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New data on distribution, morphology and taxonomy
of phoronid larvae (Lophophorata: Phoronida)
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ABSTRACT: Phoronids have worldwide distribution and are found in almost all seas of the
World Ocean. Frequently phoronid larvae (actinotrochs) comprise a significant proportion
of the total zooplankton biomass that makes their studies a very important source of
information for ecologists, planktonologists, and zoologists. Investigations of phoronid
larvae are interesting due to their relation to affiliation of this phylum and other main groups
of Bilateria. Identification ofall species and stages is difficult due to the paucity of published
information regarding phoronid larvae. The descriptions of morphology and microscopic
anatomy of actinotrochs found in Mediterranean and Black seas, Sea of Okhotsk, Sea of
Japan, close to Reunion Island and in the Puget Sound are given. For the first time, the larvae
that presumably belong to Phoronopsis albomaculata and P. californica are described. The
morphological and behavioral features of two main types of actinotrochs are formulated. A
complete key for identification of all actinotrochs known by now is developed.
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PE3IOME: ®opoHuasl — THI KUBOTHOTO I1apCTBa, NMPEACTAaBUTENN KOTOPOTO MMEIOT
BCECBETHOE PACIPOCTPaHEHUE U OOHAPYKUBAIOTCA BO BCEX aKBaTOPHAX MHUPOBOro okea-
Ha. 3a4acTyro JIMYMHKU OPOHH]] — aKTHHOTPOXH — JIOCTHTAIOT OOJIBIION YHCIEHHOCTH
U COCTaBIJIAIOT 3HAYUTEIBHYIO JOJIO 300IIAHKTOHA, YTO JIeJaeT UX BaXKHBIM OOBEKTOM
Pa3IMYHBIX TUAPOOHOIIOTHYECKUX, 300J0TMYECKUX M JKOJIOTHYECKUX HCCIICTIOBaHUM.
Nzyuenne TMUUHOK GOPOHU MHTEPECHO U MO3UIUH CPABHUTEIBHOM aHATOMUM U (DUITO-
I'€HUH, TIOCKOJIBbKY ITOJIOXKEHHUE ATOM IpyIIIbl Ha (hriioreHeThdeckom apee Bilateria go cux
Iop TOYHO HE ompesesieHo. B Hacrosiiee Bpemsi BUIOBas MICHTU(QHUKALUS JTUUUHOK
(OpOHHT TPAKTHYECKH HEBO3MOXKHA U3-32 OTCYTCTBHSI ONPEICIUTEIbHBIX TaOHIIL, IO/~
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pPOOHBIX OmUCaHWil W 000OIIAONIMX CBOJOK. B pabGoTe maHbl MOAPOOHBIC OMUCAHUS
MOP(OIOTUH U MHUKPOCKOITHYCCKOH aHATOMUH JTUYNHOK (OPOHH[, OOHAPYKCHHBIX B
Cpenuzemuom, YUeprom, OX0TCKOM, SITOHCKOM MOpSIX, Y TOOEepexbsi 0-Ba PeloHNOH, B 3aJ1.
[MTeromxer Cayna. BriepBbie OMMCaHbl THYHHKH, TPEIMOI0KATETBHO MPHHAIICKAIINC
Phoronopsis californicaw P. albomaculata. BeiieneHo 1Ba OCHOBHBIX THITA OPTaHU3AIUN
TUIAHKTOTPO(HBIX THYHHOK (POPOHHU/I, BBISBICHBI KX MOP()OJIOTHUECKHE U TOBEICHUCCKUE
ocobenHoCTH. [IpetoxkKeH KITF0Y ISl BUIOBOU HACHTU(DUKAIINH THIHHOK.

KJIFOYEBBIE CJIOBA: ®opoHH/IbI, THYUHKH, aKTHHOTPOXa, MOP(HOJIOTHS, OIPEICIIHU-

TEJILHBIN KJTFOY.

Introduction

Phoronids were originally described by their
larval type, the actinotroch, under the name
«Actinotrocha branchiata» (Muller, 1846).
Adult phoronids of the genus «Phoronis» were
described later (Wright, 1856), and Kovalevsky
(1867) made the connection between the larval
and adult forms. Early larval stages of phoron-
ids are difficult to identify to species, and over-
all several late stage actinotrochs and adult
phoronid forms have been described as separate
‘species’. For the most part, the correspondence
between different larval ‘species’ and adult forms
has only been recognized in the last fifty years,
and as a result there are several well described
larval types for which the adult forms are un-
known.

