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Abstract

The morphology of terebelliform polychaetes was investigated for a phylogenetic study focused on Terebellidae. For this
study, specimens belonging to 147 taxa, preferably type material or specimens from type localities or areas close to them,
were examined under stereo, light and scanning electron microscopes. The taxa examined were 1 Pectinariidae, 2
Ampharetidag, 2 Alvinellidae, 8 Trichobranchidae, and 134 Terebellidae, which included 8 Polycirrinae, 15 Thelepodi-
nae, and 111 Terebellinae. A comparison of the morphology, including prostomium, peristomium, anterior segments and
lobes, branchiae, glandular venter, nephridial and genital papillae, notopodia and notochaetae, neuropodia and neuro-
chaetae, and posterior end, was made of all the currently recognized families of terebelliform polychaetes, with special
emphasis on Terebellidae. A discussion of the characters useful to distinguish between generais given. This character set
will be used in a subsequent phylogenetic study (Nogueira & Hutchingsin prep.)

Resumo

A morfologia de poliquetas terebeliformes foi analisada para um estudo filogenético focado em Terebellidae. Para esse
estudo, foram examinados espécimes pertencentes a 147 taxons, sob estereomicroscopio, microscopio Optico e microsco-
pio eletrénico de varredura, preferencialmente material tipo ou espécimes das localidades tipo, ou de suas proximidades.
Os taxons examinados foram 1 Pectinariidae, 2 Ampharetidae, 2 Alvinellidae, 8 Trichobranchidae e 134 Terebellidae,
dos quais 8 Polycirrinae, 15 Thelepodinae e 111 Terebellinae. Para este estudo, foi feita a comparacdo entre amorfologia
das familias de poliquetas terebeliformes atual mente reconhecidas, com especial énfase em Terebellidae, em relacéo ao
prostémio, peristémio, segmentos anteriores e lobos, branquias, superficie glandular ventral, papilas nefridiais e genitais,
notopddios e notocerdas, neuropddios e neurocerdas, e extremidade posterior. Uma discussdo dos caracteres Uteis para
distinguir os géneros é fornecida. Este conjunto de caracteres sera utilizado para um estudo filogenético subseqiiente
(Nogueira & Hutchings em preparacéo).

K ey words: Terebelliformia, Pectinariidag, Ampharetidae, Alvinellidae, Terebellidae, Trichobranchidae, morphology

I ntroduction

Terebelliformiaisalarge group of sedentary polychaetes abundant in most types of benthic marine substrates.
The group is easily recognized by the presence of multiple grooved buccal tentacles and, as currently defined
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(Rouse & Fauchald 1997; Glashby et al. 2004), consists of five families: Ampharetidae Mamgren, 1866,
Alvinellidae Desbruyéres & Laubier, 1986, Pectinariidae Quatrefages, 1866, Terebellidae Grube, 1850, and
Trichobranchidae Mamgren, 1866.

The relationships between and within some of these families are poorly known. The Alvinellidae exem-
plify thisrelational confusion. Thefirst alvinellids were initially described as belonging to a new subfamily of
Ampharetidae (Desbruyéres & Laubier 1980, 1982), which was later raised to family status (Desbruyéres &
Laubier 1986). However, the description of the family Alvinellidae was based on weak arguments with no
phylogenetic analysis having been undertaken to support this status. Recent phylogenetic studies consider the
group closer to trichobranchids than to ampharetids (Rousset et al. 2003) and the validity of the family is till
uncertain.

Within the family Terebellidae, the relationships between the current subfamilies are unclear. The family
status of the terebellids was first recognized by Grube (1850), who named as Terebellacea the group contain-
ing the genera Terebella Linnaeus, 1767, Polycirrus Grube, 1850, and Terebellides Sars, 1835. Malmgren
(1866) reviewed the Terebellacea, describing several new genera and dividing the forms known at that time
into five subfamilies: Amphitritea Mamgren, 1866, Artacamacea Mamgren, 1866, Canephoridea Mamgren,
1866, Polycirridea Mamgren, 1866, and Trichobranchidea Mamgren, 1866, with the Canephoridea contain-
ing the genus Terebellides and the Trichobranchidea containing the genus Trichobranchus Mamgren, 1866.

Later, Hessle (1917) named the group as Terebellidae, described several new genera, synonymised other
genera, transferred other previously described generato Terebellidae, changed the name of the subfamiliesto
an —inae ending, described the subfamily Thelepodinae Mamgren, 1866 (as Thelepinag), synonymised Arta-
caminae with Amphitritinae and raised the trichobranchids, including Octobranchus Marion & Bobretzky,
1875, Terebellides and Trichobranchus, to family status. Hesde (1917) suggested that the Terebellidae con-
tained three subfamilies: Amphitritinae, Polycirrinae and Thelepinae. All these changes, however, were
rejected by Fauvel (1927), who resurrected the subfamilies Canephorinae, Trichobranchinae and Artacami-
nae.

Day (1967) synonymised Canephorinae with Trichobranchinae and Artacaminae with Amphitritinae, and
changed the last name to Terebellinag, but this was not immediately followed by other workers. Hartmann-
Schroder (1971) re-validated Artacaminae and the family Trichobranchidae, and M cHugh (1995), after a phy-
logenetic analysis, synonymised Artacaminae with Amphitritinae again and demonstrated that Terebellinae
was the correct name for the group, according to the rules of the International Code of Zoological Nomencla-
ture. More recently, the Trichobranchidae were considered as a subfamily of Terebellidae by Rouse & Pleijel
(2001) and Garraffoni & Lana (2003, 2004, 2008), but this view was not supported by other phylogenetic
studies based on molecular and morphologica data (Colgan et a. 2001; Rousset et al. 2003; Glasby et a.
2004).

As aresult, the diagnoses of the subfamilies of terebellids have varied. For instance, several abranchiate
generaof terebellids were considered by some authors as polycirrines due to the absence of branchiae (Fauvel
1927; Day 1967) and as terebellines by others (Hutchings 1974, 1977; Hutchings & Glasby 1988, 1990), until
McHugh (1995) redefined Terebellinae to include all taxa with uncini arranged in double rows on at least
some chagtigers, including several abranchiate genera and Artacama Malmgren, 1866.

Currently the Terebellidae contains three subfamilies: Polycirrinae, Terebellinae, and Thelepodinae. How-
ever, recent phylogenetic studies based on molecular and morphological data have demonstrated that the rela-
tionships between these groups are still unresolved, and only the polycirrines (Glasby et al. 2004; Garraffoni
2007), or both the polycirrines and the terebellines (Garraffoni & Lana 2008) are monophyletic.

In addition, the relationships within these subfamilies, particularly the Terebellinag, are also unresolved.
Terebellinae includes a large number of monotypic genera, some of which have never been recorded since
they were originally collected and often thistype material is damaged or lost. Several authors have pointed out
that a comprehensive phylogenetic analysis of the group is required in order to determine the relationships
within the Terebellinae and the characters that are useful to define genera (McHugh 1995; Hutchings 1997a;
Nogueiraet al. 2003).
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We believe that a major contribution to this poor state of knowledge is the confusion that exists in the lit-
erature with regard to the morphology of Terebelliformia, especially the anterior end, as also discussed by
Garraffoni & Lana (2009). Thisis mainly due to the fact that authors have used different names for the same
structures and often have not used the terms consistently over time, making it difficult to make comparisons
and assess homologies between taxa (see Table 1 in Zhadan & Tzetlin [2002] and Garraffoni & Lana[2009]).

In order to investigate the relationships within the Terebellidae, a phylogenetic analysis of the whole
group is presently being carried out by Nogueira & Hutchings (in prep.), with representatives of Pectinariidae,
Ampharetidae, Alvinellidae, and Trichobranchidae as outgroups. The first step towards that analysis was a
careful examination of all taxato develop a consistent character set. In this paper we present the results of that
study, which was restricted to external morphological characters, based preferably on type material of the spe-
ciesincluded.

Some of the interpretations presented in this paper, especially with regard to the nature of the anterior end,
and notochaetae, differ from the literature, but our observations are based on detailed SEM examinations as
well as light microscope examination of alarge number of taxa and numerous specimens.

We believe this paper will be valuable for other researchers in defining the structure of the anterior end,
notochaetae and neurochaetae, as well as other characters, providing an indication of the degree of variation
observed for each character. However, all our interpretations and conclusions are based exclusively on the
morphology of the adults and some need to be confirmed by developmental studies, especially with regard to
the development of the prostomium, peristomium and anterior segments. A recent study on larval develop-
ment of four species of Terebellinae (Garraffoni & Lana 2009) confirmed our interpretation on the anterior
end of terebellids.

Material and methods

For the present study, more than 1500 specimens representing 147 species were examined, consisting of 1
Pectinariidae, 2 Ampharetidae, 2 Alvinellidae, 8 Trichobranchidae and 134 Terebellidae, including 8 Polycir-
rinae, 15 Thelepodinae and 111 Terebellinae. The specimens used were either type specimens or material from
the type localities or areas close to them, borrowed from 19 museums worldwide. Tables 1-3 indicate the
material examined and the museums from which the specimens were |oaned.

While we selected only two representatives of Ampharetidae, we are aware that this large family consist-
ing of over 70 genera and over 210 species, many of which are poorly known and often known only from the
type specimen, should be better represented. Therefore, in the following discussion of characters, we have
added comments from papers published on other genera where additional states have been reported. A similar
study of the Ampharetidae is certainly needed, but it is beyond the scope of this paper, the main purpose of
which is to discuss the family Terebellidae and compare it to the other familiesin the Terebelliformia

Another outgroup, the Pectinariidae, consists of only five generawith over 50 described species and while
no major revision of them has been undertaken they are a more morphologically conservative group than the
ampharetids. In the case of the Alvinellidae, the taxa included in this study cover most of the variation found
in the group.

The abbreviations used in Tables 1-3 are as follows:

AM—The Australian Museum, Sydney, Australia

BCPM—Royal British Columbia Provincial Museum, Ontario, Canada

BMNH—British Museum of Natura History, London, UK

LACM—Los Angeles County Museum, Los Angeles, USA

MCZ—Museum of Comparative Zoology, Harvard Institution, Cambridge, USA
MNHU—Museum fur Naturkunde der Humbol dt-Universitat, Berlin, Germany
NIWA—National Institute of Water & Atmospheric Research Limited, Wellington, New Zealand
NMV—Museum of Victoria, Melbourne, Australia

NTM—Museum and Art Gallery of the Northern Territory, Darwin, Australia
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MCEM—Museu do Centro de Estudos do Mar, Paranagua, Brazil

MHN—Museu de Histéria Natural, IB-UNICAMP (currently 'Museu de Zoologia, Universidade Estadual de
Campinas—ZUEC’), Campinas, Brazil

MZUSP—Museu de Zoologia, Universidade de Sao Paulo, Sdo Paulo, Brazil

SMNH — Naturhistorika Riksmuseet (Swedish Museum of Natural History), Stockholm, Sweden

SMF—Naturmuseum Senckenberg, Frankfurt, Germany

USNM—United States Natural History Museum, Washington DC, USA

Y PM—Yale Peabody Museum, New Haven, USA

ZMA—Zo06logisch Museum Amsterdam, University of Amsterdam, the Netherlands

ZMUB—Zoologisk Museum Universitetet i Bergen (Zoological Museum at the University of Bergen), Ber-
gen, Norway

ZMUC—Zoologisk Museum, K ghenhavns Universitet, Copenhagen, Denmark

Except for the polycirrine Biremis blandi Polloni, Rowe & Teal, 1973, the thelepodines Parathel epus col -
laris (Southern, 1914), Pseudothelepus oligocirrus (Schmarda, 1861) and Telothelepus capensis Day, 1955,
and the terebellines Bathya Saint-Joseph, 1894, Colymmatops granulatus Peters, 1855, Eupistella Chamber-
lin, 1919, Scionides reticulata (Ehlers, 1887), and Spiroverma ononokomachii Uchida, 1968, representatives
of all other currently known genera of terebellids were examined for the present study. Type material of Opist-
hopista sibogae Caullery, 1944 and Paralanice timorensis Caullery, 1944 was also examined, but the speci-
mens are in such a poor state of preservation that they could not be used for this study.

The only taxa for which live material was studied were Pectinaria dodeka Hutchings & Peart, 2002,
Amphitritides carawa Nogueira & Hutchings, 2007, and Reteterebella aloba Hutchings & Glasby, 1988, from
acollection by Jodo M. M. Nogueira and Pat Hutchings (Tables 1, 3). Those specimens were relaxed in mag-
nesium chloride solution, fixed in 4 % formalin, and subsequently transferred to 80 % ethanol. All other mate-
rial used for this study was housed in museums and preserved in 70% ethanol.

Specimens were studied under the stereomicroscope. Notochaetae and small portions of the uncinial tori
were removed, mounted on slides with polyvinyl-lactophenol, and examined under the compound micro-
scope. In the case of distally serrated notochaetae with the blade at an angle to the shaft, measurements of the
angle (o) between the blade and shaft were taken (for example, asin Fig. 19A). For many species, specimens
were also mounted for SEM examination (see Tables 1-3).

The nomenclature used here follows that which has been used in recent papers by Nogueira (Nogueira et
al. 2004; Nogueira & Alves 2006; Nogueira& Hutchings 2007; Nogueira 2008; Santos et al. 2010) and, in the
case of the neurochaetae, by Hutchings for more than three decades (Hutchings 1974, 1977, 1990, 1997a-b;
Hutchings & Murray 1984; Hutchings & Glasby 1986a—c, 1987, 1988, 1990). Differences between the
nomenclature adopted herein and others available in the literature are discussed separately in each section.

Photographs were taken of specimensin a petri dish basally coated with black wax, and kept in position
with the aid of entomological pins. Images of specimenswere taken at the SEM lab at the Australian Museum
with aDigital camera (Spot FLEX) using the image-capturing software (Spot Software version 4.6), and at the
Laboratério de Poliquetologia, IB-USP, with an Olympus C-7070 camera. Photographs of the uncini and
chaetae were taken at Laboratério de Poliquetologia, IB-USP, with an Olympus C-7070 camera. All photo-
graphs were edited with Adobe Photoshop CS software.

For examination under SEM, specimens were critical-point dried, covered with 25 nm of gold, and exam-
ined at the SEM labs of the Australian Museum and the Museu de Zoologia, Universidade de Sdo Paulo
(MZUSP).

Mor phology of terebelliform polychaetes
General shape of the body

The body of terebelliform polychaetes is usually divided into athoracic and an abdominal regions, the former
typically with notochaetae and neurochaetae, and the latter with neurochaetae only. Usually, both notopodia
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and notochaetae are absent on the abdominal region, however, there are several taxa that have abdominal
achaetous notopodia reduced to short papillae (Fig. 1C, K). This demarcation of thorax and abdomen is based
purely on external morphological features and may not be reflected internally.

In pectinariids, the body has been considered to be divided into three regions: a thorax comprising two
achaetous and abranchiate segments, two branchiate segments, and three segments with notopodia only; an
abdomen with both chaetae-bearing notopodia and neuropodia; and a sucker-like scaphe, which is apodous
and achaetous except for one row of scaphal hooks on either side of the base (Day 1967; Rouse & Pleijel
2001). We, however, disagree with this division and suggest that the first two regions in pectinariids and the
thorax of most other terebelliform polychaetes are homologous: an anterior region with a variable number of
achaetous segments, often bearing branchiag, followed by avariable number of segments with notopodiaonly,
and then a number of biramous segments. Thus, we consider pectinariids to have two body regions, a thorax
extending until the end of the notopodia and an abdomen modified as a scaphe (Fig. 1A-B), and this may or
may not be distinctly separated from the rest of the body, asin Petta Mamgren, 1866.

In the other groups of terebelliform polychaetes, such a pattern of an abdomen without notopodia or with
varying development of achaetous notopodiais observed in ampharetids (Fig. 1C), trichobranchids (Fig. 1D,
1K), polycirrines (Fig. 1F), severa thelepodines (Fig. 1G), and most terebellines.

In contragt, alvinellids (Fig. 1E), many thelepodines, and other terebellines have fully developed notopo-
dia with notochaetae extending onto the posterior segments; in these groups, therefore, there is no clear dis-
tinction between thorax and abdomen.

In polycirrines, species of Hauchiella Levinsen, 1893 do not exhibit a clear distinction between thorax
and abdomen, as notopodia and neuropodia are completely absent in this taxon and the body gradually tapers
to the pygidium. Enoplobranchus sanguineus (Verrill, 1873) has notopodia extending posteriorly, but in other
taxa of polycirrines, the demarcation between thorax and abdomen is usually clearly defined and marked by
the distribution of nephridial and genital papillae, the termination of the notopodia, or, in the case of species of
Lysilla Malmgren, 1866, by the complete absence of parapodia (Fig. 1H). An exception is Biremis blandi,
which has only abdominal neuropodia present and the segment on which they begin demarcates the beginning
of the abdomen (Polloni et al. 1973).

Within the thelepodines, we recognize two groups of taxa. The first group, hereafter named Group A, is
characterized by a narrow and elongated upper lip (see below) and consists of five genera: Decathelepus
Hutchings, 1977, Glossothelepus Hutchings & Glasby, 1986a, Parathelepus Caullery, 1915, Rhinothelepus
Hutchings, 1974, and Thelothelepus Day, 1955, the latter and Parathelepus based on the original descriptions
(Caullery 1915; Day 1955), as no material was examined. In this group, thoracic and abdominal regions are
well marked, thefirst consisting of some achaetous segments followed by afew segments with notopodiaonly
and then biramous parapodia, and the abdominal region with neuropodia only, as slightly raised pinnules (Fig.
1G).

In the second group of thelepodines, hereafter named Group B, which includes al the other genera of the
subfamily, the demarcation between thorax and abdomen is not as clear. Several taxa have athorax consisting
of 1-2 achaetous segments followed by 2—-3 segments with notopodia only and then biramous parapodia, and
an abdomen with neuropodia only, having tori either slightly raised or forming pinnules. Other taxa, however,
have biramous parapodia present on the majority of body segments and there is no clear distinction between a
thoracic and an abdominal regions.

Most taxa of terebellines have athorax with some achaetous segments followed by oneto a few segments
with notopodia only and then biramous parapodia, while the abdomina segments have only neuropodia, fre-
quently as raised pinnules. However, many other terebelline taxa have biramous parapodia extending to
posterior body.

Therefore, the division of the body into thoracic and abdominal regions, although sometimes useful, is not
aways easy to define in Terebelliformia. In addition, this division is based exclusively on the absence of
notochaetae. On the other hand, if we were to consider internal structures, we could divide the body into a
region anterior to the gular membrane, from prostomium to segment 4, and another posterior to it, from seg-
ment 5 to the pygidium (Zhadan & Tzetlin 2003).
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For this reason, we prefer not to use the terms “thorax” and “abdomen”, but instead use “region with
biramous parapodia’ and “region after notopodia terminate” hereafter, although we are aware that this termi-
nology is not completely correct either, asthe “region with biramous parapodia’ aso has some segments with-
out parapodia and others with notopodia only. Garraffoni & Lana (2008) followed a similar reasoning, but
these authors did not name these “regions”.

Anterior end: prostomial and peristomial characters

The nature of the anterior end of terebelliform polychaetes is one of the most difficult parts of this group to
interpret. Thisisin part due to the difficulties in analyzing and comparing the structures that form the “head”
of these animals, as they are highly modified from the typical prostomium and peristomium head pattern
found in many other polychaete families. Another problem is that few studies on the larval development of
terebelliform polychaetes have been undertaken.

In pectinariids, the prostomium and peristomium are fused to each other forming a cephalic veil (Rouse &
Pleijel 2001), which may have smooth or cirrate margins and may be partly fused to the operculum, as in
Lagis Malmgren, 1866, or completely free, as in Pectinaria Savigny, 1818. The buccal tentacles originate
from the ventral part of thisveil, an upper lip is absent, and the lower lip isreduced (Figs. 1A; 2A-B, D). The
origin of the buccal tentacles in this group is unclear because of the fusion of the prostomium and peristo-
mium, although according to Watson (1928) they cannot be retracted into the mouth and lie just above the
buccal opening suggesting that they are peristomial in origin.

All other terebelliform polychaetes have the prostomium and peristomium as distinct structures, with the
prostomium much shorter and, except for some polycirrines, not forming acomplete ring around the body, but
located only on the dorsal surface of the peristomial upper lip. Except for the alvindllids, the prostomium con-
sists of two parts: abasal part frequently bearing ocelli and a distal part.

