all other annelids should be found. Alternatively, if the Phyllodocida represent a
clade within the polychaetes, then Wiwaxia and Canadia are derived annelids.
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INTRODUCTION

This thesis is about worms. For most people in most situations the word “worm” is adequate
to describe small, longer-than-wide crawling forms of life. Practising biologists, however,
often need to be a bit more precise regarding just what kind of worm they refer to. One of the
more obvious examples may be the medical doctor looking for a treatment against the worm
he just found in a patient. For practical reasons or not, naming things and organisms in our
surroundings has been an essential part of exploring the earth. Not until the 18" century,
however, was there a generally accepted system for how organisms should be named and
classified in the western world. Instead of simply calling a newly discovered clam “The
Icelandic Clam” (or “Islandsmussla’ in Swedish), the naturalist Carl von Linné suggested that
species names should be in latin and be composed of two parts. In our example above the
name would be Venusislandica, where the first part indicates to which more inclusive group
the clam belonged, and the two names together denote the species. From this we understand
that Linné was also interested in naming more inclusive groups of organisms. The name
Vermes was erected for crawling critters of various sorts. A century later, the idea that
organisms evolve into new forms and disappear by extinction became widely accepted as
Darwin and Wallace presented the theory of evolution by natural selection. This, in turn,
opened the field for research in biological systematics with organisms being grouped
according to common descent. The depiction of the evolutionary relationships of organisms
in a historical context is referred to as phylogeny; a “tree’ diagram is often used to illustrate
these relationships.

Among animal representatives of other groups, such as molluscs, seastars, sea urchins
and nematodes, Linné's Vermes included a group of organisms later called annelids (as
Annélides Lamarck, 1802), composed of segmented worms. Although, for obvious reasons,
the most commonly known annelids are those found on land and in fresh water (earthworms
and leaches), most of them dwell in the sea. Annelids lack a shell and often loose colouration
when preserved, which, together with their relative inaccessibility, make them less interesting
for collectors and other groups of laymen. The diversity, as judged by number of described
species, is aso relatively low compared to invertebrate groups such as butterflies and beetles
or various sea-shells.

Chrysopetalids are annelids. The scope of this thesis is to increase and summarize the
knowledge of the group, and to place them into a wider context of annelid and metazoan
evolution and phylogeny.

THE CHRYSOPETALIDS

Chrysopetalids are polychaete annelids which, with some exceptions (i.e., “dysponetid”
forms), carries flattened dorsal chaetae (paleae) arranged in a roof tile pattern on the dorsum.
Chrysopetalids are small to medium sized worms (1-50 mm), live in sediment and rubble, and
are distributed world-wide. Most are poor swimmers and move sluggishly. Many, however,
have shiny golden colour which also contibuted to their name (from the combination of the
Greek words chrysos =gold and petalon =leaf).

Brief History of Research

The first described chrysopetalids were Chrysopetalum debile (as Palmyra debilis Grube,
1855) from material collected in the Mediterranean, and Chrysopetalum elongatum as
(Palmyra elongata Grube, 1856) from the Virgin Idands. Kinberg (1858) errected
Palmyridae for Palmyra aurifera (Savigny in Lamarck, 1818), a paleae-bearing worm that
was later recognized as closer related to Aphroditidae than to Chrysopetalidae (e.g.,
Racovitza 1896; Augener 1913; Horst 1917; Watson Russell 1989). Schmarda (1861),
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working, among other places, in the Indian Ocean, added Paleanctus chrysolepis (Schmarda,
1861) and Bhawania godei (Schmarda, 1861), and referred them in Kinberg's family group
name Pamyridae. The name Chrysopetalidae originates from Ehlers (1864) who, in
describing the new Chysopetalumfragile (synomymized with C. debile by Racovitza 1896),
established the family based on the two genera Palmyra and Chrysopetalum. A list of more
recent taxonomic revisions of the taxon include Hartman (1959), treating Chrysopetalidae and
Palmyridae as separate families; Day (1967), who followed Schmarda (1861) and treated
Palmyra aurifera as part of the chrysopetalids and labeled it Palmyridae; Mileikovsky (1977)
recognizing two distinct families Palmyridae and Chrysopetalidae within the order
Phyllodocemorpha; Fauchald (1977a), agreeing with Mileikovsky (1977), but erecting the
superfamily Chrysopetal acea to accomodate both Palmyridae and Chrysopetalidae; Pettibone
(1982) treating Chrysopetalidae as an aberrant family within the order Phyllodocida; Perkins
(1985) emphasizing the relationships between Chrysopetalidae, Hesionidae and Nereididae
within the Phyllodocida; and Watson Russell (1989), removing Palmyra from
Chrysopetalacea and placing the former in Aphoditidae. A list of type species of currently
recognized generaisgivenin Table 1.

With the exception of a report from off northern Norway (Mileikovski 1962), paleate
forms are known from tropical or temperate seas. They are typically found in association with
corals or cacified agae, but aso inhabits rubble and sand. A wide variety of habitats was
recently reported by Watson Russell (1998) for Arichlidon Watson Russell, 1998 (e.g., among
sponges, hydroids, rotting wood and deep sea sediments). A few reports exists of adult
chrysopetalids from plankton, sometimes associated with occurrence of elongated compound
neurochaetae and suggested to be epitokous (Watson Russell 1987, 1998). On the contrary,
dysponetid taxa occur in all climate regimes and at all depthsin a variety of habitat types (see
below).

General Morphology

The anterior end of chrysopetalids is represented by a prostomium, a peristomium and the
first two (and in some taxa three) segments. Such specialization (“cephalization”) of the
anterior segments is common in al forms of polychaetes. The cephalized segments differ
from the following ones in presence, orientation, and shape of chaetae and cirri.
Chrysopetalids have an achaetous first segment provided with one, or more commonly, two
pairs of tentacular cirri. The second segment exhibits more variation among taxa, but al
known forms of chrysopetalids have dorsal cirri and dorsal chaetae. The ventral rami of this
segment can, apart from being normal (i.e. with cirri and chateag), however, be completely
reduced, or have either cirri or chagtae. Some dysponetids lack ventral cirri on the third
segment (Dysponetus bidentatus, D. bipapillatus, and D. macroculatus; see e.g., Paper II).
Cirri of cephalized segments are usualy called tentacular cirri and are modified in most
polychaete taxa were they occur. In chrysopetalids, however, they are similar in shape to the
following ones (i.e. body segment cirri). Most chrysopetalids have two pairs of eyes.
Exceptions are found mainly in interstitial and deep-sea dysponetid forms (Paper 11) and
adults of the deep-sea paleate taxon Strepternos didymopyton (Watson Russell in Baud and
Cassaux 1987), that lack eyes (Watson Russell 1997). The prostomium carries two lateral
antennae and a single median antenna. The antennae are elongated digiti- or fusiform, or
sphaerica. Vigtorniella zaikai (Kiseleva, 1992) lacks a median antenna. The shape of the
palps varies and can be globular-elongated, rectangular or fusiform. The pharynx is an
eversible proboscis, athough less muscular than in related groups such as nereidids and
hesionids. The occurrence of terminal proboscis papillae has generally not been recorded for
chrysopetalids, but Dahlgren and Pleijel (Paper 1) reported a ring of 12-14 papillae for
Dysponetus. Described chrysopetalids have a pair of stylet-shaped jaws, which may be
smooth or ornamented with denticles and serrations. Again, V. zaikai is an exception with two
pairs of platelike jaws in juveniles of which one pair is retained in adults. Pleijel and



From individuals to deep metazoan branches 7

Dahigren (Paper 1V) tentatively suggested that the mouthflap, which is present in most
chrysopetalids, constitute an apomorphy for the taxon. A bulbous caruncle (nuchal fold)
occurs in some, paleate taxa and Acanthopale San Martin, 1986. Nothing is known about the
chrysopetalid brain structure or the innervation of palps and antennae.