Adult phoronids are found in most of the
world’s oceans seas and frequently have high
both population densities: up to 93000 individ-
uals/m? (Emig, 1982) and biomass. The number
ofdescribed larval ‘types’ exceeded the number
of described adult forms. Particularly, 25 larval
morphological types are known for the 12 (un-
disputed) described adult phoronids (see, for
example, Emig, 1982). In plankton, phoronid
larvae may reach abundances up to 1000 indi-
viduals/cm?® (per.obs.) and represent of signifi-
cant proportion of the total zooplankton biom-
ass at certain times of the year. The description
and identification of actinotrochs are crucial for
understanding this group of animals. Tradition-
ally, comparative anatomists regarded phoron-
ids and deuterostomes as related groups (Mas-
terman, 1898; Remane, 1950; Emig, 1971, 1974;

Siewing, 1974, 1980; Herrmann, 1976, 1986).
However, molecular phylogenetic evidence
identified phoronids and brachiopods as amono-
phyletic group within the Lophotrochozoan pro-
tostomes as a sister group to Spiralia (Halanych
et al., 1995).

Due to the lack of detailed studies, the iden-
tification of phoronid larvae is sometimes prob-
lematic as indicated in Santagata and Zimmer
(2002). This problem can be approached using
molecular phylogenetic methods, but it cannot
be solved without careful descriptions of larvae
from different biogeographical regions of the
world.

The purpose of this study was (i) to provide
new information on the distribution of several
well described species and also to describe in
detail several actinotroch types for which the
adult form is not known,; (i) to reveal the gener-
al patterns of morphology, anatomy and behav-
ior of the two main types of actonotrochs; and
(iii) to compose a key for determination of
known phoronid larvae.

Material and methods

Some phoronid larvae were collected by the
author in Vostok Bay, Sea of Japan, by applying
a planktonic net; other larvae were found in
plankton samples that were collected during
expeditions and being kept at the Department of
Invertebrate Zoology of Moscow Univercity, at
Zoological Museum of Moscow University etc.
Larvae were preserved in a 4% formaldehyde
solution. For the studies, they were cleaned by
distilled water and transferred to 70% ethanol.
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Intact larvae were investigated in light micro-
scopes (Olympus BX51 and Leica MZ6) and
photographed with a digital camera Olympus
Camedia. Some specimens were rinsed in alco-
hol and embedded in paraplast. Sagittal and
cross-sections were made with a Leica rotary
microtome, which then were stained with Car-
accihaematoxylin. Sections were examined with
Olympus BX51, photographed with Olympus
Camedia. Some larvae were prepared for scan-
ning electron microscopy (SEM). Specimens
for SEM were fixed in a 4% formaldehyde
solution, cleaned in distilled water, dehydrated
in an ethanol series, critical-point dried, mount-
ed on stubs with double-stick tape, sputter-
coated with platinum—palladium, and examined
with a CamScan S2.

Results

All phoronid larvae (actinotrochs) have com-
mon body organization. At the description of
actinotrochs we used the terminology accepted
in the Emig’s work (1975). Larval body can be
divided into three regions: preoral lobe (preoral
hood), collar region with tentacles, and the
trunk. Each body region contains a correspond-
ing coelomic cavity. Larvae of genus Phoronis
Wright, 1856 and Phoronopsis Gilhrist, 1907
differ in the shape of preoral coelom. As as-
sumed in our previous work (Temereva, Mala-
khov, 2004), larvae belonging to the genus
Phoronospsis possess a closed cylindrical-
shaped preoral coelom lying under the apical
plate. On the total preparations well visible, that
protocoel cavity is in Phoronopsis larvae delim-
ited by two septums (dorsal and ventral), which
intersect the preoral lobe from apical plate to
esophagus. Zimmer (1978, p. 38) discussed the
structure of preoral coelom in phoronid larvae
and noted that the larvae of Phoronopsis cali-
fornica Hilton, 1930, P. viridis Hilton, 1930
and P. harmeri Pixell, 1912 possess «diminu-
tive protocoel», that in Zimmer’s photos look
like cylinder under the apical plate (see p. 28-31
and Fig. 5, 6, 8). The larvae belonging to the
genus Phoronis have another form of preoral
coelom (see Ikeda, 1901, Fig. 45; Goodrich,

1903; Zimmer, 1964, Fig. 45; Herrmann, 1976,
Abb. 9) or have no coelomic cavity in preoral
lobe at all (Bartolomaeus, 2001).