The peristomium is often restricted to the upper and lower lips, sometimes continuing laterally and/or pos-
teriorly from the mouth for some distance. The lips are often ciliated and thisis used for the selection of food
particles. A partially eversible pharyngeal organ is present in these animals, which, when everted, lies just at
the level of the mouth and has sometimes been considered as the lower lip in taxonomic descriptions (Zhadan
& Tzetlin 2002).

In ampharetids, both prostomial parts are conspicuous, the basal part frequently has ocelli and the distal
part forms a trilobed structure (Fig. 2G—H). The oblique ciliated pits of the nuchal organs are located on the
peristomium adjacent to the boundary between it and the basal part of the prostomium (Fig. 2G—H).

In alvinellids, the prostomium is restricted to a short dorsal annulation (Fig. 3F), the peristomium is well
developed, forming acomplete ring (Fig. 3F), and the lower lip isrobust and longer than the anterior segments
(Fig. 3B-D, H-). No eyes or nuchal organs have been described in avinellids, although the latter should be
present according to Rouse & Fauchald (1997), who suggested that the presence of nuchal organs was one of
the few characters that define the polychaetes.

In ampharetids (Fig. 2C, F-H) and alvinellids (Fig. 3B-D, H), the upper lip and buccal tentacles originate
from the roof of the mouth and can be retracted into it (Hilbig 2000a, b), which differs from the arrangement
found in terebellids and trichobranchids. Asthe buccal tentacles of ampharetids and alvinellids originate from
inside the mouth, and the prostomium in these familiesis situated on the dorsal part of the peristomium, well
separated from the mouth, the buccal tentacles of ampharetids and alvinellids are most likely peristomial in
origin. However, Rouse & Pleijel (2001) stated that at least some buccal tentacles of ampharetids are of pros-
tomial origin, according to studies on larval development (Okuda 1947; Cazaux 1982), suggesting that both
prostomial and peristomial tentacles are present. This contradicts Rouse & Fauchald (1997) and only high-
lights the need for more detailed larval studiesto be carried out to resolve these problems.

Another potential issue is that in at least two genera of ampharetids, Melinnexis Annenkova, 1931 and
Amelinna Hartman, 1969, one or two much longer and thicker buccal tentacles are present, and whether these
are homologous with the other buccal tentaclesis unknown.
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In trichobranchids and many terebellids, the two prostomial parts may be almost indistinguishable, except
for the eyespots, which, if present, identify the basal part, the distal part being characterized by the origin of
the buccal tentacles. Therefore, in both families the buccal tentacles are of prostomial origin. So, while buccal
tentacles within the Terebelliformia appear similar they are not homologous structures and their origins are
still being debated.

Ocelli easily fade in preserved material and frequently they are not visible in type material even though
they were described as being present in the original descriptions. For this reason, the presence and distribution
of ocelli were not considered in the present study, although we believe they could be useful characters, at |east
at the specific level, when fresh material is available for examination.

In trichobranchids, the prostomium forms a low crest on the dorsal surface of the upper lip (Fig. 4A-B,
D-G). Both the upper lip and buccal tentacles originate outside the mouth and are not retractable into it. The
tentacles arise from the prostomium, which is fused to the dorsal side of the upper lip. There are at least two
types of buccal tentacles present in trichobranchids, the longer type being distally expanded and the shorter
type uniformly cylindrical and tapering to the tip. The basal part of the prostomium is situated at the base of
the upper lip and the distal part may also be situated on the basal part of the upper lip, as in Trichobranchus
bunnabus Hutchings & Peart, 2000 (Fig. 4E-G), or extend along it and terminate subdistally, close to the ante-
rior border of the upper lip, asin Terebellides anguicomus Mller, 1858 (Fig. 4A-B, D).

The peristomium of trichobranchids is well developed. The upper lip is alarge, hood-like, nearly circular
structure above the mouth, and is usually folded into three lobes (Fig. 4A—H). The lower lip usually extends
posteriorly from the mouth as an extension that islonger than the anterior segments. In Terebellides, the lower
lip forms a large scoop-like process projecting forwards (Fig. 4A-D), and has been interpreted by some
authors as segment 1 (Garraffoni & Lana 2004; Parapar & Moreira 2008 a, b). In many, if not all, species of
Trichobranchus, the peristomium continues laterally from the mouth as a pair of large lateral 1obes that termi-
nate dorso-laterally (Fig. 4E—H).

In terebellids, the prostomium and the peristomium exhibit a greater morphological variation than found
in any other family of Terebelliformia. In polycirrines, both prostomial parts form thick crests on the dorsal
part of the upper lip. These crests are larger than in other subfamilies of terebellids, and usually extend poste-
riorly, cover segment 1 dorso-laterally and terminate laterally (Fig. 5A—C, H-) or ventrally between shields
of segments 1 and 2 (Fig. 5D—-F). In some polycirrines, as in several trichobranchids, the distal part of the
prostomium extends along the dorsal surface of the upper lip and terminates close to the anterior margin of
this latter structure (Fig. 5H-1), while in others it is restricted to the basal part (Fig. 5A—C). In addition, sev-
eral polycirrines have a mid-dorsal differentiated structure developed on the distal part of the prostomium,
forming either an oval to rectangular area (Fig. 5A-B) or paired lobes (Fig. 5E, G); the function of such a
structure is uncertain, but it is probably sensory. In regard to the buccal tentacles, at |east two types are present
in polycirrines, the longer distally or subdistally expanded, and the shorter uniformly cylindrical or tapering
and ending in fine tips (Fig. 5A-B, D, FG).

The upper lip of polycirrinesiswell developed, expanded, almost circular, and folded into three lobes; the
lower lip is small, button-like, and sometimes covered by the shield on segment 1 (Fig. 5A-D, F, H-). The
peristomium of polycirrines frequently extends laterally from the mouth for some distance and may form a
complete ring around the body (Fig. 5C, E, G).

In thelepodines, we recognize two groups of taxa based on the morphology of the prostomium and peris-
tomium, among other characters. Group A is characterized by having an upper lip that is narrow and elongate,
distinctly longer than wide, and a large, segment-like to cushion-like lower lip (Figs. 6A-B, D-E, G; 7B, D—
G I, K), while Group B has an upper lip about as long as wide and a lower lip of variable morphology, but
never segment-like (Figs. 8A—H; 9A-B, E, 1-J).

Considering the thelepodines of Group A, in Rhinothelepus the basal part of the prostomium forms athick
crest with eyespots concentrated in apair of dorsolateral clusters (Fig. 6C, F) and the distal part of the prosto-
mium has amid-dorsal process with alarge, free, tongue-like lobe (Fig. 6B, F). In this genus, the peristomium
forms a complete ring around the body. Ventrally, the upper lip is long and narrow, convoluted, and with a
total length equivalent to the distance from the mouth to segment 3 or 4, while the lower lip is segment-like
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and wrinkled (Fig. 6A-B, D—E, G). Dorsally, the peristomium is narrow, with one pair of pits corresponding
to nuchal organs present on the border with the prostomium (Fig. 6C).

In the other genera of Group A, the presence of a mid-dorsal prostomial process originating from the dis-
tal part of prostomium is not always as clear, mostly due to the poor condition of type material. In Decathele-
pus ocellatus Hutchings, 1977, the type species of the genus with a single known specimen, the anterior end is
so damaged that it is not possible to assess the morphology of the upper lip and prostomium. The distal part of
the prostomium appears to have a large tongue-like mid-dorsal process, with a distaly bifid free lobe (Fig.
7A-D), adthough it is shorter than that found in Rhinothelepus. The upper lip, athough broken, is highly con-
voluted, resembling that found in Rhinothelepus (Fig. 7B, D). The other species of this genus, D. wambirra
Nogueira & Hutchings, 2007, lacks such mid-dorsal prostomial process and, although it has an elongated
upper lip that is much longer than broad, this lip is much shorter than in Rhinothelepus and is not convoluted
(Fig. 7E-F, ). In both species of Decathelepus the lower lip islarge and cushion-like (Fig. 7B, D—F, 1).

Finaly, in Glossothelepus mexicanus Hutchings & Glasby, 1986a, the upper lip is extremely elongated
and convoluted (Fig. 7G, K) and the lower lip is segment-like. Both structures are similar to those found in
Rhinothelepus. The presence of amid-dorsal prostomial process originating from the distal part of the prosto-
mium could not be confirmed in the paratypes due to the damaged type material (Fig. 7H, J), but alarge pros-
tomial process completely free from the upper lip is very conspicuous in the holotype.

In Group B, except for the eyespots and buccal tentacles, the two prostomia parts are almost indistin-
guishable (Figs. 8C, F; 9CH, J), except in those species where adults are typically several centimetersin
length and in which the distal part forms a shelf-like process from which the buccal tentacles originate (Fig.
8A, D, G). The upper lip of the thelepodines of Group B is broader than long (Fig. 8A—B, D—E) or about as
broad aslong (Figs. 8G—H; 9A-B, |). The lower lip is short, usually button-like, and restricted to the oral area
or covering segment 1 (Fig. 8C, E—H); in some cases, such as in Euthelepus serratus Hutchings & Glasby,
1986b, the lower lip has a thin marginal lobe (Fig. 8A—B). In most thel epodines belonging to this group, the
peristomium does not continue dorsally, but sometimes it forms a compl ete ring around the body (Fig. 8C-D,
F) with one pair of ciliated dorso-lateral nucha organs on the border with the prostomium (Fig. 9C-H, J).

All taxa of thelepodines have a single type of buccal tentacle, which is usually uniformly cylindrical.
However, there are a few taxa with buccal tentacles that are distally expanded, such as Pseudostreblosoma
brevitentaculatum Nogueira & Alves, 2006 (Fig. 9A-B, I-J).

In the third subfamily of Terebellidae, Terebellinage, the two prostomial parts are either almost indistin-
guishable (Fig. 10E, G, 1-J), or, more commonly, the distal part develops a shelf-like process, from which the
buccal tentacles originate (Figs. 10A-D; 11A-B, D—H; 12A-B, D—H; 13A-l). Frequently, this distinction
seemsto be related to size, with larger individuals having a shelf-like distal part of the prostomium, but thisis
not always the case. In some taxa, the distal part of the prostomium is indented mid-dorsally by the branchiae,
but in species of Artacama it is distinctly bilobed (Fig. 11A, D, F).

The upper lip of terebellines varies from being broader than long to being as broad as long, but it is never
conspicuously longer than broad, as in the Group A of thelepodines, or expanded and nearly circular asin
polycirrines.

The morphology of the lower lip of terebellines is also variable. Most have a short lower lip restricted to
the oral area (Figs. 10F, H; 12C-D, G—H; 13E, HH; 14A, F-G; 15G, |; 16A-D, F-G), but in some taxa the
lower lip extends posteriorly from the mouth covering segment 1 ventrally or is partialy fused to it (Figs.
10D; 13A—C; 15C, F). Thelower lip is particularly small and difficult to see in taxawith large ventral lobes on
segment 1 (see below) (Figs. 10F, H; 13E, H-).

In species of Artacama, however, the lower lip is developed to form a large papillated process projecting
forwards as an extension equivalent to the length of severa anterior segments (Fig. 11A—H). This structure
has been considered in the literature (Malmgren 1866; Hartman 1967) as a proboscis, but this nomenclatureis
not correct because this structure is not retractable as a true proboscis would be. This genus was placed in a
subfamily of its own, Artacaminae, the validity of which has been questioned several times (Hessle 1917; Day
1967), until McHugh (1995) showed that Artacama should be placed in the Terebellinae due to the presence
of uncini arranged in double rows on some segments; the subfamily Artacaminae, therefore, is not valid.
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In the taxa in which the lower lip extends posteriorly from the mouth, the lower lip could be considered as
restricted to the area around the mouth and the rest of this structure regarded as peristomial, especialy if there
is some type of morphological differentiation between the two parts, as frequently occurs, for instance, in spe-
cies of Amphitrite Mller, 1771 (Fig. 10D), Proclea Saint-Joseph, 1894 (Fig. 13A—C), and Terebella (Fig.
15C, F). We, however, consider thisirrelevant because the lower lip is also part of the peristomium and there-
fore we designate the whol e structure as the lower lip.

Finaly, in most terebellines the peristomium is restricted to lips, but in some taxa it extends laterally from
the mouth to a variable degree, terminating dorso-laterally, being mid-dorsally fused to segment 1 (Fig. 10A—
B, G, I-J), or forming a complete ring around the body. Most terebellines have only one type of buccal tenta-
cle, but species of Artacama have two types, the longer being distally expanded and the shorter uniformly
cylindrical.

As said above, al our interpretation is based on the morphology of the adults and needs to be confirmed
by developmental studies; however, the few studies available on larval development of Terebellidae confirm
our interpretation of the prostomium, peristomium, and buccal tentacles (Heimler 1983; Bhaud & Grémare
1988; Blake 1991; Garraffoni & Lana 2009). In the particular case of the peristomial origin of the buccal ten-
tacles in Pectinariidae and Ampharetidae, and prostomial origin in Trichobranchidae and Terebellidae, this
has also been confirmed by studies on the patterns of innervations of these structures among the families of
Terebelliformia (Orrhage 2001; Orrhage & M{iller 2005).

Anterior segments. paleae, lobes, and raised crests

The numbering of anterior segments in terebelliform polychaetes has often been confused. These animals usu-
ally have faint segmentation on the anterior segments and, in addition, these segments are often reduced, or
inconspicuous, making them difficult to count.

Another difficulty stems from the fact that many taxonomic descriptions have confused the peristomium
with segment 1. For instance, many taxa of terebellids have been described as having peristomia lobes
(Hutchings & Glasby 1988; McHugh 1995). However, according to the counting system adopted in this paper,
these lobes are actually on segment 1. Garraffoni & Lana (2004, 2008) discussed the subject and correctly
considered these lobes as originating from segment 1, but, on the other hand, these authors considered the
papillated process of Artacama as originating from segment 1 instead of the lower lip as discussed above, and
they also did not comment on the amount of variation for segment 1 of terebellids as discussed below. Such
confusion between the peristomium and segment 1 alters the numbering of all subsequent segments and thisis
critical given that the segment on which various structures arise, such as the notopodia, neuropodia, and bran-
chiae, defines the genus.

In addition to the lobes on segment 1, many taxa of terebelliforms have lobes on other anterior segments.
Such labes have been considered in the literature as lateral lobes (Holthe 1986; Hutchings & Glasby 1988),
but they can also be placed ventrally or dorsally, so the term “lateral lobes’ is inappropriate. We suggest that
these structures are homologous regardiess of whether they arise laterally, ventrally, or dorsally, although it is
important to define their position for taxonomic purposes. Usually, these lobes are large flaps of tissue cover-
ing at least part of the preceding segment, but in several taxathey are reduced to thickened ridged structures.

In addition, raised crests that do not cover any part of the preceding segment, but just protrude slightly
from the surface may be present on anterior segments. Such crests have not previously been described in tax-
onomic papers, but they are conspicuous in some taxa and should be considered. Since lobes and raised crests
can be present on the same segment, we regard them as separate structures.

In cases where lobes are reduced to short, thickened ridged structures, it is difficult to distinguish them
from crests. In this paper we define lobes as those structures that cover at least some portion of the preceding
segment, and crests as structures which arise from the surface of the segment forming a raised ridge that just
protrude beyond the alignment of the segments.

Following the criteria above, in Pectinaria dodeka, which we are using as our representative pectinariid,
segment 1 is ventrally inconspicuous and dorsally developed, forming a large operculum that is completely
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surrounded by anarrow ring, with 10-12 pairs of large, golden, cylindrical to dightly flattened, pointed paleae
inserted ventrally (Figs. 1A; 2A-B, D-E); in other genera, up to 13 pairs may be present. The margins of the
operculum may be smooth as in Pectinaria or cirrate as in Amphictene Savigny, 1818 (Fauchald 1977). In
addition, segment 1 has one pair of tentacular cirri inserted laterally on the ventral margin of the operculum.
These cirri are expanded basally and gently taper to the tip (Fig. 2A-B, D). Ventral to the tentacular cirri, the
ventro-lateral margins of segment 1 are thickened, forming a small crest ending laterally to the mouth. At the
base of each tentacular cirrus, a crest with one spherica structure, which may be a nephridia papilla (see
below), is present (Figs. 1A; 2A-B, D). Segment 2 is dorsally short, with a thickened crest on the anterior
margin extending dorso-laterally and continuing ventro-laterally as short ear-shaped lobes. These are con-
nected to each other by a raised membrane across the venter, with maximum height mid-ventrally (Fig. 2A—
B). Also, segment 2 has one pair of tentacular cirri inserted dorso-laterally on each side arising from the ante-
rior margin of the lobes, and two pairs of papillae, one pair digitiform and inserted laterally, and the other pair
smaller and almost spherical (Figs. 1A; 2A-B). Segments 3 and 4 have short dorso-lateral lobes and ventral
crests markedly raised from the body wall; the dorso-lateral 1obes and the ventral crests are not connected to
each other (Figs. 1A; 2A-B, D). Segments 5 and 6 have low ventro-lateral lobes connected to each other by a
raised membrane across the venter. The lobes on segment 5 are larger than those on segment 6, this latter seg-
ment has a crenulated mid-ventral lobe (Figs. 1A; 2A-B).

In ampharetids, al the branchial filaments emerge from segments 2—-3 and have migrated to an anterior
position in relation to the segments on which they originate, with the branchial stalks dorso-laterally fused to
the body wall (Figs. 2F-H; 17A-B). This results in the anterior segments appearing almost fused, with only
faint segmentation visible and partially hidden by the branchial stalks.

Ampharetids are subdivided into two subfamilies based largely on the morphology of the anterior seg-
ments. In Amphicteis dalmatica Hutchings & Rainier, 1979, lobes and crests are absent, except for segment 1
having aventral crest protruding below the lower lip (Fig. 2C, F) and segments 2—4 forming atriangular mid-
dorsal crest between the fused stalks of the branchial filaments (Fig. 2G—H). In this subfamily, segment 1
bears lateral notopodial paleae (Fig. 2C, F). The absence of dorso-lateral obes and the presence of the stout
notopodial paleae often referred to as notopodial hooks are characteristic for Ampharetinae Chamberlin, 1919.

In contrast, segment 1 of Melinna elisabethae M clntosh, 1885, has alarge ventral |obe covering the poste-
rior part of the lower lip (Fig. 17C-D). Dorsadly from segments 1-4, a pair of large dorso-lateral lobes
encloses a mid-dorsal depression inside which the branchial filaments arise (Fig. 17A-B, D). The posterior
margin of this dorso-lateral structure is demarcated by a serrated dorsal lobe on segment 5, which forms a
mid-dorsal pocket extending to segment 6 (Fig. 17A-B). The presence of these dorso-lateral lobes is charac-
teristic for Melinninae Chamberlin, 1919. Paleae are absent in this group, but segment 3 has one pair of stout
dorsal notopodial hooks (Fig. 17A-B).

Alvinellids, like ampharetids, have branchiae that emerge anterior to the segments on which they actually
originate. In this family, the anterior segments are only visible mid-dorsally as a narrow stripe between the
branchial stalks (Fig. 3A, E, G). Ventrally, alvinellids have compressed anterior segments, with conspicuous
segmentation (Fig. 3B—D, H-1). Except for the anterior margin of segment 1 forming a protruding crest below
the lower lip, lobes and crests are absent in the family (Fig. 3A-E, G-). Paleae are absent in this group, but
robust notopodial hooks are present on segments 56 in Alvinella pompegjana Desbruyéres & Laubier, 1980
(Fig. 3A, G) and segment 8 in Paralvinella grasslel Desbruyéres & Laubier, 1982 (Fig. 3H-).

Our segment count of alvinellids is different from that of Jouin-Toulmond & Hourdez (2006). Those
authors considered what we are treating as the peristomium as segment 1 in both species of alvinellids dis-
cussed above. In addition, these authors considered Alvinella pompejana, according to the arrangement of the
branchial blood vessels, as having four fused segments corresponding to what we are referring to as segment
1, the mid-dorsal stripe originating exclusively from segment 2 and notopodia beginning from segment 6. In
the case of Paralvinella grasslei, Jouin-Toulmond & Hourdez (2006) considered the mid-dorsal stripe as
being exclusively from segment 5, which the authors regarded as segment 6, as they treated what we are call-
ing the peristomium as segment 1 (Jouin-Toulmond, pers. com.). We disagree with the interpretation by Jouin-
Toulmond & Hourdez (2006) because the peristomium is not a true segment and so it should not be consid-
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ered as segment 1. The peristomium originates from the area around the mouth of the trochophore, instead of
the growth zone, from which true segments arise. In many families of polychaetes, the peristomium has cirri
and even chaetae, indicating that some “true segments’ may have fused with it during ontogeny, but thisis not
the casein avindlids.