The adult length in chrysopetalids ranges from 1 mm (Dysponetus) to 50 mm
(Bhawania), with the number of segments in the latter group exceeding 300. The segments
usually carry well-developed noto- and neuropodia with dorsal and ventral cirri. The dorsal
cirrophores in some forms are pronounced and may have retractable cirri. Notochaetae are
generally flattened paleag, or, as in most dysponetids, simple spines. Some dysponetids,
however, have dightly expanded notochaetae (D-shaped in cross-section, e.g., Acanthopale
San Martin, 1986). Moreover, flat notochaetae, similar to paleag, are reported in D. gracilis
Hartman, 1965 (see also, Aguirrezabalaga et al. 1999) as well as in an undescribed deep-sea
dysponetid from the North Atlantic (unpubl. obs.). Paleate chrysopetalids have flattened
notochaetae (paleae) of various shape. These are inserted in distinct areas of the notopodium

Table 1. Summary of selected characters for described chrysopetalid type species. Datafor these
species are obtained from the literature and, in part, from own observations of type specimen
(Vigtorniella zaikai).

Taxon Cephalizationl ~ No.  Median Shapeof  Caruncle Retractile  Pygidia Pygidial
eyes antenna palps DC2 projection cirri

Acanthopale perkins 0-1.5-1 4  anterior  elongated  present absent present present
0-1 S-1

Arichlidon hanneloreae -1 51 4  anterior  elongated  present absent absent present
0-1 S-0

Bhawania myrialepis 0-1. 51 4 anterior oval absent present present present
0-1 S-0

Chrysopetalum debile 0-1. 51 4 dorsal clongated  present absent absent present
0-1 0-1

Dysponetus pygmaeus 0-1.5-1 0 dorsal sphaerical absent absent present absent
0-0 S-0

Hyal opale bispinosa 0-1. 51 4 anterior oval absent absent absent present
0-1 S-0

Paleaequor setula 0-1. 51 4 dorsal elongated  present  present absent present
0-1 S-0

Paleanotus chrysolepis 0-1 51 4  anterior oval absent absent absent present
0-1 S-0

Strepternos didymopyton Li . ;3 (1) 03  dorsa oval absent presen present present?
0- -

Treptopale rudol phi 0-1. 51 4  anterior  spaerical absent absent ? ?
0-1 S-0

Vigtorniella zaikai s-1.8:1 0 absent  sphaerical  absent absent absent present
0-1 s-1

1) Segments separated with “+”. S = chaetae present, 1 = tentacular cirrus, and 0 = absence.
2) DC = dorsa cirri.

3) 4 eyes present in juveniles.

4) Small papillae, often not visible.

and have been classified as lateral paleae, main fan paleae, and median paleae (Watson
Russell 1986). In addition, subunits 1 and 2, which are a few paleae delimiting the main fan
from the lateral (subunit 1) and median groups (subunit 2), have been recognized in some
forms (Watson Russell 1986). With respect to the main fan the chrysopetalids can be divided
into three groups, with dightly irregular (laterally in fan) and symmetrical (centrally in fan)
paleae, (e.g., Chrysopetalum), with strongly irregular paleae with concave margins towards
midline (e.g., Paleanotus), and with symmetrical paleae (e.g., Bhawania). Largely untested in
a cladistical context (but see below), such subdivision is only used as a guide for
identification and not intended as a statement of relationships. Ornamentation of the paleae is
common, and includes raised knobs and ribs as well as serrated margins. Neurochaetae are
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generally compound and includes heterogomph falcigers and spinigers. Additionally, there
are 1-2 protruding simple chaetae occurring in some taxa, inserted close to the tip of the
neuropodium (e.g., Paper 1). The presence of such chaetae is easily overlooked and the
character may have a more general distribution among chrysopetalid taxa than hitherto known
(Paper |; 1I; Watson Russell 1997, 1998). The pygidium is rounded or triangular and may
possess a single pygidial projection and paired pygidia cirri. The anus is situated dorsally in
dysponetids (e.g., Paper |; unpublished obs.), but illustrations of pygidia by e.g., San Martin
(1986: fig. 7a) and Watson Russell (1986: figs. 12, 21) suggest a ventral position in some
other groups. A summary of the variation in some characters is provided for the type species
of chrysopetalid generain Table 1.

Ultrastructure

Some unpublished information on chrysopetalid ultrastructure is available. Representatives of
Chrysopetalum have sperm of the “agua-sperm” type with spherical nuclei (see Jamieson and
Rouse 1989 for a review of polychaete sperm types). Dysponetus pygmaeus from the White
Sea, Russia have sperm with long nuclel, which, along with other new structural data,
suggests internal fertilization (Alexander Tzetlin in litt.). In the same study (Alexander
Tzetlin in litt.), chrysopetalids are reported to possess metanephridia (but see Fage 1906;
Goodrich 1945). Also some small paleate chrysopetalid may be provided with sperm with
long and curved nuclei (Greg Rouse pers. com.). Westheide and Watson Russell (1992)
described the ultrastructure of chrysopetalid paleae in detail. The camerate (chambered)
nature of chrysopetalid chagetae, also occurring in nereidid, hesionid, and nephtyid taxa (Paper
V), is confirmed and further described. Westheide and Watson Russell (1992) infer a
structurally strengthening function of the septa in agreement with a hypothesis that
cameration evolved as a pleisomorphic feature in annelids to support large chaetae for
protection in Cambrian forms such as Canadia and Wiwaxia (e.g., Butterfield 1990, 1994).

Diversity and Current Taxonomy

Only limited efforts have been made to criticaly assess the evolutionary history of
chrysopetalid taxa (Paper 1) or the Chrysopetalidae in relation to other polychaete taxa
(Glasby 1993; Paper IV; VI). A short review of the current taxonomy of the dysponetid forms
(including Acanthopale and Vigtorniella) is presented to serve as an introduction to the
group’'s morphological diversity. The reader is referred to Table 1 for a summary of
characters for type species of other chrysopetalid genera.