Only competent actinotrochs can be identi-
fied to species with any degree of certainty.
Before metamorphosis, the actinotrochs of each
species have a fixed body length, and possess
the fixed number of tentacles and blood masses.
In some larvae there are the juvenile tentacles
nascent before metamorphosis. Frontal organ
(or piriform organ — conical protrusion on the
ventral midline of the preoral lobe) develops at
competence in some larvae. The presence of
juvenile tentacles and piriform organ is diag-
nostic feature.

Non-competent stages of actinotrochs are
often found. In this case, only the descriptions of
these stages are given. For competent larvae
diagnostic features and other interesting mor-
phological characters are enumerated.

1. Actinotrochs of the Mediterranean Sea
(close to the coast of Morocco) (Figs 1A; 2A;
3A-C).

Larvae were collected in August 1997. They
belong to two phoronid species: Phoronopsis
harmeri and Phoronis muelleri Selys-Long-
champs, 1903.

1.1. P. harmeri larvae from the Mediterra-
nean Sea have all the same characteristics of
Actinotrocha harmeri Zimmer, 1964, described
by us from the Sea of Japan (description see
below).

1.2. Larvae belonging to Phoronis muelleri
are called Actinotrocha branchiata Miiller,
1846.

DESCRIPTION. Larvaeare transparent (Fig.
2A). Through transparent surface evidently that
closed coelomic cavity in preoral lobe is absent
(Fig. 3A). At the stage with 32 tentacles, larvae
have a 1.2 mm body length. The presumptive
juvenile tentacles and frontal organ are present.
The body length of larvae with 42 tentacles is
2.1 mm (Fig. 2A). Oral field is spacious (Figs
2A, 3A) as compared to other actinotrochas
larvae (see Fig. 2). Larval tentacles are thin and
long; and under their bases thick and short
juvenile tentacles are situated (Fig. 2A, 3B). A
single corpuscle mass shaped like a horseshoe is
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Fig. 1. Maps of new records of phoronid larvae.

A — a part of Eastern hemisphere. B — a part of Western hemisphere.

Puc. 1. HoBble Haxo k1 THYMHOK (hopoHU] (reorpaduuecKue KapThl).

A — 9acTh BOCTOYHOTO nojrymapus. B — gactp 3alaHOTO IIOJyHIapus.
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Fig. 2. Phoronid larvae (line drawings of fixed animals).

A — Phoronis muelleri larva discovered close the coast of Morocco. B, C — larvae possibly belonging to Phoronopsis
californica (B — larva with 16 tentacles; C — larva with 28 tentacles). D — giant actinotrocha. E — larva possibly
belonging to Phoronopsis malakhovi. F — larva possibly belonging to Phoronopsis albomaculata. Abbreviations:
bel — border/borders of preoral coelom; bc — blastocoel; bm — blood mass; ds — dorsal septum; dv — dorsal vessel;
es — esophagus; fo — frontal organ; hg — hindgut; ms — metasomal sac; pl — preoral lobe, pn — protonephridium;
s — stomach; sd — stomach diverticulum; t — tentacles; tc — trunk coelom; tt— perianal ciliated ring; v — vestibulum.
Scale bars: A — 0.5 mm; B-C, E-F — 0.1 mm; D — | mm.

Puc. 2. JTnunsku Gpoponns (pUCyHKH HUKCHPOBAHHBIX KUBOTHBIX).

A — nuuusKa Phoronis muelleri, oOHapyxeHHass BOJIM3u noOepexbss Mapokko. B, C — in4nMHKa, BO3MOXKHO,
npuHaiexamas Phoronopsis californica (B— na craguu 16 nrynanen; C — na craguu 28 urynanen). D — ruranctkas
akTHHOTpoXa. E — nuumbka, BO3MOXHO, TpHHAUIeKamas Phoronopsis malakhovi. F — nudauaKka, BO3MOXHO,