In addition, the mid-dorsal stripe extends through a region that, in Alvinella pompejana, corresponds in
ventral view to segments 1 and 2 and in Paralvinella grasslei, to segments 1-4, with clear segmentation both
on the stripe and ventrally, and, in the case of P. grasslei, notopodia with notochaetae are present on what we
are referring to as segments 2—4 (see Fig. 3A-E, G-).

Finally, we consider that during development the branchiae migrate from the segments on which they
originate to a more anterior position, as occurs in the closdly related ampharetids, instead of having several
segments fused into what appear in the adults as a single segment. In alvinellids, however, no signs of bran-
chial stalks fused to the integument are visible dorso-laterally, even though the branchiae may have kept their
original pattern of blood vessels internally. Of course, both our hypothesis and that of Jouin-Toulmond &
Hourdez (2006) require studies on the larval development of the group to confirm which is correct.

In trichobranchids, segment 1 is more conspicuous ventrally. In Trichobranchus (Fig. 4G) and Octo-
branchus, segment 1 terminates dorso-laterally and does not form a complete ring around the body, while in
Terebellides it continues dorsally, but is shorter (Fig. 4A-C).

In Trichobranchus, alarge eversible ventral processis present on segment 1; this process, when retracted,
is folded between segments 1 and 2. Segment 1 has one pair of large lateral lobes (Fig. 4E, G—H) that disap-
pear when this processis everted, asthey are part of this structure. This eversible process has been regarded in
the literature as a proboscis and because of that the genus Artacamella Hartman, 1955 was described to
accommodate Artacamella hancocki Hartman, 1955 and placed in the subfamily Artacaminae, family Tere-
bellidae, together with Artacama. Later, both Holthe (1977) and Hutchings (1977) independently suggested
that Artacamella should be placed in the Trichobranchidae based on the structure of the thoracic neurochaetae
and of the prostomium and peristomium. Finally, Garraffoni & Lana (2004) synonymized Artacamella with
Trichobranchus based on a phylogenetic analysis.

According to our examination of specimens originally described as Artacamella and Trichobranchus the
only difference between these “taxa’ is whether the eversible process is everted or not, and it seems possible
that the same species may have been described both as a species of Trichobranchus and Artacamella depend-
ing on the state of eversion of this structure (Nogueira 2008). Further studies will no doubt reduce the number
of species within the genus Trichobranchus.

In Terebellides, segment 1 is more developed ventrally below the lower lip, segment 2 is conspicuous both
ventrally and dorsally with a dorsal crest from which the branchial stalk emerges, and in many species seg-
ment 3 is conspicuous only ventrally because the body is deflected on this segment and it is dorsally fused
with segment 2 (Fig. 4A—-C). A conspicuous dorsal hump is present in a few species on segment 9 (Fig. 4A).
The degree of deflection on segment 3 varies between taxa and depends on the state of preservation of the
specimens, but it is usually conspicuous. Garraffoni & Lana (2004) and Parapar & Moreira (20083, b) consid-
ered the scoop-like process of Terebellides, which we consider in this paper as the lower lip, as segment 1 and
did not observe the segment posterior to it, which we consider as segment 1. The scoop-like process clearly
originates from around the mouth and therefore is of peristomial origin, and posterior to it, a shorter, but con-
spicuous true segment is present (Fig. 4A-D).

In al trichobranchids, the anterior margins of the anterior segments develop crests or low lobes, either
completely encircling the posterior part of the preceding segments and forming a collar (Fig. 4F—H), or occur-
ring only ventrally and laterally, terminating in slightly expanded lateral lobes on some anterior segments
(Fig. 4A-C).

Terebellids exhibit a significant amount of variation with regard to the anterior segments. Large lobes and
crests are relatively common in this group, especialy in the Terebellinae. In contrast, the polycirrines are
highly conservative in regard to the morphology of the anterior segments. In al polycirrines, the lower lip is
partially hidden by alarge shield, which we consider to be derived from segment 1, then a short and narrower
segment, followed by the segment on which the notopodia first appear, if these structures are present (Fig.
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5C-D, F, I). The basal part of prostomium may terminate laterally or extend ventrally and terminate between

shields on segments 1 and 2. The only other difference between taxa is whether or not peristomium is dorsally

conspicuous; thisisimportant asit may make the counting of anterior segments difficult. Possibly for that rea-

son, species of polycirrines have been described as having notopodia from segment 2, 3, or 4 (Hessle 1917,

Holthe 1986; Hutchings & Glasby 1986b), but we believe that all species of polycirrines with notopodia have

those structures from segment 3.

Lobes on anterior segments are absent in polycirrines. Crests are sometimes present, but, except for the
ventro-lateral crests on segment 1, we suspect that they are highly susceptible to the methods of preservation,
given the intraspecific variation within taxa examined for this study.

In the thelepodines of Group A, Rhinothelepus (Fig. 6A—E, G) and Glossothdepus (Fig. 7G, K) have seg-
ment 1 ventrally developed around the lower lip and dorsally reduced, becoming almost inconspicuous. Seg-
ment 2 is dorsally conspicuous, terminating ventro-laterally and not forming a complete ring around the bodly.
In contrast, in Decathel epus segment 1 terminates ventro-laterally, and segment 2, although short, surrounds
the lower lip (Fig. 7A—F). Low ventral crests are present on segments 3 and 4 in Rhinothelepus and Glosso-
thelepus (Figs. 6A, D-E, G; 7G K), present on al anterior segments, starting from segment 2, in
Decathelepus ocellatus (Fig. 7B, D), but absent in Decathelepus wambira (Fig. 7E-F). Lobes are absent in
this group.

In most taxa of Group B of the thelepodines, segment 1 is dorsally conspicuous, although the boundary of
the peristomium is sometimes difficult to discern. Segment 1 continues around the lower lip ventraly or is
partialy fused to it (Figs. 8A—I; 9E—H), but in some taxa it forms a devel oped ventral |obe below the lower lip
(Fig. 9A-B, 1-J). Segment 2 usually has a developed crest on the anterior margin, either present laterally and
ventrally (Figs. 8C, E-; 9A-B, G-J;, 17E-H), or as a complete collar (Figs. 8A-B, D; 9E). Except for this
crest on segment 2, other lobes and crests are rare in this group, although some taxa have such a glandular
venter that segments are frequently corrugated and protruding (see below). We do not consider these as crests
because the whole segment is ventrally swollen and protruding instead of just the anterior border.

L obes are present in a few taxa of Thelepodinae as short, sometimes swollen tissues situated laterally or
ventro-laterally on segments 2-3 or 24 (Figs. 8A-B; 9A-D, |-J). However, Pseudothelepus binara Hutch-
ings, 1997a, has large lobes on segments 6 and 7, forming low collars that completely encircle the body on
segment 6 and are interrupted mid-dorsally and mid-ventrally on segment 7 (Fig. 17E-).

The greatest development of lobes observed during the present study is exhibited by species of Terebdlli-
nae, and their morphology is critical for many specific and generic diagnoses (Hutchings & Glasby 1988).

Segment 1 is usually dorsally conspicuous, although in the taxa in which the peristomium continues dor-
sally, the border between the peristomium and segment 1 is difficult to distinguish, at least mid-dorsally (Fig.
10A-B, G, 1-]). Ventraly, we identified four states of segment 1.

(1) segment 1 continues around the lower lip or is partially fused to it (Figs. 10D; 11B, E—H; 13A—C; 15A—F),
a state also found in most thelepodines.

(2) segment 1 with ashort ventral lobe below the lower lip (Figs. 12D, G-H; 13E, G-l; 15G, |; 16A-D, F-G).

(3) segment 1 with one pair of low dorso-lateral 1obes not covering the distal part of the upper lip and con-
nected to each other ventrally by a membrane below the lower lip (Figs. 12A-C; 14A—H).

(4) segment 1 with one pair of large triangular to rounded lobes directed upwards, covering the distal part of
the upper lip, beginning dorso-laterally and terminating ventro-laterally. These lobes are connected to
each other ventrally by a membrane indented at the level of the lower lip (Fig. 10E-J).

On the following segments, lobes may be present in a variety of sizes and shapes. They are usualy later-
aly placed, varying from large structures (Figs. 10E-J; 12D-G; 13E-l; 14A-H; 15G-I; 16A-G) to narrow
strips of tissue (Figs. 12D-G; 13A-D; 15G—) or rounded swellings (Fig. 10A—D) on the anterior border of the
segments. A taxon may have more than one type of lobe present on the anterior segments (Figs. 12D-G; 15G—
). Lobes within a pair may be connected to each other ventrally and/or dorsally by alow membrane or a crest
(Figs. 10D; 13A-C, E—H; 14A, C-D, FH; 15G, I; 16A-D, F-G). In some cases, however, lobes can also be
situated ventrally, as on segment 2 of Sschapovella tatjanae Levenstein, 1957 (Fig. 12B—C), or dorsally, ason
segment 4 of Thelepides koehleri Gravier, 1911 (Fig. 13F) and Scionella japonica Maoore, 1903 (Fig. 14B-C,

14 . Zootaxa 2460 © 2010 Magnolia Press NOGUEIRA



E, H).

Species of Lanicola Hartmann-Schroder, 1986 exhibit a unique feature, with lobes originating dorso-later-
aly on segment 3, fused to the body wall ventro-laterally on segment 2, and continuing to segment 3 attached
to the integument of segment 2 (Fig. 16A—E). This description differs from that provided by Londofio-Mesa
(2006, as Paraeupolymnia) and Capa & Hutchings (2006), who stated that the |obes originate from segments
2 and 3 together.

In addition to lobes, crests are also commonly found among Terebellinae taxa. It appears that all species
of terebellines have a protruding crest on segment 2, usually only ventrally, below the lower lip (Figs. 10D, F,
H; 11 B-C, E—H; 12D, G; 13A-C, E, H; 14A, D, F—-G; 15C-G |; 16A-D, F-G), but sometimes extending | at-
erally or dorsally. Other crests are frequently present dorsally, most commonly on branchiate segments at the
base of the branchiae (Figs. 12E—F; 15H).

Segmental branchiae

Branchiae are present in all taxa of terebelliform polychaetes except the polycirrines and some terebellines. In
al of the branchiate taxa except for Terebellides, branchiae are paired structures situated dorso-laterally to
dorsally on anterior segments, varying from single filaments to complex arborescent or spiralled structures.

In Pectinaria dodeka, there are two pairs of tentacular cirri on segments 1 and 2, and two pairs of lamel-
late branchiae on segments 3 and 4 (Figs. 1A; 2A-B). In other pectinariids not included in the present study,
thereis an additional pair of pectinate branchiae posterior to the lamellate pairs. Orrhage (2001) demonstrated
that the tentacular cirri of pectinariids are homologous to the branchiae of other terebelliform polychaetes.
However, he was confused with regard to the numbering of segments and considered the tentacular cirri to be
present on segments 2 and 3, whereas they are actually on segments 1 and 2.

Branchiae are present in all ampharetids except Emaga Hartman, 1978, and Uschakovius Laubier, 1973,
although Rouse and Pleijel (2001) suggest that Emaga may be a terebellid and scars are present on Uschak-
ovius suggesting that Laubier (1973) was mistaken in describing it as an abranchiate ampharetid. Typicaly,
ampharetids have four pairs of branchiae, although some genera have only three pairs and Auchenoplax
Ehlers, 1887 has only two pairs. Branchiae typically are smooth tapering cylinders but often some of the pairs
are flattened asin Amphicteis Grube, 1850 or composed of humerous branches that may be filamentous, pap-
illose or lamellate ornamented with filaments (e.g., in Isolda Mller, 1858, Gnathampharete Desbruyéres,
1978, and Schistocomus Chamberlin, 1919). The lamellate branchiae of Schistocomus resemble those of Pec-
tinariidae. The individual branchiae exhibit varying degrees of lateral fusion within generaand species, and in
species like Isolda pulchella Mller, 1858, all four branchiae on each side arise from a fused basal stalk
obscuring their segmental origins. In others, this basal web only unites the first three pairs of branchiae, leav-
ing the fourth pair free (Hutchings 2000). So, while the number of branchial scarsis useful to determine num-
bers of pairs of branchiae present they provide no indication of the type of branchiae present and whether they
are all similar or two types are present.

Both ampharetids included in the present study have four pairs of branchiae, each formed by one long and
thick filament on each side of the body. They are originally from segments 2-5, but have migrated to a more
anterior position during ontogeny. In Amphicteis dalmatica, there are conspicuous branchial stalks fused to the
body wall from the segment on which each filament originates, but they do not become free from the body
wall until segments 2—-3 (Fig. 2F-H).

In Melinna elisabethae, the branchial filaments emerge inside the mid-dorsal depression on segments 14
(Fig. 17A-B). These filaments are arranged in two groups each consisting of four filaments arising from a
raised crest close to the lateral margins of the mid-dorsal depression. Within each group, the filaments are
fused to each other at different levels by connecting membranes. Thereis some confusion in the literature with
regard to the numbering of the anterior segmentsin Melinna elisabethae. Mackie & Pleijel (1995) considered
the branchiae as originating from segments 36 based on a study on larval development by Grehan et al.
(1991). However, Rouse & Pleijel (2001) stated that they arise from segments 2-5 and suggested that Grehan
et a. (1991) had misinterpreted the numbering of anterior segments as the figures provided by the latter
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authors show only one segment present between the peristomium and that bearing the first pair of notopodia.
The segmental numbering system proposed by Rouse & Pleijel (2001) isfollowed in this paper.

In avinellids, there are four pairs of branchiae originating from segments 2-5 but, as said above, they
have migrated during ontogeny to a more anterior position in relation to the segments on which they originate.
They appear to arise from segments 1-2 in Alvinella pompejana (Fig. 3A, G) and segments 14 in Par-
alvinella grasdei (Fig. 3E). However, there are no remains of branchial stalks fused to the body wall (Fig. 3A,
E, G-). Branchiae are large structures in alvinellids. Each member of a pair has a thick central main stem,
from which arise multiple approximately triangular lamellae as in Alvinella pompgjana (Fig. 3A-D, G), or
thin cirriform filaments asin Paralvinella grasslei (Fig. 3E, H-l). The papillae at the base of the branchiae of
segment 4 in Fig. 3E indicate that the specimen is afemale (Zal et al. 1994; Jouin-Toulmond pers. com.).

Among the trichobranchids, Trichobranchus has 2—3 pairs of branchiae originating from segments 2-3 or
2-4, each pair consisting of one long, thick, unbranching filament on each side of the body, the first pair fre-
quently originating more dorsally than the second (Fig. 4F-G). In Octobranchus, there are four pairs of bran-
chiae originating from segments 2-5. In O. myunus Hutchings & Peart, 2000, each pair of branchiae consists
of one long, thick, unbranched filament on each side of the body, but according to Hutchings & Peart (2000)
different types of branchiae are found in other species of Octobranchus.

In Terebellides, there are two pairs of branchiae originating from segments 2 and 3, but these are basally
fused to each other and form a single, typically lamellate, four-lobed structure. This structure originates mid-
dorsally from a common stem on segment 2 (Fig. 4A-B), between segments 2 and 3, or between segments 2—
4 (Jouin-Toulmond & Hourdez 2006), and the single stalk present is formed by the fusion of the individual
stalks of the branchiae of segments 2, 3 and 4 (Hutchings & Peart 2000).

There is some confusion in the literature in regard to the segment from which branchiae arise in Terebel -
lides. Most of the available descriptions state that they arise from segment 3. However, although the origin of
the branchia is at the same level as the nephridia papilla on segment 3, segment 2 is oblique, with a dorsal
crest projecting posteriorly and segment 3 is usually dorsally inconspicuous and fused to segment 2 due to the
deflection of the body. The branchial stalk originates from this crest and, therefore, arises on the posterior part
of segment 2 (Fig. 4A-B), between segments 2 and 3, or segments 2—4. Garraffoni & Lana (2003, 2004)
stated that the branchiae of Terebellides originate from segment 3 and these authors labelled a figure by
Hutchings & Peart (2000) to show their interpretation of the anterior segments. According to the labels
inserted on that figure, we consider their segment 1 as the lower lip, the unnamed segment present in the fig-
ure but not labelled (Garraffoni & Lana 2004: 979, fig. 3A) as segment 1, and the branchial stalk to be inserted
on segment 2.

Terebellids also exhibit great intra-familial variation with regard to the structure of their branchiae. Typi-
cally there are 2—3 pairs of branchiae on segments 2—3 or 2—4, respectively, but the polycirrines and some gen-
era of terebellines completely lack branchiae. Other terebellines, such as Terebellobranchia natalensis Day,
1951, Polymniella aurantiaca Verrill, 1900 and some species of Terebella have branchiae present on discon-
tinuous segments. Species of Pistella Hartmann-Schroder, 1996 (Fig. 15G-1) and Ramex Hartman, 1944, have
asingle pair of branchiae on segment 2, and those of Scionella Maoore, 1903, have a single pair of branchiae
on segment 4 (Fig. 14B, E, H).

Among the branchiate terebellids, the thelepodines have branchiae as multiple short and thin filaments
originating directly from the body wall (Figs. 6A-B, D-G; 7A, C, E-H, J, 8C—F, |; 9C-H; 17E-G I). Inafew
taxa, the branchial filaments arise from raised swollen areas of the dorso-lateral surface (Fig. 9C-D). Often a
mid-dorsal gap is present between filaments of the left and right sides of the same pair. Usually, branchial fil-
aments do not extend laterally beyond the level of the notopodia, but this may occur on the first branchiferous
segment in some taxa (Figs. 8F, |; 9E).

Several abranchiate genera occur within Terebellinae: Arranooba Hutchings & Glasby, 1988, Articulatia
Nogueira, Hutchings & Amaral, 2003, Baffinia Wesenberg-L und, 1950, Hutchingsiella L ondofio-Mesa, 2003,
Lanassa Malmgren, 1866, Laphania Mamgren, 1866, Leaena Malmgren, 1866, Morgana Nogueira & Ama-
ral, 2001, Phisidia Saint-Joseph, 1894, Proclea (Fig. 13D), Pseudoproclea Hutchings & Glasby, 1990, Spino-
sphaera Hessle, 1917, and Sschapovella Levenstein, 1957 (Fig. 12A-B). Previous studies on the phylogeny
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of the group have demonstrated that the loss of the branchiae has occurred independently severa times within

the subfamily (McHugh 1995; Glashy et al. 2004; Garraffoni & Lana 2008).

All the branchiate terebellines have branching or non-branching filaments originating from a common
stem or from a discrete area on either side of the body wall, but these structures may assume a great variety of
shapes. Similar to Garraffoni & Lana (2008), in the present study we deal only superficially with them, but
any revision of genera such as Pista Mamgren, 1866 or Loimia Malmgren, 1866 should include a detailed
analysis of the method of branching, although branchiae can be lost presumably by predation and regeneration
certainly occurs. It is also possible that the development of branchiae may be habitat dependent (Hutchings
pers. obs.).

We recognize three major types of branchiae in terebellines:

(1) unbranching branchiae: characterized by long, unbranched branchial filaments originating from a short to
inconspicuous common stalk. This type of branchia occurs in several taxa, such as Amphitrite cirrata
Mdller 1771 in 1776 (Fig. 10A—-C), species of Artacama (Fig. 11A-B, D—H), Thelepides koehleri (Fig.
13F-G), and Scionella japonica (Fig. 14B, E, H).

(2) branching branchiae: characterized by the branches originating from a common stem with a variable num-
ber of ramifications and terminating in either short, thick, flattened filaments or cylindrical filaments of
variable length (Fig. 10E-G, 1). The first ramification may be either close to the origin of the main stem,
such asin species of Terebella (Fig. 15A—E) and Lanicola lobata Hartmann-Schroder, 1986 (Fig. 16D-E),
or at some distance from the origin and forming arelatively long common stem, sometimes exceeding the
length of several segments (Fig. 10E-G, I). Thistype of branchia may exhibit either dichotomous or arbo-
rescent branching depending on the number of ramifications, and the planes on which they occur. Dichot-
omously branching branchiae have few levels of ramification with branches coming off along the main
stem on the same plane, while arborescent branchiae have multiple levels of ramification in many planes.
These subtypes, however, are often difficult to distinguish from each other and several taxa present
intraspecific variation, sometimes in the same specimen (e.g., see the recently described Nicolea ceciliae
Santos, Nogueira, Fukuda & Christoffersen [2010]). Thisis possibly due to the loss and regeneration of
the branchiae. For this reason, we prefer to name both subtypes together as branching branchiae.

