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Abstract

Pelagic polystiliferous nemerteans, often referred 1o as Pelagica, represent one of the most enigmatic groups of
nemerteans. The group includes 98 valid species assorted into 41 genera and 3-11 families, depending on the
classification. Pelagica inhabit the water column of the world oceans, occupying depths from several hundred to
several thousand meters. As is the case with most meso- or bathypelagic soft-badied animals, specimens are few
and numerous difficulties are associated with obtaining and preserving them, resulting in incomplete descriptions
and, therefore, an obscure classification. Most genera and families of pelagic nementeans are based upon unique
combinations of two or three characters. Here, we present results of the first cladistic analysis of pelagic nemertean
phylogeny. The analysis is based on morphological character data available from the primary literature and personal
observations. A large percentage of missing entries in the data (21.5%), due to incompleteness of descriptions,
results in a large number of maximum parsimonious cladograms, which translates into a drastic lack of resolution
on the strict consensus trec. Traditional families supported by the cladistic analysis are Armaueriidae Brinkmann,
1917 and Pelagonemertidae (sensu Korotkevitsch, 1955). We propose a new diagnosis for Armaueriidae and dis-
cuss morphological characters traditionally used in pelagic nemertean classification. A few potentially informative
characters are suggested for greater attention in future studies of specimens,

Introduction while other features show varying degrees of structural

simplicity. Therein lies a fundamental problem for

Pelagic nemerteans referred to as Pelagica (Poly-
stilifera, Hoplonemertea) are delicate, gelatinous
creatures inhabiting the water column of the world
aceans. Pelagica are commonly found between a few
hundred and several thousand meters depth, and are
mast abundant at 625-2500 m (Roe & Norenburg,
1999). Pelagica has been designated in the literature
either as a "tribus’ (Stiasny-Wijnhoff, 1936) or an or-
der (Sundberg, 1991; Crandall, 1993). We use it as a
group name of unspecified rank that includes all pela-
gic polystiliferan nemerteans. Throughout ‘pelagic
nemerteans’ refers only to polystiliferous nemericans
inhabiting the waler column.

The key mystery of the evolution of pelagic ne-
merteans is in their retative morphological simplicity
as compared to benthic hoplonemerteans. They lack
ocelli, the paircd neuroglandular sensory organs {so-
called ‘cerebral organs’) and a nephridial system,

phylogenetic studies; that is, distinguishing primary
absence from “adaptive’ toss, when a large portion of
the data is missing.

Although different taxonomic rankings have been
proposed from lime to time, the group mostly has been
reated as a derived monophyletic taxon (e.g. Brink-
mann, 1917a; Coe, 1926; Gibson, 1988; Crandall,
1993), except for Birger {(1895) and Korotkevitsch
(1955), who postulated more than one monostiliferan
ancestor. These views contrast sharply with Stiasny-
Wijnhoff's (1923) assertion, that the pelagic nemer-
tcans are the most ‘primitive’ nemerteans and ances-
tral to benthic hoplonemerteans. Stricker (1985) ar-
gued for the primitiveness of the polystiliferous stylet
apparatus on the basis of an hypothesis of functional
progression in evolution of the proboscis armature.
Recent cladistic analyses of hoplonemertean phylo-
geny by Sundberg (1990) and Norenburg (unpubl.
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Figure 1. Classification of the pelagic nemerteans after Brinkmann (1917a).

obs,), based on morphological characters, provided
some evidence for (1) Pelagica being a sister group
to a clade including monostiliferans and benthic poly-
stiliferans {Reptantia); (2) Monostilifera being a de-
rived member of Reptantia. Although Sundberg’s ana-
lysis, which includes a representative of every pelagic
family, points to monophyly of the Pelagica. only a
few, not well defined, synapomorphies support this hy-
pothesis (see ‘Discussion’). Norenburg's phylum-level
analysis includes only a single pelagic representative
and does not address, but assumes monophyly of the
group.

Pelagica currently includes 98 species assorted
into 41 genera, 19 of which are monotypic (Gib-
son, 1995) {Table 1). These include Bathynemertes
alcocki Laidlaw, 1906, Although Gibson (1995) re-
ferred to the latter as nomen dubium, we have seen
easily identifiable examples in collections of the U,
S. National Museum of Natural History. The cur-
rently used classification (Table 1) follows Brinkmann
{1917a) and Coe (1926, 1954). It comprises ¢leven
families (Armaucriidac, Balaenanemertidae, Buer-
geriellidae, Chuniellidae, Dinonemertidae, Nectone-
mertidae, Pachynemertidae. Pelagonemertidae. Phal-
lonemertidae, Planktonemertidae and Protopelagone-

merttidae). Brinkmann (1917a) recognized 9 famil-
igs, Coe (1926) changed the name Bathynemertidae
Brinkmann, 1917 to Protopelagonemertidae and es-
tablished families Balaenanemertidac Coc, 1945 and
Pachynemertidae Coe, 1954, Koratkevitsch (1955,
1677} argued that Brinkmann’s system did not re-
flect the historical relationships among the taxa and
was overloaded with a large number of poorly defined
menotypic and oligotypic families and genera. She
synonymized most of the genera and families, leav-
ing three families (Armaueriidae, Nectonemertidae
and Pelagonemertidae) and eight genera. However,
her system has not been adopted in subsequent non-
russian literature,

Attempts to reconstruct the phylogeny of the Pela-
gica were undertaken in the 20th century by Brink-
mann (1917a) (Fig. 1) and later Korotkevitsch (1955)
(Fig. 2). Although these systems differ in the num-
ber of genera and families considered and the view
on origin of the Pelagica, they both are similar in
being cssentially non-phylogenetic, representing the
evolution of the taxa as a scala naturae rather than
the divergence of lineages (Hirlin, 1998). The former
approach is subjective, based on a few characters
considered to be phylogenetically important by the
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Tuble 1 List of valid species of pelagic nenierteans {after Gibson, 1995). Type species of each genus indicated with an asterisk (%),

Species Authority

Comments

ARMAUERIIDAE Brinkmann, 1917

Armauesia rithra® {Brinkmunn. 1917)

Neodarnieria Lnpast iKorokevitsch, 1955)
crassa (Korokevitsch, 1955)
divaricare i Korotkevitsch, 1955)
laticeps {Korotkevitsch, 1955)
tenuicanda® (Korotkevitsch, 1955

Proarmaneriea keortkevitsehae  {Chernyshey, 1992)

petlurida® {Coc, 19261

Proarmauericllu caudata® {Korotkevitsch, 1955)
{Korotkevitsch, 1955)

{Chernyshev, 1992)

Xenoriianeria [ 'Ht‘('ﬂ*

Zinarmaneria platonovae*

BALAENANEMERTIDAE Coe, 1945

Balaenunemertes  chuvesi (Joubin. 1906)
chuni* {Birger, 1909}
wreinediy (Brinkmonn, 1917)
Njorti {Brinkmann. [917)
fata (Brinkmann, 1917
lobuta iJoubin. 1906)
minor (Coe, 1936)

miscifocandate (Brinkmann, 1917)

BUERGERIELLIDAE Brinkmann, 1917

Buergerietic nerabifis* (Brinkmann, 1917
Alexandronemertey  ducior (Chernyshey, 1992)
molii™ {Coe, 1926)

CHUNIELLIDAE Brinkmann, 1917

Chunianna opaca® (Coe, 1954)
pacifica {Coc, 1954
Chuniellu GPUSSEE {Blirger, 1909}

