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Abstract

Siphonophores are polymorphic planktonic marine Cnidarians. The family Apolemiidae is sister to all other species of
physonect and calycophoran siphonophores. Although this enigmatic group arguably includes the longest animal species
on the planet, their colony-level organization and growth patterns are not well understood. Here we describe two new apo-
lemiid species: Apolemia lanosa sp. nov. and A. rubriversa sp. nov. We provide detailed descriptions of zooid budding
and the organization of mature zooids within the siphosome. Our findings reveal that at least two distinct general patterns
of siphosomal organization are found in different Apolemia species. In the first pattern, dispersed organization, zooids in-
dependently attach directly to the siphosomal stem. In the second pattern, pedunculate organization, only the gastrozooid
is attached directly to the stem, and the other zooids of the cormidium branch from its peduncle. This diversity within Apo-
lemia indicates that fundamental aspects of zooid budding and organization are homoplastic within Siphonophora, as both
patterns are also found in other siphonophores. The observations presented here greatly clarify the interpretation of diag-
nostic characters within Apolemiidae, bear on the status of the three previously described species, provide critical detail
for understanding the diversity of colony-level organization in siphonophores, and establish a foundation for the descrip-
tion of additional apolemiid species.
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Introduction

Siphonophores are free-swimming colonial animals that belong to Hydrozoa (Cnidaria). Most siphonophores are
entirely pelagic, and they are abundant in the midwater of all oceans (Mackie et al. 1987). Each siphonophore
colony consists of multiple physiologically integrated bodies, or zooids, each of which is homologous to a solitary
free-living animal. Each zooid is specialized to perform a particular function, such as locomotion, feeding,
protection, or reproduction. Siphonophores are often very fragile, and the study of their systematics has been
largely based on a small number of characters that can be described from dissociated specimens (Totton 1965).
These commonly described features include the morphology of the nectophores (swimming zooids), bracts
(protective zooids), and the tentacles of gastrozooids (feeding zooids). New technologies including remotely
operated underwater vehicles, blue-water SCUBA diving and submersibles have made it possible to collect many
siphonophore species intact for the first time (Haddock 2004). This allows for the description of a much broader set
of characters than was previously possible, including the organization of zooids within the colonies (Dunn &
Wagner 2006).

The zooids of most siphonophores are organized along an elongate linear stem. The stem can have one or two
main budding zones, which are the sites of both stem elongation and the addition of new zooids throughout the life
of the colony (Carré & Carré 1995). All siphonophores have a siphosome, a region of the colony that bears
gastrozooids, bracts, and sexual zooids, among others, and that is produced by the siphosomal growth zone. The
zooids of the siphosome are organized in repeating patterns, each iteration of which is called a cormidium.
Siphonophores have been traditionally divided into three major groups: Cystonectae, Physonectae and
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Calycophorae (Fig. 1A, Totton 1965). These groups differ in the presence of two conspicuous characters. The first
is the pneumatophore, a gas filled float found only in Cystonectae and Physonectae. The second is the nectosome, a
region of the colony specialized for locomotion, which is found only in species of Physonectae and Calycophorae.
Like the siphosome, the nectosome has its own growth zone. Molecular data indicate that Cystonectae are
monophyletic, but based on 18S rRNA Physonectae is paraphyletic and gave rise to Calycophorae (Collins 2002;
Dunn et al. 2005). The clade comprising “Physonectae” and Calycophorae is named Codonophora (Dunn et al.
2005).

A Codonophora B
p » upper
Cystonectae Physonectae Calycophorae
Apolemiidae “upper view”
pallial canal
distal proximal
pedicular
ostium canal

lower “lower view”

FIGURE 1. (A) Phylogenetic position of Apolemiidae within Siphonophora (after Dunn et al. 2005). (B) Schematic lateral
view of an apolemiid nectophore, showing the major axes and the directions of the “upper” and “lower” views used in graphic
presentations in this study.

Apolemiidae is sister to all other species of Codonophora (Fig. 1A; Dunn et al. 2005). This phylogenetic
position makes the study of Apolemiidae critical to understanding the evolution of many features of siphonophore
structure and development. In addition, apolemiids have many unique attributes that make them of particular
interest, including the ability to grow to lengths in excess of 30 meters (Mackie ef al. 1987) and a complex
nectosome. Even so, they have remained among the most poorly known groups of siphonophores. To date three
apolemiid species have been described, Apolemia uvaria Lesueur, 1815, Ramosia vitiazi Stepanjants, 1967 and
Tottonia contorta Margulis, 1976. In this study we describe two new apolemiid species, re-evaluate diagnostic
characters for the group, and discuss the state of the genus Apolemia. For reasons discussed below, we ascribe both
new species to the genus Apolemia. In addition, for the first time in Apolemiidae, we describe the structure of the
growth zones and details of the colony-level organization of the zooids. The insights provided here build a
foundation for future systematic studies of Apolemiidae (which is thought to include at least 15 further undescribed
species), and provide insight into the development and evolution of Siphonophora.

Material and methods

Specimens were collected in the vicinity of Monterey Bay, California, and adjacent waters by the ROVs Doc
Ricketts (D), Tiburon (T) (both deployed from the R/V Western Flyer) or ROV Ventana (V) (deployed from the R/
V Point Lobos). The four specimens (from dives D327, D329, D331, D423) described in detail here were relaxed
in MgCl, partially dissected, and pinned out in a Petri dish coated with Sylgard 184 (Dow Corning Corporation). A
thin layer of Sylgard allows for the use of insect pins (Austerlitz Insect Pins, 0.2mm, Fine Science Tools) to fixate
tissue in the dish. Extensive observations, including photo-documentation, were made on living specimens and
later on fixed material. Specimens were preserved in 5% buffered formalin. Specimens D195 and V908 were fixed
directly in 5% buffered formalin without prior relaxation. Samples from the siphosomal stem were snap frozen for
DNA extraction prior to fixation in all cases except for specimen V908. The nematocyst complement was
documented after mounting fixed tissue samples in 80% glycerol. Minimum, maximum and mean measurements
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are provided as well as the number of measurements taken (Table 4). The orientation of the nematocysts in the
tissue sample did not allow for length measurements in all cases.

To make scanning electron microscope (SEM) images of the siphosomal organization of specimen D331,
tissue preserved in 5% buffered formalin was fixed with 3.5% glutaraldehyde in 0.05 M sodium cacodylate buffer,
pH 7.4, for 18h at 4°C. After washing with 0.075 M sodium cacodylate buffer for 30 min, the specimen was
postfixed with 1% OsO, in 0.075 M sodium cacodylate buffer for 2 h at room temperature. After additional
washing with 0.075 M sodium cacodylate buffer for 30 min, the tissue was dehydrated in an EtOH series. Samples
were critical point dried, sputtered with gold and examined with a Hitachi 2700 SEM.

Several gene regions were sequenced to aid in identification and to facilitate future phylogenetic analyses of
Apolemia when more species are described. Total DNA was extracted from four specimens (D195, D327, D329
and D331) with Trizol (Life Technologies). The following partial gene sequences were amplified: 16S (primer
from Cunningham & Buss 1993), 18S (primer from Medlin et al. 1988), 28S (primer F63sq from Medina et al.
2001 and primer LSU D1,D2 revl from Sonnenberg et al. 2007), COI (primer LCO1490 from Folmer et al. 1994
and HCO-Med-2414 from Bucklin et al. 2010) and Histone 3 (primer H3-F and H3-R from Colgan et al. 2000).
Sequences were submitted to GenBank (Accession Nos. KF214712-KF214721). Sequence differences between the
two species were 0.4% (SSU), 1.0% (28S), 2.2% (16S), 4.6% (H3) and 5.2% in case of COL.

An Apolemia uvaria specimen was borrowed from the Natural History Museum, London (BMNH 1952-9-23-
96). This specimen was collected by A. K. Totton in Villefranche-sur-Mer, France, on April 23" in 1949. A
nectophore of the type specimen of Tottonia contorta taken by Petr Lebedev from 660-583-Om at Station 11
(07°39'N 87°54'E); most of the Tottonia paratype specimen (collected in the equatorial region of the Pacific Ocean
(01°30.5>-01°01.4°S, 97°00°-97°02.7°W) by the RV Akademik Kurchatov on 14 Jan 14™ 1974 using a plankton net
at St. 1454, fishing depth 180 m (series no. 50, 2055 hrs)); and the paratype specimen of Ramosia vitiazi (collected
from 1765 m at 53°04'N 146°10.5'E by the Vitiaz on 21* September 1951) were made available through the
kindness of Sofia Stepanjants. These specimens are held at the Zoological Academy of Sciences, St Petersburg
with registration Nos. 9228, 2/9228 and 319902, respectively.

Terminology. We describe orientation, views, and axes following the terminology of Haddock ez al. (2005).
Due to their shape, apolemiid nectophores naturally sit in the dish at an angle such that the upper and lower
surfaces do not face directly up or down, but instead are inclined at an angle of approximately 45° (Fig. 1B).
Nonetheless, we will still refer to these views as “upper” and “lower”.

Nectosomal zooids in between nectophores had originally been called palpons (“Fuihler” [feeler], “Taster”)
(Kolliker 1853; Leuckart 1854). More recently, (Totton 1965) referred to them as tentacles, and they were
interpreted as being homologous to the aboral tentacles of other hydrozoans (Leloup 1954). However, we find that
these structures have well-defined gastric cavities and their nematocyst complements, as presented in this study,
show similarities to the ones of gastrozooids and siphosomal palpons and major differences to those of the tentacles
and palpacles. Furthermore in vivo behavior shows feeling/sensing activity in a very similar way comparable to that
observable for siphosomal palpons. As feeding function has not been reported for these accessory zooids, we here
choose to call them nectosomal palpons. Small buds that may correspond to vestigial nectosomal palpons have also
been found in Bargmannia elongata Totton by Dunn (2005). This suggests that nectosomal palpons may be a
synapomorphy of Codonophora that has been greatly reduced or entirely lost in representatives other than the
apolemiids.

According to Totton (1965, p. 35), peduncle and pedicel are interchangeable terms used for the foot-stalk of
attachment of gastrozooids, palpons, nectophores and gonophores. Mapstone (2009), however, defined pedicel as
“stalk of a zooid” and made no use of the term peduncle. In this study we consistently use the term peduncle. In the
case of a gonodendron, which is not an independent zooid, we use the term stalk to describe the structure to which
the gonophores are attached via individual peduncles.