(3) plumous branchiae: characterized by the branchial filaments originating in a spiral around the common
stem, which is typically long. This type occurs in several species of Pista (Fig. 12D-H) and in Pistella
(Fig. 15GH).

In most branchiate terebellines, the pairs of branchiae are al approximately vertically aligned (Figs. 10A—
B; 12D—G) or the branchiae are progressively arranged more laterally (Figs. 10E, G, J; 11A) or more dorsally
(Fig. 13F). In some taxa, however, either the first pair of branchiae arises dorsally or ventrally in relation to
subsequent pairs, or the second or even the third pair may be out of alignment with the others. This occurs, for
instance, in Terebella lapidaria Linnaeus, 1767 (Fig. 15B, D). Branchiae may be approximately all the same
size, or progressively diminish or increase in size on successive branchial segments.

Glandular venter

Asin many tubiculous polychaetes, in addition to the glandul ar lobes frequently present on anterior segments,
the ventral surface of the anterior body of terebelliform polychaetes is highly glandular in all taxa except
trichobranchids. These glandular areas are ailmost certainly involved in the construction of the tube, or, in the
case of some polycirrines that have no tube, the secretion of mucus, which enables the worms to glide through
the substrate.

In Pectinaria dodeka (Figs. 1A; 2A-B), both ampharetids included in the present study (Figs. 2F; 17C—
D), and alvindllids (Fig. 3B-D, H-l), the entire ventral epithelium is glandular, but mid-ventral pads are
absent. In other ampharetids, such as Pseudoamphicteis papillosa Hutchings, 1977, the glandular ventral
areas are poorly marked, as in the thelepodine Thelepus australiensis Hutchings & Smith, 1997; neither of
these taxa were included in the present study. Rouse and Pleijel (2001) indicated that ventral shields are well
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developed in some other genera of ampharetids, but the authors did not list those genera. From material exam-
ined by one of us (PH) of arange of ampharetid genera, it would appear that the entire ventrum is glandular
rather than forming well defined glandular pads.

Similarly, in trichobranchids there are no glandular areas other than the short lobes encircling the seg-
ments. Such absences of glandular areas have been interpreted by Garraffoni & Lana (2004, 2008) as a syna-
pomorphy for the group, as these authors considered it as nested within Terebellidae.

In terebellids, the ventral surface of the anterior segments is much more glandular than in the other fami-
lies of terebelliform polychaetes, and usually this glandular area is followed by a mid-ventral groove with
small shieldsinside that extends to the pygidium. A similar, but less conspicuous mid-ventral groove, without
shields, is often present from the midbody in the other families of terebelliform polychaetes, although in pec-
tinariids it does not continue to the scaphal region.

In polycirrines, paired and sometimes highly papillate ventro-lateral pads are present on anterior seg-
ments, and the mid-ventral groove extends from close to the mouth, usually from segment 3 (Fig. 5C-D, I), to
the end of the body. Such paired ventro-lateral pads are sometimes difficult to notice in preserved material,
especialy if the specimens present the anterior body inflated and distended (Fig. 5D, F), but they are clearly
glandular and the tissues are far more swollen than adjacent areas. Mid-ventral shields begin from segment 1
and continue inside the mid-ventral groove from the segment on which this groove begins; shields are larger
and swollen on segments 1-2, the largest on segment 1, below the lower lip and partially or completely
obscuring it (Fig. 5C-D, F, 1). From segment 3, mid-ventral shields are short and rectangular, usually forming
a narrow mid-ventral stripe inside the mid-ventra groove (Fig. 5C-D, I). Garraffoni & Lana (2008) inter-
preted the shields inside the mid-ventral groove as ventral pads, however, even if they are aso glandular,
which is uncertain, they are much less swollen than the ventro-lateral pads and therefore we do not consider
the main glandular areas of polycirrines and terebellines as homologous structures. Detailed studies on the
development of these structures are needed before the statements of Garraffoni & Lana (2008) can be
accepted (see below).

In both groups of thelepodines (A + B), discrete ventral pads are absent and the whole ventral surface is
highly glandular, cushion-like, and sometimes corrugated (Figs. 6A, D-E; 7B, D-F, I, K; 8A-C, E-; 9A-B,
E, H-J; 17E, H). Garraffoni & Lana (2008) considered the condition of the ventral surface of thelepodines as
the same state found in alvinellids and ampharetids, but we also disagree with this, as we distinguish a much
greater development of the glandular areas in this subfamily than in both the latter families. In addition, it is
also unclear to us what Garraffoni & Lana (2008: 611) considered as paired glandular pads in Thelepodinae,
as we consider the entire ventral surface of anterior segments of thelepodines as uniformly glandular between
neuropodia.

In terebdline terebellids, the glandular epithelium is limited to rectangular to trapezoidal mid-ventral
pads, usually white in live material, that extend from the anterior segments to the posterior part of the region
with biramous parapodia, and decrease in size posteriorly (Figs. 10D, F; 11C, E, G-H; 12B-D, G; 13A-C, E;
14A, D, F-G; 15C, F-G, I; 16A-D, F-G). Shields may all be similar or the anterior ones may be corrugated to
varying degrees, such as in both species of Reteterebella Hartman, 1963, although this may be an artifact of
preservation, with contraction of the anterior segments following the eversion of the pharyngea organ at
death. In several taxa of terebdllines, such as Amphitrite lobocephala Hsieh, 1994, shields on segments 2 and
3 are fused to each other in asingle, distally rounded structure (Fig. 10F, H).

L ondofio-Mesa (2003, 2006, 2009) and Londofio-Mesa & Carrera-Parra (2005) provided numerous exam-
ples of the importance of the segments on which the shields begin and terminate in distinguishing between
species of terebellines, but this has not usually been recorded in species descriptions. This may be due to the
difficulty in determining the exact segment on which the shields begin, since the anterior segments, in addi-
tion to often being contracted, are shorter and compressed.

In terebellines, a mid-ventral groove is developed posterior to the last glandular pad, extending to the
pygidium, with short shields sometimes visible within the groove. Depending on the condition of the pre-
served material, it is often difficult to determine precisely the segment on which the glandular pads terminate.

18 . Zootaxa 2460 © 2010 Magnolia Press NOGUEIRA



Nephridial and genital papillae

The gular membrane is present in all terebelliform polychagetes (Rouse & Fauchald 1997), dividing the body
coelom into two sections: an anterior part, with excretory functions, and a posterior one where gametes
develop and where septa between segments along the body are absent or incomplete (Zhadan pers. comm.).
Except for pectinariids, which, according to Zhadan & Tzetlin (2003), have it “behind the second pair of ten-
tacular cirri” (between segments 2—3, according to the numeration provided above), the gular membrane lies
between segments 4 and 5 (segments 6 and 7 in Terebellides and alvinellids, according to Jouin-Toulmond &
Hourdez [2006], but we consider their numeration of segments equivocal, as explained above). Thus, since
the internal openings of the nephridia are situated in the segment anterior to where they exit, the papillae up to
segment 5 are assumed to be excretory (nephridial papillae) and those from segment 6 onwards are assumed
to be genital papillae (gonoducts) through which gametes are released (Smith 1992, 1994). Information on
these structures, however, is rarely provided in taxonomic descriptions. Hessle (1917) suggested a classifica-
tion of the Terebellidae based on the distribution of the nephridia but this has rarely if ever been followed and
isdifficult to use, asit requires a dissection of the material, which is not feasible on museum type series.

Nephridial papillae are commonly situated on segments 3 and 4, with those on segment 3 usually larger.
Genital papillae occur in the following locations: (1) dorsal to the notopodia; (2) aligned with the notopodia
and posterior to them; or (3) inserted between the parapodial lobes. However, while genital papillae are pres-
ent in most taxa, they may become prominent only when the animals are mature. In the material examined for
the present study, intraspecific variation of the number of genital papillae was sometimes observed, which
may reflect specimens collected at different stages of sexual maturity.

In Pectinaria dodeka there is one pair of spherical papillae on segment 1 present laterally to the base of
the first pair of tentacular cirri. Two pairs occur on segment 2, also laterally placed in relation to the base of
the second pair of tentacular cirri, the lateral-most papillae larger and digitiform, and the other spherical (Fig.
2A-B). It is unclear whether those papillae are nephridial papillae or have another function because Zhadan
(pers. comm.) stated that pectinariids have nephridial (= genital) papillae on segment 5 and some additional
genital papillae on more posterior segments. Except for those papillae on segments 1 and 2 mentioned above,
no other papillae were observed in the present study. Patterns for other genera are provided by Hessle (1917),
according to whom the first pair is presumed to be excretory only and subsequent ones are both excretory and
used for discharge of gametes. The segments on which they are present vary: Petta has these mixonephridia
on segments 4-7, whereas in Amphictene, Cistenides Malmgren, 1866, Lagis, and Pectinaria they are present
on segments 4, 7, and 8 but not on segments 5 and 6.

In the ampharetid Amphicteis dalmatica, nephridia papillae are absent, but in Melinna elisabethae there
are four pairs of nephridia on segments 4—7 (segments 5-8, according to Mackie & Pleijel [1995], however
the numbering of the anterior segments provided by Mackie & Pleijel is equivocal, as explained above). Gen-
ital papillae are only visible at the time of maturity (Hutchings 1973). Hutchings (1973) confirmed the find-
ings of Goodrich (1945) that the first pair of segmental organs appearsto have only an excretory function and
the posterior pairs are used both for excretion and gamete release.

According to the literature, in Paralvinella grasde there are two pairs of nephridia, the first having an
excretory function with nephridiopores opening above the notopodia of segment 4 (segment 5, according to
Jouin-Toulmond & Hourdez [2006]), the second genital, opening through a single mid-dorsal pore at the base
of the branchiae (Zal et a. 1994; Jouin-Toulmond & Hourdez 2006); a similar condition occurs in Alvinella
pompejana (Jouin-Toulmond et al. 1997; Desbruyéres et al. 1998; Zhadan et al. 2000; Jouin-Toulmond &
Hourdez 2006). In addition, females of Paralvinella grasslei have one pair of papillae at the base of the last
pair of branchiae (Fig. 3E), with unknown function (Zal et al. 1994). We did not observe those nephridiopores
in any of the specimens examined for the present study. Instead, in Alvinella pompejana we noticed structures
that have not previously been mentioned in the literature. These are a pair of small papillae between the
parapodial |obes on segments 9 and 10, and two pairs of papillae from segment 11 (considering they are found
on both sides of the body), present on alarge number of segments (Fig. 18F). We thought those papillae could
have genital functions, as they begin on segment 9, posterior to the gular membrane. Both Zhadan (pers.
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comm.) and Jouin-Toulmond (pers. comm.), however, considered this very unlikely. Jouin-Toulmond (pers.
comm.) suggested thaose pores could be related to the bacterial filaments that cover these animals from mid-
body. We do not fully agree with this interpretation, as the filaments begin posteriorly to the first occurrence
of papillae and they occur dorsally, while the papillae are laterally located.

In Paralvinella grasslel, such papillae are absent but notopodial digitiform cirri are present on segments 7
and 9-18 (Fig. 18E) or on later segments, and these structures could also have agenital function, being used to
discharge gametes.

In trichobranchids, Hessle (1917) stated that in Terebellides nephridia are present on segments 3 and 67,
and Jouin-Toulmond & Hourdez (2006) confirmed that and said that the first and the last pairs have excretory
functions and the intermediate pair is used to discharge gametes. In both species of Terebellides examined for
the present study, papillae on segment 3 are large, digitiform, situated above the notopodia in T. narribri
Hutchings & Peart, 2000, which has notopodia beginning from segment 3, or vertically aligned with the
notopodia of segment 4 in T. anguicomus, which has notopodia from segment 4 (Figs. 4A-B; 18C). Papillae
on segments 6—7 are much shorter in both species, especially the last pair, and are located posterior to the
notopodia (Fig. 18C).

In addition, segments 4—7 have pronounced glandular swellings posterior to the notopodia and close to the
posterior borders of the segments (Figs. 4A; 18C). These structures may be part of the lobes or reflect internal
organs of unknown nature.

In Trichobranchus, nephridia are present on segments 3 and 7, according to Jouin-Toulmond & Hourdez
(2006), but we could not observe papillae on these segments (Fig. 4G).

Among the terebellids, most polycirrines appear to lack nephridial papillae and usually have three or more
pairs of genital papillae, although nephridia are often visible through the transparent body wall.

Most thelepodines have one or two pairs of nephridial papillae on segments 4 and 5, or only on segment
5, and two pairs of genital papillae on segments 6—7 (Figs. 6A-B, F; 8F, I; 9, H; 17E-G), with the genital
papillae usually larger than the nephridia papillae.

In many taxaof terebellines, nephridial papillae are often not visible, although presumably nephridia must
be present to allow for discharge of excretory products. When visible, nephridia papillae are present on seg-
ment 3, or 3 and 4, occurring laterally to the branchiae (Figs. 10A—C; 11B, D; 15E) and, in taxa with large
lobes, these papillae are present usually between the base of the branchiae and the lobes (Figs. 10G, J; 14B-C,
E, H). Genita papillae are frequently visible in terebellines, at least in mature specimens, with their distribu-
tion and numbers varying between taxa (Figs. 10B—-C, |; 11B; 12B, F; 14E; 15B, D).

Notopodia and notochaetae

Some of the most important taxonomic characters of terebelliforms are related to the notopodia and notochae-
tae. The segment on which the notopodia first appear, the number of pairs of notopodia, and the morphology
of the notochaetae are critical for defining genera, especially in terebellids. Also, in several taxa of Terebelli-
formia the first pair of notopodia may be shorter than the following ones and/or situated in a more dorsal or
ventral position in relation to the following pairs and with shorter notochaetae.

Except for the paleae of pectinariids and some ampharetids, and the robust hooks found on one or two
segments of alvinellids, in al terebelliform polychaetes the notochaetae are arranged in two tiers, the posterior
one usually with longer chaetae. While most taxa have asingle type of chaetathroughout, in others the type of
notochaetae varies between tiers or the type(s) of notochaetae varies along the body. Glasby et al. (2004),
while noting the variation within a single podium, did not consider such variation along the body as did Gar-
raffoni & Lana (2008), but these variations have rarely been mentioned in taxonomic descriptions or even
phylogenetic studies (McHugh 1995).

Traditionally, the notochaetae of terebelliform polychaetes have been considered as being either distally
smooth or distaly serrated (Fauchald 1977; Hutchings & Glasby 19863, b, ¢, 1987, 1988, 1990; McHugh
1995, Garraffoni & Lana 2008, among others). However, Hutchings & Glasby (1988) noted that most of the
so-called smooth-tipped chaetae are finely denticulate under high magnifications while Glasby et al. (2004)
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suggested serrated chaetae actually consist of more than one type.

In fact, although the notochaetae of terebelliform polychaetes have been divided into two basic types, dis-
tally smooth or distally serrated, a variety of terms have been used to describe the variations of these types
(Day 1967; Hutchings & Murray 1984; Holthe 1986; Hutchings & Glasby 1988; Hutchings & Smith 1997)
and authors have not been consistent over time. In this paper, we propose a new classification of chaetae into
two major types, those with tips being distally winged or distally serrated, and each then being sub-divided.
The types of notochaetae found in terebelliform polychaetes are listed in Table 4.

Distally winged notochaetae are characterized by having limbation extending to the tip of the chaeta,
although in a few taxa the limbation terminates subdistally and is followed by an alimbate smooth tip (see
below). Except for Alvinella pompejana and species of Proclea, which have hirsute limbation (see below),
distally winged capillaries have smooth to striated limbation under light microscopy. They appear minutely
denticulate under the highest magnifications of the light microscope and SEM, having teeth of uniform size
evenly distributed along the entire length of the limbation (Figs. 20D; 24D, G). Distally winged notochaetae
are divided into subtypes based on the width and length of the limbation, and, in the case of the notochaetae of
the posterior tier, the point at which the limbation begins. Thislatter character isnot useful for the notochaetae
of the anterior tier because, as they are typically shorter, they have the limbation from the base. Distally ser-
rated notochaetae are characterized by the presence of a distal blade with teeth present only along the cutting
edge of the blade. This type of notochaeta is subdivided mainly by the presence or absence of alimbate area
below the serrated blade, the angle (o)) between the serrated blade and the shaft (Fig. 19A), and whether or not
there are some differentiated areas below or on the serrated blade.

Whileit istypically stated that pectinariids have smooth capillary chaetae, a study by Hutchings & Peart
(2002) revealed that some are winged capillaries with finely hirsute surfaces and vary from ones with finely
pointed tips to those with strongly curved tips, and include some with pectinate margins. In addition to paleae
on segment 1 (Figs. 1A; 2A-B, D-E), Pectinaria dodeka has two types of notochaetae on the 17 pairs of
notopodia that begin from segment 5; the first two pairs of notopodia are shorter than the others and ventrally
aligned to them (Figs. 1A; 2A—B). The anterior tier of notochaetae bears subdistally limbate, distally serrated
chaetae, having the blades at an angle lower than 90° with the shafts (Fig. 19A, C), the posterior tier presents
distally narrowly winged chaetae having a limbation present on the distal third of the chaetae (Fig. 19A-B).
The narrowly winged notochaetae type is defined as having limbation distinctly narrower than the width of
the shaft.

Amphicteis dalmatica has pointed paleae on segment 1 (Figs. 2C, F; 19E—F) and narrowly winged chaetae
on the 17 pairs of thoracic notopodia present from segment 2. The first three pairs of notopodia are much
shorter than those on segment 5 and are dorsally aligned with them; they subsequently become progressively
more lateral (Fig. 2F-H). All the notopodia have a rounded papilla at the tip (Fig. 18A—B, D). The notochae-
tae on both tiers have a basally geniculate limbation, and those of the posterior tier are thicker, with limbation
present on the distal half (Figs. 18B; 19G-H). In thistaxon, the notopodia continue as short achaetous papillae
(Fig. 1C) onto the region beyond where the notochaetae terminate. Holthe (1986) suggested that the neuropo-
dial papillae on the region after the notopodia terminate are not related to dorsal cirri associated with notopo-
dia, but in this species, in addition to those neuropodial papillae, there is another set of papillae present in a
notopodial position (Fig. 1C). In other ampharetid taxa, notopodial structures are completely absent after
notochaetae terminate (Hutchings 2000).

In Melinna elisabethae, paleae are absent, but one stout notopodial hook is present on each notopodium of
segment 3 (Fig. 17A-B). Notopodia with typical notochaetae begin from segment 4 or 5 and extend for 15-16
segments, with the first two pairs shorter than the following pairs and dorsally aligned. Both notopodial tiers
have distally limbate, narrowly winged chaetae with basally geniculate limbation (Fig. 19D); the chaetae in
the posterior tier have limbation present on the distal half.

Some genera of ampharetids have the posterior notopodia el evated and displaced dorsally with modified
notochaeta that differ from all other notochaetae present. The position of those modified notopodia is impor-
tant to define the genera: they can be present on chaetiger 9 (Mugga Eliason, 1955), chaetiger 10 (Muggoides
Hartman, 1965), chaetiger 11 (Anobothrella Hartman, 1967), chaetiger 10 or 11 (Anobothrus Levinsen, 1884
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and Sosanides Hartmann-Schroder, 1965), chaetiger 13 (Sosanella Hartman, 1965) or chaetiger 14 (Sosane
Mamgren, 1866).

These modified notochaetae, which may be numerous, may be distally broad and frayed (Muggoides cinc-
tus Hartman, 1965: 220-222 and Plate 48d [354]) or distally pointed and hirsute (Anobothrus antarcticus
Monro, 1939 and A. gracilis[Mamgren, 1866; chaetal figures by Hilbig 2000a: 193, Fig. 8.9d]).

In avinellids, Alvinella pompejana has notopodia beginning on segment 2 and extending nearly to the
pygidium (Fig. 1E). The notopodia on segment 2 are shorter than the following pairs and dorsally aigned
(Fig. 3A, C), and those on segments 56 have robust, distally pointed hooks (Figs. 3A, G; 18F). The remain-
ing notopodia have an anterior tier of hirsute winged capillaries and a posterior tier of distally serrated chae-
tae, with the blade along the same angle as the shaft and two rows of large teeth (Fig. 20A).