{Joubin, 1906}
(Brinkmann. 1917)

elongaia
fancectata™
pelagica {Blirger 190%9)
teneliu {Coc, 1954)
DINONEMERTIDAE Brinkmann, 1917

{Joubin, 1906}

Dinonemertes alberti

3 males, ] female; North Atlantic

2 females (sec Appendix 2 for details); Bering Sea

single lemale {second specimen was collected later); Bering Sea
single female. in a very poor shape; Scu of Okhotsk

1 fernale, | male (second temale was referred to this species later);
North Pacific, Sea of Okhotsk

I female, 1 immature male: Bering Sea

2 males {see Appendix 2 for details); Sea of Okhotsk

2 hermaphroditic specimens; Sea of Okhotsk. Multiple specimens
preliminary identified as £, peffucida were recently collected off
the coast ol Califomiz (Roe & Norenburg, 1999}

single hermaphroditic specimen; Sea of Okhotsk

singie specimen, possibly hermaphroditic: Bering Sca

single female (sce Appendix 2 for details); Sea of Okhotsk

single rale, superficially studied; North Atlantic

asingle male; Indian Ocean

2 males; North Atlantic

single male; North Atlantic

single male; North Atlantic

single male originally described, 7 females reported later (Brinkmann,
1917a); North Atlantic

single female; Atlantic (Bermuda)

5 males; North Atantic

single male described originally, second specimen reperted by Van
Der Spoel (1985); North Atlantic

2 females, 1 male; North Pacific

single female originally described from Equatorial Pacific. a few
specimens, supposedly belonging to this species (Chernyshev. 1992by
reported luter from Nonh Atlantic (Van der Spoel, 1985)

single female; North Pacific

3 females. | male; North Pacific

single immature fernale; Atlantic (west of Sierra Leone)

single immature specimen. superficialty studied; North Atlantic
single immature male deseribed oniginally, second male collected
later; North Atlantic

single female; Southern Tndian Ocean

3 females, 1 male: North Pacific

1 male originally described; 3 females referred to the species later
(Brinkmann. 1917a); Arctic Ocecan (between leeland and Norway)

Continued on p. 114




114

Tuble 1. contd.

Species Authority Commenls
aretica {Korulkevitsch, 1977) 7y Arctic Ocean
Dinenemertes grimaldii (Joubin, 1906} 2 females, superficially studied; North Atlantic
imvestigatoris®  (Loidlaw, 1906) type specimen {(female} from Indian Ocean; 3 females
and a1 male reported later from North Atlantic
{Brinkmann, 1917a; Van der Spoel 1985): a single
specimen reported from North Pacilic (Roe &
Norenburg, 1999)
Tubonemertes anreoid {Coe, 1954) 4 temales; North and South Pacific
wheeleri® {Coe, 1936) 6 specimens described originally from Adantic
{Bermuda), two reported later from North Pacific (Coe.
1954) and one from North Atlantic {Wun der Spoel,
1985)
Planonemeries {ablatu (Cae. 1936} 1 male and | fernale; Atlantic (Bermuda)
tobaia® (Coe, 1926} single malc; Equatonial Pacific
Plionemertes constrictd (Coe. 1954) single immature male originally described from Pacitic
{nurthwest of Galapagos [slands); 1wo specimens
recently collected in North Pacitic (Roe, pers. comm.)
plang® (Coe, 1926} single female; Equatorial Pacific

Paradinonemeries  drvgadskii™

HIGU PSRt

{Brinkmann, 1915-16)
(Coe, 1954

NECTONEMERTIDAE (Verrill) Brinkmann, 1917

Nectentemertes tvanthocephata
wcntilobura
Cemnpaei
Juponita

mefor
i

mrabifis*

pelagica

FrereiRivG

TN

PACHYNEMERTIDAE Coe, 1954

Fachvnemertes s

{Koratkevitsch, 19553
(Korotkevitsch, 1964)
{Korotkevitsch, 1964
(Foshay. 1912}

[Kurotkevitsch, 1955

(Brinkmann, 1915-16)
(Verrill, 1892)
{Cravens & Hcath, 1906

{Brinkmann_ 1917}

{Korotkevitsch, 1964)

{Coe, 1936}

PELAGONEMERTIDAE (Moseley) Brinkmann, 1917

Pelagonemertes brinkmanni
eXCise

Jenihing

{Cue, 1926)
{Korotkevitsch, t955)
(Coe, 1926)

2 young mules: Tropical Atlantic
5 females, 3 males; North and Equatorial Pacitic

single immature male: Bering Sca

single female, South Pacific

single immature male: South Pacitic

6 males, poorly described; Japan (off the coast of Misaki)

11 specimens; Bering Sea, Sca ol Qkhotsk, Pacific {east of Cape
Lopatka)

8 specimens; North, Tropical and Souwb Alantic

multiple specimens; Atlantic, Bering Sea and North Pacitic

5 males and 2 females described eriginally, mitiple specimens
recently collected off California (Roe, pers. comm.), North and South
Pacitic

2 males and | female originally described from North Atlantic,
multiple specimens (rom North Adantic {Van der Spoel, 1985) and
Equatorial and North Pacific reported futer (Coe, 1926; Roc. pers.
comm.)

single immature male; South Pacific

single female: Atlantic (Bermuda}

multiple specimens; North Pacific, Bering Sea, Sen of Okhotsk
single male; Bering Sea

a single female originally deseribed from South Pacific. several
specimens reported later from North and South Pacilic (Coc, 1954}
and Atlantic (Friedrich, 1969 Van der Spoel. 1985)

Continved on p. i3
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Species Autherity Comments
korarkevitschae  (Friedrich, 1969) single female: Tropical Atlantic
laricanda (Korotkevitsch, 1955)  single Temale: Bering Sca
meselevi {Biirger, 1895) single specimen described originally from Pacific {ncar Tapan). several
other specimens reported later (Kato & Tanaka, 1938: Friedrich.
1969; Van der Spoel, 1985) from Pacilic and Atlantc
eviperus {Korotkevitsch, 1955} single female; Bering Sca
purvida {Korotkevitsch, 19641 single male: South Pacitic
reibusiel (Korotkevitsch, 1955y single female: North Pacilic
rollestoni® (Maseley. 1875) multiple specimens: Atlantc, Pacific, Indian Qcean
Loranemertex nena™ (Korotkevitsch, 1964)  =ingie immature female: South Pacific
Nemertobuos mavimmi® {Korotkevitsch, 1960} 3 males, 2 females: South Pacific, Indian Ocean
Obnesnertes futitabata® (Koratkevitsch, 19607 1 male, | female: Indian Ocean
Fiias (Korotkevitsch, 1960} single damaged specimen: Indian Ocean
seHidde (Korotkevitsch, 19601 single immature female; Indian Qcean
Cunermemertes elongara (Coe, 1954) single female onigimally described. several specimens recently reported
by Roe & Norenburg (1999): North Pacitic
grucitis® (Coe, 1926) single female; Fquatorial Pacific
nigre (Coe, 1945) a single male originally described from Adantic {Bermuda), several
specimens reported trom North Pacific (Coe, 1954; Roe, pers. comm.!)
et (Coe, 1954) 2 males. 6 lemales; North Pacific
Natonentertes acutocaadara®  (Brinkmann, 1917) 2 males; North Atlantic