Abbreviations used in figures

aw: axial wings

b: bract

bas: basigaster

bl: bracteal lamella
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dgb: developing gastrozooidal bract
div: diverticulum

dlc: distal loop lateral canal
dpb: developing palpon bract
dpc: developing palpon cluster
g: gastrozooid

go: gonozooid

h: siphosomal horn

lc: lateral canal

If: lateral furrow

loc: lower canal

m: mastigophore

ma: macroisorhizas

mi: microisorhizas

n: nectophore

nc: nucleus

nml: nectophoral muscular lamella
np: nectosomal palpon

nps: nectophoral palpon scar
ns: nectosac

nst: nectosomal stem

orc: ostial ring canal

0s: ostium

p: palpon

pa: palpacle

pac: pallial canal

pc: palpon cluster

pd: peduncle

ped: pedicular canal

plc: proximal loop lateral canal
pn: pneumatophore

rc: refractile cell

sbz: siphosomal budding zone
sg: secondary gastrozooid

sp: stem sphincter

sst: siphosomal stem

st: stenoteles

tb: thrust block

uc: upper canal

ui: unidentified capsule

Results

Systematics

Family Apolemiidae Huxley, 1859

Diagnosis. Colony linear and having ventral nectosome with many similar nectophores and one to several

nectosomal palpons associated with each nectophore; nectophores ridgeless; dioecious; gastrozooid tentacles
simple and without tentilla.
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Genus Apolemia Eschscholtz, 1829
Apolemia lanosa sp. nov.

Material examined: Doc Ricketts Dive D327-D4, 4 Dec 2011, 35°56'N, 122°55'W, depth 636 m.

Doc Ricketts Dive D329-SS6, 6 Dec 2011, 36°6.99'N, 122°54.01'W, depth 1030 m.

Doc Ricketts Dive D423-D12, 1 Oct 2012, 36°15.02'N, 123°9.98'W, depth 1325 m.

Due to their lengths, only the anterior parts of the specimens D327-D4 and D329-SS6, including the
pneumatophore, nectosome, and anterior siphosome, could be collected. A posterior part of the siphosomal stem
bearing gonophores was collected for D423-D12. In situ high definition (HD) videos were recorded for specimen
D327-D4 and D329-SS6, and are provided as supplementary video (Supplementary video).

Holotype: The specimen D327-D4 has been designated as the holotype and specimens D329-SS6 and D423-
D12 as paratypes. All three specimens have been deposited at the National Museum of Natural History,
Smithsonian Institution, Washington DC (USNM 1207944, USNM 1207945, and USNM 1207946, respectively).
All of the following observations were made on the holotype and on living tissue, unless explicitly stated
otherwise.

Diagnosis. Large nectophores with patches of nematocysts covering their upper and upper-lateral sides.
Refractile cells scattered in and around these patches. No distinct diverticula on lateral radial canals. Number of
nectosomal palpons per nectophore increasing in posterior direction, with an observed maximum of four. Bracts
with similar patches and refractile cells on distal two-thirds of upper surface. Siphosomal growth zone with
inconspicuous horn. Cormidia dispersed, each with one type of palpon. Cormidia with one primary gastrozooid and
an increasing number of secondary gastrozooids in more posterior parts of the colony.

General appearance: The orange-white tinge of the siphosome, with deep red gastrozooids, contrasted with
the complete lack of color in the nectosome (Fig. 2A,C). The zooids of the siphosome were densely packed,
without any obvious bare stem between them. The bracts were conspicuous. Bracts, gastrozooids and numerous
palpons gave the siphosome a relatively thick and well-defined fleece-like outline (Supplementary Video).

FIGURE 2. (A-B) In situ photographs of holotype specimens. (A) Apolemia lanosa sp. nov., approximate length 2 m. (B)
Apolemia rubriversa sp. nov., approximately 1.2 m in length. (C-D) Anterior regions of the collected, unfixed specimens of
(C) A. lanosa, which had already lost most of its bracts (Scale bar 2 cm); and (D) A. rubriversa, whith most of its mature
nectophores detached (Scale bar 2.5 mm).
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Pneumatophore: The pneumatophore of the holotype specimen was ovoid, 2.2 mm in height and 1.4 mm in
maximum diameter, with a silvery appearance and no obvious pigmentation (Fig. 3A).

Nectosome: The colorless nectosome of the holotype measured 6 cm in length after relaxation (Figs. 2C, 3).
The nectophores were attached, in a single line, on the ventral side of the stem. /n vivo the nectosomal stem was
twisted. A 180° turn of the stem between two adjacent nectophores resulted in a biserial arrangement of
nectophores (Fig. 3D). Fourteen attachment lamellae were found on the nectosome of the holotype, including the
ones with nectophores still attached. The youngest nectophores, toward the anterior end of the nectosome, were
each accompanied by a single nectosomal palpon (Fig. 3B). Further to the posterior, with the increasing age of the
nectophores, the number of palpons per nectophore increased, such that there were four associated with the oldest
nectophore of the holotype (Fig. 3C). The nectosomal palpons lacked a palpacle and were attached directly to the
stem to the posterior end and, in ventral view, left of the nectophore lamella. In a relaxed state these palpons were
about three times as long as the associated nectophore. Nematocysts, occurring as small opaque spots, were
scattered over the surface of the palpon, but were mainly concentrated in its distal region.

FIGURE 3. Apolemia lanosa sp. nov. Nectosome of the holotype specimen (live, A—C) and specimen from Doc Ricketts dive
D329 (live, D). (A) Nectosomal growth zone with young nectophores still attached. The pneumatophore is at center and
posterior at the bottom. (B) Close-up of the nectosomal growth zone. The pneumatophore is just out of frame to the upper left.
(C) Posterior part of nectosome and anterior part of siphosome after removal of nectophores, with nectosomal palpons still
attached to the ventral side of the stem. Anterior is up. (D) Close-up of twisted nectosomal organization with nectophores still
attached. Anterior is up. Scale bars in A—D 5 mm.

Nectophores: No sign of any pigmentation was seen on the nectophores (Figs. 2C, 3A, 4A-C, 4G-U). The
largest nectophore of the holotype specimen had a length of 21.4 mm and a width of 17.6 mm (Fig. 4P). Living and
fixed nectophores differed in appearance. In general, furrows tended to be more pronounced in fixed tissue. The
appearance of a fixed nectophore varied with the presentation in the dish (compare Figs. 4R, 4S). In vivo, the state
of contraction influenced nectophore appearance, which in consequence might influence the resulting nectophore
morphology at the time point of fixation (compare Figs. 4T, 4U). The youngest nectophores (n1-2, Fig. 3B) within
the growth zone had very prominent canals and a translucent epidermis, while older ones (n3) were slightly
opaque. The upper and upper lateral surfaces of the latter were densely covered with nematocysts, which were
organized into defined patches in older nectophores (Figs. 3A, 4A—C, 4G-U). The distance between these patches
was correlated with the size of the nectophore (Figs. 4 G—P). This suggests that the patches have a similar total area
through the course of maturation, and that the patches become further separated as the nectophore grows. On the
axial wings of more mature nectophores these patches tended to be more rounded, while those on the main body of
the nectophore were more elongate (Figs. 4A—C). In addition, refractile cells were sparsely scattered between and
within these patches of nematocysts.
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FIGURE 4. Apolemia lanosa sp. nov. Medium sized nectophore from the holotype specimen (living, A—C). Photographs and
drawings of upper (A, D), lower (B, E), and lateral (C, F) views. Scale bar (5 mm) in C applies to figures. (G—S) Photographs of
“upper” view of nectophores from the holotype and lateral view of the paratype specimen (T-U). All the nectophores had been
fixed apart from those shown in Q, T and U. (G—P) Photographs showing change in nectophore morphology and proportions
during growth. Axial wings were close to each other in young nectophores and widely apart in mature ones. The thrust block
was well developed and the axial wings were proportionally shorter in older nectophores. (Q—S) Photographs of the same
nectophore after relaxation while living (Q), and after fixation (R—S). Appearance of nectophore morphology in fixed state
varied significantly with viewing angle and how the nectophore was presented in the dish. In S the nectophore was gently
stretched in the longitudinal direction. T-U show the same nectophore, while living, of specimen D329-SS6 freshly detached
from the stem in an uncontracted (T) and fully contracted (U) state. Scale bar (1 cm) in (S) applies to nectophores in G—S. Scale
bar (1cm) in (U) applies to T-U.
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The large, flared axial wings occupied about one third the total length of the younger nectophores and about
one fourth of the mature ones (Figs. 4G—P). The central thrust block was very narrow in early nectophore
development and well developed in mature nectophores (Fig. 4G—P). A broad, relatively shallow lateral furrow
extended almost vertically up each side of the nectophore, from the lateral margins of the lower surface to the upper
surface. In most of the nectophores it reached the inner, upper margins of the axial wings (Figs. 4A,D, 4G—P). On
the lower surface of the nectophore, i.e. that which is closest to the stem, the lower margins of the axial wings
began to approach each other from above the level of the proximal side of the nectosac, but each petered out well
short of the mid-line (Fig. 4B,E). There was a pair of small, slightly thickened cushions of mesoglea on the lower
surface of the nectophore that delineated a shallow lower furrow, overlying the lower radial canal. The nectosac
mostly filled the main body of the nectophore (Fig. 4). It was broadest just above the ostium and at about half of its
length.

No descending pallial canal was present. From its origin from the pedicular canal, the ascending pallial canal
ascended towards the top of the thrust block and ended at about two thirds of the total height of the nectosac (Fig.
4C,F). The lower radial canal was frequently torn in the region where it ran in close contact with the lower part of
the muscular attachment lamella, after which it passed along the base of the lower groove to reach the ostial ring
canal (Fig. 4B,E).

The upper radial canal gave rise symmetrically to the lateral radial canals close to the mid-height of the
proximal side of the nectosac (Fig. 4 E,F). It then continued over onto the upper side of the nectosac and to the
ostial ring canal. Although straight for the most part, just above the ostium it had a series of small bends (Fig. 4D).
The lateral radial canals, from their point of origin, curved away from the midline and upwards to the apico-lateral
margins of the nectosac and passed, slightly undulating, over onto the upper surface before curving outwards to run
obliquely downwards toward the lower surface of the nectosac, but curving upwards again before reaching that
surface and then bending to run directly to the ostium, reaching it at about half its height (Fig. 4D, F). No distinct
diverticula could be observed on the lateral canals but occasionally small protrusions were observed.

Siphosome: The full length of the siphosome prior to collection was about 2m in the state of relaxation as
pictured in Fig. 2A. After relaxation, the siphosome of the partial holotype fragment that was collected measured
12 cm in length (Fig. 2C). The stem and the attached palpons were milky-white, while the basal region of the
palpacles had a faint red tinge. The body columns of the gastrozooids were of deep red color.