Paralvinella grasslei has notopodia from segment 2 with the first three pairs much shorter than following
pairs. The notopodia of segments 3 and 4 are dorsally aligned to those of segment 2, and those of segments 5—
7 are progressively more laterally aligned (Fig. 3I). Except for segment 8, the notopodia of Paralvindla
grasslel have, in both tiers, distally narrowly winged notochaetae, with the chaetae in the posterior tier having
limbation on the distal half (Fig. 20B—C). Segment 8 has notochaetae as robust, distally pointed hooks (Fig.
3H-1).

All trichobranchids have distally narrowly winged notochaetae in both tiers (Figs. 20D-G; 21A-B). Taxa
in this group vary in the number of pairs of notopodia present, the segment on which they begin, and the
extent of limbation on the posterior tier of notochaetae.

Octobranchus myunus has 16 pairs of notopodia beginning from segment 4, with the first pair shorter than
the rest and those on segments 4—6 dorsally aligned to the subsequent ones, which are progressively inserted
more laterally. The notochaetae of the posterior tier have limbation restricted to the distal third (Fig. 21A-B).

In Terebellides, the notopodia begin from segment 3 or 4, with 17 or 18 pairs present, depending on where
they begin. The first one or two pairs are shorter than the following ones and dorsally aligned to them (Fig.
18C). Chaetae of the posterior tier are entirely limbate (Fig. 20D, G).

Trichobranchus has 15 pairs of notopodia present beginning from segment 6. In T. bunnabus, the first two
pairs of notopodia are slightly shorter than subsequent ones, and they arise progressively more laterally. From
segment 6, the notopodia are vertically aligned (Fig. 4FH). The notochaetae of the posterior tier are entirely
limbate (Fig. 20E-F).

Among polycirrine terebellids, only four genera possess notopodia: Amaeana Hartman, 1959, Enoplo-
branchus Webster, 1879, Lysilla Malmgren, 1866 and Polycirrus; except for Enoplobranchus and some spe-
cies of Palycirrus, they are restricted to the anterior part of the body. In this group, the notochaetae are either
distally narrowly winged, with the limbation extending for most of the length, or pinnate. This latter type is
only found in the polycirrines. Both types of chaetae may be present on the same notopodium, onein each tier
(Fig. 21C), or only asingle type is present throughout, varying intragenerically.

In the thelepodines, most taxa have distally narrowly winged notochaetae, but more specialized chaetae
are present in afew taxa. In the thelepodines of Group A, al genera have notopodia beginning from segment
3. Decathelepus, Parathelepus, Rhinothelepus, and Telothelepus have 15 pairs of notopodia, while Glosso-
thelepus mexicanus has at least 23 pairs of notopodia, although the absolute number is not known as all col-
lected specimens are posteriorly incomplete and have notopodia extending until the ends of the fragments
(Hutchings & Glasby 1986a). Decathelepus has distally narrowly winged notochaetae, with those in the pos-
terior tier with limbation present on the distal half of each chaeta. Glossothelepus mexicanus has anterior
notopodia with bayonet chaetae in the anterior tier and distally narrowly winged chaetae in the posterior tier,
having limbation present on the distal third of each chaeta; on posterior notopodia, chaetae in both tiers are
distally very narrowly limbate, almost alimbate. Both species of Rhinothelepus included in the present study
have anterior notopodia with bayonet notochagetae on the anterior tier, and distally narrowly winged chaetae in
the posterior tier, having limbation present on the distal third of each chaeta (Fig. 22A, D). The posterior
notopodia have distally narrowly winged chagetae present in both tiers, with those from the posterior tier hav-
ing limbation on the distal third of each chaeta (Fig. 22B—C, E). Bayonet chaetae are defined as having avery
narrow limbation terminating subdistally in a bulbous and hispid head, followed by a short acuminatetip (Fig.
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22A,, D). These chagetae resembl e those of some sabellids (Fitzhugh 1989).

In the thelepodines of Group B, notopodia begin from segment 2 or 3 and a large number of pairs of
notopodia are present, usualy extending into the midbody and sometimes amost to the pygidium. Most taxa
have distally narrowly winged chaetae in both tiers (Fig. 23A—B, D), with intrageneric variation regarding the
point at which limbation begins.

In Pseudothel epus binara, chaetae in the anterior tier are distally narrowly winged, and the shaft is genic-
ulate and inflated at the base of the limbation (Fig. 21D-E). In Euthelepus serratus (Fig. 22—G) and Pseu-
dostreblosoma Hutchings & Murray, 1984, chaetae in the anterior tier are distally serrated, with the blade and
shaft vertically aligned (Hutchings & Murray 1984; Hutchings & Glasby 1987; Nogueira & Alves 2006). In
all species of Sreblosoma Sars, 1872, the notochaetae are distally winged, but some speci es have notochagetae,
especially in the anterior tier, with limbation almost as broad as the width of the shaft, and they appear lance-
olate with atwisted tip under SEM (Fig. 23C, E-F).

Most terebelline genera have 17 pairs of notopodia, beginning from segment 4, although some have them
beginning from segments 2-5. Also, there is a great variation in the number of pairs present, from 1011 in
Leaena, to severa species of Terebella where notopodia continue almost to the pygidium.

As there is so much variation in the morphology of notochaetae present, we propose a hew classification
of notochaetae in the Terebellinae.

Distally winged chaetae consist of three types:

(1) Narrowly winged chaetae (Figs. 24A-B, D-G; 25A-B, E-F; 26A, C; 27A, F; 28E; 29A-B; 32A-B): the
most common type, characterized by a long, narrow limbation extending to the tip. The limbation is
aways minutely denticulate under SEM, and often visible under oil emersion, with denticulation all
around the shaft (Figs. 24D, G; 29A-B; 32B). These denticulations differ from those present on the ser-
rated chaetae type, where they occur in a single distinct row and are more robust, usually distally sharp.
The limbation may be of even width around the blade, or wider on one side, in which case they may
appear geniculate at the base of the limbation wing (Figs. 24A; 25E—F; 26A, C). This type of chaetae is
also common in sabellids (Fitzhugh 1989); however, a study on the ultrastructure and development of
these chaetae should be undertaken to determine if they are homologous.

(2) Broadly winged chaetae (Figs. 25A—E, H-l; 26E—F; 28A; 30E): notochaetae that are similar to the nar-
rowly winged type, but with alimbation that is at least the same width as the shaft. This type of chaetais
also similar to one type of chaeta of sabellids (Fitzhugh 1989). In the case of the notochaetae from the
anterior tier of species of Leaena (Fig. 25C, H) and Laphania boecki Malmgren, 1866 (Fig. 25E, 1), and
both tiers in the anterior notopodia of Thelepides koehleri (Fig. 26E), the limbation is broad on both mar-
gins and it terminates subdistally, followed by a gently tapering alimbate tip (Fig. 26E). In the anterior tier
of notochaetae of Artacama (Fig. 25A-B) and Pista, the posterior tier of Leaena (Fig. 25C-D) and the
posterior tier of the posterior notopodia of Thel epides koehleri (Fig. 26F), al have broad limbation on one
margin and are geniculate. In species of Spinosphaera that have true Spinosphaera-chaetae sensu
Nogueira & Hutchings (2007) on the posterior notopodia (see below), the chaetae of the posterior tier of
the anterior notopodia have broad limbation on both margins and a sinuous shaft (Figs. 28A; 30E). Thisis
considered to be transitional to the true Spinosphaera-chaetae present on posterior notopodia, which have
similar subdistal broad limbation on both margins with a sinuous shaft (Figs. 28B—C; 30F).

(3) Hirsute chaetae (Figs. 26B, D; 27C, E; 28F, H-): broadly winged notochaetae, sometimes geniculate, with
the limbation strongly hirsute, resembling distally serrated chaetae but with long hairs al around the lim-
bation. Thistype of chaeta occurs only in the posterior tier of the posterior notopodia of Proclea species.
A possiblefourth type of distally limbate capillary, the “quill-like” chaeta, is known to occur only in Arra-

nooba on segment 14. However, we could not study this type of chaeta because they are al shaved off in the

holotype, which is the only known specimen of this taxon.

Distally serrate chaetae consist of four types:

(1) Saw-like chaetae (Figs. 24C; 25G; 26B, F-G; 27A-D; 28B, D-G; 29C-E, G; 30C-D, F; 32A): thistype of
notochaeta is characterized by having an alimbate shaft and a long serrated and relatively transparent
blade. As these teeth are very close to each other, they appear as numerous “striations’ transverse to the

MORPHOLOGY OF TEREBELLIFORMIA Zootaxa 2460 © 2010 Magnolia Press - 23



axis of the shaft (while true striations are always oblique or along the same axis as the shaft). Saw-like
chaetae can have the blade in line with the shaft, at least at the base of the blade, since the tip is often
curved backwards (Figs. 25G; 26B, FG; 27A-D; 28E-G; 29E, G), or the base of the blade isclearly at an
angle to the shaft, and sometimes the tip is rotated (Figs. 24C; 28B, D; 29C-D; 30C-D, F; 32A). These
subtypes are sometimes difficult to distinguish from each other because the difference in the angle of the
blade in relation to the shaft may be small (Figs. 28B, D; 30F; 32A). This type of notochaeta most com-
monly occurs in the anterior tier of notochaetae of the posterior notopodia (Figs. 25G; 26B, —G; 27C-D;
28B, D, F-G; 30F), but it may also occur in both tiers of the posterior notopodia, as in Hutchingsiella
cowarrie (Hutchings, 1997a) (Fig. 24C), Baffinia biseriata Hutchings & Glasby, 1988 (Fig. 29C-D) and
Terebella lapidaria (Fig. 30C-D), or it may be present from the anterior notopodia onwards, as in some
species of Proclea (Figs. 27A-B; 28E—G), Phisidia (Fig. 29E) and Morgana (Fig. 32A). The name “ saw-
like chaetae” was proposed by McHugh (1995) who considered these chaetae as a synapomorphy for the
genus Proclea, but they occur in severa other taxa.

(2) Limbate and serrated chaetae (Figs. 27G-H; 28A, J, 29G; 30A-B; 31A-J; 32C-E, G—H): this type of
notochaeta is characterized by a limbate shaft with the limbation terminating subdistally, followed by a
serrated blade. The limbation may either be restricted to a short swelling or thickening on the shaft, asin
Spinosphaera oculata Hartman, 1944 (Fig. 27G—H) and several species of Terebella (Fig. 31C-J), or it
may be basally inflated or bulbous, asin species of Phisidia (Fig. 29G), other species of Terebella includ-
ing the type species T. lapidaria (Fig. 30A—B), and Longicarpus Hutchings & Murray, 1984 (Fig. 31A-B).
The blade may be either long or short in relation to the length of the shaft. It may be approximately in line
with the shaft, as in the anterior tier of notochaetae of the anterior notopodia of S. harrisae Londofio-
Mesa, 2003 (Fig. 28A, J), in Phisidia (Fig. 29G), Longicarpus (Fig. 31A-B) and some species of Tere-
bella (Fig. 31C-J), or at an angle to the shaft, as in Spinosphaera oculata (Fig. 27G—H) and Terebella lap-
idaria (Fig. 30A-B). In these cases, the notochaetae have previously been referred to as “flail-tipped
capillaries’ (Hutchings & Glasby 1988). The serrations on the blade are typically conspicuous, but some-
timesthey are small and only seen under oil immersion and SEM, and have previously been referred to as
“finely denticulate capillaries’ (Day 1967; Hutchings & Glasby 1988). We have not distinguished
between teeth size and we have referred to both types of notochaetae as “limbated and serrated chaetae”.

(3) Deep-cut chaetae (Fig. 32C—H): this type of notochaeta is characterized by having a limbate shaft and a
serrated blade articulated with the shaft due to a deep cut at the base of the blade. It occurs only in the
anterior tier of notochaetae of the posterior notopodia of Articulatia aberrans Nogueira, Hutchings &
Amaral, 2003, being a possible synapomorphy for that taxon. The name “deep-cut chaeta’” was used by
Nogueira et al. (2003) in the original description of A. aberrans.

(4) Spinosphaera-chaetae (Figs. 28B—C; 30F-G): this type of notochaeta is characterized by a shaft with a
broad limbation at midlength followed by a hirsute process and a finely serrated blade. They occur in the
posterior tier of notochaetae of the posterior notopodia of some species of Spinosphaera. The name
“ Jpinosphaera-chaeta’ was proposed by Londofio-Mesa (2003), and while the description of the
notochaetae provided is very detailed and complete, the drawings included in his paper actually corre-
spond to the definition of “limbate and serrated chaetae” given above (Londofio-Mesa 2003: 750, Fig.
2C), because the hirsute region between the wing and the serrated blade is absent (to compare that figure
with illustrations of true Spinosphaera-chaetae, see Hessle [1917: 209, Fig. 60A] and the figures provided
in the present paper [Figs. 28B—C; 30—G]). Since the genus Spinosphaera was described (Hessle 1917),
Hartman (1944) described a second species, S. oculata, Londofio-Mesa (2003) described three more spe-
cies, S. carrerai Londofio-Mesa, 2003, S. harrisae and S. hutchingsae Londofio-Mesa, 2003, and
Nogueira & Hutchings (2007) described an additional species, S. barega Nogueira & Hutchings, 2007.
However, according to the figures provided by Londofio-Mesa (2003), Hessle (1917) and our own exami-
nation, of these six speciesonly S. harrisae (Fig. 28B—C), S. barega (Fig. 30F-G), and S. pacifica Hesdle,
1917, have true “ Spinosphaera-chaetae’. If this type of chaetais shown to be a synapomorphy for Spino-
sphaera, the remaining three species described by Hartman (1944; Fig. 27FH) and Londofio-Mesa
(2003) will need to be allocated to another genus.
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In several taxa of terebellids, thereis atransition in the type of notochaetae present in one or both tiers of
notochaetae from anterior to posterior notopodia (Figs. 24B—C; 25E—F, G, |; 26A-G; 27A—H; 28A-J; 29A-G;
30A—-G; 32B—H). This transition from one type to another is often abrupt, usually occurring on segment 11,
but in others, such as in some species of Phisidia, this transition occurs gradually, with the chaetae on the
anterior segments having limbation terminating subdistally followed by an alimbate blade with fine spines at
the tip. These spines become progressively thicker over several segments until by segment 11 a well formed
serrated blade is present (Fig. 29E-G).

Neuropodia and neurochaetae

Various characters of the neuropodia and neurochaetae are important for diagnosing subfamilies and genera,
including the segment on which the neuropodia first appear and the arrangement and morphology of the
uncini. For example, McHugh (1995) considered the presence of uncini arranged in double rows on at least
some chaetigers as the synapomorphy of Terebellinae and synonymised Artacaminae with it, as both present
this character.

In pectinariids (Fig. 1A-B) and ampharetids (Figs. 2F; 17A, C-D), the neuropodia are large rounded to
semicircular structures. In pectinariids, the posterior part of the body is modified into a sucker-like scaphal
region, on which the neuropodia are absent (Fig. 1A-B) and which may or may not be separated from the rest
of the body. In ampharetids, the neuropodia are similar shaped throughout, although smaller and with a short
and rounded papilla on the dorsal edge in the region after the notopodia terminate in our studied taxa (Figs.
1C; 34E). As said above, Holthe (1986) suggested that these papillae are not related to dorsal cirri associated
with notopodia and we agree with that, since they are clearly neuropodial structures.

In alvinellids, the neuropodia are sessile ridges extending onto the posterior body (Fig. 1E). In Alvindla
pompejana, neuropodia are present from segment 10, and from segment 13 in Paralvinella grasslei.

In trichobranchids, the segments with biramous parapodia have neuropodia as sessile ridges (Fig. 4 A, G—
H) and those on the region after the notopodia terminate as raised, rounded to |eaf-shaped pinnules (Fig. 1D,
I-K) with uncini on the distal margin. The uncini are attached by ligaments to the internal skeletal shafts of
the neuropodia (Fig. 36B, G). Such internal shafts have been referred to as ligaments by some authors (Hilbig
2000b), or regarded as part of the uncini by others. In the material examined for the present study, especialy
on poorly preserved specimens, they were sometimes exposed to reveal chitinous structures independent of
the uncini and connected to them by light, transparent ligaments. Similar shafts occur in the neuropodia pin-
nules of ampharetids (Fig. 34G) and many terebellids (see below).

In polycirrines, neuropodia are absent in Hauchiella and Lysilla (Fig. 1H) but present in Amaeana, Bire-
mis Polloni, Rowe & Teal, 1973, and Polycirrus. In Amaeana, they are sessile and found only on the posterior
segments situated lateral to the mid-ventral stripe, while in Biremis and Polycirrus they form raised pinnules
(Fig. 1F), which are bilobed in Biremis, according to Polloni et al. (1973).

Thelepodines of Group A usually have neuropodia of the biramous parapodia as sessile ridges (Figs. 6A,
E; 7B, E-G) and neuropodia of the region after the notopodia terminate as slightly raised pinnules (Fig. 1G).
Thelepodines of Group B usually have the neuropodia of the biramous parapodia as low, fleshy ridges (Figs. 8
A, C, E-F I; 9A, E, H; 17E-G) and those after the notopodia terminate as pinnules. In this group, however,
the distinction between these regions is not clear since biramous parapodia occur into the posterior body in
many taxa.

In terebellines, the neuropodia of the biramous region are low ridges, sometimes fleshy, but usualy less
elevated than those of thelepodines of Group B (Figs. 10F, |; 11B, E, G-H; 12B, D, G; 13A-B, E, G; 14A-B,
D-E, G; 15A-B, D-E, G I; 16A, C-E, G; 33A-B, D). In most taxa, the neuropodia on the region after the
notopodia terminate are raised pinnules with internal chitinous shafts, with a well-marked transition between
the region with biramous parapodia and region after notopodia terminate (Fig. 33A-C, E), but in those taxain
which the notopodia extend to the posterior segments, the neuropodia are similar throughout, although
decreasing in size posteriorly (Fig. 33G). Dorsal papillae are commonly found on the neuropodia of the region
after notopodia terminate of terebellines (Fig. 33F) and, in Artacama, they form digitiform, distally pointed
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structures or large ear-shaped lobes (Fig. 33B—C). Garraffoni & Lana (2008) considered those neuropodial
lobes as exclusive to Artacama, but we believe they are homologous to the neuropodial papillae that occur in
severa other taxa.

Except for species of Amaeana (see below), all other terebelliform polychaetes have neuropodia with
uncinial neurochaetae. In ampharetids of the subfamily Melinninae (Fig. 34l) and the trichobranchid Terebel-
lides (Fig. 35G—H), anterior to the first pair of neuropodia with uncini there are one to a few segments with
thin, distally pointed neuropodial spines.

The morphology of the neuropodial uncini varies considerably within terebelliform polychaetes. Pecti-
nariids usually have bipectinate uncini with stout handles, each series of teeth with the basal teeth shorter than
the middle ones, and some having a crest with more than two rows of teeth (Fig. 34A-B). Holthe (1986) dis-
cussed the variation of the morphology of the uncini within the genus Pectinaria, and compared those of P.
californiensis Hartman, 1941 and P. regalis (Verrill, 1900), based on the original description of P. californien-
sis by Hartman (1941) and the redescription of P. regalis by Long (1973). Both species have bipectinate
uncini with an arched row on top and a gutter-like prow on the bottom, but in P. californiensis a main fang and
adorsal button are present (Holthe 1986: 36, Fig. 8A), whereas both these structures are absent in P. regalis.
Another variant isfound in P. koreni (Mamgren, 1866), illustrated by Hausen (2005: 42, fig. 3A), which hasa
different type of uncinus. Cistenides also has uncini with teeth arranged in two rows.

In Pectinaria dodeka, the main fang and a dorsal button are not differentiated and the prow appears as a
single vertical line when viewed laterally (Fig. 34A), and as a cluster of densely packed tiny teeth when
viewed frontally with SEM (Fig. 34B). This highlights the need to describe the uncinia structure of all tere-
bellomorphsin both lateral and frontal views, and the desirability of SEM examination to reveal the dentition.
Holthe (1986) suggested a classification of neurochaetae based purely on schematic illustrations, which only
recently has been followed and we suggest that this classification is inadequate because, for each species,
illustrations of both the frontal and lateral views are critical and provide useful diagnostic characters (see
below).