Parahalaenanemertes

Probaluenanemertes

Cleltauenmertes

fusea*

sondta
irene
wifnhoffue®

rieherdi*

{Brinkmann, 1917}
(Joubin, 1906)
{Wheeler, 1934)
(Brinkmann, 1917)
tloubin, 1906)

PHALLONEMERTIDAE Brinkmann, 1917

Phualtonemertes

mureavi®

{Brinkmann, 1912)

PIANKTONEMERTIDAE Brinkmann, 1917

Planktonemertes

Mergowenuteries

Crissonenertes

Momanewmertes

Temtonemertes
Plenanemertes

Newrowemertes

wevsicii®
enrvicephiali,

vanhoeffeni

woodhwarthii*

robusto®

rhomboidalis
sargassicofa™
sourlote
peffucida®
rihefla™

airrantioea®

{Woodworth, 1899)
{Korotkevitsch, 1964)
(Brinkmann. 1915-1&)

(Blirger, 1909}
iBrinkmann. 1917)

(Joubin, 1906)
{Joubin, 1906)
{Coc, 1945)
(Coc, 19534)
Coe, 1954
(Coe. 1926}

2 females, | male: North Atlantic

2 specimens superficially studied: North Atlantic

2 females; South Atlantic {west of the Cape of Good Hope)
single female; North Atlantic

single male, superticially swdied: North Ailantic

multiple specimens; ariginally described Trom North Atluntic, recently
cotlected specimens from Pacific {off the coast of Califernia)

5 females: Tropical Pacific

single immatuire male; South Pacilic

single female described originally Trom South Atlantic, second
specimen veported from North Atlantic (Van der Spocl, 1985}

single female; Tropical Indian Ocean (southwest of Java)

stngle lemale described originally from North Atlantic: later several
specimens reported Irom Equatorial Atlantic and Equatorial and North
Pacific (Coe, 1954; Roe & Norenburg, 19984, 1999)

single female. superficiully stdied: North Atantie {Surgasso Sea)
single specimen, superficially swdied; North Atlantic (Sargasso Sca)
single male; Atlantic (Bermuda}

2 females: North and Tropical Pacific

single temale; Norith Pacific (near Japan

single male originully deseribed from Equatorial Pacilic, another
specimen reported from Nerth Atlantic {Vun der Spoel, 1985)

Cantinued o p. 116
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Tuhle 1. contd,

Species

Authority Comments

PROTOPELAGONEMERTIDAE Coe, 1926

Calonemerier

Pendonertertes

Ploronemertes

Protopelagonemeries

Protopelugunemeries

hardvr* {Wheeler, 1934} single lemale originally described from South Atlantic (west of Cape
of Good Hope); second specimen reported from North Atlantic (Van
der Spoel, 1985)

3 lemales described originally. several specimens reported luter by
Van der Spocl (1985); North Atlantic

multiple specimens: North Atlantic, North and South Pacific

single female: Atlantic {Bermuda)

fevinsend®  (Brinkmann, 1917)
adhaerens™ (Brinkmann, 1917)
aurantiain (Coe, 19363
beebei (Coe, 1936}
hubrechti®  (Brinkmaan, 1917)

single female: Aflantic {Bermuda)

3 (473 females originally described from Bermuda: several specimens
reported later from North and South Allantic and North Pacitic (Coe,
1954; Roe, pers, comm. }

Joculatori (Van der Specl. 1988)  single female; Banda Sea

Species of uncertain taxonomic position

Nannonemertes

Hatlvnemertes

indica® {Wheeler, 1637)
aleocki® {Luidlaw. 1906}

single female; Indian Ocean
nomen dithium (Gibson, 1995); type specimen from Indian Ocean,
several specimens reported from Atlantic and Pacitie (Roe. pers,

comm.)
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Figare 2. Classitication of the pelagic nemerteans after Korolkevilsch (1955).

author. Often it is left unclear what characters amd
assumptions have been used. Thus, homelogy state-
ments represent hypotheses that are not being tested
by character congruence, Chernyshev (1992a) sugges-

ted some evolutionary considerations on the origin and
relationships of the family Armaueriidac. Howcever,
some of his arguments are typical of non-phylogenetic
systesatists; e.g., he claims close relationship of the




Nectonemertidae and Acrmaveriidae on the basis of
shared plesiomorphics.

It is necessary to mention that systematics of pela-
gic nemerteans is greatly hampered by the mutilated
condition of most of the type and voucher material. Ay
individuals are sparsely distributed in the occan and
difficult to collect, 51 out of 98 species descriptions
are based upon single specimens. Only |7 species are
represented by 5 or more specimens (Table 1), As is
the case with most of the delicate meso- and bathy-
pelagic organisms, pelagic nemericans become badly
disfigured and damaged during the trip to the surface
in a trawl net packed with crustaceans and fish. The
epidermis, containing a number of important charac-
ters (Roe & Norenburg, 2001), is often completely
lost. Information on the external appearance of living
or very well-preserved (in formalin) specimens is al-
most essential in taxonemy of these nemerteans, but it
is unavailable for most of the described species. Most
specimens studied by specialists were preserved at sca
in bulk fixations of large unsorted collections. Appro-
priate handling and fixation of the specimens requires
special attention and is optimally performed by a ne-
mertean specialist on board of the research vessel {Roe
& Norenburg, 1999).

A collection of specimens exceptional in diversity
and good condition was recently obtained off the
shores of Hawaii and Californiz (Roe & Norenburg,
1999). As many as 76 pulative species were collected,
most of which are yet to be identified or described.
This material enabled many important observations
on the morphology, reproductive biology and dis-
tribution of pelagic nemerteans (Norenburg & Roe,
16984, b; Roe & Norenburg, 1999, 2001) and provides
new opportunities for insights into the phylogeny and
classification of the group.

This study falls in a row of recent phylogenetic
studies on various nemertean groups (Sundberg 19894,
b, 1990; Sundberg & Hylbom. 1994; Hirlin & Sund-
berg. 1995; Sundberg & Saur, 1998) and represents
a first and preliminary cladistic analysis of the re-
lationships of genera and species in the Pelagica.
The analysis is based on the morphological charac-
ters available from the primary literature and personal
observations. We discuss characters previously used
in systematics of pelagic nemerteans and propose a
number of new potentially informative characters.
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Materials and methods

Of the 98 valid species of pelagic nemerteans (Table
1y scored for the characters. 83 were included in the
analysis. A data matrix was constructed in MacClade
3.08 (Maddison & Maddison, 1992) (Appendix ).
Because a large amount of missing entries would res-
ult in an overwhelmingly large number of maximum
parsimonious trees {MPT) and, consequently, lack of
resolution on the consensus tree, we excluded spe-
cies that had more than 50% of missing entries. We
also applied MacClade option “search for and merge
potentially equivalent taxa,” which eliminated taxa
that can not be distinguished on the basis of scored
characters. Potential differences hidden in the miss-
ing entries provides no additional resolution to the
consensus tree, but increases the number of calcu-
lations. Fifteen species excluded from the analysis
are: Baluenanemertes lata Brinkmann 1917, Balaen-
anemertes chavesi {Joubin, 1906}, Barhynemertes al-
cocki, Crassonemertes rhomboidalis (Joubin, 1906),
Cuneonemertes obesa Coe, 1954, Dinonemertes arc-
tica Korotkevitsch, 1977, Dinonemertes grimaldii
(Joubin, 1906}, Gelanemertes richardi (Joubin, 1906),
Mononemertes sargassicola (Joubin, 1906), Nectone-
mertes juponica Foshay, 1912, Parabalaenanemeries
zonata (Joubin, 1906), Planktonemeries vanhoeff-
eni Brinkmann, 1915-16, Probaluenanemertes irenae
Wheeler, 1934, Chuniella elongata (Joubin, 1906),
andZinarmaneria platonovae Chernyshev, 1992, Re-
cent phylogenctic analysis of the phylum {Noren-
burg, unpubl. obs.) shows Pelagica as the most basal
hoplonemertean group, with hoplonemerteans a likely
sister to heteronemerteans. The former basal position
of Pelagica is suspect because of the overall simple
morphology. For outgroups we chose the heteronemer-
tean Baseodiscus and the palaconemertean Curinoma,
both certain to be outside of the hoplonemertean
clade. The ingroup was treated as monophyletic; the
autgroup as 4 basal polytomy.