npuHaiexamas Phoronopsis albomaculata. O603nauenus: becl — rpanuna(bl) IpegpoToBOro eiioMa; bc — 6racto-
1eJTh; bm — CKOIUIEHHE dPUTPOIUTOB; ds — JOpcabHas cemnra )KelayaKa; dv — JOpCalbHbIi COCYT; €S — IMHIIEBO/;
fo — ¢ponTansHbIi opran; hg — 3aaHsAsM KHIIKa; MS — METACOMAIBHBIN MEIIOK; pl — MpeopaibHas JI0MacTh; pn —
npotoHeppuaAnii; s — KerymoK; sd — AUBEPTHKYI KETYAKA; t — HIyTAIbIIa; tC — TYJIOBUIIHBIN [ETOM; tt — TEIOTPOX;
v — Bectubymom. Macmradsr: A — 0,5 mm; B-C, E-F — 0,1 MmM; D — | Mm.
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Fig. 3. Histological sections of some phoronid larvae.

A—C—sections of Phoronis muellerilarvae: A— upper part of parasagittal section with small preoral lobe (pl), spacious
oral field (of), dorso-lateral stomach diverticulum (sd), dorsal septum into stomach (ds) and large metasomal sac (ms);
B — section through larval (It) and juvenile (jt) tentacles and ventral blood mass; C — longitudinal section through
stomach diverticulum (sd). D — sagittal section of larva with 28 tentacles discovered nearly the Reunion Island. E —
sagittal section of larva discovered in South-Kurilskiy Strait. Abbreviations: bcl — border of preoral coelom; bl —
blastocoel; es — esophagus; n — neuropile; mg — midgut; ms — metasomal sac; pl — preoral lobe, s — stomach;
sd — stomach diverticulum; t — tentacles; tt — perianal ciliated ring; v — vestibulum. Scale bars: A — 0.3 mm; B,
C— 0.1 mm; D — 50 mm; E — 30 mm.

Puc. 3. I'ncronornveckne cpesbl TUUNHOK (HOpOHH.

A—-C — mponosbHBIe cpe3bl uepes THIUHKY Phoronis muelleri, oOHapy>XeHHYIO BOJIHM3H OOepexbsi Mapokko: A —
BEPXHsIS YaCTh [1apacarnTTaJbHOTO CPe3a, BUHBI: MaJeHbKas IPpeopasbHast jonacTs (pl), IpoTskeHHOE OpalbHOE MoJIe
(of), nopco-yaTepalbHbI AUBEPTUKYI kedayaka (sd), mopcayibHas centa B kenyzake (ds) M gacTh METacOMaIbHOTIO
kapmaHa (ms); B — cpe3 uepe3 nnunnounsie (It) n mepunuTHBHBIE (jt) IIynanblla U BEHTPAJIbHOE CKOIUICHHE
spurporuros; C: IIpononbHelil cpe3 yepe3 AMBEPTUKYJ kKelyJKa. D — caruTranbHblid cpe3 JIMYMHKU Ha cTaauu 28
1ynaser, oOHapyKeHHO! BOIM3K 0-Ba PeroHnoH. E — caruTranbHblii cpes uepes JIMYHHKY, 00HapykeHHY o B FOxHO-
Kypuibckom nposmse. O603Hauenus: bel — rpanuia npepoToBoro 1enoma; bl — Gnacromnens; es — MUmeBo; N —
HEHPONMIIb aITMKAIBHOTO OPTaHa; Mg — CPEIHSS KUIIIKA; MS — METacOMAaJIbHBIN MEIOK; pl — npeopaibHast JI0TacTh;
§ — XKeIy10K; sd — JAMBEPTHKYII XKeIly/IKa; t — IIyIaiblia; tt — TeJI0TpoX; Vv — BecTuOymoM. Macmrabsr: A — 0,3Mm;
B, C— 0,1 mm; D — 50 mxm; E — 30 MkMm.
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situated on the ventral and ventrolateral sides of
the stomach (Fig. 2A). Blood corpusclesalso lie
in the blastocoelic space near the bases of the
juvenile and larval tentacles (Fig. 3B). There
are two dorsolateral stomach’s diverticula with
thick and vacuolated walls (Figs 3A, C). The
dorsal wall of stomach forms a long septum
protruding into stomach cavity (Figs 2A, 3A).
What will become the muscular and ampullar
regions of the adult trunk (metasomal sack)
occupies the most of body volume (Fig. 3A).

DIAGNOSTICFEATURES. Larvais trans-
parent, before metamorphosis body length is ca.
2 mm, number of tentacles is more than 30.
Cylindrical protocoel is absent. There are two
blood masses situated on ventrolateral sides of
the stomach, they can fuse into one mass before
metamorphosis. Larva possesses juvenile tenta-
cles. Stomach diverticulum is paired. Frontal
(pirifom) organ is present.