Siphosomal growth zone and early zooid development: The siphosomal growth zone had an inconspicuous
horn that pointed in the anterior direction (Figs. 5, 6A). Gastrozooid buds originated on the horn. Gastrozooid
morphology, with a peduncle, ring-like basigaster, and proboscis was apparent at very early stages (Fig. 5B). These
primary gastrozooids were alternately displaced to the left and right slightly off the ventral midline resulting in a
biserial organization that was most conspicuous in the youngest cormidia (Fig. 5B). To the anterior of the
gastrozooid peduncle, attached directly to the siphosomal stem, was a compound palpon bud. Each compound
palpon bud gave rise to a palpon cluster. Key aspects of palpon morphology were in place by cormidium eight (Fig.
5B). Developing palpacles had an opaque appearance (Fig. 6B), first of a yellowish coloration, while older
palpacles showed an intense orange at their proximal ends (Fig. 6C, Fig. 8A,E). In the case of the gastrozooids, no
tentacle formation could be observed during early zooid development. Palpacle formation, therefore, preceded
gastrozooidal tentacle formation. Bract formation was first observed in association with gastrozooids (Fig. 6B).
Each gastrozooid was accompanied by a single bract attached to the ventral midline just to the posterior of the
gastrozooid (Fig. 6B). This gastrozooidal bract marked the posterior end of each cormidium. A stem sphincter is
located just posterior to the gastrozooidal bracts (Fig. 6C). Removal of the gastrozooidal bract left a curled
attachment lamella (Fig. 6D,E). A second type of bract was associated with the palpons. These were located
laterally. The first of these lateral bracts to form arose toward the posterior end of each palpon clusters. As the
palpon clusters grew, more bracts were added in the anterior direction. In older parts of the colony new secondary
gastrozooids formed in between primary gastrozooids (Fig. 6F) indicating that the distance between the latter
increased with the age of the cormidium. The addition of new zooids, therefore, occurred along the siphosomal
stem and was not restricted to the siphosomal growth zone.

Bracts: As the ROV approached, the colony rapidly began to autotomize its mature bracts, and so it was
difficult to document their in vivo arrangement. In addition, a large fraction of the bracts were lost during the
sampling procedure. Thus, by the time the colony was examined, few mature bracts remained attached directly to
the siphosomal stem. Developing gastrozooid and palpon lateral bracts were very similar, though they became more
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FIGURE 5. Anterior portion of Apolemia lanosa sp. nov. siphosome, including the siphosomal growth zone, photographed
while living. Ventral view, anterior is up. (A) Scale bar 5 mm. (B) Close-up of the first eight cormidia from the region framed
by the dashed box in (A). Scale bar 1 mm. Numbers indicate primary gastrozooids starting with the youngest.

FIGURE 6. Apolemia lanosa sp. nov. Cormidial organization of the holotype specimen (live). Anterior is to the left, ventral is
up. (A—C) Sequential photographs of the anterior part of siphosome. Scale bar in (A) 2mm applies to (A—C). (B) Early
palpacles and a young bract associated with a primary gastrozooid. (C) Sphincter region posterior to a primary gastrozooid. (D)
Developing gastrozooidal bract associated with primary gastrozooid 10. Scale bar 1 mm. (E) Curled bracteal canal and
attachment lamella that remained after detachment of the gastrozooidal bract. Scale bar 1 mm. (F) Secondary gastrozooids
intercalated between primary gastrozooids in older cormidia. Scale bar 5 mm.
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FIGURE 7. Apolemia lanosa sp. nov. Gastrozooid bracts of the holotype specimen (fixed). (A) Upper view of bracts. Bract at
bottom with discharged nematocyst tubules visible. Scale bar 5 mm. (B) Close-up of nematocyst patches. Refractile cells
appear as larger white specks within nematocyst patches. Scale bar 400 um. (C) Distal end of bracteal canal bends into the
mesoglea and back towards the lower bract surface (end of canal at bottom). Scale bar 1 mm.

distinct as they matured. Mature gastrozooid bracts were very elongate and straight without an obvious keel (Fig.
7A). Mature palpon bracts tended to be more ovoid in shape and more curved, and they tapered to form a more
rounded proximal end on the upper surface. In this case the mesoglea was generally thicker and, on the lower
surface, it bulged out slightly to form a small, but distinct, keel. The bracteal canal arose from the proximal end of
the bract. Nematocyst patches were scattered over the distal two-thirds of the upper side of the bracts (Fig. 7A). As
observed in the case of nectophores individual large refractile cells could be found scattered between and within
these nematocyst patches (Fig. 7B). In all bracts the bracteal canals extended distally along the lower surface in the
mid-line. At their distal ends they bent into the mesoglea and then back towards the lower surface (Fig. 7A,C).
However, the distinctiveness of this arch varied considerably, and it was in many cases difficult to detect.

Palpons: Only a single type of siphosomal palpon was observed. The maximum length of the palpon was 22
mm when fixed. /n vivo, however, palpons could reach twice the length of gastrozooids (Fig. 2C). Palpons were
slightly opaque and of a milky-white color, with a more opaque, white region at their distal ends (Figs. 2C, 6F). In
older cormidia, new palpon cluster formation was inferred at the anterior end of each cormidium (Fig. 8A) based
on differences in the sizes of palpons. The individual palpon clusters were clearly separated from each other on the
siphosomal stem (Fig. 8A) even though this separation was not obvious when the specimen was observed
macroscopically. The very proximal part of the palpacle was tinged orange, while distally it was a translucent white
(Fig. 8A—D). Particularly in fixed material a ring-like basigaster region of the palpon became obvious just distal to
the palpacle attachment point (Fig. 8C). Developing nematocysts were discerned in this region. Proximally,
nematocysts were densely packed on one side of the palpacle, but more distally they were separated into pairs and
continued as such along the remainder of its length (Fig. 8D).

Gastrozooids: The maximum length of fixed gastrozooids was 18 mm. The peduncles of the mature
gastrozooids were short, translucent and did not bear other zooids (Fig. 8E). The proximal portion of the
gastrozooid was deep red in live animals (Fig. 8E). Gastrozooids had a ring-like basigaster just distal to the
peduncle, where developing nematocysts were found. The distal end of the gastrozooid was milky-white. Stripes
were visible in many cases, which were reflected by ectodermal grooves in the distal parts of the gastrozooids (Fig.
8E). The diminutive gastrozooid tentacles were not conspicuous in macroscopic images, and were only apparent in
fixed gastrozooids that were separated from the stem (Fig. 8F). As in other apolemiids, they bore no tentilla.
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FIGURE 8. Apolemia lanosa sp. nov. Palpons and gastrozooids. (A) The most anterior palpon cluster of a cormidium. The
arrow indicates bare stem in between youngest palpon clusters and the next older cluster. Scale bar 1 mm. (B) Mature palpon.
Scale bar 2 mm. (C) Close-up of proximal end of palpon in B showing basigaster and the proximal end of palpacle. Scale bar 1
mm. (D) Distal regions of palpacles with pairs of nematocysts. Scale bar 200 um. (E) Gastrozooid of the holotype (live). Scale
bar 2 mm. (F) Gastrozooid of specimen D329-SS6 with tentacle. Scale bar 2 mm. A, D, E holotype (living). B, C, F specimen
D329-SS6 (fixed).

Gonodendra: Female gonophores were found along the siphosomal stem of specimen D423-D12 (Fig. 9).
Gonodendra inserted directly on the siphosomal stem laterally to palpon clusters. There were several gonophores in
different stages of maturation per gonodendron. Each gonophore was attached to the stalk of the gonodendron via a
peduncle (Fig. 9B). The stalks of the gonodendra were small and inconspicuous. Each gonophore contained a
single egg.

FIGURE 9. Apolemia lanosa sp. nov. Female gonophores (live). (A) Ventral view of palpon clusters framed by two
gastrozooids (g). A cluster of female gonophores (go) is attached laterally. Scale bar 2 mm. (B) Close-up of a single female
gonophore. Two smaller gonophores can be seen to the right. Gonophores sit on peduncles which attach to the stalk of the
gonodendron (not visible) which itself is a small protrusion on the stem of the colony. Scale bar 1 mm.

Nematocyst complement: Four types of nematocysts were documented across the different zooids of the colony
(Fig. 10). These were:

a) Spherical isorhizas of two distinct sizes.

Macroisorhizas, with a mean diameter of 22.2 um (Fig. 10A). The evaginated tubule was isodiametric and
holotrichous. These nematocysts formed the patches on nectophores and bracts. Spherical refractile spots (mean
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diameter 47.2 um, n=12) present in between and within patches were cellular, as indicated by the presence of
nuclei (Fig. 9A).

Microisorhizas, 7.2 um (mean) in diameter (Fig. 10E,H) that were found at the distal ends of gastrozooids,
palpons and nectophoral palpons, and were scattered along the body columns of these zooids in lower numbers.

b) Stenoteles, with a mean length of 17.9 pum and a mean width of 13.7 um (Fig. 10B,E,G). These were found
in the same locations as the microisorhizas and were highly abundant at the distal ends of the three types of zooid.

¢) Microbasic mastigophores (Fig. 10C,E) could be found at the tips of gastrozooids, palpons and nectophoral
palpons with densities being highest on gastrozooids and palpons. They were elongate (mean length 57.8 um, mean
width 21.9 um) and slightly banana-shaped.

FIGURE 10. Apolemia lanosa sp. nov. Nematocyst complement of the holotype. (A) Nematocyst patch of macroisorhizas on
the upper surface of a nectophore. Refractile elements on nectophores and bracts were cellular as indicated by the presence of
nuclei. (B) Stenoteles at the distal end of a gastrozooid. (C) Microbasic mastigophores at the distal end of a gastrozooid. (D)
Ovoid capsules of the gastrozooidal tentacle. (E) Stenoteles and microbasic mastigophores at the distal ends of palpons. (F)
Ovoid capsules of a palpacle, apparently identical to those on the gastrozooid tentacles. (G) Stenoteles at the distal end of a
nectophoral palpon. (H) Microisorhizas at the distal tip of a nectophoral palpon. Scale bar 25um. (I) Discharged capsule from a
palpacle. Arrow indicates a single dilation on the tubule. (J) Discharged microbasic mastigophores. Scale in I, J is 50 um. Scale
bar in A (50 um) applies to A—G.
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d) The capsules of tentacles and palpacles were ovoid in shape with a mean length of 22 um and a mean width
of 14.6 um (Fig. 10I). They were found on the palpacles and gastrozooidal tentacles. The evaginated tubule was
isodiametric and holotrichous with a single dilation at the end of the shaft close to the distal end of the capsule.
This was in contrast to the two dilations in birhopaloids as described for Apolemia uvaria (Claus 1863; Totton
1965).

Distribution. The holotype and paratype specimens, described above, both came from the vicinity of
Monterey Bay, California. Several other specimens from the same region have either been collected or identified
from in situ photographs, as listed in Table 1. The mean depth for all these specimens is 1193 + 285.7 m. The
species has also been pictured in Burton and Lundsten (2008) at the Davidson Seamount over a depth range 439—
1159 m. Photographic material strongly suggests that 4. Janosa has been collected off Japan (Lindsay 2005, 2006).
The probability that there are further records is discussed below.

Etymology. The specific name lanosa, derived from the Latin /ana, meaning woolly, refers to the fleece-like
appearance of the siphosome of the living colony.

TABLE 1. Specimens of Apolemia lanosa sp. nov. observed or collected in the vicinity of Monterey Bay, California, by
ROVs Tiburon (T) and Doc Ricketts (D).