Acanthopale San Martin, 1986

Acanthopale perkinsi San Martin, 1986 is known from two specimens collected off Cuba and
Port Everglades, Florida, respectively. With 14 mm for 56 segmentsiit is the largest described
dysponetid. The erect notochaetae are not flattened but more sturdy than in Dysponetus, and
have a pronounced “D”-shaped crossection or a “rose-stalk” appearence. This form also
possesses a large caruncle, partly extending over the prostomium, and a large pyriform
mouthflap. Further, the presence of paired pygidia cirri only occures in paleate
chrysopatalids. San Martin (1986) suggested that A. perkins occupies an intermediate
position between Chrysopetalum and Dysponetus caecus. A cladistic analysis based on
morphological characters, confirmed a close relationship between Acanthopale and
Chrysopetalum, but failed to unambigously resolve deeper chrysopetalid branches (Paper 1).
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Dysponetus L evinsen, 1879

Levinsen (1879) described the polychaete Dysponetus pygmaeus from specimens collected in
Laminaria-holdfasts off the western Greenland. Levinsen was not sure about the assignment
of his new taxon and tentatively treated it as belonging to a monotypic family. This
uncertainty was also expressed in the name “ Dysponetus’ , meaning “trouble causing”. In a
later paper, however, Levinsen (1883) referred Dysponetus to Chrysopetalidae (as
Palmyridag). In agreement with Levinsen, Augener (1913) placed Dysponetus within
Chrysopetalidae and aso assigned Dysponetus caecus (Langerhans, 1880) (see below) to this
taxon.

Most dysponetids are small and will be overlooked in any studies which apply standard
(i.e., bulk) treatment of samples and employ screens with larger mesh sizes than 250 pm.
Furthermore, the specimens are fragile and, if not carefully relaxed, will easily brake up into
pieces when exposed to formaldehyde. For these reasons, preliminary results suggest that a
large number of forms remains undescribed from deep-sea sediments (e.g., North Atlantic
Ocean; J. Blake in litt.; pers. obs.), as well as from more shallow habitats (e.g., Cdlifornia,
Wales, Hongkong, and the Kara Sea). The group currently includes nine described taxa (e.g.,
Paper 11: App. 1) which are treated further below.

Dysponetus bidentatus Day, 1954 was described from specimens collected during a
Norwegian expedition to the remote islands of Tristan da Cunha in the South Atlantic in
1937-1938. The specimens were found from the intertidal to about 60 m of depth. The name
“bidentatus’ refers to the bidentate blades of the compound neurochaetae. The animal has
since been reported from off south-western Africa (Hartmann-Schroder 1974a). It is similar
to D. bipapillatus Dahlgren, 1996, D. caecus and D. macroculatus Dahlgren, 1996 in the
presence of two pairs of tentacular cirri on the first segment, uniramous second segment, and
a single mouth papilla (see below). Further, D. bidentatus, D. bulbosus Hartmann-Schréder,
1982, D. bipapillatus and D. macroculatus, al have 4 eyes aswell as share similaritiesin size
and colouration of the eyes (red in live specimens). Information on characters associated
with the pygidium and the putative presence of accessory, simple neurochaetae, is not given
in the origina description of D. bidentatus and is wanting. The syntype deposited in the
British Museum of Natural History islost (A. Muir in litt.).

Dysponetus bipapillatus is, with the length at maturity of about 1 mm, the smallest
described dysponetid (with the possible exception in Vigtorniella zaika). It is known only
from a few specimens collected at 10 m depth in sediment close to the main harbor at Ischia,
Italy. Interestingly, some of the specimens found have paired ventral papillae on segment 8.
These structures were interpreted as pena in the original description (Paper 11). While no
ultrastructural evidence is available, the discovery of sperm with elongated and curved nucle,
usually associated with internal fertilization (Greg Rouse pers. com.) are consistent with this
conclusion. Other characters, e.g., the cephalization of the first segments and the presence of
four eyes, suggest that D. bipapillatus is closely related to D. macroculatus. Further,
availability of juvenile specimens alowed for a preliminary ontogenetic study with reference
to cephalization of the tentacular segments (Paper 11). In this paper (1) it is suggested that
chaetae are lost from segments 1 and 2 during the development, and that the ventral cirri of
segment 2 do not develop until at a late stage, and that ventral cirri of segment 3 are never
present. A similar development is reported for some hesionids (e.g., Haaland and Schram
1982, 1983; Schram and Haaland 1984).

Dysponetus bulbosus Hartmann-Schroder, 1982 was described from materia collected
intertidally in western Australia. Hartmann-Schrdder has since reported this taxon from South
Australia (Hartmann-Schréder 1986) and the Antarctic (Hartmann-Schroder 1993).
Dysponetus bulbosus is similar to e.g., Dysponetus macroculatus and D. bipapillatus in
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lacking ventral cirri on segment three (see aso D. bidentatus). It is probably most closely
related to D. bipapillatus from which it differs e.g., in shape of notopodia and dorsal cirri,
presence of notochaetae in segment 1, and presence of neurochaetae in segment 2. Thetype
material, however, is in poor condition and occurrence of antennae, palps, tentacular cirri,
mouth appendage and pygidia characters, could not be determined. The anterior fragment
from South Australia (Zoologisches Museum der Universitet Hamburg, P-18720, Hartmann-
Schrdder 1986) is, in the characters discussed above, similar to D. macroculatus. The identity
of the taxon is uncertain and new specimens from the type local e should be examined.

Dysponetus caecus (Langerhans, 1880) was described from Madeira in the North
Atlantic. Athough possessing dorsal chaetae of spinuose type it was originally referred to the
paleate genus Chrysopetalidae (Langerhans 1880). The taxonomic history of D. caecus is,
however, confusing and the type material is presumed lost (Paper I). Intrigued by the recent
discovery of Dysponetus caecus (then Chrysopetalum caecum) along the coasts of Denmark
and Sweden (Kirkegaard 1992), a study was undertaken (Paper |) with a redescription of the
taxon, from new material collected from the Mediterranean, the British Isles and western
Sweden. These areas cover most of the known range of D. caecus. In addition, preliminary
data suggest that it occurs also around Iceland and in the Kara Sea (pers. obs.). Since
specimens from the type locality in Madeira were not available, a neotype (Swedish Museum
of Natural History 4607) was designated from Banyuls-sur-Mer, Mediterranean coast of
France. In a morphology-based cladistic analysis with a selection of terminals that included
D. caecus and all type species of recognized chrysopetaild genera, D. caecus appeared as
sister to D. pygmaeus, and was accordingly re-allocated from Chrysopetalum to Dysponetus
(Paper 1). Should the results have indicated that D. caecus did not group with any single type
species, then a new, more inclusive taxon name may instead have been erected (suggested but
not carried through by Laubier 1964, 1968 and Perkins 1985). With D. caecus as sister group
to D. pygmaeus, the tree topology information was better conveyed with a single taxon name
than with an erection of a new, monotypic genus.