Ampharetids have pectinate avicular uncini with a short triangular heel and a rounded prow. Day (1964)
suggested that the shape of the uncini varies from triangular to quadrangular with one or more series of teeth
above the base. In the Melinninae there is aways a single series of teeth, whereas in the Ampharetinae the
teeth may be arranged in one, two or as many as five vertical rows, with the uncini on the region after the
notopodia terminate often having more rows of teeth than those on the region with biramous parapodia. The
base of the uncinus may be long and well separated from the rows of teeth, or it may be short and curved
upwards towards the basal tooth, to form a bluntly rounded prow. Hessle (1917) and others have suggested
that these differences are useful generic characters, whereas Day (1964) regarded them as specific characters,
although he stated that the number of rows of teeth appears to be more important when there are only one or
two vertical series, because the numbers above that seem to have little generic value.

In Amphicteis dalmatica, a main fang is absent and the dorsal button is reduced, or virtually absent, and
situated close to the origin of the basal tooth (Fig. 34C-H). In Melinna elisabethae, a prominent dorsal button
is present below the large, long basal uncinial tooth, with the other uncinial teeth becoming progressively
shorter and thinner towards the tip of the uncinus (Fig. 343K).

Alvinellids also have pectinate avicular uncini, each with a short triangular hedl, a distally pointed prow,
no dorsal button, and a prominent main fang with a single tooth above (Fig. 35A-D).

Trichobranchids have acicular uncini on the biramous parapodia with elongate bases forming long, thin
sigmoid handles, and a main fang with several transverse series of secondary teeth above (Figs. 35E—F; 36A,
C—-E, H). A dorsal button is absent on the acicular uncini of Terebellides (Fig. 35E-F), but present in both spe-
cies of Trichobranchus studied. The dorsal button is close to the main fang and forms a tuft of bristles that
extends along the lower surface of the main fang, but thisis only evident under SEM (Fig. 36A, C-E, H). In
addition, the uncini of the region with biramous parapodia of T. bunnabus are arranged in irregular double
rows from the first torus onwards, with uncini on the ventral edge of the tori in asingle row and those on the
dorsal edge inirregular double rows, arranged beak to back (Fig. 36A, C-D).

After the notopodia terminate, trichobranchids have avicular uncini similar to those found in terebellids
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(Figs. 351-J; 36B, F-G, 1), except that secondary teeth surround the main fang on top and laterally whereasin

terebellids they only occur above the main fang.

Terebellids exhibit considerable variation in the morphology of the avicular uncini and this has been the
subject of several recent morphometric studies (Glasby & Glasby 2006; Garraffoni & Camargo 2006, 2007).

As well as problems in classifying types of avicular uncini present, there is considerable confusion with
regard to terminology of the structures. Holthe (1986: 31, Fig. 6) provides a generalized labelled terebello-
morph avicular uncinus, and these terms have been used by Glasby & Glasby (2006), Garraffoni & Camargo
(2006, 2007), Londofio-Mesa (2003, 2006, 2009), and L ondofio-Mesa & Carrera-Parra (2005).

In this paper, we follow the terminology of Hutchings (1974, 1977, 1990, 19974, b; Hutchings & Murray
1984; Hutchings & Glasby 19864, b, ¢, 1987, 1988, 1990). The uncinia parts, according to such nomencla-
ture, are shown in Fig. 37 and include the following (Holthe's terms in quotes):

(1) Main Fang (MF; “rostrum™).

(2) Dorsal Button (DB; “subrostral process’, and the tuft of bristles often present at the tip, “subrostral appen-
dix”): this short projection of the upper part of the base below the main fang may be reduced and incon-
spicuous in some taxa.

(3) Prow (P; “lower subrostrum” and itstip, “anterior process’): refers to the anterior part of the uncinus, situ-
ated on the upper part of the base, between the dorsal button and the uncinial tip.

(4) Base (Ba; “basis’): the lowest part of the uncinus.

(5) Hedl (H; “posterior process’): the posterior part of the base, often separated from the rest of the base and
the back of the uncinus by indentations.

(6) Back (B; “occipitium™): the posterior part of the uncinus.

(7) Crest (C; “capitium”): a series of usually transverse rows of secondary teeth above the main fang.

In addition to these parts, at |east two morphometric measurements are important for the taxonomy of this
group: the height (He) of the uncinus, measured from the tip of the crest to the lowest part of the base, includ-
ing the heel, and the length (L), measured from the anterior tip of the uncinus to the posterior tip.

Among the polycirrines, neurochaetae occur as stout, sharply pointed spines in Amaeana (Fig. 38A),
“type 1 uncini” sensu Glashy & Glasby (2006) in some species of Polycirrus (Figs. 37B; 38B—C) and Biremis
blandi (Polloni et a. 1973), and "type 2 uncini” sensu Glasby & Glasby (2006) in other species of Polycirrus
(Figs. 37A; 38D-E).

“Type 1 uncini” sensu Glasby & Glasby (2006) are shorter than “type 2 uncini” sensu Glasby & Glasby
(2006) and are characterized by being much longer than high, with aflat base, a short triangular heel directed
posteriorly, a short back, and a reduced dorsal button, which is situated closer to the base of main fang than to
the tip of the elongated prow (Figs. 37B; 38B—C). “Type 2 uncini” sensu Glasby & Glasby (2006) are about as
long as high and have an arched base, an elongate heel directed downwards, an elongate back, a reduced to
inconspicuous dorsal button, situated at the base of main fang, and an eongate prow (Figs. 37A; 38D-E).
Garraffoni & Camargo (2007) said they had found a single pattern of uncini for the entire subfamily, but this
is because these authors did not include any species with “type 2 uncini” sensu Glasby & Glasby (2006) in
their study. Usually, each taxon has either one type of uncinus or the other, but at least one still undescribed
species of Polycirrus from Hawaii has “type 1 uncini” on the region with biramous parapodia and “type 2
uncini” on the region after the notopodia terminate (Nogueira & Harrisin prep.).

The thelepodines also exhibit two types of uncini and because of that Garraffoni & Camargo (2006) cor-
rectly could not find a single pattern for the uncini of this subfamily. Group A thelepodines have uncini either
as high aslong or higher than long, with adightly curved base, a short triangular heel, and a crest with several
rows of secondary teeth above the main fang (Fig. 38F-J). A short dorsal button is present closer to the tip of
the prow than to the base of the main fang, but, at least in Rhinothel epus occabus, which is the only species of
this group we have examined under SEM (Fig. 38H-I), this dorsal button is internal, not protruding through
the tegument, and therefore visible only with light microscopy. Except for the dorsal button not protruding,
this type of uncinusis similar to that found in most terebellines (see below).

Group B thelepodines have uncini that are typically longer than high, with the lower margin of the base
typically more curved and swollen. The uncinial prow is reduced to a short knob or absent, and the main fang
is surmounted by a crest with few transverse series of secondary teeth (Figs. 37C; 39G—K; 40CH). The dorsal
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button is situated on the anterior margin of the upper surface of the uncinial base or close to it, and, under
SEM, appears as a circular patch of densely packed bristles (Figs. 37C; 39G—K; 40C-l). Thistype of uncinus
is found only in Group B. However, there are some taxa in this group that have uncini similar to those of
Group A, such as Pseudostreblosoma (Fig. 39A—F), but its dorsal button also forms the circular patch of
densely packed bristles (Fig. 39C-D).

The uncini of thelepodines of both groups are usually arranged in single, straight rows (Figs. 38F; 39A—
K), but there are afew species of Thelepus Leuckart, 1849 and Sreblosoma (Fig. 40B, E-F) in which they are
in curved, U-shaped, or even in looped rows from midbody (Day 1955; Hutchings 1990; Hutchings & Glasby
1990; Hutchings & Smith 1997; Nogueira et al. 2004).

In terebellines, the shape of the uncini is more varied than in any of the other groups of terebellids. Typi-
cally, the uncini of terebellines are higher than long and have the dorsal button distant from the anterior mar-
gin of the uncinus, on the middle or posterior third of the upper surface of the base (Fig. 37D). A posterior
hed is present, but its extension and angle of orientation are highly variable. A conspicuous main fang sur-
mounted by a crest with avariable number of secondary teeth arranged in transverse rowsis present in all taxa
except for species of Loimia (see below).

The uncini of the anterior to midbody chaetigers of terebellines can be divided into two types, short-han-
dled and long-handled, depending on the presence of a handle originating from the heel, or sometimes
together with part of the base. In taxa having anterior neuropodia with long-handled uncini, they become
short-handled somewhere along the region with biramous parapodia or immediately after it terminates, and
this continues to the last neuropodium.

These types of uncini have been used to distinguish between genera (Fauchald 1977; Hutchings & Glasby
1988; Hutchings 1997a). However, there is such great variation in regard to the other parts of the uncinusin
both types that we prefer to treat each uncinial part independently.

The uncini of species of Loimia are unique among terebellines because they are pectinate, with teeth
arranged vertically in a single row (Figs. 41L-M; 42A—C). Garraffoni & Lana (2009) state that, in the first
stages of development, species of Loimia have uncini with a crest with several transverse rows of minute sec-
ondary teeth and this changes to a pectinate arrangement during the transition from juveniles to adults.

All other terebellines have an uncinial crest with multiple transverse rows of secondary teeth above the
main fang, although the numbers of rows and teeth in each row vary greatly between species and are used for
species identification (Figs. 41A—K; 42D—; 43A—L; 44C-J; 45A—-M; 46B—N; 47A-M; 48A—H; 49A-G).

The main fang of the uncini of terebellines is always clearly marked, even in species of Loimia (Figs.
37D; 41A-M; 42A—; 43A—L; 44C-J;, 45A—M; 46B—N; 47A-M; 48A—-H; 49A—G). In species of Artacama,
however, it is considerably sharper, thinner and more e ongate than in the other genera (Figs. 41F-G; 43E-F).

The dorsal button of terebellines, at least in the chaetigers of the region with biramous parapodia, has a
tuft of elongate bristles that often surround the tip of the main fang and may be protective. Although this tuft
is difficult to see under light microscopy (Figs. 37D; 41C), it is usually conspicuous under SEM (Figs. 42D—
G; 43C-D, F-H; 44C-J). The dorsal button on the upper surface of the base from which it arises is usually
evident under the light microscope (Figs. 41A—C, FJ, 45A-D, H-M; 46B—N; 47A-M; 48A-H; 49A-G),
except for a few taxa in which it is inconspicuous, such as in Lanice conchilega (Pallas, 1766) (Fig. 45E-G)
and Amphitrite lobocephala (Figs. 41D-E; 43J-L). The dorsa button is particularly well developed in some
taxa with long-handled uncini, forming a cushion of bristles around the tip of the main fang (Figs. 42F-G;
44G).

In most terebellines, the dorsal button is situated about midway between the base of the main fang and the
tip of the prow (Figs. 37D; 41A—C; 45D, H-M; 46E—H, M—N; 47A-K, M), but in sometaxait is closer to the
base of main fang (Figs. 41F-G, J; 43F; 45A-B; 48A—H; 49A-G) and in afew othersit is closer to the tip of
the prow, such as in Hadrachaeta aspeta Hutchings, 1977 (Fig. 46B—D) and on anterior chaetigers of Longi-
carpus modestus (Quatrefages, 1865) (Fig. 47L).

The prow variesin shape, and thereis a gradation from those that are distally pointed (Figs. 37D; 41A—M;
45A-M; 46B-D, M-N; 47D, H, J-M) to those that are more distally rounded (Figs. 46E—L; 47A-C, E-G I;
48A—H; 49A-G). However, a clear delineation between genera is not feasible. Ligaments and muscles are
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attached to the prow and these may be conspicuous (Figs. 41C-E, I; 45A-M; 46B—F, M—N; 47D-E, H, K-M;
48A-D, F-H; 49A-G).

The short-handled type of uncinustypically has ashort, triangular heel directed posteriorly (Figs. 41A-M;
45A-D, G-M; 46B-D, H—N; 47D-E, H-M; 48A-D, F, H; 49A—-C, G), but in some taxa, such as species of
Lanice Mamgren, 1866 (Fig. 45E) and Amphitrite ornata (Leidy, 1855) (Nogueira 2008), the heel is more
pronounced, forming a triangular projection.

The long-handled type of uncinus has a downwardly directed handle, previously called a shaft by Day
(1967), Hutchings (1997a, b; Hutchings & Glasby 1988) and severa other authors. However, we recognize
two types of long-handled uncini, one with a thin handle originating exclusively from the heel (species of
Pista [Fig. 46E—G], Longicarpus modestus [Fig. 47L] and Lanicides bilobata [Grube, 1877] [Fig. 49D—]),
the other with the handle originating more from the base, although the prow is clearly marked (such as
Betapista dekkerae Banse, 1980 [Fig. 47A—C], Lanicides lacuna Hutchings & Glasby, 1988 [Fig. 47—G] and
Axionice spinifera [Ehlers, 1912] [Fig. 48E]). Usually, the presence of one type of long-handled uncini or
another is useful to distinguish between genera, but in Lanicides bilobata, the type species of this genus, the
handle is a continuation of the heel (Fig. 49D—F), whilein other species of this genus, such asL. lacuna, itisa
continuation of most of the uncinial base (Fig. 47F-G). Such intrageneric variation should be explored to con-
firm if the currently designated members of Lanicides Hessle, 1917 form a monophyletic group.

Another example of intrageneric variation in the morphology of the uncini occursin Axionice Malmgren,
1866. The type species, A. flexuosa (Grube, 1860), has short-handled uncini (Fig. 48A-D), while A. spinifera
has stout, long-handled uncini on segment 5 with the handle a continuation of the entire base (Fig. 48E), and,
from segment 6 until the segment on which notopodia terminate, long-handled uncini with athin handle orig-
inating only from the heel (Fig. 48G).

Some taxa with long-handled uncini on the anterior segments are characterized by heavily chitinised
uncini on the anteriormost tori, which are remarkably darker than those on the following segments (e.g., Lon-
gicarpus modestus, Betapista dekkerae, Axionice spinifera, and some species of Lanicides).

Hadrachaeta aspeta also has neurochaetae of segments 5-8 markedly more chitinised than those of the
following segments (Fig. 50A), and they also differ in structure to subsequent uncini. Unique amongst the ter-
ebellines, there are stout scoop-shaped chaetae (Figs. 44A-B; 46A). Glasby et al. (2004) considered those
chaetae as acicular uncini and suggested that if this type of uncinus was to be considered as a synapomorphy
of trichobranchids, areversion would have to have occurred in Hadrachaeta Hutchings, 1977. We disagree, as
we do not recognize any similarity between the anterior neurochaetae of Hadrachaeta and the acicular uncini
of trichobranchids.

Garraffoni & Camargo (2007) suggested that the acicular uncini of trichobranchids were not homologous
to the long-handled uncini of terebellids because in the former the handle originated from the entire base,
while in the latter it was derived only from the heel. Although Garraffoni & Camargo (2007) did not include
in their analysis any species of terebellines with the second type of long-handled uncini as described above,
we support their assumption as trichobranchids have acicular uncini with a straight handle, which arises from
the entire base and a prow is never present.

In most taxa, the uncinial back is dightly curved (Figs. 37D; 41A-, L-M; 45A—M; 46B—N; 47A—-M;
48A—H; 49A-G), but in some species, such as Proclea malmgreni (Ssolowiew, 1899) (Fig. 413-K), itis
strongly bent posteriorly. In some species, this occurs only on uncini from the posterior neuropodia, while in
others this type occurs on al neuropodia. In all species with strongly posteriorly bent uncini, the crest has
numerous transverse rows of secondary teeth. However, the uncinial curvature is not due to the presence of
multiple rows of secondary teeth because several taxa with as many or more rows of secondary teeth have the
uncinial back only dlightly curved.

Finaly, two taxa of terebellines have uncini that are different from those of al other terebellines. Both
known species of Reteterebella have uncini that are longer than high, superficially resembling the “type 1
uncini” of some species of Polycirrus (Fig. 45H-M). In Hadrachaeta aspeta, in addition to the spoon-shaped
neurochaetae on segments 5-8 discussed above, from segment 9 the uncini are short and thin, with few rows
of secondary teeth (Figs. 44C, F; 46B-D) and those on the posterior body have a crest with a fringe of flat-
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tened, distally rounded bristles arranged in asingle row (Fig. 44D-E).

In addition to the morphology of the uncini, the arrangement into double rows on at least some segments
is characteristic for terebellines (McHugh 1995). In this subfamily, the first pairs of neuropodia have uncini
arranged in single rows, then, usually from segment 11 or close to it, they are arranged in double rows for a
variable number of segments and, at least on the posteriormost chaetigers, they are arranged in single rows
again.

Usually, the uncini are arranged in double rows until the segment on which the notopodia terminate, but,
as partially discussed by Garraffoni & Lana (2008), there is some variation. In Axionice flexuosa the uncini
are arranged in single rows again from the last segment with notopodia, which is segment 18 (Fig. 48D). In
species of Phisidia the arrangement in double rows extends for a few segments after the notopodia terminate
(Nogueira& Alves 2006), and in several other taxa, such as Hadrachaeta aspeta, Longicarpus, Amphitritides
Augener, 1922 and many species of Terebella, the uncini are arranged in double rows until the posterior body.
A few taxa have uncini arranged in two well-separated rows facing each other in a beak-to-beak arrangement
(Figs. 41F; 43E; 45B; 46M). In species of Lanice, the rows of uncini are typically disposed in a back-to-back
arrangement (Fig. 45G). Species of Loimia have also been considered as having the double rows arranged
back-to-back (Fauchald 1977; Hutchings & Murray 1984; Kritzler 1984; Hutchings & Glasby 1988, 1990,
1995), however, this is not correct because the uncini are turned 90° from their original position and they
therefore have a crest-to-crest arrangement (Figs. 41L; 42B). In this genus, the contraction of the muscles at
preservation, or during dehydratation for SEM studies, may distort the arrangement of the uncini during pres-
ervation, and this has led to the above confusion.

Most taxa have the uncini arranged in intercalating rows, with variable degrees of intercalation, as aso
partialy discussed by Garraffoni & Lana (2008). In some taxa, the uncini from both rows are completely
intercalated (Figs. 41H; 44H; 45D; 46G, J, L; 47E, J, 48C, F; 49G), while in other taxa the uncini are arranged
in partially intercalating rows at varying positions, such as with tips aligned (Figs. 41B; 44C; 46C; 47H, M),
dorsal buttons aligned (Figs. 42F-G; 43H; 451, L; 49B), or with one row slightly posterior to the other so that
the uncini are in a partial back-to-back arrangement (Figs. 41E; 43A-B, K). The arrangement of the double
rows seems to be specific for each genus, with little intrageneric variation, but in Amphitrite, the type species
of this genus, A. cirrata, and A. pachyderma Hutchings & Glasby, 1988 have double rows in a partially inter-
calated arrangement, with tips aligned, while A. lobocephala has them intercalated in a partial back-to-back
arrangement (Figs. 41E; 43K). Terebella also shows variation in the arrangement of the double rows of uncini,
as the type species, T. lapidaria, has well-separated rows facing each other (Fig. 45B), while in T. pappus
Hutchings & Murray, 1984 (Fig. 43A), T. tantabiddycreekensis Hartmann-Schréder, 1980 (Fig. 43B), and T.
leslieae Santos, Nogueira, Fukuda & Christoffersen (2010) the rows are intercalated in a partial back-to-back
arrangement, and in T. gorgonae Monro, 1933 they are arranged back-to-back (Capa & Hutchings 2006).

Several authors have studied the ontogenetic development of the double rows of uncini (Wilson 1928;
Bhaud 1988; Bhaud & Grémare 1988; Blake 1991; Garraffoni & Amara 2009; Garraffoni & Lana 2009).
These studies showed that during the first stages of the larva, uncini are arranged in single rows on all neu-
ropodia and then some chaetoblasts invert their position and produce uncini in an inverted direction, forming
the second row of uncini asfound in the adults of all species of terebellines.

Because of that, Garraffoni & Lana (2009) suggested that “uncini in inverted rows’ would be a more
appropriate name than “uncini in double rows’, since it reflects the ontogenetical development of this charac-
ter. We agree with the authors that this new name is more informative in regard to the origin of the so-called
“double rows of uncini”. However, that is also misleading in our opinion, because it could mean that the
uncini are arranged in asingle row with the main fangs pointing posteriorly, what would be an “inverted posi-
tion” from the original one, on which uncini in single rows always have the main fangs pointing anteriorly.
Therefore, we prefer to use “uncini arranged in double rows’, until a new nomenclature that reflects al
aspects of this character is devised.

Posterior body: pygidial and anal characters
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In pectinariids, the body terminates with a sucker-like scaphe (Fig. 1A-B), which is achaetous, except for two
rows of modified basal hooks. The scaphe terminates with an anal flap or ligule, which is probably the pygid-
ium (Rouse & Pleijel 2001).