Vehicle dive Date Location Depth Observation type
(m)
T238 15" November 2000 36.5842°N, 122.515°W 1070 collected in suction sampler
T260 27" February 2001 36.5699°N, 122.5194°W 1812 frame grabs/pictures
T363 2™ October 2001 36.5740°N, 122.5201°W 1162 frame grabs/pictures
T364 2™ October 2001 36.3364°N, 122.8998°W 1138 frame grabs/pictures
T395 20" February 2002 36.3295°N, 122.9011°W 928 frame grabs/pictures
T435 11" June 2002 36.7084°N, 122.0555°W 1200 frame grabs/pictures
T438 12" June 2002 36.5803°N, 122.4923°W 1197 frame grabs/pictures
T480 24" September 2002 36.5770°N, 122.5241°W 767 frame grabs/pictures
T531 13* March 2003 24.3168°N, 109.2003°W 1179 frame grabs/pictures
T596-D5 19™ July 2003 36.6021°N, 122.3746°W 1155 collected
T650 30" January 2004 36.3296°N, 122.8976°W 1047 frame grabs/pictures
T683 5™ June 2004 36.6970°N, 122.0483°W 1070 frame grabs/pictures
T744-D1 5" October 2004 35.4962°N, 123.8670°W 1506 collected, various pictures
T765 19™ November 2004 36°34.34'N, 122°31.3'W 1255 frame grabs/pictures
T835 23" March 2005 36.3231°N, 122.9141°W 1153 frame grabs/pictures
T1110-SS2/1 1* August 2007 34.3833°N, 122.0007°W 1260 collected
D327-D4 4" December 2011 35°56'N, 122°55'W 636 Holotype specimen
D329-SS6 6™ December 2011 36°6.99'N, 122°54.01'W 1030 Paratype specimen
D423-D12 2" October 2012 36°15.02'N, 122°9.98'W 1325 Paratype specimen

Apolemia rubriversa sp. nov.

Material examined: Doc Ricketts Dive D331-D4, 07 Dec 2011, 36°41.99°N, 122° 5.99°W, depth 650m.
Doc Ricketts Dive D195-D5, 07 Oct 2010, 36° 35.97°N, 122° 8.928°W, depth 780m.

Ventana Dive V908, 20 June 1995, 36° 42.34°N, 122° 02.24°W, depth 609m.

Only the anterior parts of the colonies, including the pneumatophore, nectosome, and anterior siphosome were
collected. /n situ high-definition videos were recorded for both Doc Ricketts specimens (Supplementary video, for
Doc Ricketts D311-D4 specimen). The following observations were made on the holotype and on live tissue if not
stated otherwise.
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Holotype: The specimen from Doc Ricketts dive D311-D4 has been designated as the holotype. The specimens
from Doc Ricketts dive D195-D5 and Ventana Dive V908 have been designated as paratypes. All three specimens
have been deposited at the National Museum of Natural History, Smithsonian Institution, Washington DC (USNM
1207947, USNM 1207948 and USNM 1207949, respectively).

Diagnosis. Nectophores, with upper and upper lateral surfaces densely covered in patches of nematocysts.
Refractile cells sparsely scattered between, but not within, these patches. Lateral radial canals with up to three
distinctive diverticula extending along the wall of the nectosac and not penetrating into the mesoglea. Two median
patches of red pigmentation present on the lower surface; one in the vicinity of the thrust block and the other, more
prominent, one in the ventral groove.

Siphosomal growth zone with pronounced horn. Cormidia pedunculate. All siphosomal zooids borne on the
peduncle of the gastrozooid, with naked stem between them. The cormidia with distinct biserial arrangement and
peduncles attach left and right from the midline. Upper surface of bract entirely covered with patches of
nematocysts, with refractile cells present outside of nematocyst patches predominately at the margins of the upper
bract surface. Bracteal canal usually with distinct diverticula penetrating into the mesoglea. One type of palpon.

General appearance: The overall appearance of the colony was brown-red in color. This was mainly caused by
colored gastrovascular fluid within the gastric system (Fig. 2B,D). The bracts were nearly transparent and gave the
siphosome a ragged appearance rather than a well-defined outline (Fig. 2B,D).

Prneumatophore: The pneumatophore of the holotype was oval, approximately 3.3 mm in height and 1.7 mm as
maximum diameter (Fig. 11A). The gas-filled pneumatosaccus was covered with orange pigment.

“ ;
- "

FIGURE 11. Apolemia rubriversa sp. nov. Nectosome of the holotype (live, A,B) and specimen D195 (fixed, C). (A)
Nectosomal growth zone and pnematophore. Older nectophores, densely covered in nematocysts, are at the bottom of the
frame. Scale bar 1 mm. Anterior is pointing out of the page, ventral to the lower right of the pane. (B) Contracted nectosome
and anterior portion of the siphosome. Anterior is to the left, ventral is down. 1, 2, 3: nectophoral palpons accompanying a
single nectophore. Nectosomal palpons with colored gastric content. Scale bar 2 mm. (C) Ventral view of posterior part of the
nectosome showing nectophoral palpon attachment scars (dashed circles) to the left of the posterior end of the associated
nectophore lamellae. Dashed line indicates one nectophore lamella. Scale bar 2 mm.

Nectosome. All but one of the mature nectophores of the holotype specimen became detached from the
nectosome during the sampling procedure (Fig. 11B) but were retained in the sampler. The youngest nectophores
were each accompanied by a single palpon (Fig. 11A). The nectophores were attached to the ventral side of the
stem, i.e. on the same side that the siphosomal zooids were attached. Up to three palpons were associated with a
single mature nectophore for the holotype and specimen D195 (Fig. 11B,C). The palpons in the nectosome were
translucent white, and were up to two times the length of associated nectophores in relaxed state. The nectophoral
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palpons were attached to a protruding tissue fold at the posterior end and, in ventral view, left of the nectophoral
lamella (Fig. 11C).

Nectophores: In the growth zone, the more developed nectophores were densely covered with opaque
nematocysts (Fig. 11A). In older nectophores these nematocysts were organized in distinct patches. The largest
nectophore of the holotype had a length of 14 mm, and a width of 10 mm. Mature nectophores had large axial
wings (Fig. 12). Whereas immature nectophores were widest at mid-height of the nectophore, mature ones were
widest at the apical tips of the axial wings (Fig. 12A,N). Patches of nematocysts covered the upper and upper-most
lateral surfaces, including the axial wings (Fig. 12). There were no lateral nematocyst patches below the lateral
furrows. Refractile cells were sparsely scattered between but not within these patches of nematocysts.

Deep lateral grooves approached the upper side at approximately half the length of the nectophore, which
resulted in indentations in the sides of the nectosac. On the upper side of live nectophores these grooves ran slightly
in the ostial direction before they met in the mid-line (Fig. 12A,D). In fixed nectophores, however, the grooves
were even more pronounced (Fig. 12G—N). On the upper side close to the midline they bent through almost 90° to
turn in the ostial direction and ran around the axial wing margins before turning toward the mid-line and uniting
with the opposite groove. Laterally the grooves continued along the lower lateral sides of the nectophore and ended
below the ostium (Fig. 12F).

Nectophores had a wide ostium, and the nectosac was broad at the distal end of the nectophore, occupying
most of its width. Slightly proximal to this region, the nectosac narrowed considerably, before expanding in width
just before the lateral furrow. The nectosac was indented by the lateral furrows and expanded again to reach its
maximum or equivalent width proximal to the lateral grooves (Fig. 12).

In lower view, the inner margin of the axial wings of the nectophore gradually curved toward the mid line and
tapered out well apart from each other before reaching the mid-length of the nectophore (Fig. 12B,E). Some red
pigmentation was present in the region of the thrust block (Fig. 12B). The outer wing margins curved inwards at
about the mid-length of the nectophore and met below the ostium. On the lower side of the nectophores the
mesoglea formed pillows on either side of the median lower furrow. Where the furrow was deepest and narrowest,
red pigmentation was present on its walls (Fig. 12B). In living nectophores the distal part of the lower surface only
slightly protruded below the ostium (Fig. 12A,D). In fixed nectophores this protrusion was very pronounced (Fig.
12J-N). This suggests a stabilizing or antagonistic function of the lower mesoglea pillows flanking the lower
furrow. This structural element seems to be less affected by the fixation procedure, whereas other parts of the
nectophore might have a greater tendency to shrink, causing the differences in appearance between fixed and living
nectophores.

The ascending pallial canal arose from the pedicular canal at about 1/4 the height of the nectosac and then ran
toward the upper surface for a short distance to end half way up the thrust block (Fig. 12F). The pedicular canal
also gave rise to the upper and lower radial canals. The upper radial canal was fairly straight on the upper surface.
Just distal to where the lateral furrows joined, the canal widened slightly, kept a larger diameter and ran down to the
ostial ring canal (Fig. 12D). Within the region where the lateral furrows joined small protuberances could be
observed occasionally on the irregular wall of the upper radial canal.

The lateral radial canals arose at the same level from the upper radial canal at mid-height of the nectosac (Fig.
12F). They ran away from the midline and slightly up to reach the sides of the nectosac just above its widest point.
In mature nectophores, in this region the lateral radial canals had up to three distinct diverticula. The outermost, on
the proximal-lateral margin, was the longest and pointed towards the ostium (Fig. 12E,F). The other two were
shorter, if present at all, with the one closest to the junction of the lateral canals ascending and the next descending.
Presence or absence of diverticula was not a solely function of ontogenetic stage. In the holotype specimen,
medium-size nectophores could be found without a single diverticulum whereas diverticula were clearly present in
smaller and larger nectophores. At the position where the outermost diverticulum branched off, the lateral radial
canal turned upwards and curved over onto the upper surface of the nectosac and eventually, in a slightly
undulating manner, down. The canal either descended along the base of the lateral furrow, or more usually crossed
that furrow and then began to descend parallel with it (Fig. 12F). Before reaching the lower margin of the nectosac
the canal then curved upwards and ran obliquely to join the ostial ring canal (Fig. 12F).

In specimen V908, only one mature nectophore was available. It had all three characteristic diverticula (not
shown).
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FIGURE 12. Apolemia rubriversa sp. nov. (A—F) Medium sized nectophore of the holotype (live). Canals were colored red by
prey pigment. Photographs and drawings of upper (A, D), lower (B, E) and lateral (C, F) views. Lower view of type specimen
(B) revealed red pigmentation within the ventral furrow and on the thrust block. Scale bar (Smm) in C applies to all figures A—
F. (G—N) Available fixed nectophores of sample D195 shown in upper view. Scale bar (1 cm) in J applies to G—N.

Siphosome: The full length of the siphosome of the holotype prior to collection was about 1.2m in the state of
relaxation as pictured in Fig. 2B. After relaxation, the siphosome of the partial holotype fragment that was
collected measured 1.8 cm in length (Fig. 2D).