The analysis is based on 30 morphological char-
acters (Table 2). Species data are mostly compiled
from the primary literature. Type and voucher mater-
ial was studied whenever available (Appendix 2). All
characters were parsimony informative, unordered and
equally weighted.

Heuristic parsimony search was performed in
PAUP*4.0b3a (Swofford, 1993), using the TBR
branch swapping algorithm with maximum number of
trees to be saved set to 25 000, and random addition sc-
quence { 1000 replicates with 5 trees held at each step).
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Tuble 2. Charucters und charucter states as used in the analysis

Character Character states Cuouding
1. Bedy shape rounded W]
broud and fa |
2. Body transtucent 0
Mzl |
3. Tail tin absent 0
indistinct 1
well developed 2
4. Tentacles ibsent 0
present in males 1
present in both sexes 2
5. Mouth and probescis opening united Q
separate 1
6. Lateral body wall muscles rudimentary 0
well developed 1
7. Pasition of the lateral nerve conds close o the body wall 0
deep in “parenchyma’ |
8. Lateral nerve cord muscles absent ]
present 1
9. Dorsal blood vessel: length ends blindly in the foregut region 0
reaches posterior end of the body 1
10. Dorsal blood vesscl does not enter chynchocoel 0
enters rhynchocoe! 1
11, Cephalic blood vessel absent 0
present 1
12. Rhynchocoe! wall muscles interwoven 0
outer circularfinner longitdinal |
outer circularflongitodinal/inner circular 2
outer longitudinalinner circular 3
13. Rhynchocoel kength equal ta body length or slightly shorter 0
much shorter {equal or less than 2/3 of |
body length)
14. Cuecal diverticula none or 1-3 pairs 0
nwre than 3 pairs. non-brunched |
more than 3 pairs. profoundly branched 2
15. Number of pairs of intestinal diverticula fewer or equal 20 V]
more than 20 1
16, Imestinal diverticula: density densely packed 0
widely separated by ‘parenchyma’ !
17. Imestinal diverticula: branching simple or only slightly lobed 0
branched ]
18. Ventral branch ol intestinal diveniculy absent 0
rudimentary |
well developed 2
19, Dersal intestinal diverticula meet above thynchocoel 0
do not mect above rhynchaceel |
20, Intestinal diverticula extend laterally beyond nerve cords 0
do not extend 1
21, Anterior intestinal diverticula reach brain 0
do not reach brain 1

Continwed onp. 119
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Characler Character slates Cuoding
22, Arrungement of tesies rows of 1estes reach 10 posterior end 0
rows or clusters of Lestes limited Lo Lhe 1
amerior pan of the body
33, Testes, if anteriorly arranged in dense clusters in fronl or besides the 0
brain

24. Nephridia
25, Sex

26. Testes opening via

27, Band-shaped organs
28. Modilied lateral epithelium
29. Poslero-lalersl glandular organs

). 'Rudimentary eyes’

in more or less regular rows. reaching

posterior to the brain

present
ubsent

SOXes separale
hermaphroditic

simple pores

raised glandular papillae
terminal pores on “phalli’

absent
present
absenl
present
absent
prescnt
absent
present

=T e T e B I = = i =

Due to the large number of missing entries (21.5%)
in the data matrix, the number of maximum parsi-
monious trees of length 186, found during the first
replicate, cxceeded 23 000 and the search was termin-
ated. In order to obtain MPTs from different replicates,
we conducted a new search (1000 replicates, 5 trees
held at each step) with a limit of 1000 trees saved per
each replicate limited to 1000. After 255 replicates
of random addition, 12000 MPTs were collected. at
which point we terminated the search and computed
Strict and Adams consensus in order to summarize the
information. On the request of a referee we conducted
another parsimony analysis with the genera and famil-
ies of the current classification (Table 1) constrained to
be monophyletic in order to compare the length of the
resulting trees with maximum parsimonious trees, We
use branch length as simple indicator of the clade sup-
port. Of all currently available sophisticated methods
of estimating clade support, i.e. bootstrap, jack-knife
and Bremer support (Bremer, 1994), the latter seems
to be the least Aawed and provides a useful general
gude {Kitching ct al., 1998). However, Bremer sup-
port only makes sense when all the MPTs are collected
followed by the trees that are one siep longer, two steps

longer, etc. Calculating Bremer support is impractical
with hundreds of thousands of MPTs, especially con-
sidering that the number of near parsimonious trees
rapidly increases with length. In these conditions, it is
very likely to overestimate support.

Results

Analysis resulted in 12000 MPTs (L = 186, CI =0.20;
RI = 0.74; RC = 0.15}. Strict (L = 468, C1 = 0.08, RI
= 0.03; RC =0.02) and Adams (L = 238. CI = 0.16,
Rl = 0.65, RC = 0.10) consensus of these cludograms
are presented in Figures 3 and 4, respectively. Sixteen
clades are retained on the strict consensus cladogram,
Howgever, only two correspond to traditional group-
ings: Pelagica and Armaueriidae (Fig. 3). The rest
of the retained clades do not correspond to any tra-
ditionally or recently hypothesized groupings, which
is why we leave them out of discussion until more
studies can be done. Constrained analysis of the cur-
rent classification (Table 1) resulted in 25 000 cqually
parsimonious trees at which point we terminated the
search. Resulting trees were 48 steps longer (L = 234)
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Figure 3. Strict consensus of 12 000 MPTs. L = 468, Cl =
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than maximum parsimonious trees resulting from the
unconstrained analysis,

Discussion
Pelupica

Two major clades that remain in the strict consensus
and correspond te the traditional groupings are Pela-
gica and Armaueriidac (Fig. 3). Only one prior study
employed cladistic analysis to address monophyly of
Pelagica (Sundberg, 1990). That analysis included one
representative from each family and was based on 34
morphological and |1 ecological characters. Seven of
those characters represent autapomorphies and, there-
fore, are parsimony uninformative. Although Pelagica
comes out as a monephyletic group on the strict con-
sensus tree, there are only four synapomorphies for
this clade: {1) pelagic habitat: (2) alimentary canal:
‘other” (i.e., not ‘simple,” not with ‘dolliiform fore-
gut,” and not with “oesophagus, stomach, pylorus, and
intestinal region”); (3) gonads *not in the intestinal re-
gion:” and (4) testes close, or in front of brain even
when female gonads are in intestinal region. How-
ever, characters (3) and (4) refer to the same feature,
while it is unclear what exactly is the uniting teature
of characier (2).