A g,

Figure 1. Anterior end of Dysponetus paleophorus from Barents Sea. A) 7
segment specimen. B) Adult specimen. Arrows indicate tentacular cirri.
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Dysponetus gracilis Hartman, 1965 was described from sediment samples collected at
400-1.500 m off New England, USA. Reports of additional specimens from the same area
(although deeper; Hartman and Fauchald 1971), extends the known maximum depth to 2.800
m. The species was a so recently reported from 1.000 m of depth in the Bay of Biscay, North
East Atlantic (Aguirrezabalaga et al. 1999). Among dysponetid chrysopetalids, D. gracilisis
most similar to D. paleophorus and D. pygmaeus in the absence of eyes, and in the presence
of rounded (as opposed to elongated) palps, antennae and the tentacular cirri, but unique in
possessing flattened notochaetae approaching the shape of paleae. A closer relationship to D.
paleophorus is evidenced by the presence of very long spinigerous neurochaetae in posterior
segments.

Dysponetus hebes (Webster and Benedict, 1887) was originally described as Taphus
hebes and referred to Hesionidae (Webster and Benedict 1887). Augener (1928), Annenkova
(1935) and Wesenberg-Lund (1950, 1953), however, synonymized T. hebes with D.
pygmaeus and thus, firmly assigning T. hebes to the chrysopetalids. In a redescription of T.
hebes type specimens (mounted on slides) Pettibone (1963) suggested that ventral cirri and
neurochaetae were absent from segments 2 and 3 but nevertheless agreed in the synonymy of
T. hebes with D. pygmaeus. Laubier (1964) pointed out that D. pygmaeus is different and
regarded D. hebes as a valid taxon. Dahlgren (Paper 1l) studied the slides and detected
presence of neurochagetae in segment 2 and 3 as well as the presence of eyes (absent in D.
pygmaeus). The presence (or absence) of ventral cirri of segment 2 and 3, however, could not
be determined.

Dysponetus macroculatus Dahlgren, 1996 was collected in Madang, northern Papua
New Guinea. This form was found in a few exemplars in sand with Halimeda (a type of
calcified green algae) remains in shallow water near coral reefs. It is similar to D. bidentatus
in e.g., the presence of the four very large, red eyes, and to D. bidentatus and D. bipapillatus
in the absence of ventral cirri on segment 3. The only character distinguishing D.
macroculatus from D. bidentatus, is the presence of ventral cirri on segment 2.

Dysponetus paleophorus Hartmann-Schréder, 1974b possesses a type of rounded
chaetae not found in any other Recent chrysopetalid (or annelid). The significance of these
aberrant chaetae was previously overlooked. In describing D. paleophorus from materia
collected from 255 m depth off south western Norway, Hartmann-Schréder (1974b) failed to
report the rounded shape of these chaetae. In the figures (Hartmann-Schroder 1974b: figs. 1-
4) the chaetae appears flat and paleae-like. Dysponetus paleophorus was previously known
from only one specimen in poor condition, necessitating a redescription based on new
material (collected at a similar depth to the type locale but in the Trondheimsfjord, western
Norway; Paper Il1l). Besides being rounded in cross-section, the chaetae are elongated
fusiform, they are subdivided into a root and a blade section, and they lack external
ornamentation such as ribs, knobs and serrations (Paper 111). A few of these aberrant chaetae
are found in D. paleophorus together with notochaetae of normal dysponetid shape, and are
carried backwards over the dorsum, dlightly erected. They have internal transverse and fine
longitudina striation as in other chrysopetalids (Paper 1). Similar spines co-occuring with
flattened paleae-like sclerites, were described from the Middle Cambrian Wiwaxia corrugata
(Matthew, 1899). Conway Morris (1985) provided a detailed description of this fossil form.
However, Conway Morris (1982, 1985) rejected the earlier proposed relationship between
Wiwaxia and Recent annelids by Walcott (1911). Butterfield (1990, 1994), in analysing the
fine structure and ornamental details of wiwaxiid sclerites, concluded that they (as well as
sclerites of the unquestioned Burgess Shale polychaete, Canadia spinosa Walcott, 1911) are
broadly comparable to chrysopetalid (and maybe palmyrid) paleae. The detailed structure of
the wiwaxiid spines has, however, not been described. A comparison between wiwaxiid
spines and the abberant chaetae of D. paleophorus is given in paper Ill, and possible
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implications of a close relationship between Wiwaxia and Recent chrysopetalids are discussed
in paper VI.

Dysponetus pygmaeus Levinsen, 1879 have stout, often black, spinous chaetae that
emerge in distinct fascicles from each notopodium. Live specimens from the Barents Sea
(pers. obs.) had yellow colour, which, together with the black spines, made the animals look
like small tigers. Kirkegaard (pers. com.) referred to species as “the little shaving brush”.
Dysponetys pygmaeus occur along the coasts of the Arctic Ocean and off northern Japan
(Annenkova 1935, Imajima and Hartman 1964). Asin D. paleophorus and D. gracilis, this
form has an achaetous segment 1 with one pair of cirri only (Fig. 1; see also discussion under
“Phylogeny”). A pair of rounded papillae, also observed in D. hebes, surrounds the mouth.
The latter taxon has been synonymized with D. pygmaeus but have a pair of eyes whereas D.
pygmaeus lacks eyes.

Vigtorniella Kiseleva, 1996

Vigtorniella zaikai (Kiseleva, 1992) was described from pelagic polychaete larvae from the
Black Sea and raised to maturity in the laboratory. The original name Victoriella Kiseleva,
1992 was pre-occupied and subsequently replaced with Vigtorniella Kiseleva, 1996. Larvae
of this form were first reported by Kiseleva (1959), and have been known to occur in large
numbers through out the year. The larvae were aso described in detail by Murina (1986) who
misidentified them as Pelagobia serrata Southern, 1909 (Phyllodocidae). In 1994, live adults
were collected for the first time, in sediments at 117-151 m depth at the oxic-anoxic boundary
of the Black Sea (Sergeeva et al. 1997). This report is an abstract only and the full paper is
not published, nor are adult specimens available for loan (V. Zaikai in litt.). Interestingly, a
new polychaete taxon, similar to Vigtorniella, has been found attached to a whale-carcass in
deep water off California (L. Harrisin litt.). The characters that were emphasized by Kiseleva
(1992) as justifying the erection of a new chrysopetalid genus are chiefly related to the
anterior end. However, within Chrysopetalidae the lack of median antenna, the presence of
(noto-) chaetae in segment 1, the presence of simple, whip-like neurochaetae in segment 2,
and the plate-like jaws, are all autapomorphic characters (notochaetae of segment 1, however,
also stated as present in Dysponetus bulbosus). Additionally, Vigtorniella possesses paired
pygidia appendages, present in paeate chrysopetaids (and Acanthopale) but absent in
Dysponetus. Due to the problems associated with the description from laboratory-reared
larvae only, V. zaikai was not included in the cladistic analysis by Dahlgren and Pleijel (Paper
[) and information on the preliminary position within Chrysopetalidae is therefore not
available. The result from the cladstic analysis on dysponetid taxa presented below is not
conclusive on the position of V. zaikai.