Siphosomal growth zone and early zooid organization. The siphosomal growth zone of the holotype had a
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massive horn that bent, in ventral view, to the left side of the colony (Fig. 13). The horn was covered with a thin
layer of orange-red pigment, which was easily detached when the horn was manipulated (Fig. 13B,C). The anterior
end of the horn was free of zooids (Fig. 13C). The first observable buds became gastrozooids, which were
alternately displaced to the left and right off the ventral midline resulting in a pronounced biserial organization
(Fig. 13A, B). Additional buds became visible on the peduncle of the fourth-youngest gastrozooid (Fig. 13B). At
the distal end of the peduncle, the diameter of the developing gastrozooid widened and its body had a cone-shaped
appearance (gastrozooids 3—7, Fig. 13B). Just distal to the base of the cone, a constriction became apparent in
gastrozooid 6 which generated a ring-like structure (gastrozooid 7, Fig. 13B). The opaque appearance of this
structure indicated a site of nematogenesis and thereby the formation of the basigaster region. By gastrozooid 9, it
was obvious that the buds on the peduncle of the gastrozooid gave rise to palpons. No tentacle formation could be
observed in early gastrozooids.

FIGURE 13. Apolemia rubriversa sp. nov. Early siphosomal organization of the holotype (live). Ventral view, anterior up.
Numbers indicate gastrozooids starting with the youngest. (A) Anterior part of the siphosome. Frame indicates region shown in
B. (B) Close-up of siphosomal growth zone. Gastrozooids (numbered) become arranged in a defined biserial organization.
Palpon buds are first visible at the base of the gastrozooid and later on the gastrozooidal stalk. An indentation forms at the
proximal end of the gastrozooid body separating the future basigaster region from the main body. Nematocysts become visible
as opaque cells in basigaster of gastrozooid 7. (C) Siphosomal horn bending towards the right side of the siphosomal stem.
Pigment has been lost as a result of tissue manipulation. Scale bars in (A) 2 mm, (B, C) 1 mm.

Bracts: Bracts were mottled with irregular shaped patches of nematocysts distributed across their upper
surface (Fig. 14). These patches formed early in bract development and the distance between them increased as the
bracts matured (Fig. 14A). Refractile cells were scattered sparsely and predominantly on the periphery of the upper
surface outside of the opaque nematocyst patches (Fig. 14B,C). The bracteal canal ran close to lower surface
throughout its length. At the distal end, however, it bent into the mesoglea (Fig. 14D). The wall of the bracteal
canal in young bracts was irregularly shaped, giving it a rough appearance (Fig. 14B). Older bracts frequently, but
not always, had diverticula penetrating into the mesoglea (Fig. 14D). Mature bracts had a distinct keel (Fig. 14E).
Bracts were associated either with a palpon or a gastrozooid (see below). We found no morphological differences
between the bracts attached at these different locations.

Palpons and gastrozooids: The body column of gastrozooids was colored by a deep red pigment. This pigment
gradually faded out close to the distal end so that the oral region was white. Multiple clusters of zooids were
attached to the gastrozooid peduncle (Fig. 15A). At the base of each gastrozooid peduncle a single curled lamella
frequently could be observed, indicating the point of attachment of a single gastrozooidal bract (Fig. 15A). The
secondary branches themselves were branched. Palpons sat on and budded off these secondary branches. Each
palpon had a palpacle and was accompanied by a bract. Mature palpons were translucent with a distinct white tip.
The palpacle originated at the very base of the palpon (Fig. 15B). A distinct basigaster region could not be
observed. In the holotype, cells with red pigment were visible in live or freshly fixed tissue in the distal region
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where the obvious gastric cavity ended, and the proboscis region began (Fig. 15C). A region with very large cells
could be frequently observed along one side of the palpons (Fig. 15B,C). Tentacles associated with gastrozooids
could be found in fixed tissue, but these tentacles were difficult to distinguish in live tissue (Fig. 15D).

FIGURE 14. Apolemia rubriversa sp. nov, Bracts of the holotype (living A,B,C) and specimen D195 (fixed, D,E). (A) Change
of nematocyst patch distribution during bract maturation. Anterior to the left. Scale bar 3 mm. (B) Young bract with irregularly
shaped bracteal canal. Scale bar Imm. (C) Refractile cells (white dots) scattered in between but not within nematocyte patches.
Scale bar 400 um. (D) Bracteal canal with diverticula, and the distal end (at bottom) of the canal penetrating into the mesoglea.
Scale 2 mm. (E) More mature bract with distinct keel. Scale bar 2 mm.

Gonodendra: Male gonodendra were found along the siphosomal stem of specimen V908 (Fig. 16). The tissue
was highly contracted and detailed studies of cormidial organization could not be conducted. However, branches
exclusively bearing gonophores, attached by thin peduncles, could be removed from the colony. Young palpons at
the base of these branches indicated palpon bearing secondary branches as the point of their attachment (Fig. 16B).

Nematocyst complement: Four different types of nematocysts were found on the different zooids of the colony
(Fig. 17).

Spherical isorhizas of two distinct sizes.

Macroisorhizas, with a mean diameter of 21.0 um (Fig. 17A) found exclusively in nematocyst patches on
nectophores and bracts. Refractile cells were not observed within these patches.

Microisorhizas, with a mean diameter of 5.8 pum. These nematocysts were found predominantly at the distal
ends of gastrozooids, palpons and nectophoral palpons and scattered along the body columns of these zooids and in
very high densities at the tip of the nectophoral palpons (Fig. 17 GH).

b) Stenoteles, with a mean length of 14.1 pm and a mean width of 11.2 um. These were regularly found
interspersed between the macroisorhizas of the bracts and nectophores (Fig. 15A). Stenoteles were also found
predominantly at the distal ends of gastrozooids, palpons and nectophoral palpons and scattered along the body
columns of these zooids (Fig. 17B.E,G).

¢) Unknown type, with a mean length of 26.7 um and a mean width of 16.1 pm.

Microbasic mastigophores as described for Apolemia lanosa (Fig. 10C,E) were not found. The unknown
capsule type was, however, found in corresponding locations at the tips of gastrozooids and palpons (Fig. 17C,E).
It was smaller than the mastigophores of A. lanosa and was ovoid in shape. Unfortunately, no discharged capsules
of this type were found.

d) Capsules of tentacles and palpacles, mean length 15 pm in length and mean width 9.1 pm (Fig. 17D,F).
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FIGURE 15. Apolemia rubriversa sp. nov. Palpons, gastrozooids and siphosomal organization of the holotype (A,C) and
specimen D195 (B, D) (fixed tissue). (A) SEM of branched cormidium with primary branch (red) bearing the gastrozooid.
Secondary branches (blue) branch off the primary branch and branch further (green). Palpons bud off branches of higher order
and could be found at all different stages of development. Each palpon was accompanied by a bract and a palpacle. Scale 500
pm. (B) Mature palpons. Scale 2 mm. (C) Close-up of palpon showing highly prismatic cells and red pigmented cells in the
distal region where the main gastric cavity ends. Scale 1 mm. (D) Mature gastrozooid with tentacle. Scale 2 mm.

The ovoid capsules of the tentacles and palpacles were similar in appearance to the rhopaloids found on the
palpacles and tentacles of Apolemia lanosa but, unfortunately, their true identity could not be established as no
discharged capsules were found. For the palpons, the base of the palpacle was found to be a nematogenic region.
No mature capsules were found there, whereas they could easily be identified more distally, but developing
nematocysts were identified.

Distribution. The holotype and paratype specimens all came from the vicinity of Monterey Bay, California.
Several other specimens from the same region have either been collected or identified from in situ photographs, as
listed below in Table 2. One specimen, however, was collected at the southern end of the Gulf of California,
Mexico. The mean depth for all these specimens was 649 = 151 m. Similar morphology has been reported for
nectophores collected off Vancouver Island (Mapstone 2009, p. 83, Fig. 13) and described as “Apolemia sp.”,
raising the possibility that they are the same species. Mapstone (2009) also reported more findings of this particular
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Apolemia sp. from Bahamian waters taken by manned submersibles JSL I and JSL II, which would extend the
geographic distribution of A. rubriversa if they prove to belong to that species. There are, however, critical
differences between the nectophores of these samples and those of 4. rubriversa. The nectophores described by
Mapstone (2009) did not have diverticula on the lateral canals or nematocyst patches. Thus it will be necessary to
have more complete material in order to make a definitive statement about the identity of those samples.

Etymology. The specific name rubriversa is derived from the Latin for red furrow, indicating the red
pigmentation in the lower furrow of the nectophore.

TABLE 2. Specimens of Apolemia rubriversa sp. nov. observed or collected in the vicinity of Monterey Bay, California.

Vehicle dive Date Location Depth Observation type
(m)

V908 20" June 1995 36° 42.34°N, 122° 02.24°W 609 Paratype specimen

V1624 18" June 1999 36°42.70'N, 122°03.40'W 785 frame grabs/pictures

V1680-D4 27" September 1999 36°48.14'N, 121°59.51'W 481 collected

T365 3" October 2001 36°33.20'N, 122°35.50'W 874 frame grabs/pictures

T411 23 March 2002 36°43.33'N, 122°03.88'W 374 frame grabs/pictures

T411 23" March 2002 36°43.33'N, 122°03.88'W 541 frame grabs/pictures

T440 14™ June 2002 36°42.04'N, 122°03.29'W 762 frame grabs/pictures

V2187 20" June 2002 36°42.24'N, 122°03.22'W 643 frame grabs/pictures

T478 22" September 2002 36°42.00'N, 122°02.20'W 492 frame grabs/pictures

T512 21% November 2002 36°19.80'N, 122°54.00'W 457 frame grabs/pictures

T543 26™ March 2003 23°37.99'N 108°47.20'W 686 frame grabs/pictures

V2187 20" June 2002 36°42.45'N, 122°03.08'W 643 frame grabs/pictures

T673-D2 21 May 2004 35°55.15'N 122°56.29'W 708 collected

T845 9" April 2005 35°28.76'N 123°51.72'W 901 frame grabs/pictures

D102-D6 11th December 2009 36°04.13'N 122°17.86W 773 collected

D141-D6 13" April 2010 36°44.74'N, 122°06.45'W 659 collected

D152-D4 30™ April 2010 36°45.36'N 122°04.74'W 484 collected

D195-D5 8" October 2010 36°35.97°N, 122° 8.928°'W 780 Holotype specimen

D331-D4 07" December 2011 36°41.99°N, 122° 5.99°W 650 Paratype specimen

= i3

FIGURE 16. Apolemia rubriversa sp. nov. Gonodendra of specimen V908. (A) Gonophores protruding from palpon clusters.
Scale 2 mm. (B) Gonodendron. Branch exclusively bearing gonophores with young palpons at the proximal end indicating
branches with palpons as the point of attachment. Scale 2 mm.
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FIGURE 17. Apolemia rubriversa sp. nov. Nematocyst complement of the holotype. (A) Nematocyst patch on the upper bract
surface. Patches on nectophores were of identical composition. Stenoteles were interspersed between spherical macroisorhizas.
(B) Stenoteles from the hypostome of the gastrozooid. (C) Stenotele to the left and an unidentified capsule in the hypostomal
region of the gastrozooid. (D) Ovoid capsules on the proximal part of the gastrozooidal tentacle. (E) Tip of the palpon with the
unidentified capsules also seen in the hypostomal regions of gastrozooids (F) Ovoid capsules on palpacle. (G) Tip of the
nectosomal palpon with stenoteles and spherical microisorhizas in very high densities. (H) Close-up of microisorhizas from the
tip of the nectosomal palpons with the coiled tubule visible inside. Scale in (A) applies to (A—G) and is 50 pm. Scale in (H) is
25 pm.
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Discussion

The status and diagnosis of apolemiid species. In light of the new characters introduced in the present study we
re-evaluated existing literature on apolemiid species. To date, three apolemiid species have been described:
Apolemia uvaria, Ramosia vitiazi and Tottonia contorta.