In ampharetids, alvinellids (Fig. 1E), trichobranchids (Fig. 1D, J), polycirrines, thelepodines, and most
terebellines (Fig. 50B, E-G, J-K), the pygidium is terminal and smooth to crenulated, but this may be an arti-
fact of fixation. In some ampharetid genera the pygidium is surrounded by a number of low indistinct papillae,
sometimes with embedded basal eyespots, or may bear a number of long anal cirri (Uschakov 1955; Holthe
1986).

In other terebellines the anus is surrounded by a crown of soft anal papillae of variable size and morphol-
ogy, from short and rounded to digitiform papillae (Fig. 50D, 1), to more elongate, distally pointed cirri (Fig.
50C, H).

Conclusions

Terebelliformia comprises five families of polychaetes and, although systematic assumptions are beyond the
scope of this paper, it is clear that this group can be subdivided into three subgroups, according to morpho-
logy.

The first of these subgroups contain the pectinariids, which are very different from all other families of
Terebelliformiain having the prostomium and peristomium fused to each other forming a cephalic veil, in the
morphology of the uncini, and by having the posterior part of the body modified as a sucker-like scaphe.

The second of these subgroups includes the ampharetids and the alvinellids, which share several charac-
ters, such as peristomial buccal tentacles that can be retracted into the mouth, branchiae located anterior to the
segments on which they originate, and, in the alvinellids and the subfamily Melinninae, the presence of
notopodial hooks.

The third group comprises the terebellids and the trichobranchids, which have prostomial buccal tentacles
that cannot be retracted into the mouth.

Within the Terebellidag, the subfamily Polycirrinae appears to be the most derived group, with a loss of
branchiae and the general tendency to have reduced notopodia, neuropodia and associated chaetae, with the
most extreme case found in Hauchiella, which lacks all noto- and neuropodia.

Within the Thelepodinae we have recognized two groups (A and B), which are primarily separated by the
degree of extension of the upper lip; we suspect that a detailed phylogenetic study will clearly show the close
relationship of generawithin these two groups.

A biogeographical study may also reveal interesting relationships, as most of the generain Group A have
been described from the southern hemisphere, primarily from the Indo-Pacific, except for Tel othelepus, which
has been recorded from the southern tip of South Africa, on the Atlantic side, and from the Arabian Gulf,
northern hemisphere (Day 1955; Mohammad 1980), Glossothelepus, which is known only from the Gulf of
Cdlifornia, northern hemisphere (Hutchings & Glasby 1986a), and Parathelepus collaris, which was
described from Ireland. On the other hand, both species of Decathelepus are only known to occur in Australia
(Hutchings 1977; Nogueira & Hutchings 2007) and all four species of Rhinothelepus occur only around Aus-
traliaand in Hong Kong (Hutchings 1974, 1977, 1990, 19973, b).

The terebellines show a large degree of variation in all morphological characters, and the only character
shared by all members of this group is the presence of uncini arranged in double rows on at least some seg-
ments. A variety of characters has been used to define genera and species, but we suggest that the most useful
one for generaisthe presence or absence of branchiae and their morphology. While McHugh (1995) and Gar-
raffoni & Lana (2008) showed that branchiae have been lost on severa occasions in this group, and we agree
with this, we have found this character to be consistent at |east within the genera as currently known. In addi-
tion, the structure of the branchiae is relatively consistent within a genus. While in most cases branchiae
appear on consecutive segments, some species of Terebella, Polymniella Verrill, 1900 and Terebellobranchia
Day, 1951 have branchiae present on discontinuous segments, and as these genera share many other morpho-
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logical characters, a detailed examination of the true status of these genera needs to be carried out.

In conclusion, this detailed review of the morphology of the group based on the type materia of virtualy
al genera of Terebellidae and representatives of the other family members of the Terebelliformia provides a
sound basis for a detailed phylogenetic study (Nogueira & Hutchings in prep.). This will certainly lead to
some taxonomic changes, and they will be presented in subsequent papers. In addition, any such changes
based on morphology need to be checked against molecular studies. For example, Rousset et al. (2007) found
some molecular similarities between Artacama and Artacamella and suggested that the ventral processes of
these taxa were homologous and therefore their relationship should be re-evaluated, but this is currently not
supported by our morphological studies.

We have already performed a phylogenetic analysis of Terebelliformia with the character set discussed
throughout this paper, and it confirms the relationships discussed above. However, similar to earlier phyloge-
netic analyses of this group (Rousset et al. 2003; Garraffoni & Lana 2008), we obtained low resolution and
low support for our clades. Therefore, rather than publishing it, we prefer to search for more characters, differ-
ent ways to code them, and to include more taxa, in an attempt to obtain a better resolution. This analysisis
currently being carried out (Nogueira & Hutchingsin prep.) and we hope it will help to elucidate the evolu-
tionary relationships within this group.
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FIGURE 1. Pectinaria dodeka: A (holotype, AM W25615), |eft ventro-lateral view; B (AM W34182), posterior end, right lateral
view. Amphicteis dalmatica (paratype, AM W8230): C, last segments from region with biramous parapodia and first segments from
region after notopodia terminate, left lateral view; small arrows point to neuropodial papillae; large arrows point to notopodial papil-
lae. Terebellides anguicomus (AM W34183): D, posterior end, left lateral view. Alvinella pompejana (AM W?29585): E, posterior end,
ventral view. Polycirrus glaucus (holotype, AM W20937): F, segments from region after notopodia terminate. Rhinothelepus lobatus
(holotype, AM W5234): G, last segment from region with biramous parapodia and first segments from region after notopodia termi-
nate, ventral view. Lysilla laciniata (holotype, AM W199626): H, segments from region after notopodia terminate. Trichobranchus
bunnabus (AM W24230): |, neuropodia from region after notopodia terminate; J, general view of the posterior end; K, closer view of
a parapodium from region after notopodia terminate; arrow points to notopodial papillawith tuft of cilia. Scale bars: A =2 mm; B =
09mMmM;C=03mm;D=12mm; E=1mm; F=0.2mm; G=0.5mm; H=0.4 mm; | =0.06 mm; J=0.45 mm; K = 0.02 mm.
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FIGURE 2. Pectinaria dodeka (AM W34182): A, anterior end, left lateral view; B, anterior end, right lateral view; D, cephalic veil
and peristomial tentacles, ventral view; E, segment 1, superior view. Amphicteis dalmatica (paratype, AM W8230; most branchial fil-
aments and some buccal tentacles intentionally removed to show anterior end): C, anterior end, left ventro-lateral view; F, anterior end,
left lateral view; G anterior end, dorsal view; H, detail of anterior end, dorsal view; unspecified arrow points to nuchal organ. Numbers
refer to segments; unspecified arrowsin A-B point to possible nephridial papillag; bt = buccal tentacles; ci = marginal cirri of cephalic
veil; cv = cephalic vell; Il = lower lip; no = first pair of notopodia; P = basal part of prostomium; P* and P (dp) = lobes of distal part of
prostomium; pa = paleae; Pe = peristomium; ul = upper lip; tcl = tentacular cirrus of segment 1; tc2 = tentacular cirrus of segment 2.
Scalebars: A, D—-E = 0.6 mm; B =0.9 mm; C, H = 0.2 mm; G = 0.4 mm.
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FIGURE 3. Alvinella pompejana: A, anterior end, dorsal view; B, anterior end, ventral view; C-D, closer views of anterior end, ven-
tral views, of two specs.; G, anterior end, right dorso-lateral view (A-B, D, G from one spec. from sample AM W29585; C from AM
W29589). Paralvinella grasslei (AM W29588): E, anterior end, dorsal view; F, anterior end, frontal view; H, anterior end, right ven-
tro-lateral view; I, closer view of anterior end, right lateral view; unspecified arrow points to first notopodium. Numbers refer to seg-
ments; fp = female papilla; | = lower lip; P = prostomium; Pe = peristomium; ul = upper lip. Scale bars: A-B, D, G-l =2mm; C,E=
1 mm; F=0.5mm.
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FIGURE 4. Terebdllides anguicomus (AM W34183): A, anterior end, |eft lateral view; horizontal unspecified arrow points to nephrid-
ia papilla; oblique unspecified arrows on segments 47 point to pronounced glandular swellings; B, closer view of anterior end, left
lateral view; C, anterior end, ventral view; D, oral area, superior view. Trichobranchus bunnabus (AM W24230): E, ora area, superior
view; F, anterior end, dorsal view; G, anterior end, right lateral view; H, anterior end, ventral view. Numbers refer to segments; Il =
lower lip; P = prostomium; Pe = peristomium; ul = upper lip. Scale bars: A = 0.6 mm; B—C, F—H = 0.4 mm; D-E = 0.3 mm.
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FIGURE 5. Amaeana apheles (holotype, AM W5239): A, anterior end, dorsal view; B, closer view of anterior end, dorsal view; arrow
points to mid-dorsal prostomial process; C, anterior end, ventral view. Lysilla laciniata (holotype, AM W199626): D, anterior end,
ventral view; E, close up view of anterior end, dorsal view; arrows point to mid-dorsal prostomial lobes; F, oral area, ventra view; G,
genera view of anterior end, dorsal view; arrows point to mid-dorsal prostomial lobes. Enoplobranchus sanguineus: H, anterior end,
right lateral view (syntype, YPM 40569); |, anterior end, ventral view (syntype, YPM 40568). Numbers refer to segments; || = lower

lip; P = prostomium; P (bp) = basal part of prostomium; P (dp) = distal part of prostomium; Pe = peristomium; ul = upper lip. Scale
bars: A, G=0.5mm; B-C, F=0.4 mm; D, H-l =1 mm; E=0.3 mm.
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FIGURE 6. Rhinothelepus lobatus (holotype, AM W5234): A, anterior end, left lateral view; C, close up view of anterior end, dorsal
view; D-E, anterior end, ventral views. Rhinothelepus occabus: B, anterior end, right lateral view; F, anterior end, dorsal view; oblique
arrow pointsto eyespots; G, anterior end, superior right ventro-lateral view (B, G from paratype, AM W201904, buccal tentaclesinten-
tionally removed to show anterior end; F from holotype, AM W201903). Numbers refer to segments; unspecified arrows point to
nephridial and genital papillae; e = eyespots; || = lower lip; no = nuchal organs; P* and P (bp) = basal part of prostomium; Pe = peris-
tomium; PP = prostomial mid-dorsal process; ul = upper lip. Scaebars: A, E-F = 0.5 mm; B, G = 0.15 mm; C = 0.2 mm; D = 0.4 mm.
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FIGURE 7. Decathelepus ocellatus (holotype, AM W6782): A, anterior end, dorsal view; B, anterior end, left ventro-lateral view; C,
closer view of the anterior end, dorsal view; D, closer view of anterior end, left ventro-lateral view. Decathel epus wambira (paratype,
AM W8741): E, anterior end, |eft lateral view; F, anterior end, right lateral view; I, anterior end, left ventro-lateral view. Glossothele-
pus mexicanus: G, anterior end, left ventro-lateral view; H, J, closer view of anterior end, dorsal view; K, oral area, right ventro-lateral
view (G, K from paratype, USNM 98572; H, Jfrom paratype, AM W199659). Numbersrefer to segments; |l = lower lip; P (bp) = basal
part of prostomium; P (dp) = distal part of prostomium; po = pharyngeal organ; PP = prostomial mid-dorsal process; ul = upper lip.
Scalebars: A-B =0.4mm; C=0.3mm; D =0.2 mm; E=F = 0.25 mm; G-H = 0.7 mm; | = 0.2 mm; J}K = 0.5 mm.
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FIGURE 8. Euthelepus serratus (holotype, AM W199007): A, anterior end, |eft ventro-lateral view; B, close up view of oral area, |eft
ventro-lateral view; D, anterior end, right dorso-lateral view. Sreblosoma porchatensis (paratype, AM W29240): C, anterior end, right
ventro-lateral view; E, anterior end, left ventro-lateral view; F, closer view of anterior end, right ventro-lateral view. Thel epus robustus
(AM W30722): G, anterior end, ventral view; H, close up view of anterior end, ventral view; |, anterior end, right latera view. Num-
bers refer to segments; unspecified arrows point to nephridial and genital papillag; Il = lower lip; P = prostomium; P (bp) = basal part
of prostomium; P (dp) = distal part of prostomium; Pe = peristomium; po = pharyngeal organ; ul = upper lip. Scale bars: A, D =0.5
mm; B=0.3mm; C, E, H-I1 =0.7 mm; F=0.4mm; G=1 mm.
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FIGURE 9. Pseudostreblosoma brevitentaculatum: A, anterior end, left ventro-lateral view; B, anterior end, ventral view; C, close up
view of |eft side of anterior end, dorsal view; D, close up view of anterior end, dorsal view; |, anterior end, ventral view; J, anterior
end, left ventro-lateral view (1-J from holotype, MZUSP 16925; A-D from discarded spec.; branchial filaments from thefirst pair and
those from second and third pairs of left side of body intentionally removed to show anterior end). Sreblosoma porchatensis (dis-
carded spec.): E, anterior end, left lateral view. Sreblosoma oligobranchiatum (discarded spec.): F, anterior end, left dorso-lateral
view; G, close up view of anterior end, left dorso-lateral view; arrow points to nuchal organ; H, anterior end, left lateral view. Numbers
refer to segments; unspecified arrows point to nephridial and genital papillae; Il = lower lip; P = prostomium; P (bp) = basa part of
prostomium; P (dp) = distal part of prostomium; Pe = peristomium; ul = upper lip. Scale bars: A = 0.24 mm; B = 0.2 mm; C = 0.15
mm; D, G-H = 0.1 mm; E-F =0.3 mm; [-J= 0.5 mm.
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FIGURE 10. Amphitrite cirrata (AM W34751; branchiae of right side of the body intentionally removed to show anterior end): A,
anterior end, dorsal view; B, anterior end, right dorso-lateral view; C, anterior end, left lateral view; D, close up view of anterior end,
ventral view. Amphitrite lobocephala (paratype, AM W?20888; branchiae and buccal tentacles of right side of body intentionally
removed to show anterior end): E, anterior end, dorsa view; F, anterior end, ventral view; G, close up view of anterior end, dorsal
view; H, close up view of anterior end, right ventro-lateral view; |, anterior end, right lateral view; J, close up view of anterior end,
right dorso-lateral view. Numbers refer to segments; unspecified arrows point to nephridia and genital papillag; Il = lower lip; P =

prostomium; Pe = peristomium; po = pharyngeal organ; ul = upper lip. Scale bars: A, C,E=0.5mm; B=04mm; D=0.3mm; F, | =
1 mm, G H,J=0.25mm.
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FIGURE 11. Artacama proboscidea: A, anterior end, dorsal view; B, anterior end, left lateral view; C, anterior end, ventral view; D,
close up view of anterior end, dorsal view; E, close up view of anterior end, right lateral view; F, close up view of anterior end, dorsal
view; G, general view of anterior end, right lateral view; H, general view of anterior end, left lateral view (A-D from AM W34752; E—
H from SMNH 72082). Numbers refer to segments; arrows point to nephridial and genital papillag; Il = lower lip; P = prostomium; Pe
= peristomium; ul = upper lip. Scale bars: A-C, E-F = 1 mm; D = 0.5 mm; G-H =2 mm.
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FIGURE 12. Sschapovella tatjanae (ZMUC-POL-1743): A, anterior end, dorsal view; B, anterior end, |eft lateral view; C, anterior
end, right ventro-lateral view. Pista cristata (ZMUC-POL-707): D, anterior end, right ventro-lateral view; E, close up view of anterior
end, dorsal view, showing segment 2; F, anterior end, dorsa view; G anterior end, right ventro-lateral view; H, oral area, superior
view. Numbers refer to segments; unspecified arrows point to genital papillag; Il = lower lip; P = prostomium; P (bp) = basal part of
prostomium; P (dp) = distal part of prostomium; ul = upper lip. Scale bars: A, C =0.2 mm; B = 0.4 mm; D-F =1 mm; G-H = 0.5 mm.
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FIGURE 13. Proclea malmgreni (ZMUC-POL-2057): A, anterior end, |eft lateral view; B, anterior end, left ventro-latera view; C,
anterior end, ventral view; D, anterior end, dorsal view. Thelepides koehleri (unreg., from Nonato private coll.): E, anterior end, ventral
view; F, anterior end, dorsal view; G, anterior end, right ventro-lateral view; H—, close up views of oral area, superior views. Numbers

refer to segments; Il = lower lip; P = prostomium; P (dp) = distal part of prostomium; ul = upper lip. Scalebars: A, D = 0.2 mm; B-C
=0.15mm; E-=G = 0.5 mm; H-l = 0.3 mm.
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FIGURE 14. <ionella japonica (holotype, USNM 15723): A, anterior end, ventral view; B, anterior end, left lateral view; C, anterior
end, dorsal view; D, anterior end, right ventro-latera view; E, anterior end, left dorso-lateral view; F, oral area, superior view; G, close
up view of anterior end, ventral view; H, anterior end, right dorso-lateral view. Numbers refer to segments; arrows point to nephridial
and genital papillae; Il = lower lip; P = prostomium; ul = upper lip. Scale bars: A-D =1 mm; E, G-H = 0.8 mm; F = 0.7 mm.
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FIGURE 15. Terebella lapidaria (BMNH 1928.4.26.330-32): A, entire animal, |eft lateral view; B, anterior end, |eft lateral view; C,
anterior end, ventral view; D, anterior end, left lateral view; E, close up view of anterior end, left lateral view, showing nephridia
papilla on segment 3; F, close up view of anterior end, ventral view. Pistella lornensis (ZMUC-POL-1744): G, anterior end, ventral
view; H, anterior end, dorsal view; |, close up view of anterior end, ventral view. Numbers refer to segments; arrows point to nephrid-

ia and genital papillae; Il = lower lip; P = prostomium; ul = upper lip. Scalebars: A =2 mm; B-D,G=1mm; E,H=04mm; F, | =
0.5 mm.
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FIGURE 16. Lanicola lobata (NMV F94335): A, close up view of anterior end, ventral view; B, close up view of anterior end, ventral
view; C-D, close up views of anterior end, right ventro-lateral views,; E, anterior end, left dorso-lateral view. Pistella lornensis
(ZMUC-POL-1744): F-G, close up views of oral area, superior views. Numbers refer to segments; Il = lower lip; P = prostomium; P

(bp) = basal part of prostomium; P (dp) = distal part of prostomium; po = pharyngeal organ; ul = upper lip. Scale bars: A = 0.5 mm; B—
E=0.3mm; G =0.4 mm.
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FIGURE 17. Melinna elisabethae: A, anterior end, dorsal view; B, close up view of anterior end, dorsal view; arrow points to first
neuropodium; C, anterior end, ventral view; D, anterior end, right lateral view (A, C-D from AM W21793; B from AM W21792).
Pseudothelepus binara (holotype, AM W22505): E, anterior end, right lateral view; F, anterior end, right dorso-lateral view; G, ante-
rior end, left lateral view; H, anterior end, ventral view; |, anterior end, dorsal view. Numbers refer to segments; arrows point to
nephridial and genital papillag; Il = lower lip; P = prostomium; ul = upper lip. Scae bars: A—B =0.5mm; C-D,H=0.3mm; E-G | =
0.4 mm.
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FIGURE 18. Amphicteis dalmatica (paratype, AM W8230): A, anterior end, right ventro-lateral view; arrows point to distal notopo-
dia papillag; B, notopodium, segment 6; D, close up view of the notopodium from segment 6. Terebellides anguicomus (AM
W34183): C, anterior segments, left lateral view; oblique arrows point to nephridial and genital papillae; horizontal arrows point to
glandular swellings. Paralvinella grasslei (AM W29588): E, anterior end, dorsal view; arrows point to notopodia cirri. Alvinella
pompegjana (AM W29585): F: anterior segments, right lateral view; arrows point to papillae of unknown function. Numbers refer to
segments; Pe = peristomium. Scale bars: A = 0.2 mm; B, D = 0.06 mm; C=0.4mm; E=3 mm; F =1 mm.
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FIGURE 19. Pectinaria dodeka (AM W35293): A, notochaetae, segment 9; o = angle between shaft and blade; B, tips of notochaetae
from posterior tier, segment 9; C, tip of notochaeta from anterior tier, segment 9. Melinna elisabethae (AM W21792): D, notochaetae
from anterior tier, segment 13. Amphicteis dalmatica (paratype, AM W8230): E—F, paleae; G—H, notochaetae, segment 14. Scale bars:
A =110 um; B-D, F =50 um; E = 30 um; G—H =70 um.
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FIGURE 20. Alvinella pompgjana (AM W29589): A, notochaetae, segment 20. Paralvinella grasslei (AM W29588): B, blade of
notochaeta from posterior tier, segment 31; C, notochaetae, segment 58. Terebellides anguicomus (AM W34183): D, close up view of
notochaetae from posterior tier, segment 4; G, general view of notochaetae from segment 4. Trichobranchus dibranchiatus (AM
W23053): E, tips of notochaetae from posterior tier, segment 9; F, notochaetae, segment 9. Scale bars: A, C = 150 um; B, F =50 pm;
D=9 pum; E=20pum; G =60 um.
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FIGURE 21. Octobranchus myunus (AM W29208): A, notochaetae, segment 14; B, tips of notochaetae from posterior tier, segment
14. Polycirrus bicrinalis (paratype, AM W199638): C, notochaetae, segment 13. Pseudothelepus binara (paratype, AM W22506): D,
notochaetae, segment 27; E, notochaetae from anterior tier, ssgment 27. Scale bars: A =40 um; B, E =30 um; C =20 um; D = 70 um.
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FIGURE 22. Rhinothelepus lobatus (holotype, AM W5234): A, notochaetae, segment 5; B, notochaetae from anterior tier, segment
13; C, tips of notochaetae from posterior tier, segment 13; D, notochaetae from anterior tier, segment 5; E, notochaetae, segment 13.
Euthelepus serratus (paratype, AM W5443): F, notochaetae, segment 35; G, notochaeta from anterior tier, segment 35. Scale bars: A =
60 um; B—C, F=30um; D, G =20 um; E =80 um.
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FIGURE 23. Sreblosoma acymatum (AM W22478): A, notochaetae, segment 26; D, tips of notochaetae from segment 26. Thelepus
cincinnatus (ZMUC-POL-2016): B, notochaetae, segment 40. Sreblosoma oligobranchiatum (discarded spec.): C, notochaetae, seg-
ment 7; E; midbody parapodium; F, close up view of chaetae from anterior tier, midbody parapodium. Scale bars: A—B =50 um; C, E
=20um; D =40 um; F =10 um.
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FIGURE 24. Nicolea zostericola (ZMUC-POL-1959): A, notochaetae, segment 15. Hutchingsiella cowarrie (AM W22542): B,
notochaetae, segment 6; C, notochaetae, segment 17. Eupolymnia koorangia (AM W34753): D, close up view of limbation on chaeta
from posterior tier of posterior region with biramous parapodia; F, notochaetae, segment 8; G, close up view of limbation on notochae-
tae from segment 8. Eupolymnia nebulosa (AM W35295): E, notochaetae, segment 7. Scale bars: A = 70 um; B =50 um; C =25 um;
D =2um; E=300um; F=60um; G =10 um.