Dealing with characters which could link Wiwaxia corrugata to the Chrysopetalidae
and other phyllodocid taxa, Butterfield (1990) noted the uniform presence of stylet-shaped
jaws in chrysopetalids, as opposed to the two, or possibly three, denticulated plates associated
with Wiwaxia corrugata (Conway Morris 1985). In discussing the position of Wiwaxia and
contrasting old views with new information from annelid phylogeny and chrysopetalid
diversity, Dahigren et al. (Paper VI) draw attention to the aberrant shape of the jaws in
Vigtorniella.

METHODS

Phylogeny estimates, including those in this thesis, are based on the premise that organisms
share characters due to common descent. Characters that are similar areinitially considered to
be homologous. Characters, however, can have the same properties and share similarities
without being connected through common descent. Similar characters may appear several
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times independently in different groups, for example wings. Such non-homol ogous characters
are called homoplasies. We have no a priory means to tell the nature of a character, but a
theoretical framework for analyses was introduced by Hennig (1950, 1966) and further
developed by e.g., Farris (1970) and Patterson (1982), where maximum congruence between
al observed characters represented the criterion to determine homology. Consider, for
example, the relationships between five taxa. These relationships can be illustrated by 15
rooted, fully bifurcating, trees. The most parsimonious explanation, given a set of characters,
is depicted by the tree that requires the smallest number of homoplasies. With the
development of more efficient search agorithms and faster desktop computers, it has now
become possible to analyze large data sets with hundreds of terminal taxa (e.g., Farris et al.
1996). When dealing with morphological characters, the main problem with this approach
relates to character coding, or, in other words, how homology statements actually should be
formulated. A recent discussion can be found in Pleijel (1995), and an example of a
consistent application of one coding approach (absent/present) is provided in paper 1V.

Other disagreements appear in analyses of DNA sequence data. Sequence data are
arguably not always independent from each other, and may thus make a parsimony analysis
biased (e.g., paired positions in the RNA stem region). Common practise is to incorporate
mutation models into the analyses (e.g., third positions in protein coding genes evolving at a
higher rate than the first and second positions, Swofford et a. 1996). These type of
considerations are accommodated for in e.g., maximum likelihood analyses (e.g., Felsenstein
1973) that calculate likelihood scores for possible trees given a specific set of characters. The
tree with the highest likelihood is the best explanation for the data and incorporated
assumptions. Because appropriate models for morphological character evolution have not
been devel oped, this thesis uses parsimony, rather than likelihood analyses, throughout.

Table 2. Summary of characters and character states used in the dysponetid analysis
below. Numerals correspond to characters, and numerals within parentheses to
character statesin Table 3.
Shape of median antenna: sphaerical (0); elongated (1).
Position of median antenna: anterior (0); dorsal (1).
Shape of lateral antennae: sphaerical (0); elongated (1).
Shape of palps: sphaerical (0); elongated (1).
Shape of prostomium: round (0); rectangular (1).
Eyes. absent (0); one pair (1); two pairs (2)
Mouth appendage: absent (0); single papilla (1); double papillae (2); puriform
projection (3).

8. Caruncle: absent (0); present (1).

9. Ventral cirri segment 1: absent (0); present (1).
10. Ventral cirri segment 2: absent (0); present (1).
11. Ventra cirri segment 3: absent (0); present (1).
12. Notochaetae on segment 1: absent (0); present (1).
13. Neurochaetae on segment 2: absent (0); present (1).
14. Notopodia: reduced (0); pronounced (1).
15. Shape of mainfan notochaetae: spines (0); paleae (1).
16. Long spinigerous neurochaetae: absent (0); present (1).
17. Paired pygidial cirri: absent (0); present (1).
18. Single pygidial projection: absent (0); present (1).

NoakwdpE
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Topological robustness (i.e., support of nodes) was assessed using bootstrap methods
(Felsenstein 1985), jacknife trees (e.g., Farris et a. 1996), and Bremer support (e.g., Bremer
1988). Although the former two methods, by resampling characters within the original data
set, are an attempt to statistically measure congruence between characters, Bremer support (or
decay index) is a “non-statistical” method conveying only the number of extra steps it takes
for aclade to collapse.

Paleanotus chrysolepis
Acanthopale perkinsi
Chrysopetalum debile
Dysponetus bidentatus
Dysponetus bipapillatus
Dysponetus caecus
Dysponetus macroculatus
Dysponetus bulbosus
Dysponetus gracilis
Dysponetus paleophorus |,
Dysponetus pygmaeus
- Duysponetus hebes
Vigtorniella zaikai

55

HYH

[TTT1

51

67

96

Figure 2. Unrooted strict consensus tree computed from three original trees (36
steps, Cl= 0.58). Numbers correspond to bottstrap values (100 replicates, PAUP
factory settings).

PHYLOGENY
Dysponetus

The term “dysponetid chrysopetalids’, including Acanthopale, Dysponetus, and Vigtorniella,
but not e.g., Chrysopetalum, does not represent a monophyletic taxon (Paper |). Problems
regarding the monophyly of the taxon Dysponetus based on presence of spinous notochaetae
only (e.g., Augener 1913), are dso evident from the summary given above (e.g., spinouse
notochaetae absent for Dysponetus gracilis). In paper |1, five characters was recognized as
delineating the taxon Dysponetus; 1) circular notochaetae, 2) mouth appendage, 3) single
pygidial projection, and 5) accessory simple neurochaetae. In addition to the problems with
the shape of the notochaeta (1), dealt with above, the mouth appendage (2) is absent in
Dysponetus gracilis but present as a flap aso in many paleate chrysopetalids. Accessory
neurochaeta (5) have later been found occuring also in paleate chrysopetalids (e.g.,
Chrysopetalum debile -pers. obs., and Arichlidon -Watson Russell 1998). Character 3 refers
to the presence of a single pygidial projection only, as opposed to the presence of paired
pygidial appendages with or without a single projection. It appears that this is the only
synapomorphy (although weak in being based on a presumed reversa) remaining for
Dysponetus. The character was in paper | erroneously scored as absent aso for the paleate
taxon Strepternos didymopyton.

A few observations indicate a subdivision of Dysponetus in two clades. A taxon X
(containing D. gracilis, D. hebes, D. paleophorus and D. pygmaeus) could tentatively be
recognized by the characters short and rounded palps, antennae and tentacular cirri, as
opposed to elongated and fusiform or digitiform for Y (containing D. bidentatus, D.
bipapillata, D. caecus, D. macroculatus); single mouth appendage in Y as opposed to absent
or double ones in X (stated as unknown for D. gracilis in paper Il but is absent;
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Aguirrezabalaga et al. 1999). X contains taxa with a round prostomium whereas taxa in Y
have a rectangular prostomium. The single pair of tentacular cirri in segment 1 (Fig. 1)
appears to be peristomial in X (see Imajima and Hartman 1964) but of segmental origininY,
where a ventra par of tentacular cirri is also present (but see discussion on
peristomial/segmental anterior segments in paper |V). The questionable taxon D. bulbosus is
aberrant in that it possesses notochaetae (lacking in chrysopetaids except for Vigtorniella)
and lacks ventral cirri on segment 1, and has short (but fusiform) antennae, elongated palps,
and arounded prostomium.