Apolemia uvaria was first figured by Lesueur (1815), as “Stéphanomie a grains de Raisin” followed by *“St.
uvaria” in the legend to the plate and “(Uviformis)” on the plate itself. As the species did not belong to the genus
Stephanomia, Eschscholtz (1829) established the genus Apolemia, and referred to the species as uvaria. It is now a
relatively well-known species (Totton 1965).

Lesueur's (1815) illustration of Apolemia uvaria, reproduced by Totton (1965, Plate 8) and Mapstone (2003,
Fig. 14), clearly shows that there are distinct, blind ending, diverticula on the proximal parts of the lateral canals
where the canals bend upwards, which protrude into the mesoglea. Unfortunately, his illustrations of the
nectophores (Figs. 2—4) are upside down relative to the organismal axis; a fact noted by Totton who inverted them
in his plate. Further illustrations of this arrangement are given by, for instance, Eschscholtz (1829, PI. 13, Fig. 2),
Leuckart (1854, PL. XII, Fig. 7), Totton (1965, Fig. 14), and Mapstone (2003, Fig. 6). We were also able to
document these numerous and characteristic diverticula on the lateral radial canals of the nectophore (Fig. 18A,B).
According to Stepanjants (1967), Ramosia vitiazi also possessed diverticula on its lateral radial canals. In contrast
to A. uvaria, these short diverticula were found along the distal, rather than proximal, loops of the lateral radial
canals (Stepanjants 1967, Fig. 77). Re-examination of Stepanjants’ paratype specimen revealed that these
diverticula are in our opinion slight irregularities in the walls of the lateral radial canals that do not protrude into the
mesoglea, and they are entirely absent in some of the paratype nectophores (see Fig. 18F—H). Thus, these structures
do not appear to qualify as true diverticula.

Stepanjants believed that the siphosomal organization of Ramosia vitiazi differed markedly from that of
Apolemia uvaria in that each cormidium was borne on a single stalk, which gave rise to second order branches
bearing gastrozooids, more than one per cormidium and with unbranched tentacles, bracts, and palpons, with
gonophores forming at the base of the palpons (Stepanjants 1967, Fig. 78). Stepanjants considered that this
pedunculate arrangement was sufficient to establish a new genus for her species. Despite numerous publications on
A. uvaria, detailed observations on cormidial organization have been rare, but a remarkable description was given
by Leuckart (1854). He observed that each cormidial group was, indeed, borne on a separate stalk-like extension
from the stem, i.e. it was pedunculate. Gastrozooids were found to be surrounded by a large number of palpons, and
a bunch of 10-12 bracts could be found distally. It is, however, unclear if Leuckart observed more than one
gastrozooid per cormidium. Lesueur’s (1815) plate shows the cormidia to be separated from each other by stretches
of naked stem. We were able to confirm these observations (Fig. 18C—E). Gastrozooids were located at the
posterior end of short and massive peduncles (Fig. 18D) and palpons were inserted anteriorly (Fig. 18E). This
arrangement was already obvious in the growth zone, which had very small and inconspicuous horn (Fig. 18C).
Our findings suggest that there is a single gastrozooid per cormidium in 4. uvaria (Fig. 18C,E). Unfortunately, all
the bracts of Totton’s specimen were detached, so we could not assess their distribution.

It seems likely that Stepanjants was unaware of Leuckart’s description, which would have obviated the need to
establish a new genus for the species vitiazi. This is fortunate as the generic name Ramosia is preoccupied by a
genus of clear-winged moths (Engelhardt 1946). We therefore refer to this species as Apolemia vitiazi.

To date, all descriptions of Tottonia contorta are somewhat problematic. The original description (Margulis
1976) was based on several nectophores and a piece of largely denuded stem that included only the
pneumatophore, nectosome and anterior part of the siphosome. It was collected in the Indian Ocean, midway
between Sri Lanka and the Andaman Islands. Three nectophoral buds and a well-developed nectophore were
attached to the stem. Margulis first included the species in Agalmatidae. Later, she (1980) re-described the species
as an apolemiid, but based on two additional specimens collected in the equatorial Pacific Ocean west of the
Galapagos Islands. One specimen consisted of a denuded stem, including a two-chambered pneumatophore (most
likely a sampling artifact, as gas-filled pneumatophores tend to rupture when specimens are brought up the
surface), a single attached and two detached nectophores, and several siphosomal zooids. This was designated the
paratype. The second new specimen consisted only of siphosomal fragments. Margulis noted the presence of
palpons on the nectosome of the paratype, but was unable to establish their exact distribution. She only briefly
referred to the nectophores of the paratype, stating that they were identical to those of the holotype. However, the
two nectophores she illustrated (Margulis 1980, Fig. 1A,B)—the attached one and a detached one—bear no resemblance
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FIGURE 18. Characters of previously described Apolemia species. Apolemia uvaria (A-E). (A) Mature nectophore, upper
view. Scale bar 2 mm. (B) Close-up of region highlighted in (A). Proximal loop of lateral canal with diverticula penetrating into
the mesoglea. Scale bar 1 mm. (C) Siphosomal budding zone with very small horn and palpons budding from gastrozooid
peduncles. Anterior is at the top. Scale bar Imm. (D) Anterior part of the siphosome with siphosomal budding zone. Dashed
line indicates large peduncle. Zooids had been mostly detached. Anterior is at the top. Scale bar 1 mm. (E) Older cormidium
with gastrozooid and palpon cluster. Tangled palpacles (pa) visible at the lower left. Anterior is to the left. Scale bar 2 mm.
Apolemia vitiazi (F-H). Upper (F), lower (G) and lateral (H) views of a nectophore from the paratype specimen. Scale bar 5
mm. Apolemia contorta (1-K). Upper (1) and lower (J) views of a nectophore from the type specimen. Scale bar 1 mm. (K)
Three bracts from the paratype specimen. Scale bar 1 mm.
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to each other, and only the latter vaguely resembles that of the holotype. It is therefore difficult to assess if the
holotype and the paratype are of the same species.

We were able to re-examine a nectophore from the type specimen of Tottonia contorta, and most of the
paratype specimen, which unfortunately did not include the nectophores. The nectophore of the type specimen had
a very characteristic shape (Fig. 181,J), although its ostial region had become distorted. The siphosomal zooids of
the paratype specimen were definitely apolemiid and included some female gonophores. However, Margulis
(1980) considered that both male and female gonophores were present on the non-paratype specimen. The latter
observation was surprising to us since all specimens we have been able to analyze so far had gonophores of only
one sex, indicating that apolemiid species are dioecious. This is consistent with the current understanding of the
evolution of sexual systems in siphonophores (Dunn et al. 2005, Fig. 7), which indicates a single origin of
monoecism in siphonophores after the divergence of Apolemia. In addition, Leuckart (1854) described Apolemia
uvaria as being dioecious and dioecism was included in the family diagnosis (Mapstone 2009). The one very
distinctive feature of the siphosomal zooids of the paratype was the structure of the bracts, although most appeared
to be immature, judging by the thickness of the bracteal canal (Fig. 18K). In the largest bract the enlargement of the
canal was restricted to the distal regions (Fig. 18K). In all cases the distal part of the bracteal canal bent into the
mesoglea. This was consistent with the drawings provided by Margulis (1980, Fig. 1H).

Mapstone (2003) gave a further description of 7Tottonia contorta, based on three net-collected specimens from
off Point Conception, California, which were collected at 1400, 400—-100, and 1500 m depth. The nectophores of
her samples were of relatively large size in comparison to the holotype specimen, which she was also able to
examine. She commented on this fact that the holotype nectophores might be immature. To us, however, the
differences do not seem to be ontogenetic, particularly as the lateral radial canals, as depicted in Margulis (1976)
are not thickened, as is usually the case for young nectophores. In addition to the size differences, the length:width
ratios of the nectophores were very different (see Table 3). The presence of obvious nematocyst patches on both the
nectophores and bracts of Mapstone's specimens is at variance with Margulis' observations (1976, 1980) that they
were completely absent. When compared to the paratype material, the arrangement of the bracteal canal was
completely different in that in the Californian samples the distal end of the canal bends back to the lower surface
(Mapstone 2003, Fig. 13D). Finally, Margulis (1980) appears to have described more than one type of palpon,
while Mapstone only found one.

A comparison of the main characters of Tottonia contorta given by Margulis (1976, 1980), and by Mapstone
(2003) and of Apolemia lanosa described herein are summarized in Table 3. Mapstone's (2003) specimens have
many characters in common with Apolemia lanosa, but share few with the holotype and paratype of 7. contorta
described by Margulis (1976, 1980).

It therefore seems possible that the Totronia contorta specimens described by Margulis (1976) and Margulis
(1980) are different apolemiid species. In consideration of the additional detail presented here, it seems certain that
the specimens that Mapstone (2003) described do not belong to the same species as any of the specimens Margulis
referred to as 7. contorta. The available data (Table 3) and the overlapping geographic distribution instead suggest
that Mapstone's specimens from off Point Conception (34°50.68'N, 122°45.00°W (depth 1400m); 34°59.39'N
123°02.10'W (depth 400—100m); & 34°50.71'N, 122°55.40'W (depth 1500m) can be ascribed to Apolemia lanosa
sp. nov. Mapstone (2009) identified other material, in the vicinity of both British Columbia and the Bahamas that
she also ascribed to this same species. If these were indeed 4. lanosa it would entail a significant range expansion
relative to that presented here, though additional evaluation would be required to confirm these identities.

Mapstone (2009) relegated the generic names Ramosia and Tottonia to junior synonyms of the genus Apolemia
because of the limited set of distinguishing characters available and high similarity between bract and nectophore
morphology across described species. Based on the data presented herein we follow this conclusion. We think that
there do not appear to be, although it is a shame to do away with a genus named after such an eminent
siphonophorologist, any valid reasons to retain the generic name 7otfonia until the characters that may distinguish
different apolemiid genera have been firmly established. Consequently, we will also refer to Margulis' (1976)
species as Apolemia contorta.