Seven characters support monophyly of Pelagica in
our analysis (Fig. 3}. Homoplastic characters include
translucent body {2); rudimentary muscles of the lat-
eral body wall (6) branched intestinal diverticula {17);
presence of postero-lateral glands (29); and presence
of modified lateral epithelium (28). The latter two arc
‘epithelial’ characters, and cannot be scored for many
taxa. because the epithelium is missing, Moreover,
character 28 has been defined only recently (during
this study) and is missing from descriptions, as people
have not been looking for i1, even where the material
allowed its observation. Similarly. character 29 was
known from only two species prior to the rccent ob-
servations of Roe & Norenburg (2001) that suggest a
much wider distribution. We hypothesized the pres-
ence of the postero-lateral glands in all the species
of Balaenanemertes, Pelagonemertes, Cuneonemertes
and Probafaenanemertes based on these observations,
Characters 28 and 29 have only been scored for very
few taxa (Appendix 1), which left question marks for
the majority of the taxa and freedom for the cladistic
algorithm 10 make assumptions. In existing cladistic
programs, missing cntries are assigned one or the

other state, whichever minimizes the length of the tree.
Thus, for our data it was most parsimonious to assign
all the pelagic nemerteans with a state of *present’ for
‘modified epithelium’ and ‘postero-lateral organs,’ a
solution that we think improbable. Anteriorly arranged
testes (22) and absence of nephridia (24) are the two
non-homoplastic characters supporting Pelagica. As
we did not include any non-pelagic hoplonemericans
in the analysis, the question of monophyly of the group
needs further investigation, although preliminary mo-
lecular data (unpubl. obs.) support monophyly,

Armaueriidae

The original diagnosis of the family, provided by
Brinkmann (1917b), follows: “Forepart of the body
broad, the posterior end tapered and ending in a
feebly developed caudal tin, The intestinal diverticula
without a ventral branch. The dorso-median blood ves-
sel developed in its full length, but at no place being
in connection with the proboscis sheath. Dorsal com-
missure of the vessels in the head lacking. Testicles
arranged in two almost regular rows in the head,
never united to groups.”” Korotkevitsch’s diagnosis
{Korotkevitsch, 1955) mostly agrees with the original
one and includes additional characters: small stom-
ach with slightly felded walls, number of intestinal
diverticula pairs does not exceed 25; anterior 47 pairs
without lobes, inflated distally; ovaries regularly al-
lernate with intestinal diverticula; testes are in groups
or rows in the brain area; body rarely exceeding 2 ¢m
in length. Chernyshev (1992a) diagnosed the family
in a different way: “Small pelagic nemerteans with
broad body. Parenchyma well developed. Number of
intestinal diverticula does not exceed 30 pairs. Rhyn-
chocoel 1/3-2/3 of body length. Rhynchococel wall
comprised of 2-3 layers. Dorsal blood vessel does not
enter thynchocoel; cephalic blood vessel is missing.
Brain commissures pass through the rhynchacoel wall,
Lateral nerve cords with muscle fibers. Some species
possess band-shaped organs. Testes are in longitud-
inal rows in the anterior third of the body™ {trans. by
SM). N.B.: “brain commissures passing through the
rhynchocoel wall” also can be described as the radial
muscle fibers that form the proboscis insertion over-
lapping the brain commissures on the way to the body
wall. This is a characteristic of all hoplonemerteans
but in pelagic forms it is especially evident that these
radial muscles are continuous with the inner longit-
udinal musculature of the rhynchocoel (Norenburg &
Roe, 1998b). Similarly, “ovaries regularly alternating




with intestinal diverticula” (Korotkevitsch, 1955) is
characteristic of most nemerteans. Degree of devel-
opment of parenchyma is a continuous character that
has not been separated into clearly defined states. We
suggest that these characters are not diagnostics for the
family.

Seven characters support monophyly of the family
Armaueriidae (Fig. 3) in this analysis. The only non-
homoplastic character is absence of contact between
the dorsal blood vessel and rhynchocoel wall {10).
This is a unigue situation among Pelagica and ex-
ceptionally rare among other nemerteans. Most palae-
onemerteans lack a dorsal blood vessel; hence. they
lack the connection. Lack of this connection has also
been reported for Hubrechtia (Birger, 1895), Para-
micrura (Gibson & Sundberg, 1992) and two species
of Hubrechtella (Gibson, 1979). Six homoplastic char-
acters support Armaueriidae: rhynchocoel wall com-
prised of inner circular, longitudinal and outer circular
muscte layers (12); presence of nerve cord muscles
(8); thynchocoel equal or less than 2/3 of body length
(13); non-branched intestinal diverticula (17); absence
of cephalic blood vessel (11); and presence of band-
shaped organs (27), The latter two have high character
consistency indexes {¢i = 0.5), implying that there
is only one other origin or reversal elsewhere on
the cladogram. Absence of the cephalic blood vessel
also was reported for Nannonemertes indica Wheeler,
F937(Wheeler, 1937). However, the description is
based on a single poorly preserved specimen, and the
cephalic blood vessel could have been easily over-
looked. Koratkevitsch (1955) mentions that she could
not find the cephalic commissure in a few other species
of pelagic nemerteans; e.g. Nectonemertes acantho-
cephala Korotkevitsch 1955, Pelagonemeries robusia
Korotkevitsch, 1935 and Pelagonemertes laricauda
Korotkevitsch 1955, each represented by a single
peorty preserved specimen. We scored the cephalic
blood vessel as present in each. In Armaveriidae, the
cephalic blood vessel cannol be distinguished in any
of the specimens — even on well-preserved and stained
material, thus we consider this character a ‘good’ syn-
aponiorphy of Armaueriidae. Presence of so-called
band-shaped organs is another striking characteristic
of the family. Initially these organs were described
only for the species of the genera Neoarmuueriv and
Proarmauaeriefla (Korotkevitsch, 1955; Chernyshev,
1992a). Our study revealed the presence of these or-
gans in the type species of the family, Armaueria
rubra Brinkmann, 1917, as well as all the other
armaueriid species, ecxeept Proarmaneria korotkevits-
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chae Chernyshev, 1992. Sections of a single specimen
currently referred to the latter specics are in very bad
condition, We hypothesize presence of band-shaped
organs in P. korotkevitschae and consider them u syna-
pomorphy of the family. Qur investigation of recently
collected specimens of Proarmaueria pellucida Coe,
1926 showed presence of a pair of very small epi-
thelial glandular organs, situated on ventral side of
posterior part of the body and resembling those of
Pelagonemertidac (Roe & Norenburg, 2001). Upon
reinvestigating the type malerial of other armaueriid
species, we found these organs in every specimen in
which epidermis of the appropriate part of the body
has remained intact. Armaucriid species in which
we found postero-lateral glandular organs include A.
rubra, Neoarmauneria angusta (Korotkevitsch, 1953)
and P. peliucida. We hypothesize presence of these
organs in all species of the Armaucriidae. To date,
armaucriid genera were differentiated on the basis of
thynchocoel wall structure, presence or absence of the
band-shaped organs and accessory nerve cord. Our re-
investigation ol the type and voucher material showed
that (1) band-shaped organs are preseat in all genera of
Armaueriidae; (2} all armaveriid species have a uni-
form rhynchocoel wall comprised of ICM/LM/OCM
and (3) presence of the accessory nerve cord is an
unreliable character to differentiate genera, as it is
subject to inter- and intraspecific variation (see ‘Char-
acters” section). This is supported by the cladistic
analysis, which fails to show any genera to be mono-
phyletic. Here we propose an emended diagnosis of
the family Armaueriidae.