A preliminary cladistic analysis of dysponetids, based on the characters discussed
above and additional characters also used in paper |, is presented herein. One paleate taxon
(Paleanotus chrysolepis) other than Chrysopetalum debile was included to allow for the
possihility of a close relationship between the latter and Acanthopale perkisi as indicated in
the analysis by Dahlgren and Pleijel (Paper 1). The 18 characters are summerized in Table 2,
and the character states for included taxa are provided in Table 3. The three most
parsimonious trees (not shown) are unrooted since no information on pleisiomorphic states
for Chrysopetalidae is available. The analysis supports aclade X but evidencefor aclade Y is
weaker as indicated by the low bootstrap values (Fig. 2). Moreover, the monophyly of the
taxon Dysponetus is corroborated by two unambiguous changes, both associated with the
pygidium and discussed above.

Table 3. Character matrix. Question mark denotes missing value, a dash that the
character is missing. Numbers correspond to charactersin Table 2.

111111111
Taxon 1234567 89012345¢%6 78
Chrysopetalum debile 1111123111 10011010
Acanthopale perkinsi 1 0111231111011 0011
Dysponetus bidentatus 111112101000010001
Dysponetusbipapillaius 1 0 1 1 1 0 1 0 1 1 0 0 0 0 0 0 0 1
Dysponetus bulbosus 0011022?00?2?111100012
Dysponetus caecus 10111010111 0010001
Dysponetus gracilis 0100002001101 011012
Dysponetus hebes 000001 2002?2?201000012
Dysponetusmacroculatus 1 0 1 1 1 2 1 2 1 1 0 0 01 0 0 01
Dysponetuspaleophorus 0 1 0 0 0 0 2 0 0 01 01 0 0 1 0 1
Dysponetus pygmaeus 01 00O0O0200010100O0PO012
Paleanotus crysolepis 1 0111200101011 1010
Vigtorniella zaikai - -1100001111100010

Chrysopetalidae and Allies

As noted above, not much is known about relationships within the chrysopetalids or their
relationship to other annelid taxa. Watson Russell (1998), however, stated that Dysponetus
probably constitutes neotenous forms retaining larval characters of other chrysopetalid
genera. The only analysis spanning a variety of chrysopetalid taxa (Paper |) was based on
morphological data and included the type species for chrysopetalid genera, Dysponetus
caecus, and the outgroup taxa Aphroditidae, Polynoidae and Hesionidae. That study was not
designed to analyze globa relationship within Chrysopetalidae (see above) but, nevertheless,
provided preliminary hypotheses and hinted towards some areas of interest; 1) the monophyly
of paleate taxa was not supported, and 2) the monophyly of Chrysopetalidae was questioned.
1) This statement was indicated by that the clade containing Chrysopetalum debile fell
outside the rest of the paleate chrysopetalids in some of the original trees (Paper I; fig. 1a). It
may be argued, however, that this result is depending on uncertain rooting issues of the
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analysis. Interestingly, Dysponetus gracilis have paleae instead of spines but appear within
the dysponetids and well delineated from paleate chrysopetalids in the new analyses of
dysponetids presented above. 2) A paraphyletic Chrysopetalidae (without inclusion of one or
more hesionid taxa) is suggested by the analysis in paper |. This problem (see below) was,
among other issues, targeted in later analyses (see below) based on morphology (Paper 1V)
and DNA sequence data (Paper V). Hypotheses including progenesis (“necteny”) as an
evolutionary process (Watson Russell 1998) can probably not be tested with morphological
data without facing the risk of circularity. An analysis of chrysopetalid taxa, similar to the
onein paper | but based on DNA sequence data, may, however, prove useful in resolving this
issue.

It is generally agreed that chrysopetalids are parts of the Phyllodocida in the more
inclusive taxon Aciculata (e.g., Rouse and Fauchald 1997). Two analyses were carried out in
paper IV in order to address the problems of the delineation between Hesionidae and
Chrysopetalidae, among other issues regarding inclusiveness of the Hesionidae. The first
analysis (Phyllodocida) was designed to elucidate relationships within Phyllodocida, the
result of which served as the basis for choice of terminal taxain a study on the less inclusive
Nereidiformia. The later analysis (Nereidiformia) was based on morphological characters
from representatives of Pisionidae (treated as outgroup), Chrysopetalidae, Hesionidae,
Nereididae, Pilargidae, and Syllidae. Data was collected in an exemplar approach in which
individuals of each terminal taxon were chosen from one population only. The exemplars
approach limited problems with assuming monophyletic termina taxain this analysis as well
as in successive ones based on DNA sequence data from the same terminals (i.e., Paper V).
The resulting trees indicated that the two chrysopetalid taxa included (Chrysopetalum debile
and Dysponetus caecus) comprised a well delineated clade (Paper IV: Fig. 2), indicated by a
Bremer support of 6. A sister relationship between the chrysopetalids and the hesionids
(sensu stricto, e.g., Paper 1V) was suggested by both of the two most parsimonious trees, but
the Bremer support value for that clade was low (1) and it was collapsed in jacknife trees with
a threshold of 50% support. No evidence, however, was found indicating that the hesionids
and the chrysopetalids are nested relative to each other.

In an attempt to further examine the Nereidiformia topologies (Paper V), DNA
sequence data from part of the mitochondrial protein coding CO1 gene were collected from
the same populations as was used in paper |V. These data were analyzed alone and by
combining them to Dahlgren and Pleijel’s (Paper 1V) morphological dataset. The syllid and
two of the hesionids were not sequenced due to lack of tissue or repeated negative PCR. A
fragment of the COL gene was chosen because it has been proven useful in phylogenetic
analyses of other annelid groups (Black et al. 1997; Kojima et al. 1997; Siddall and
Burresson 1998; Christensen and Theisen 1998; Nylander et al. 1999). The aligned sequences
resulted in 271 parsimony informative characters. A parsimony analysis of the partitioned
dataset (sequences only) gave a single most parsimonious tree. A low retention index
(RI=0.278) and low bootstrap support for all but the clade comprising the two hesionids,
however, indicated a high level of homoplasy in this dataset. In the combined analyses (Paper
V), which gave one tree (RI=0.333), the bootstrap support was generally higher. Of particular
interest, the two chrysopetalids are sister to the nereidid. This alternative, previously
suggested by Perkins (1985) and Glasby (1993), contrasts with the sister-group relation
between hesionids and chrysopetalids found in paper 1VV. However, more characters and aless
restricted taxon choice are needed to place a high level of confidence on this finding. In
conclusion, the sister to the chrysopetalids is most likely a clade including the hesionids or
the nereidids.
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Annelida and Fossils