Nematocysts in Apolemia. The nematocyst complement and distribution of a cnidarian species reflects both
its phylogeny and biology (Fautin 2009). In order to determine if the nematocyst complement can be of diagnostic
value within Apolemia we studied the nematocysts of 4. lanosa and A. rubriversa and compared it with the
nematocyst complement of 4. uvaria (Table 4). Carré and Carré (1973) had given a description of the nematocysts
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TABLE 3. Character comparison of Tottonia contorta (Margulis 1967, 1980; Mapstone 2003) and Apolemia lanosa sp.
nov. of the present study. An asterisk in the first data column indicates that observations are from Margulis (1980),
otherwise they are from Margulis (1976).

Tottonia contorta “Tottonia contorta” Apolemia lanosa

(Margulis 1976, 1980) Mapstone (2003)
Nectophores
Length of nectophores Up to 8.5 mm Up to 28 mm Upto 21.4 mm
Length:width ratio 1.89 1.33 1.22
Patches of nematocysts Absent Present Present
Refractile cells inside nematocyst  ? Present Present
patches
Diverticula on lateral radial canals Absent Absent Absent
Nectosomal palpons large, oval, with very long enlarged enlarged

proximal region and narrower
distal region

thin distal extensions* proximal region and narrow

distal region

Number of palpons per nectophore Not determined 1- Up to 4, increasing posteriorly.

Bracts

Patches of nematocysts Absent* Present Present

Distal end of bracteal canal Swollen, ? within Narrow, extends slightly Narrow, extends slightly into
mesoglea* into mesoglea before mesoglea before returning to

No. of types of siphosomal zooids ? 2-3*

returning to lower wall
1

lower wall
1

(beside gastrozooids and bracts)

TABLE 4. Nematocyst complements of three apolemiid species. For each measurement minimum, maximum and mean

(min/max/mean) are given. The number (n) of measurements is given in brackets for each of the dimensions.

Apolemia uvaria®

Apolemia lanosa

Apolemia rubriversa

Macrobirhopaloids. Tentacles, palpacles, &
buccal regions of gastrozooids and palpons

Microbirhopaloids. Tentacles & Palpacles

Heterotrichous microbasic eurytele/
Unidentified capsule. Tentacles & Palpacles

Macrostenoteles.
Buccal region of gastrozooids and palpons

Microstenoteles.
Buccal region of gastrozooids and palpons

Macroisorhizas.

Microisorhizas.

Mastigophores. Buccal region of gastrozooids
and palpons

Unknown.
Buccal region of gastrozooids and palpons

24 x 15 pm

15x9 um

26 x 23 pm
14 x 12 pm
15 um in diameter

7.5 um in diameter*

32.5x 14 pm

18.9/27.3/22.0 x 12.5/
17.1/14.6 pm (44/53)

16.1/19.8/17.9 x 12.7/
14.7/13.7 um (16/26)

21.6/22.9/22.2 um in
diameter® (39)

6.5/7.6/7.2 pm in
diameter® (19)

54.2/61.6/57.8 x 18.8/
23.5/21.9 pm (11/16)

12.8/16.1/15.0 x 8.3/9.9/

9.1 pm® (17/22)

12.6/16.3/14.1 x 10.1/
12.4/11.2 pme (14/29)

19.7/22.0/21.0 um in
diameter® (27)

5.0/6.7/5.8 um in
diameter" (29)

22.7/29.2/26.7 x 14.8/
17.5/16.1 pm (16/16)

* Data from Carré & Carré (1973);
®: not identifiable;

°: Also in patches on bracts;
d

€

: Found only on nectophore and bracts;
f.

: Both types of isorhizas found on bracts and palpons, according to Carré & Carré (1973);

: Found only on gastrozooids and palpons, particularly in the buccal regions.
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of A. uvaria, which consisted of isorhizas, stenoteles, birhopaloids and mastigophores, with all but the last being
found in two different sizes. However, later Ostman (2000, Fig. 1D) illustrated p-mastigophores of two very
different size classes from a specimen of Apolemia sp., which earlier she had referred to as “Apolemia uvaria (?)”,
that was collected off Catalina Island, California. This locality indicates that it might not be A. uvaria, which we
believe to have a distribution limited to the Northeast Atlantic and the Mediterranean.

Analogously to Apolemia uvaria we could find two sizes of isorhizas in the two new species. We have found
that only macroisorhizas were present on the bracts and nectophores, while microisorhizas were limited to the
gastrozooids and both siphosomal and nectosomal palpons. In 4. uvaria, Carré and Carré (1973) found the two
sizes of isorhizas to be present on the surfaces of the bracts and palpons. It remains unclear if they found the two
types on each of these two zooids and also if they found them on both siphosomal palpon types present in A.
uvaria. Carré and Carré (1973), Totton (1965) and Mapstone (2003) made no comment as to what the types of
nematocyst present on the surface of the nectophores might be. However, Claus (1863) noted for A. uvaria globular
nematocysts, 12—14 um in diameter, with a shaftless tubule that made up the patches on the nectophores and bracts,
and also the armory of the brown siphosomal palpon type. Therefore it is possible that the two types of isorhizas
are co-localized in all three species, obviously with the exception of the additional palpon type only present in A4.
uvaria. Unfortunately the state of the available A. uvaria specimen did not allow us to assess this hypothesis.

In contrast to Apolemia uvaria we could only find stenoteles of one size in A. lanosa and A. rubriversa. In all
three species stenoteles were mainly found in the buccal regions of the gastrozooids and palpons. In the two new
species this included the nectosomal palpons, whereas those were not considered by Carré and Carré (1973). In 4.
lanosa and A. rubriversa, stenoteles were, in addition, also scattered all over these zooids. Remarkably, only in A4.
rubriversa were stenoteles also found within the nematocyst patches on the bracts.

Mastigophores were found co-localized with the stenoteles in the buccal regions of gastrozooids and palpons
in Apolemia uvaria and A. lanosa, including the nectosomal palpons in case of the latter. Interestingly, the capsule
at corresponding sites in A. rubriversa was of a very different morphology but could not be further characterized.
While only one form of mastigophore was present in A. uvaria and A. lanosa, Ostman (2000) found two in her
Apolemia species.

In all three species, nematocysts of tentacles and palpacles were of the same type. In Apolemia uvaria this
capsule type has been described as birhopaloid, which is characterized by having two swellings on the proximal
shaft of the evaginated tubule, and they are present in this species in two sizes. These capsules were first noted by
Claus (1863), first illustrated by Iwanzoft (1896, pl. 5, Fig. 26) and confirmed by Totton (1965), and the capsule
was seen as unique to Apolemia. Margulis (1980, Fig. 2E) was able to illustrate this capsule type for A. contorta,
although she referred to it as a microbasic eurytele. For A. lanosa and A. rubriversa we could find only capsules of
one size, as did Ostman (2000) in her specimen of Apolemia sp. In the case of 4. rubriversa we were not able to
analyze evaginated tubules of the capsules. The tubules in capsules of A. lanosa, however, did show only one
swelling and they could therefore not be identified as birhopaloids, but tentatively as euryteles.

Werner (1965) divided euryteles into micro- and macrobasic forms, of which the one in Apolemia lanosa (see
Fig. 91) is clearly microbasic. He then divided the latter into homotrichous and heterotrichous forms and, judging
from his figures, the latter is closer to that found in 4. lanosa. But Werner also noted, in his Table 3, that at that time
microbasic euryteles had not been found in any siphonophore species. However, subsequently, Carré (1971, 1980)
has found microbasic euryteles in the larval bracts of Halistemma rubrum (Vogt) and Agalma elegans (Sars),
respectively; while Carré (1969), more specifically, found heterotrichous microbasic euryteles to be present in the
cnidoband of Desmophyes villafrancae (Carré), which is the first and only time that this type of nematocyst has
been found in a calycophoran siphonophore.

In summary, there is some consistency in the nematocyst complement across the considered apolemiid species.
The data suggest that different size versions of the same capsule type emerged or got lost on multiple occasions.
The same capsule type on tentacles and palpacles in all three species points to the homology of both structures.
More data are needed to understand the pervasiveness of birhopaloid capsules in Apolemia. If the presence of
birhopaloids were the ancestral state in Apolemia, the eurytele-like capsule observed in 4. lanosa would be derived
and it would be unlikely that this capsule is homologous to euryteles in other siphonophores. On the other hand
birhopaloids could be derived from a eurytele-like capsule type present in the most recent common ancestor of A.
uvaria and A. lanosa. The most striking difference was the presence of an unidentified capsule type instead of
mastigophores in 4. rubriversa. The presence in corresponding regions on different zooid types suggests a
common history, but again more data are needed to understand the relationship of these two capsules types.
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Based on our findings for Apolemia lanosa and A. uvaria it is worth stressing that the nematocyst complement
of the body columns of gastrozooid and both the nectophoral and siphosomal palpons are all virtually identical.
The nematocysts present on the tentacles and siphosomal palpacles, however, are different from those of the body-
columns of the zooids that bear them. This is additional evidence in support of our belief that the structures at the
base of each nectophore are indeed palpacle-less palpons rather than tentacles.

The challenges of diagnostic characters for siphonophores. There are several factors that complicate the
identification of good diagnostic characters in siphonophores. The descriptions made here highlight some of these
difficulties.

Specimens are often incomplete due to their fragility, size, and often less than ideal modes of collection. The
problem is especially pronounced for apolemiids, since they are so long that even under ideal conditions only a
portion of the colony can be collected. The anterior end includes the most structures (the pneumatophore, both
growth zones, the nectosome, and the young siphosome) but often lacks gonophores.

There can be variation in the structure of the same zooids within a colony. Much of this variation, especially in
nectophores (Figs. 4, 12), is ontogenetic. There is, however, sometimes non-ontogenetic variation between zooids.
For example, the presence or number of diverticula on lateral canals of a nectophore can vary in ways that do not
relate to position and age. Analysis of subsets of the ontogenetic series of nectophores can therefore be misleading
whereas the maximum number and orientation of these diverticula might however be species specific.

Fixing siphonophore tissue can obfuscate an entire set of characters. This is especially true when analyzing
cormidial organization. Shrinkage and contraction can make growth zones and cormidia inaccessible to
investigation. Breaking of the siphosomal stem and irregular detachment of zooids, which frequently happens, can
cause problems with orientation and deciphering cormidial patterns. Fixation also alters zooid morphology. For
instance, the basigaster of the palpon becomes conspicuous (Fig. 8C), whereas it is inconspicuous in live tissue. In
the case of nectophores, the fixation procedure can elevate particular characters like depth of lateral furrows;
introduce characters like zigzagging of canals; and the general nectophore anatomy can favor shrinkage in
particular regions, which can change the in vivo habitus quite noticeably. In the species considered here, for
example, a protruding mouth plate below the ostium is only visible in fixed material (compare Figs. 12A,K—N).
The state of contraction of the nectosac at the time of fixation can cause further variation (Fig. 4T,U). Presence or
absence of pigment or nematocyst patches is often difficult to evaluate in fixed material and especially in exposed
regions prone to abrasion. Ideally, in vivo studies after relaxation of the tissue should be complemented by analysis
of fixed material, but such opportunities rarely occur.