MORPHOLOGY OF TEREBELLIFORMIA Zootaxa 2460 © 2010 Magnolia Press - 63



FIGURE 25. Artacama proboscidea (AM W34752): A, notochaetae, segment 6; B, close up view of notochaetae from anterior tier,
segment 6. Leaena ebranchiata (ZMUC-POL-2046): C, notochaetae, segment 6; D, notochaetae from posterior tier, segment 6; H,
notochaetae from anterior tier, sesgment 6. Laphania boecki (SMNH 72089): E, notochaetae, segment 7; F, close up view of one
notochaeta from posterior tier, segment 7; G, notochaetae from anterior tier, segment 17; |, notochaetae from anterior tier, segment 7.
Scalebars: A =30 um; B, D, F—I =20 um; C, E =50 um.
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FIGURE 26. Proclea malmgreni (ZMUC-POL-2057): A, notochaetae, segment 5; B, notochaetae, segment 13; C, close view of two
notochaetae from posterior tier, segment 5; D, close view of one notochaeta from posterior tier, segment 13. Thelepides koehleri
(unreg., from Nonato private coll.): E, notochaetae, segment 9; F, notochaetae, segment 18; G, close up view of tip of notochaeta from

anterior tier, segment 18. Scale bars: A, E =20 um; B-D, G =10 um; F =33 um.
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FIGURE 27. Proclea sp. 1 (LACM-AHF/021-BRA-02): A, notochaetae, segment 6; B, close up view of notochaeta from anterior tier,
segment 6; C, notochaetae, segment 22; D, close up view of notochaetae from anterior tier, segment 22; E, close up view of part of
blades of notochaetae from posterior tier, segment 22. Spinosphaera oculata (LACM unreg.): F, notochaetae, segment 7; G, notochae-
tae, segment 18; H, close up view of notochaeta from anterior tier, segment 18. Scale bars A, C, G = 30 um; B, D-E, H =15 um.
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FIGURE 28. Spinosphaera harrisae (holotype, LACM-AHF Poly 2114): A, notochaetae, segment 7; B, notochaetae, segment 22; C,
close up view of blades of notochaetae from posterior tier, segment 22; D, close up view of notochaetae from anterior tier, segment
22; J, close up view of notochaeta from anterior tier and another from posterior tier, segment 7. Proclea glabrolimbata (LACM Elt.
426): E, notochaetae, segment 7; F, notochaetae, segment 18; G, close up view of notochaeta from anterior tier, segment 18; H, close

up view of notochaetae from posterior tier, segment 18; I, close up view of part of blades of notochaetae from posterior tier, segment
18. Scale bars: A =20 um; B, E, G-H =30 um; C-D, I-J=15um; F =40 um.
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FIGURE 29. Baffinia biseriata (AM W200437): A, notochaetae from anterior tier, anterior notopodium; B, tips of notochaetae from
posterior tier, anterior notopodium; C-D, notochaetae, posterior notopodia. Phisidia rubra (discarded spec.): E, notochaetae, segment
6; F, close up view of tips of notochaetae from posterior tier, segment 6; G, notochaetae, segment 15. Scalebars: A = 12 um; B =8 um;
C,G=6um;D=4um;E=5um; F=2um.
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. 1.4.26.(}32): A, noochaetae, segmt 17; B, close'up view of tips of notochaetae

FIGURE 30. Terebella lapidaria (BMN
from posterior tier, segment 17; C, notochaetae, segment 46; D, close up view of tips of notochaetae from anterior and posterior tiers,

segment 46. Spinosphaera barega (holotype, AM W30726): E, notochaetae, segment 6; F, notochaetae, segment 20; G, close up view
of tip of notochaeta from posterior tier, ssgment 20. Scale bars: A =100 um; B, D =25 um; C =100 pm; E=30 um; F=50um; G =

20 um.
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FIGURE 31. Longicarpus modestus (AM W34755): A, notochaetae, segment 7; B, notochaetae from anterior tier, ssgment 7. Tere-
bella pappus (AM W34757): C, notochaetae, segment 9; D, tip of notochaeta from posterior tier, segment 9; E, transition between lim-
bation and blade of notochaeta from posterior tier, posterior notopodium; F, tips of notochaetae from anterior tier, posterior
notopodium; G, tips of notochaetae from anterior tier, posterior notopodium; H, tips of notochaetae from posterior tier, posterior
notopodium. Terebella tantabiddycreekensis (AM W34758): 1, tips of notochaetae from posterior tier, segment 9; J, tip of notochaeta
from anterior tier, posterior notopodium. Scalebars: A, C=40um; B,F, H=20um; D-E, G=6 um; | =10 um; J=5 pum.
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FIGURE 32. Morgana bisetosa (MZUSP 00616): A, notochagetae, posterior notopodium. Articulatia aberrans: B, notochaetae, seg-
ment 6; C, notochaetae, posterior notopodium; arrows point to deep cut; D, notochaetae, segment 11; E, close up view of notochaetae
from segment 11, showing deep-cut on chaetae on anterior tier; F, detail of deep-cut of one chaeta from segment 13; G, notochaetae,
segment 12; H, notochaetae, segment 13 (C from unreg. spec.; B, D-H from three discarded specs.). Scalebars: A-E, H =10 um; F =
3um; G=5um.
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FIGURE 33. Loimia ingens (NTM W6764): A, last chaetiger from region with biramous parapodia and first chaetigers from region
after notopodia terminate, right ventro-lateral view. Artacama proboscidea (AM W34752): B, last chaetiger from region with
biramous parapodia and first chaetigers from region after notopodia terminate, left dorso-lateral view. Artacama benedeni (AM
W34749): C, neuropodia from region after notopodia terminate, left dorso-lateral view. Amphitrite lobocephala (paratype, AM
W20888): D, chaetigers from anterior region with biramous parapodia, |eft ventro-lateral view; E, chaetigers from region after notopo-
diaterminate, ventral view. Nicolea simplex (syntype, YPM 162): F, parapodia from region after notopodia terminate, right dorso-lat-
eral view; arrows point to dorsal neuropodial papillae. Terebella cf. verrilli (YPM 40571): G posterior parapodia, |eft dorso-lateral
view. Scdebarss A =04mm; B,F=0.3mm; C-E=0.2mm; G=1mm.
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FIGURE 34. Pectinaria dodeka: A, uncinus, segment 9; B, uncini, segment 8 (A from AM W35293; B from AM W34182). Amphict-
eis dalmatica (paratype, AM W8230): C, uncini, segment 8; D, uncini from region after notopodia terminate; E, neuropodium from
region after notopodia terminate; dnp = dorsal neuropodial papilla; F, uncini, segment 14; arrow points to nearly inconspicuous dorsal
button; G—H, uncini from region after notopodia terminate. Melinna elisabethae (AM W21792): |, neuropodial spines, segment 4; J,
uncini, segment 18; K, uncini from region after notopodia terminate; arrow points to dorsal button. Scale bars: A, D, H, J-K = 10 um;
B-C=9um; E=200 um; G, | = 20 pm.
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FIGURE 35. Alvinella pompgiana (AM W29589): A, uncinus, segment 11; B, uncini, segment 49. Paralvinella grasdel (AM
W29588): C, uncini, segment 15; D, uncini, segment 93. Terebellides anguicomus: E, uncini from region with biramous parapodia; F,
uncini from region with biramous parapodia, segment 11; G—H, neuropodial spines, segment 8; 1-J, uncini from region after notopo-
diaterminate (E, H- from AM W34183; F, G Jfrom MCEM-BPO 327). Scalebars: A, C, F=20 um; B, D, H =30 um; E, J= 10 pm;
G=50pum; | =6 um.
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D, detail of uncini from segment 27; E, close up view of uncini from segment 20; F, uncini from region after notopodia terminate; G,
neuropodium from region after notopodiaterminate (A—B, G from AM W35294; C— from AM W24230). Trichobranchus dibranchi-
atus (AM W24136): H, uncini, segment 19; |, close up view of uncini from region after notopodia terminate. Scale bars: A-B = 10
pum; C,G=20um; D-E=3pum; F=4pum; H=2pum; | =1 pm.
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FIGURE 37. Uncinia parts. Polycirrus glaucus (paratype, AM W20966): A, uncinus from region after notopodia terminate. Polycir-
rus variabilis (paratype, AM W199540): B, uncinus from region after notopodia terminate. Sreblosoma bingarra (holotype, AM
W30721): C, uncinus, segment 6. Amphitrite affinis (ZMUC-POL-2018): D, uncinus from the region after notopodia terminate. B =
back; Ba = base; C = crest; DB = dorsa button; H = heel; He = height; L = length; MF = main fang; P = prow. Scale bars: A =5 um;
B =2pum; C-D =10 pum.
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FIGURE 38. Amaeana apheles (AM W29203): A, neurochaetae from region after notopodia terminate. Polycirrus bicrinalis: B-C,
uncini from region after notopodia terminate (B from holotype, AM W199637; C from paratype, AM W199638). Polycirrus digunc-
tus (paratype, AM W199633): D-E, uncini from region after notopodia terminate. Decathelepus ocellatus (holotype, AM W6782): F,
uncini, segment 18. Glossothelepus mexicanus (paratype, AM W199659): G, uncini from posterior region with biramous parapodia; J,
uncini, segment 8. Rhinothelepus occabus (paratype, AM W201904): H, uncini from anterior region after notopodia terminate; |,
uncini, segment 12. Scalebars: A =20 pm; B, HH =3 pum; C=5pum; D=10um; E=7 uym; F=6 um; G J=8 um.
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FIGURE 39. Pseudostreblosoma brevitentaculatum: A, uncini, segment 7; B-D, uncini from posterior region with biramous parapo-
dia; arrows point to dorsal buttons; E, neuropodia from posterior region with biramous parapodia (A—B from paratype, AM W29696;
C—E from discarded spec.). Pseudostreblosoma serratum (holotype, AM W18949): F, uncini, segment 14. Pseudothelepus binara
(paratype, AM W22506): G, uncini, segment 27; H, uncini, segment 7. Thelepus cincinnatus (ZMUC-POL-2016): I, uncini, segment
40; J, uncini, segment 5; K, posterior uncini. Scale bars: A-B, F, [-J=15pum; C=5pum; D = 6 um; E =70 um; G-H, K = 20 um.
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FIGURE 40. Sreblosoma porchatensis: A, chaetigers 4-6; B, midbody parapodia; C, anterior uncini; D, midbody uncini; E, posterior
neuropodium; F, detail of posterior uncini; G, posterior uncini; H, uncini, segment 8; I, uncini, segment 17 (A—F from discarded spec.;
G-l from paratype, AM W29240). Arrows point to dorsal buttons. Scale bars: A = 200 um; B = 300 pum; C-D, F—-G = 10 um; E, H-
=20 pum.
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FIGURE 41. Amphitrite cirrata (ZMUC-POL-2023): A, uncini, segment 8; B, uncini, segment 18; C, uncinus from anterior region
after notopodia terminate. Amphitrite lobocephala (paratype, AM W20888): D, uncini, segment 10; E, uncini, segment 11. Artacama
benedeni (MCEM-BPO 254): F-G, uncini, segment 11. Nicolea zostericola (ZMUC-POL-1959): H, uncini, segment 11; I, uncini from
region after notopodia terminate. Proclea malmgreni (ZMUC-POL-2057): J, uncinus, segment 6; K, uncini from region after notopo-
diaterminate. Loimiaingens (NTM W 6775): L, uncini, segment 11; M, uncini from region after notopodiaterminate. Scale bars: A, C
=1pum; B =2pm; D-G =20 pm; H-l =10 um; J-K =5 um; L-M =25 pm.
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FIGURE 42. Loimia ingens (NTM W6764): A, uncini, segment 5; B, uncini, segment 12; C, uncini from posterior region after
notopodia terminate. Pista sp. (AM W34750): D, uncini, segment 5; E, uncini, segment 6; F, uncini, segment 12; G, close up view of
uncini from segment 12, showing dorsal buttons; H, uncini from region after notopodia terminate; |, close up view of uncini from
region after notopodia terminate. Scale bars: A, C, F, H =10 um; B =20 um; D-E, G | = 6 pm.
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FIGURE 43. Terebella pappus (AM W34757): A, uncini, ssgment 17. Terebella tantabiddycreekensis (AM W34758): B, uncini from
mid-length of region after notopodiaterminate. Eupolymnia koorangia (AM W34753): C, uncini, segment 11; D, uncini from posterior
region after notopodia terminate. Artacama proboscidea (AM W34752): E, uncini, segment 13; F, uncini from region after notopodia
terminate. Nicolea amnis (AM W34756): G—H, uncini, segment 11; I, uncini, segment 8. Amphitrite lobocephala (paratype, AM
W20888): J, uncini, segment 6; K, uncini from posterior region with biramous parapodia; L, uncini from region after notopodia termi-
nate. Scale bars: A—B,D-E, G K=6um; C,H-J,L =10 um; F=3 um.
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FIGURE 44. Hadrachaeta aspeta (paratype, AM W6853): A, neurochaetae, segment 5; B, neurochaetae, segment 6; C, uncini from
posterior region with biramous parapodia; D—E, uncini from posterior region after notopodia terminate; F, uncini from mid-length of
region after notopodia terminate. Lanicides lacuna (AM W200878): G, uncini, segment 6; H, uncini, segment 11; I, uncini, segment 9;
J, uncini from region after notopodia terminate. Scale bars: A-B, F, H-J=10 um; C=3 um; D-E=4pum; G =9 um.
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FIGURE 45. Terebella cf. lapidaria (BMNH 1928.4.26.330-32): A, uncini, segment 8; B, uncini, segment 33. Eupolymnia koorangia
(NMV F52595): C, uncini, segment 7; D, uncini, segment 19. Lanice conchilega (USNM 203875): E, uncini, segment 5; F, uncini
from region after notopodia terminate; G, uncini, segment 11. Reteterebella queendandia (holotype, AM W3755): H, uncini, segment
6; 1, uncini, segment 14; J, uncini from anterior part of region after notopodia terminate; K, uncini from posterior part of region after
notopodia terminate. Reteterebella aloba (AM W30717): L, uncini, segment 11; M, uncini from region after notopodia terminate.
Scalebars: A-B, D =2um; C=1pum; E-G =25 um; H-M =20 pm.
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FIGURE 46. Hadrachaeta aspeta (paratype, AM W6856): A, neurochaetae, segment 8; B, uncini, segment 9; C, uncini, segment 17;
D, uncini, segment 11. Pista cristata (ZMUC-POL-707): E, uncini, segment 10; F, uncini, segment 11; G, uncini, segment 14; H,
uncini from region after notopodia terminate. Laphania boecki (SMNH 72089): |, uncini, segment 10; J, uncini, segment 11.
Sschapovella tatjanae (ZMUC-POL-1743): K, uncini, segment 7; L, uncini, segment 14. Amphitrite affinis (ZMUC-POL-2018): M,
uncini, segment 19; N, uncini from anterior region after notopodia terminate. Scale bars: A-D, F, I-K =10 um; E = 30 um; G = 20
pm; H=21pm; LN =2 um.
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FIGURE 47. Betapista dekkerae (holotype, BCPM 978-00174-001): A, uncini, segment 5; B, uncini, segment 6; C, uncinus, segment
7; D, uncinus from anterior part of region after notopodia terminate, segment 22; E, uncini, segment 11. Lanicides lacuna (paratype,
AM W200610): F, uncini, segment 5; G, uncini, segment 6; I, uncini, segment 8; J, uncini, segment 11; K, uncini from mid-length of
region after notopodia terminate. Longicarpus modestus (NMV F94344): H, uncini, segment 16; L, uncini, segment 9; M, uncini from
mid-length of region after notopodiaterminate. Scale bars: A—B, F-L = 20 um; C-D = 10 um; E =15 ym; M =30 pm.
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FIGURE 48. Axionice flexuosa (ZMUC-POL-2033): A-B, uncini, segment 5; C, uncini, segment 14; D, uncini, segment 18. Axionice
spinifera (unreg., from Nonato private coll.): E, uncini, ssgment 5; F, uncini, segment 11; G, uncinus, segment 7; H, uncini from poste-
rior part of region after notopodia terminate. Scale bars: A, C—-G =20 um; B, H = 10 um.
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FIGURE 49. Leaena ebranchiata (ZMUC-POL-2046): A, uncini, segment 6; B, uncini, sesgment 12; C, uncini from posterior region
after notopodia terminate. Lanicides bilobata (holotype, MNHU 898): D, uncini, segment 5; E; uncini, segment 7; F, uncini, segment
6; G, uncini, segment 15. Scale bars: A—G = 20 um.
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FIGURE 50. Hadrachaeta aspeta (paratype, AM W6856): A, anterior end, ventral view; numbersrefer to segments; Il = lower lip; po
= pharyngeal organ; ul = upper lip; B, posterior end, ventral view. Axionice maculata (ZMUC-POL- 2035): C, posterior end, right ven-
tro-lateral view. Axionice flexuosa (ZMUC-POL-2033): D, posterior end, dorsal view. Eupolymnia nebulosa (AM W200882): E, pos-
terior end, left dorso-lateral view. Leaena ebranchiata (ZMUC-POL-2046): F, posterior end, dorsal view. Neoleprea macrocercus
(AM W201178): G, posterior end, left ventro-lateral view. Loimia cf. medusa (MCEM-BPO 297): H, posterior end, right dorso-lateral
view. Amphitrite lobocephala (paratype, AM W20888): |, posterior end, left dorso-latera view. Eupolymnia koorangia (AM
W34753): J, posterior end, right ventro-lateral view. Nicolea amnis (AM W34756): K, posterior end, ventral view. Scale bars: A, F =
04mm; B,D-E, H,J=02mm; C=05mMm; G=0.3mm; | =0.09 mm; K = 0.6 mm.
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