The apparent burst of evolution in the Cambrian has been a major issue for debate during the
last two decades (e.g., Brasier 1979; Whittington 1981; Briggs and Fortey 1989; Conway
Morris 1989; Gould 1989; Gould 1991; Wills et al. 1994; Fortey et a. 1996; Abouheif et al.
1998; Balavoine & Adoutte 1998; Cooper & Fortey 1998; Lynch 1999; Valentine et a. 1999;
Conway Morris 2000). The idea of an evolutionary leap originated in the lack of fossils older
than Cambrian (noted by e.g., Darwin 1859) and was later emphasized by the extraordinary
diversity found in Cambrian lagerstetten such as Burgess Shale, Canada and Shengjiang,
China. The view of a mgjor evolutionary event of some sort, however, is based on lack of
evidence: no metazoan fossils have been found older than Vendian (excepting a few and
sometimes disputable trace fossils; see e.g., Seilacher et a. 1998). Furthermore, recent efforts
in molecular systematics point to a metazoan origin that is considerable earlier (reviewed in
Cooper and Fortey 1998; Knoll and Carroll 1999; Smith 1999). Four explanations for this
discrepancy could be considered (reviewed in part by Smith 1999): 1) molecular clock
estimates are wrong, 2) there are major gaps in the fossil record, 3) both the fossil record and
the molecular clock estimates are accurate, and 4) both the fossil record and the molecular
clock estimates are wrong. Number 3 (e.g., Cohen and Massay 1983; Boaden 1989; Davidson
et al. 1995; Fortey et al. 1996; Cooper and Fortey 1998; Parker 1998; but see Balavoine and
Adoutte 1998) holds that Precambrian metazoans were small forms unlikely to leave a fossil
record, and that some environmental or ecological event simultaneously in all diverged
lineages triggered further development into larger forms (see dso e.g., Fortey et a. 1996 for a
cladistic analysis suggesting Precambrian radiation of arthropods). For more references on
cladogenes in small-sized Precambrian animals, see Runnegar (1983) and Valentine and
Erwin (1987).

The recognition of the possibility that Recent crown groups such as the annelids were
old and diversified already in the Cambrian, opens a new field of possible explanations to
some observed patterns. The enigmatic Cambrian fossil Wiwaxia corrugata (Matthew, 1899)
was first believed to belong to the annelids (Walcott 1911). Conway Morris and co-workers
have in a series of papers, however, proposed a position basal to molluscs (e.g., Conway
Morris 1985), or at a branch leading to the annelids and possibly close to the chrysopetalids
(eg., Conway Morris & Peel 1995). Butterfield (1990, 1994) challenged the former
hypothesis by detailed studies of isolated wiwaxiid sclerites, indicating a close relationship
between Wiwaxia and Recent Phyllodocida (Polychaeta) such as the chrysopetalids. Further
evidence for the latter hypothesis, e.g., regarding new information on some chrysopetalid
features, including variation in jaw morphology from the common stylet-shape (Kiseleva
1992), and presence of a previously unknown chaetal type similar to the wiwaxiid spines
(Paper I11), are discussed in paper V1. The hypothesis that Wiwaxia is an annelid close to the
Phyllodocida is further examined (Paper V1) and related to recent advances in the phylogeny
of that group (e.g., McHugh 1997; Rouse & Fauchald 1997; Westheide 1997; Westheide et .
1999). If the Phyllodocida is basal among the annelids, the conclusion may be that Wiwaxia,
Canadia and Phyllodocida, form a grade. Within that grade, the sister to all other annelids
should be found. Alternatively, if the Phyllodocida represent a clade within the polychaetes,
then Wiwaxia and Canadia are derived annelids. Both hypotheses are intriguing, but the
incomplete fossil record and preliminary nature of our current knowledge in annelid
phylogeny prevent further development of more concise conclusions at this time. Rouse and
Fauchald (1997) noted problems with homology statements in morphological analyses of
annelids at that (globa) level of inclusiveness, and additional efforts, preferably using
molecular markers, may be important to the understanding of wiwaxiid relationships. Further,
it may be suggested that a detailed examination of wiwaxiid spines, similar to the ones
conducted by Butterfield (1990,1994) on sclerites, are of need for a possible rejection of the
homology hypothesis concerning similar structures in chrysopetalids made in paper I11.
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SUMMARY

Chrysopetalidae is a small group of worms, which the world possibly would do just as well
without. Interesting, however, is what these organisms convey about evolutionary history. To
help in the extraction of such information, | have presented new knowledge on the diversity
within the group. This was achieved by describing new taxa and reconsidering previously
described but poorly known forms. Included is also a summary of the literature of the
chrysopetalids with emphasis on the dysponetid forms. The thesis presents five phylogenetic
analyses of various inclusiveness of the group Chrysopetalidae and related polychaete taxa.
They include the first analysis of major groups recognized within the taxon Chrysopetalidae,
the first analysis of the dysponetid forms, and the first study focusing on phyllodocid taxa
employing DNA sequence data.

The results provide means to further elucidate problems in the relationships within the
Chrysopetaidae as well as between that taxon and other annelids. Although a few answers
were found, many additional and exciting questions were raised. Almost by accident, |
happened to pick a group that apparently had close relatives in Cambrian seas. Good fossil
data of that age are rare and detailed information of the morphology and phylogeny on Recent
relatives is important for further understanding of early metazoan radiation. Moreover, if
Wiwaxia is indeed a close relative to the chrysopetalids, as some of the presented data
suggests, it may have far reaching implications on future considerations of annelid
phylogeny.
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APPENDIX

Checklist of chrysopetalid taxon names.

Acanthopale San Martin, 1986. Type species Acanthopale perkinsi San Martin, 1986, by
monotypy.
A. perkinsi San Martin, 1986.
Arichlidon Watson Russell, 1998. Type species Arichlidon hannel oreae Watson Russell, 1998,
by origina designation.

A. acropetalon Watson Russell, 1998

A. hanneloreae Watson Russell, 1998.

A. reyssi (Katzmann, Laubier and Ramos, 1974). As Bhawania reyssi.

Bhawania Schmarda, 1861. Type species Bhawania myrialepis Schmarda, 1861, by
monotypy.

. ambionensis Horst, 1917. —Hartman 1959.

. brunnea Morgado and Amaral, 1981. —Perkins 1985.

. cryptocephala Gravier, 1902. —Potts 1910; Fauvel 1932; Wesenberg-Lund 1949; Hartman
1959; Perkins 1985; Watson Russell 1986.

. cryptocephala pottsiana Horst, 1917. —Hartman 1959; Gibbs 1971; Perkins 1985; Watson
Russell 1986.