Characters of Apolemia. From the above discussion, we believe that all five species names should be referred
to the genus Apolemia until, with the descriptions of further species, valid generic characters can be established.
The new descriptions presented here clarify interpretation of characters that have been commented on by previous
authors, and suggest others that will be useful for understanding the diversity of the group as additional species are
described. These characters include, as partially summarized in Table 5:

The number of nectosomal palpons at the base of each nectophore. The presence of palpons within the
nectosome is unique to apolemiid species, and readily distinguishes them from all other siphonophores. Despite the
number of studies on Apolemia uvaria, few authors have actually counted the maximum number of nectosomal
palpons clustered below each nectophore and numbers given vary between 3 and 6 (Leuckart 1854; Totton 1965;
Mapstone 2003). Our observations of intact specimens of A. lanosa and A. rubriversa clearly indicate that the
number of palpons per nectophore actually increases with the age of the nectophore. It is likely that this is also the
case for other apolemiids that also have multiple palpons per nectophore. In these cases a certain number of intact
specimens will be needed to identify fully grown nectosomes and maximum numbers of palpons. We, however,
have preliminary data that there are apolemiid species with just one nectosomal palpon per nectophore independent
of age, as was also described for A4. vitiazi by Stepanjants (1967) and confirmed by Mapstone (2003).

The presence of diverticula on the proximal part of the nectophoral lateral radial canals. Although Apolemia
rubriversa usually has up to three distinct diverticula, some mature nectophores have none. Unlike the diverticula
of A. uvaria, these diverticula do not penetrate into the mesoglea but run along the wall of the nectosac.

Whether the cormidia are dispersed, i.e. the cormidial zooids are attached individually and directly to the
siphosomal stem, or whether they are pedunculate, i.e. all borne on the peduncle of the primary gastrozooid (Fig.
19).
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FIGURE 19. Cormidial organization of Apolemia lanosa (A) and Apolemia rubriversa (B). Anterior is to the left. Ventral is up.
(A) Lateral view of the siphosomal stem showing a cormidium with two palpon clusters. The bracteal lamella (bl) of a removed
gastrozooidal bract and the gastrozooid of the next younger cormidium is visible to the left. (B) Branched cormidial
organisation. All siphosomal zooids are attached to the stem via the gastrozooid peduncle. The proximal portion of another
cormidium is shown in the lower left of the pane. Anterior is to the left. Ventral is up.

TABLE 5. Character matrix for known apolemiid species.

Character A. uvaria A. vitiazi A. contorta A. lanosa A. rubriversa

Maximum observed 6 1 21 4 6
number of palpons at base
of each nectophore.

Presence of diverticula on Numerous, Irregularities in ~ None None Up to 3, long,
lateral radial canals small, thickness of along nectosac
penetrating into  walls
mesoglea
Cormidia dispersed or Pedunculate Pedunculate ? dispersed Dispersed Pedunculate
pedunculate
Horn in siphosomal Very small Unknown Unknown Very small Very large
growth zone
Number of types of 2 Unknown Unknown 1 1
siphosomal palpons
Patches of nematocysts on Present Unknown Unknown (Margulis Present Present
nectophores and bracts 1976), Absent
(Margulis 1980)
Refractile spheres on Present, only Unknown Unknown Present, inside Present, only
bracts and nectophores outside and outside outside
nematocyst nematocyst nematocyst
patches patches patches

The number of types of siphosomal palpons. To date two types of palpons have been confirmed only in
Apolemia uvaria, which differ in relative size, nematocyst complement and rigidity.

Whether there is a pronounced horn present in the siphosomal growth zone.

Whether patches of nematocysts are present on the surface of the nectophores and bracts.

Whether refractile spheres are present on the surface of the nectophores and bracts and whether they occur
inside the nematocyst patches. This trait is likely to be affected by the condition of the specimen as nematocyst
patches and refractile cells are prone to abrasion. Species of Apolemia are notable for their short-wavelength violet
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bioluminescence (Haddock & Case 1999) originating in nectophores and bracts. Because many Apolemia species
shed most of their bracts even when collected with ROVs, luminescence from captured specimens can appear
feeble relative to that of other physonects. Cells organized in patches have been observed as the source of
bioluminescence in other siphonophores (e.g., Pugh 1999; Haddock pers. obs.). In Apolemia, however, these
patches are mainly composed of nematocysts leaving the refractile spheres as a putative source of bioluminescence.

Whether the palpons have basal palpacles; and even whether the gastrozooids bear tentacles. These structures
are extremely delicate and easily lost, particularly with net collected material. At present there is insufficient
evidence to suggest that this character has any taxonomic relevance with regard to the apolemiids, but it should be
carefully noted in future newly-collected specimens.

The presence of a multi-chambered pneumatophore has been suggested in the past as a taxonomic character,
for instance by Margulis (1980). But in life there is only one chamber, the pneumatosaccus, with the gas secreting
region posterior to it, and any additional chambers are artifacts resulting from the rupture of the pneumatophore
while the specimen was being brought to the surface. Thus, this feature cannot be used as a valid taxonomic
character.

The available data also indicate differences in nematocyst complements across species (Table 4).

Siphosomal development and growth. Because siphonophores are fragile and are often dissociated when
collected by net, the organization of zooids within the colony and the structure of cormidia in particular have
largely been neglected in the discussion and description of their morphology. Recent advances in the ability to
collect intact siphonophores, though, has greatly extended the ability to describe not just the structure of isolated
zooids, but their organization within the colony relative to the other zooids (Dunn 2005; Dunn & Wagner 2006).
This also aids in understanding the budding process that gives rise to zooids.

The work presented here clearly indicates that there are two general cormidial organizations in Apolemia:
pedunculate and dispersed (Fig. 19). In pedunculate cormidia, all zooids of each cormidium are attached to the
stem by a single peduncle, and the regions of stem between these shared peduncles are bare. In dispersed cormidia,
most zooids of the cormidium are independently attached to the stem and, macroscopically, there are no portions of
the stem that are devoid of zooids.

Neither of these types of organization is unique to Apolemia, but the fact that both are present in Apolemia does
indicate that the evolution of cormidial organization is more complicated than had previously been thought. In
Codonophora, the clade comprised of Physonectae (which is paraphyletic) and Calycophorae (which is
monophyletic and nested within Physonectae), each cormidium of previously examined species arises as a single
pro-bud (Dunn & Wagner 2006). This pro-bud gives rise to the primary zooids of the cormidium. The primary
zooids always include a single gastrozooid, and, depending on the species, may also include bracts, palpons, and
gonophores. The primary zooids of each cormidium all initially share a peduncle, which is their attachment to the
stem. The pro-bud and the zooids it gives rise to, are clearly visible in A. rubriversa (Fig. 13B). In case of 4. lanosa
pro-buds were difficult to identify and palpons and bracts seem to arise directly from the siphosomal stem
suggesting that zooid/bud dispersal happens very early in development (Fig. 5).

The subsequent development of the pro-bud varies greatly from species to species. In taxa with pedunculate
cormidia, all of the zooids of each cormidium retain their shared connection to the stem. In taxa with dispersed
cormidia, the primary zooids spread out along the stem as they mature and their common origin becomes obscured.
All calycophorans have pedunculate cormidia (with perhaps the exception of Stephanophyes superba (Chun), and
dispersed cormidia are widespread in “physonects”. This led Dunn and Wagner (2006) to conclude that the
ancestral condition within Codonophora was dispersed cormidia, and that the pedunculate cormidia of
calycophorans were the result of cormidial pedomorphy — immature juvenile pedunculate morphology was
maintained throughout the growth of the cormidia.

Though pedunculate cormidia had been noted before in Apolemia uvaria (see the discussion above regarding
the status of apolemiid species), considerable confusion and contradictions existed in the literature regarding this
important point. Our confirmation of pedunculate cormidia in 4. uvaria and the finding of this same organization in
an additional species, A. rubriversa, clearly show that the conclusions of Dunn and Wagner (2006) were
oversimplified. There has been homoplasy in pedunculate and dispersed organization across Codonophora. It may
be that the most recent common ancestor of Codonophora had pedunculate cormidia, and that dispersed cormidia
have arisen several times. Alternatively, this most recent common ancestor may have had dispersed cormidia, and
there were multiple independent pedomorphic origins of pedunculate cormidia. Resolving these evolutionary
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developmental questions will require both new observations in poorly known species as well as a more densely
sampled phylogeny of siphonophores than is already available (Dunn et al. 2005).

Dispersal is not the only modification that can take place as cormidia mature. In many species, secondary
zooids are added within each maturing cormidium. These secondary zooids often arise at precise locations relative
to the primary zooids. Secondary zooids include bracts in many species, gonophores that are renewed after
spawning events (Carré & Carré 1991), and the anterior-most palpons and gonophores in each mature cormidium
of Nanomia bijuga (delle Chiaje) (Dunn & Wagner 2006). With the description here of 4. lanosa, we can add
gastrozooids to the list of secondary zooids. Furthermore, this is the first species where secondary gastrozooids
have been found. Stem elongation throughout the siphosome and the origin of gastrozooids outside of the growth
zone may play a role in helping some Apolemia species reach such great lengths. Without secondary addition of
gastrozooids, all gastrozooids need to arise in the growth zones.

The origin of secondary zooids can complicate the interpretation of pedunculate and dispersed cormidia. This
is because secondary zooids sometimes arise on the peduncles of other zooids. Some of the most conspicuous
examples are the gastrozooid-associated palpons of Agalma elegans and the palpons and bracts found on the very
long gastrozooid peduncles of Forskalia (Dunn & Wagner 2006).

All of the discussion above regarding cormidial organization pertains to Codonophora. In Cystonectae it is
challenging to interpret cormidia because it is not clear that they actually have cormidia. There are reiterated
sequences of zooids, but they are not derived from pro-buds that arise in a growth zone. There are two families
within Cystonectae, Rhizophysidae and Physaliidae. In Rhizophysidae, whose species have elongate linear stems
like most members of Codonophora, gonodendra and gastrozooids arise independently within the growth zones.
Physalia, on the other hand, have a unique colony-level organization unlike any other siphonophore (Totton 1960).
It has many branched tripartite groups, each composed of three structures. These are the feeding zooid (which has a
mouth but lacks a tentacle), the ampoule (which has a tentacle but lacks a mouth), and the gonodendron (which
itself has multiple zooids, including palpons and gonophores). Because there are multiple zooids per peduncle in
Physalia, these structures can resemble the pedunculate cormidia found in Codonophora. Until more is known
about their development, though, assessing their homology is not possible.
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