Diagnasis

Family of small pelagic nemerteans, with known mux-
imum length of 24 mm, diagnosed by following syn-
apomorphies: (I} dorsal blood vessel reaching to pos-
terior end of the body without entering rhynchocoel
wall; (2) lack of cephalic blecod vessel {precereb-
ral commissure); (3) presence of unique band-shaped
organs; {4) rhynchocoel 1/3 to 2/3 of body length;
(5} rhynchocoel wall comprised of ICM/LM/OCM;
(6} presence of nerve-cord muscles; and (7} non-
branched or slightly lobed intestinal diverticula. To
distinguish armaveriid species from other pelagic ne-
merteans, these synapomorhpies can be combined
with the following characters: body flattened and mod-
erately transparent; proboscis pore terminally situated
and well separated from the mouth; intestinal divertic-
ula lacking ventral branches, never meet above rhyn-
chocoel; number of intestinal diverticula normally not
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exceeding 25: caecum bears a few (1-3) pairs of lateral
diverticula: a pair of very small epithelial glandular or-
gans, resembling those of Pelagonemertidae, situated
on ventral side of posterior part of the body; testes
arranged in more or less irregular row on each side.
starting at brain level and reaching esophagus region;
sexes separate or hermaphrodites.

Pelagonemertidace

The Adams consensus tree (Fig. 4) allows some extra
observations 1o be made. A ‘traditionai’ group suppor-
ted on the Adams consensus tree. in addition to Pela-
gica and Armaucriidae, is Pelagonemertidae sensu
lato (Korotkevitsch, 1955) (Fig. 4). Korotkevitsch
included family Balaenanemertidac in Pelagonemer-
lidae arguing that the difference in presence/absence
of the lateral tentacles and bilobed tail fin is not
sufficient to separate the 1w families. She defined
Pelagonemertidae by the following characters: dorso-
medial blood vessel ends blindly after entering rhyn-
chocoel in the foregut region: cephalic bloed vessel
present; so-called ‘rudimentary eyes” present in pre-
cerebral area; band-shaped lateral organs absent. We
use the nume Pelagonemertidae sensu Korotkevitsch.
Cladistic analysis shows that all pelagonemertid spe-
cies form a monophyletic group (clade PG). The only
non-pelagonemertid species included is Calonemertes
hardvi (Wheeler, 1934) (Protopelagonemertidae). The
non-homoplastic character supporting monophyly of
the group is rudimentary dorsal blood vessel end-
ing btindly in the foregut area (9), which corres-
ponds to one of the characters traditionally used to
define the family (Korotkevitsch, 1935). Rudiment-
ary dorsal blood vessel is a vnique situation among
nemerteans. Presence of ‘rudimentary eyes' appears
as a synapomorphy of a subgroup of species within
the family: from Balaenanemertes chuni Biirger, 1909
to Pelagonemertes roliestoni Moseley, 1875 (reading
from the top to the bottom of Fig. 4). Presence of
the cephalic blood vessel and absence of band-shaped
lateral organs are plesiomorphic for the phylum, there-
fore. can not be used to diagnose a subgroup. Altern-
ative states of these characters are synapomorphies
of the family Armaueriidae. Although arrangement
of the testes in a pair of dense clusters is not a
synapomorphy of the family, it is a very character-
istic feature of pelagonemertid species and can be
used for rapid identification, as it is readily seen
on non-sectioned material. This character appears as
one of three synapomorphies of Pelagonemertidae and

Plionemertes and arises independently only two other
times: in Alexandronemertes and Planonemertes labi-
ata Coe, 1936. An indirect evidence for monophyly
of Pelagonemertidae is presence of the postero-lateral
glands of similar structure in pelagonemertid genera
Balaenunemertes, Pelugonemertes, Parabalaenane-
mertes and Cuneonemertes. They have been suggested
lo be a synapomorphy for an undefined group en-
compassing these taxa (Roe & Norenburg, 2001).
The authors make no assertion about homology of
the posterior glandular structures of the above taxa
with respect to those of Armaveriidae and Plorone-
mertes but do imply that the three morphs are distinct
(i.e. non-homologous} states. We coded only pres-
ence or absence of the postero-lateral glands without
regard to differences in structure and position. Due
to the large number of missing entries and a very
few scored *absences’ (Appendix 1), the computer al-
gorithm assumed the state ‘present’ for postero-lateral
glands for most of the terminals, which resulted in
presence of the postero-fateral glands being 2 syna-
pomorphy of all pelagic nemerteans. An alternative
analysis {unpubl. obs.), with the character sptit into
four states {0 — absent, 1 - pelagonemertidae type, 2 —
armaueriidae type, 3 — plotonemertes type) supports
the hypothesis (Roe & Norenburg, 2001) that these
states are distinct and independent. Again, due to the
large amount of ambiguity in the data and most “ob-
served’ taxa scored as possessing pelagonemertidae-
type of postero-lateral organs, the lauter appears as the
inferred plesiomorphic state for pelagic nemerteans,
from which armaueriidae-type and plotonemertes-type
evolve. We believe that Pelagonemertidae is a mono-
phyletic group; however, we prefer 10 leave it undia-
gnosed until more synapomorphies are recognized.

Balaenanemertes, Nectonemertes and
Phallonemertes

None of the other traditionally defined families of
pelagic nemerteans appears as monophyletic (Fig. 4).
Some “support’ is evident for the genera Necrone-
mertes and Balaenanemertes. Species of Nectone-
mertes (except for N. minima Brinkmann, 1915-16
and N, compacta Korotkevitsch, 1964) together with
Phallonemertes murrayi (Brinkmann, 1912) form a
monophyletic group {clade N + PH) supported by a
single homoplastic character: presence of rudimentary
ventral branch of intestinal diverticula (18). Mono-
phyly of the group including clade N + PH, N. minima
and Chuniella agassizii {Biirger, 1909) is supported




by eight homoplastic characters: broad, flat and trans-
lucent body (1, 2), presence of well-developed tail fin
(3), presence of lateral tentacles in males (4), rhyn-
chocoel musculature consisting of OCM/ILM layers
(12), more than two pairs of profoundly branched
caecal diverticula (14), branched intestinal diverticula
(17). 1estes opening via raised glandular papillae (26).
The last character reverses to “simple pores’ in Nec-
tonemertes primitiva Brinkmann, 1917 and develops
into ‘phalli’ in P. murravi. ‘Openings on glandu-
lar papillae’ arises independently from inferred ple-
siomorphic ‘simple pores’ three more times on the
cladogram: Parabalaenanemertes fusca Brinkmann,
1917; Planonemertes labiata; and the ‘balaenanemer-
1id” clade (B), which includes Pelagonemertes excisa
Korotkevitsch, 1955, P. robusta, P laticauda, P
parvila Korotkevitsch, £964 and all the species of
Balaenanemertes, except B. hjorti Brinkmann, 1917,
Four homoplastic characters support clade B (Fig. 4):
testes open through glandular papillae (26), branching
of intestinal diverticula (17), presence of tentacles in
both sexes (4) and presence of well-developed tail fin
(3).