B. goodei Webster, 1884. —Imagjima & Hartman 1964; Day 1967; Perkins 1985.

B. multisetosa Hartman-Schrdder, 1981. —Perkins 1985.

B. myrialepis Schmarda, 1861. —Perkins 1985.

B

B
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. obscura (Grube, 1868). As Psectra obscura. —Hartman 19509.
. pottsiana (Horst, 1917). As B. cryptocephala pottsiana. —Gibbs 1971; Watson Russell
1986.

B. riveti (Gravier, 1909). As Chrysopetalum riveti. —Augener 1913; Hartman 1959; Perkins
1985.

Chrysopetalum Ehlers, 1864. Type species Chrysopetalum fragile Ehlers, 1864, by monotypy.

C. debile (Grube, 1855). As Palmyra debilis. —Fauvel 1923; Day 1967; Perkins 1985.

C. ehlersi Gravier, 1902. —Hartman 1959; Perkins 1985.

C. elegans Bush in Verrill, 1900. —Hartman 1942; Perkins 1985.

C. elongatum (Grube, 1856). As Palmyra elongata. —Augener 1925; Perkins 1985.

C. europale Perkins, 1985.

C. floridanum Perkins, 1985.

C. fragile Ehlers, 1864. Junior synonyme to C. debile. —Hartman 1959; Perkins 1985.

C. hernancortezae Perkins, 1985.

C. heteropale Perkins, 1985.

C. occidentale Johnson, 1897. —Hartman 1959, 1961, 1968; Fauchald 1977a; 1977b; Perkins
1985.

C. paessleri Augener, 1912. Junior synonym of Chrysopetalum occidentale. —Hartman 1959;
Perkins 1985.

C. remanei Perkins, 1985. —Hartman-Schroder 1960. As Chrysopetalum debile.

Dysponetus Levinsen, 1879. Type species Dysponetus pygmaeus L evinsen, 1879, by
monotypy. (= Taphus Webster and Benedict, 1887). —L evinsen 1883; Annenkova 1935.

D. bidentatus Day, 1954. —L aubier 1964; Hartmann-Schroder 1974a; Perkins 1985; Dahlgren
1996.

D. bulbosus Hartman-Schroder, 1982. —Perkins 1985; Hartmann-Schréder 1986; Hartmann-
Schroder 1993; Dahlgren 1996.

D. caecus (Langerhans, 1880). As Chrysopetalum caecum. —Augener 1913; Augener 1928;
Fauvel 1923; Annenkova 1935; Hartman 1959; Laubier 1964, 1968; Perkins 1985;
Dahlgren & Pleijel 1995; Dahlgren 1996.

D. gracilis Hartman, 1965. —Dahlgren 1996; Aguirrezabalaga et al. 1999.
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D. hebes (Webster and Benedict, 1887). As Taphus hebes. —Annenkova 1935; Pettibone
1963; Laubier 1964; Hartman 1965; Dahlgren 1996.

D. paleophorus Hartman-Schrdder, 1974b. —Dahlgren (Paper 111).

D. pygmaeus Levinsen, 1879. —L evinsen 1883; Annenkova 1935; Wesenberg-Lund 1950;
1953; Uschakov 1955; Pettibone 1963; Imagjima & Hartman 1964; Laubier 1964;
Dahlgren and Pleijel 1995; Dahlgren 1996.

Heteropal e Johnson, 1897. Type species Heteropale bellis Johnson 1897, by monotypy. Junior
synonym of Paleanotus Schmarda, 1861.

Hyalopale Perkins, 1985. Type species Hyal opal e bispinosa Perkins, 1985, by monotypy.

H. bispinosa Perkins, 1985.

Paleaequor Watson Russell, 1986. Type species Paleaequor setula Watson Russell, 1986, by
original designation.

P. breve (Gallardo, 1967). As Bhawania brevis. —Shin 1980; Watson Russell 1986.

P. heteroseta (Hartman, 1945). As Paleanotus heter oseta. —Perkins 1985; Watson Russell
1986.

P. nicoyensis Watson Russell, 1986.

P. psamathe Watson Russell, 1986.

P. setula Watson Russell, 1986.

Pal eanotus Schmarda, 1861. Type species Paleanotus chrysolepis Schmarda, 1861 by
monotypy. —Augener 1913.

P. bellis (Johnson, 1897). As Heteropale bellis. —Augener 1913 (as Paleanotus chrysolepis);
Hartman 1959, 1961; Perkins 1985.

P. chrysolepis Schmarda, 1861. —Augener 1913; Ehlers 1913; Day 1967; Gathof 1986.

P. intermedius Orensanz, 1972.

P. macrophthalma (Hartmann-Schréder, 1959). As Chrysopetalum macrophthal mum.
—Hartmann-Schroder, 1980; Perkins 1985.

P. purpurea Rioja, 1947. —Hartman 1959; Mileikovsky 1962; Perkins 1985.

P. schmardai Mileikovsky, 1962. —Hartman 1965; Perkins 1985; Watson Russell 1997.

Palmyra Savigny in Lamarck, 1818. Type species Palmyra aurifera Savigny in Lamarck,
1818, by monotypy. —Watson Russell 1989.

Palmyrides Claparede, 1864. Type species Palmyra (Palmyrides) portusveneris Claparéede,
1864, by monotypy. —Augener 1913; Fauvel 1923 (as Chrysopetalum).

Palmyra (Palmyrides) portusveneris Claparéde, 1864. Probably belonging to Paleanotus
(unpublished obs.). —Augener 1913.

Palmyropsis Claparéde, 1864. Type species Palmyra (Palmyropsis) evelinae Claparéde, 1864,
by monotypy. Junior synonym of Chrysopetalum. —Perkins 1985.

Palmyra (Palmyropsis) evelinae Claparéde, 1864. Junior synonym of Chrysopetalum debile
(Grube, 1855). —Quatrefages 1866.

Psectra Grube, 1868. Type speciesSpectra obscura Grube, 1868, by monotypy. Junior
synonym of Bhawania Schmarda, 1861.

Srepternos Watson Russell in Bhaud & Cazaux, 1987. Type species Strepter nos didymopyton
Watson Russell in Bhaud & Cazaux, 1987, by monotypy.

S. didymopyton Watson Russell in Bhaud & Cazaux, 1987. —Watson Russell 1991, 1997.

Treptopale Perkins, 1985. Type species Treptopale rudolphi Perkins, 1985, by monotypy.

T. rudolphi Perkins, 1985. —Pascual and Nufiez 1998.

Taphus Webster and Benedict, 1887. Type species Taphus hebes Webster and Benedict, 1887,
by monotypy. Junior synonym to Dysponetus L evinsen, 1879.

Vigtorniella Kiseleva, 1996. Replacement name for Victoriella Kiseleva, 1992. —Kiseleva
1996. Type species Vigtorniella zaikai (Kiseleva, 1992), by monotypy.

V. zaikai (Kiseleva, 1992). —Murina 1986 (as Pelagobia serrata), 1997; Kiseleva 1996.