Characters

Here we consider some characters that have not been
discussed in the previous sections. The structure of
the rhynchocoel wall (12) was of special interest 1o
us. Although this character is always a part of the
species description and often is given a lot of weight
in the systematics of pelagic nemerteans (Brinkmann,
1917a: Coe, 1926: Korotkevitsch, 1955) our analysis
shows it as highly homeoplastic (Fig. 5) with each
of the four states evolving two to many times within
the group. Upon request of the referee, we conducted
parsimony analysis constrained to make this character
non-homoplasious in order to see how many additional
steps it takes, Trees resulting from the constrained ana-
Lysis were 22 steps (L=208) longer. We suggest several
possible explanations for the observed high level of
homoplasy: (1) true homoplasy, (2) misinterpretation
of the state in the literature and (3) "misplacement’
of taxa due to the large number of ambiguities in the
data matrix. While the structure of the rhynchocoel
wall usually is relatively easy to interpret and score
for ether hoploncmerteans, there seems to be extens-
ive variation among pelagics, with, apparently, all
having some degree of interweaving. Interpretation
and coding based on literature appears to be a ma-
jor problem at this time, as was vividly demonstrated
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for Armaueriidae by Norenburg & Roe (1998b}. Sev-
eral additional characters, traditionally used in the
systematics of pelagic nemerteans cause a great deal
of confusion. For example, structure of the intestinal
caecum, usually reconstructed from sections, might be
interpreted in three different ways by three independ-
ent researchers (unpubl. obs.). In scoring quantitative
continuous characters, it often i1s unclear how many
and what character states should apply, This group of
characters includes number of intestinal and caecal di-
verticula, body shape and length of the rhynchocoel.
Presence of the accessory nerve cord was tradition-
ally used in systematics of Pelagica. However, our
study showed that this is a quantitative character, as
is the case in several other hoplonemertean groups
{unpubl. obs.). The accessory nerve cord might be
well-developed in the anterior part of the body and
completely disappear towards the posterior. Among
presumed conspecific specimens some might have a
distinct accessory nerve. while others lack it com-
pletely. Although we inittally scored this characier, we
decided to exclude it from the analysis. A few charac-
ters used in the analysis could be somewhat refined or
subdivided into several independent characters in the
future; e.g., position of the lateral nerve cord muscles
relative to the nerve cords can vary between taxa.
However. lack of this information in the descriptions
of most of the 1axa does not allow to score it.

Finally, we would like to suggest a few charac-
ters that might be useful in the systematics of pelagic
nemerteans. Some species of pelagic nemerteans are
known to have nurse cells surrounding maturing oo-
cytes, as was described by Norenburg & Roe (19984).
It is yet to be shown whether this is universal and
how much variation occurs among the pelagic nemer-
tean species. We suggest that number of nurse cells
per oocyte and number of cocytes per ovary might
also be useful, if these characters can be found to
have clearly defined states. Study of recently col-
lected, well-preserved and stained materiul provided
several new ‘epidermal’ characters: presence/absence
of postero-lateral glands, anterior epidermal gland
specialization (Roe & Norenburg, 2001) and a gtandu-
lar zone around the gonopores (Norenburg & Roe,
1998a). As morphological studies progress we should
expect to discover various details of these struciures
that could help us to resolve the phylogeny of Pelagica.
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Figure 5. Changes of churacter 12 (rhynchocoel musculatuee) on one of 12 000 MPTs. 0 — interwoven, 1 — OCM/ILM, 2 - 0CMAM/TCM,
3 —OLM/ICM, [nfered plesiomorphic state is {.




Conclusions

The biggest problem encountered was a large amount
of ambiguity in the data matrix due to incomplete-
ness of descriptions. In many cases, type and voucher
material need to be reinvestigated. Characters tradi-
tionally used in the literature are insufficient to resolve
the relationships between pelagic nemerteans. Addi-
tional morphological and molecular studies are essen-
tial to uncovering new characters. Studies of recently
obtained material (Norenburg & Roe, 1998a, b; Roe
& Norenburg, 1999, 2001) provided a range of ncw
potentially informative characters that are yet to be in-
corporated into analysis of the phylogeny of Pelagica.
Monophyly of Pelagica, although supported in the
preliminary analysis, needs further investigation. Two
traditional families. supported by cladistic analysis
are Armavueriidae Brinkmann, 1917 and Pelagonermer-
tidae sensu futo (Korotkevitsch, 1955). Some support
is evident for the genera Nectonemertes and Balaen-
anemertes. Future studies need to be focused on the
morphotogy and relationships within these presum-
ably monophyletic groups of pelagic nemerteans.
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Appendic . Dt matrix used in the analysis. Y

abbreviations,

missing data, -

inapplicable character state. See Figure 3 for explanation of

111111112222 222%22%273

1234456789012 23455783880223458783%10

Alexandronemertes diaior BG P relzr0?r?rr3r01001190C190107%F 27 %7
Alexandronemertes mollis BG DI R V| 19111301 G¢0219090¢1z109%2?7237?
Armaueria rubra A o110l 9022c1Cc0010011100C1117
Hatcenanemertes chuni B iozz1e010-1110910010C101031727211
Buluenanemertes grondis B lpz21¢2210111¢0927?217000C10¢1910221?7?
Hutuenanemertes ltjort B lozz>2»g 1002111022120 00671 01072 :1¢*
Butaenancmertes lobata B 10221 Cco020x11e0910G10016&1901 0723717
Boluenanemertes mitior B L0z 21c0t0 1120000070011 072312
Balaenanemertes musculocaudatg B o2l c0lolrlo0gdr1l0001 0101
Buergerielta notabitis BG gc*o0Cc1010121302101200011190072 %272
Culonemertes hardyi PT 10601115372 06?211 1001 10222302
Chunianna opaca C l1oci1co00121001721030¢0207212140972722%72
Chuiania puaetfica C t11101¢c00131202?221001202»2119072 2272
Chuinvietfu agassizii C coool1co0o0l11110210109?001101072¢2732772
Chutiedla tanceolara C c0o07109001 2110011012031 111190¢72¢%2?2
Chunielta pelagica C cl1oo0laonzrl1ilillyr0r? 00110 YR
Chuniells tenetloe C 111616001 :>110¢271290102111030 2737722
Crussenenteries rubusto PL o011 1o1ilo6ez2l1o01290111 1007237 ¢
Craieonentertes efongote PG g»0cC111:201110¢00*»12000177»13030¢72321°7
Crntermenieries grocitis PG gc1ocl110*Tp0pT11ceco0od901190Cc010C190 73148
Cuneoneniertes igra PG ol1o2c0c1c1201110091123200172107 72217
Dinonemertes alberti D 11 .¢1¢0?21112101¢C21003011119772727272
Dinencmertes imestizatoris D inicgl1e12?2111 2261002102111 37727272?72
Loranemertes nang PG 1L0d9clecoz0nlloocnloolallz1ldz02d
Mergonemertes woodworthii PLL g?aoC1ce0d01110211c000006G1 21907272 %72
Meononemertes scarlata PL tli¢00Cc1911100216¢02100C011130G72277
Nanaoueuertes indica 0 1101360200022 721011112107?72272?7?
Nutanemertes aoutoeaudan PG Q001001 C1¥1lo00r121200101073F2»7 581
Nectanemertes avanthocephala N 2132122111071 71110%02 210
Nectonemeries actirifobara N 11z=2100011 1921619009031 210202770
Nectonemertes compacta N J11o01o0oco11211C¢c1c0901 21010707372
Nectonemertes major N peczzilogoezrz1l11102101100%12101072cz=0
Nevtonetrertey minima N 1¢2119%21011110%210¢C¢cd119d091110¢:72727
Nectonemerteys mivabilis N p1rz:190011112210110001110°222272%7
Nectonemertes pelagiva N 12119001111 02107 160901 110¢20C1300
Nevtonemertes primitiva N 1211200211202 1111*190111003%7277
Nectoneutertes tenids N io9211000¢:1110112000¢021 1220720720
MNeowrmane riv ungisia A pocoloolic0zZ1l19C¢d0o0101121072111C¢0
Neogrmaneria divaricarte A 1001222202190 ¢2002111?220C¢2>171TC¢C
Neowrmaneria crasse A 1919100121 C¢02190910C¢0L09391*1¢2111T¢0
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Appendix 1. conld.

11111111122 22222%122%

1234567830123 45678901234567829323

Neoarmaueria faticeps A 10101090l 1Cc0210010C¢1C¢012107 111390
Neourmaueria teayieanda A o009 11002z21002001C¢0211001110
Newronemertes aurantiaca PL g1192911:20¢111901210129%00111007%72 27
Nemertobus maximovi PG 12102 ¢c110110G906G61L0109010100¢06C2¢20
Obnemertes latilobata PG 1210291011000 C1111001010D50¢72210
Ohneniertes ramasa PG 1960100101 10C¢O0C¢11021200121020727?20
Obnemertes sofida PG 19139100101 10000211 0101101 000¢220
Paclivnermertes abesu P p119100c11101lz2cle>212107%22227
Parabalaenanemertes fusca PG p#El131121nli1iro0oc?»12z20010101¢7?7%2%7?
Paradinonemertes drvgalskii D 119100011 1¢0Y100Cc1001111100¢22 727
Paradinonemertes mucrostemum [ ltT291110111021 1011001110977 7
Pelagonemertes brinkmam PG lo19100¢19111000100100101107 211
Pelugonemeries excisa PG pelloponzry?1lo0co0lolilozlololoeln
Prlugonemertes jonbini PG l¢gop9o1o01191110001101001010¢72221272
Pelagonemertes hovotkevitsschae PG 1 01 01 0 ¢ 01110002101 001210¢27%217
Pelagomemertes lativauda PG loepzolo0ez0lzz10Cc00011 0800121070811
Pelagonemeries moselevi PO 1o1¢g1012?01110C¢01173 9101012190272 7217
Pelagonemeries oviporus PG 11017212951 2210012011021210z2021010
Pelugonemertes parvila PG 1922100092111 0001051111213501137211
Pelugonemeries robusta PG poezzx1o002»?90?»110C¢02007%272121072072110
Pelagonemertes rullestoni PG 190010012121 06¢60119210¢1010¢7227211
Pendoneniertes levinseni FT 2209010111101 0C¢121260012140227277
Phatlonemertes murravi PH Jo0zo010C¢c01121G6121011¢001210200¢00
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Plunomiemertes tobata D l1¢1010102122021111100111900C727277
Plenineonertes ribella PL 111o0¢110111060%121279021210%72%7%7
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Proarimaueria korothevitscfide A ool1o1o01110922¢01091001110300110
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Protopelugonemertes beebel PT 11T0o0¢110111¢02192120011110¢272727373?
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Protwpelugonemeries jocwdetoriPT 0 2 1 50 117 11206021901 2060017210227227
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Appendix 2. Sectioned material examined

UBMZ Museum of Zoology of University of Berpen, Norway.
RASZ Zoological [nstitution of Russian Academy of Science, St.-Peterburg, Russia.
USNM National Museum ol Nutural History, Smithsonian Institution, Washington DC.

Armaveric rvbra Brinkmann, 1917 — type series: 2 males (UBMZ 60100 X1V (111, 601(X)
XX 4y and a female (UBMZ 60100 XIX (12)).

Balaenanemertes sp. *753" — 1 male USNM.

Buluenanemertes sp. "36° —a male USNM.

Nectonemertes of, pefugica — 15 recently collecied specimens: & males and 10 females
(USNM 174017, 18, 25-38).

N, ongasta (Korotkevitsch, 1935) — a female RASZ 224 (lectotype). Since the helotype
has not been designated originully and the eriginal deseription was based on more
than one specimen, the term *holotype® as used by Chernyshey (1992a) is not
applicable. We suggest that the specimen should he referred to as lectotype.

Second lemale. mentioned in the original description (RASZ 230) was also used
in a description of M. peftucida (Chernyshev, pers, com.} and subscquently
referred to Zinarmaueria platonevae gen. nov. sp. nov. (Chernyshey, 1992a).

N. erussa (Korotkevitsch, 1935) - females: RASZ 233 (lectotype), RASZ 232, Sume
comiment as above applies to the designation of the lectotype here. Korotkevitsch
mentiened g single specimen in the original description: however, two specimens
are Tound in her collection.

Neoarmaueria laticeps (Korolkevitsch, 1955) - females: RASZ 226 (lectotype}, RASZ,
227 and male RASY 225, Chernyshey [ 1992y) referred #225 to a different species
on the hasix of presence of an accessory nerve cord. Although unly two specimens
{mile and a female} were mentioned in the oniginal, apparently, al three
specimens contnibuted o the description. Sotne pictures in the original publicaion
clearly depict slides of lemale #227 (Korotkevitsch, 1955, Fig. 46A), while others
most likely refer Lo #226 {Korotkevitsch, 1955, Fig. 45A). Although
Korotkevitsch had not published her designation of a type, she labeled #226 as a
holotype and included its pictures in her dissertation {Chernyshey, pers. com. b
Chernyshey (1992a) designated the latter specimen as a lectotype despite the iact
that its caccum differs from that of nos. 225 and 227, and from the original
deseriplion.

N. tenwicanda (Koratkevitsch, 1955) — a female RASZ 222 (lectotype, subscquently
designated by Chernyshev. 1992a), und an immature male RASZ 223,

Phaitlememeries marrevi — a male USNM 174021 and a female USNM 174019,

Proarmaueria korothevitschoe Chernyshey, 1992 — a male RASZ 229 (leclotype,
subsequently designated by Chernyshev, 19924} Second specimen from the type
series (RASYZ 230, labeled as a paratype by Korotkevitsch and mentioned in the
original description has alse contributed to the description of M. angusta
Korotkevitsch, 1955 (Chernyshev, pers. com.), and subsequently refemed w
Zingtrmaweria platonoveae gen, nov. sp. nov. (Chernyshev, 19924).

Continwed on p. 132




Appendiv 20 contd,

Prourmauerig of. peffucidn — 13 secently collected specimens: 7 females (USNM 174039,
17404344, 174047-48, 174050-51}, 3 males (USNM 174045-46. 174049) and 3
specimens in which both ovaries and testes were fuund (USNM 17404042,

Proarmauerielia caudate {Korotkevitsch, 1955) - specimen RASZ 231, possibly
hermaphroditic (holotype, by monotypy). Cellx resembling immature oocyles are
found in same of the testes; however. poar condition of the slides does not allow
clear study.

Protapelagonemertes sp.— o female USNM 174058 .

Xenarmauerig acoeca (Korotkevitsch, 1955) — specimen RASZ 228, possibly
hermaphroditic {holotype by monetypy). Cells resembling spermatocytes are
lound in some of the ovarics.

Zindrraneria platonovae Chernyshev, 1992 — a female RASZ, 230 (holotype by original
designation). This specimens was kabeled as a paratype of M. peftucida by
Korotkevitsch and., at the same time, represented a second specimen of the type
series ofM. anguesta (Chernyshev. pers. com). Chernyshey {1992a) proposed a
new species and genus for this specimen, never mentioning the confusion.

Instead. he indicated that the second specimen of M. angusta had been lost
(Chernyshev, 1992u).