COMMENT. This larval form belongs to
Phoronis muelleri and is identical to the forms
described by Wagner (1847) and Masterman
(1898).

2. Actinotrochs of the Indian Ocean (close
Reyunion Island) (Figs 1A; 2B-C, 3D)

Larvae were collected in June 2005. Tenta-
tive identification for this larval type is Phoro-
nopsis californica.

DESCRIPTION. Larvae are transparent
(Figs 2B—C). A closed coelomic cavity is found
in the preoral hood under the apical plate (Figs
2B-C, 3D). Larvae with 16 tentacles have a
body length 0f0.25—-0.30 mm, and a diameter of
preoral lobe of 0.2 mm (Fig. 2B). Larvae with
26-28 tentacles are 0.40-0.45 mm in length
(Fig. 2C). As an artifact of fixation, the perianal
ciliated ring (telotroch) was drawn into the body
by contraction of the muscles of the trunk, and
perhaps the length of this larval type is estimat-
ed to be approximately 0.5 mm (Fig. 2C). The
diameter of preoral lobe is 0.3 mm. Larval
tentacles are very short and thin, and their diam-
eteris not more than 0.03 mm. Stomach’s diver-
ticulum is unpaired (Fig. 3D); and it’s walls
form a ventral septum into stomach. There is a
small metasomal sac. Blood corpuscle masses
are lacking. The borders of trunk coelom are

seen through the integument (Fig. 2C). The
blastocoelic space occupies most of the volume
of the preoral hood (Fig. 3D) and larval body
(Fig. 2C).

COMMENT. These larvae belong to the
genus Phoronopsis because possessing a closed
cylindrical-shaped coelomic cavity in preoral
lobe under apical plate. Only two species of
phoronids have been described near Madagas-
carIsland, Phoronopsis albomaculata Gilchrist,
1907 and P. californica (Emig, 2009). These
larvae seem to belong to P. californica. The
larvae found close to Reunion Island are very
young; they even do not have blood mass. Usu-
ally phoronid larvae grow up in two times begin-
ning from moment of blood corpuscles appear
to competent stage. If to extrapolate this obser-
vation to the larvae discussed, they might have
a body length more than 1 mm and about 56
tentacles. It is the largest number of tentacles
known among phoronid larvae. As compared
with larvae, adult Phoronopsis californica pos-
sessing ca. 1500 tentacles has the largest num-
ber among adult phoronids (Emig, 1979).

Note that in the Zimmer’s work (1978) there
is aphoto (Fig. 6) of «24-tentacled P. californi-
ca larva near metamorphosis». The larval body
length is 0.7 mm before metamorphosis. This
larvabelongs to the genus Phoronopsis because
there is a cylindrical protocoel under apical
plate. Before metamorphosis this larva possess-
es different ratio between number of tentacles
and body length in comparison with larvae de-
scribed by us.

3. Actinotrochs of the South-China Sea
(Figs 1A; 2D; 4).

In the South-China Sea comparatively large
actinotroch larvae (Temereva et al., 2006) and
early larval stages were found.

3.1. The giantactinotroch larva was found in
planktonic samples taken in September 2005 at
the place with coordinates 12°27' N, 110°01' E
on a depth of 10 m.

DESCRIPTION. Larvais transparent. A sin-
gle horseshoe-shaped spacious red blood cor-
puscle mass is situated in the collarregion on the
ventral and ventrolateral side of the stomach
wall. The epithelium of perianal ciliated ring is
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pigmented and in life it has a yellowy-brown
color. The body length of the fixed larva is 3.5
mm; the diameter of preoral lobe is 2 mm (Fig.
2D). Actinotrochahas 52 thintentaclesup to 1.4
mm long and ca. 25m in diameter. In the centre
of preoral lobe there is a deep depression on the
pole that corresponds to a site of apical organ
(apical neural plate/larval brain) (Fig. 2D). In
the middle line of preoral lobe there is a small
hillock that corresponds to a site of frontal (or
piriform) organ (Fig. 2D).

This larval type possesses some morpholog-
ical traits that are not typical for other phoronid
larvae but found in adult phoronids. There is an
epithelial fold under preoral lobe nearly mouth
that corresponds to epistom in adult phoronids
(Fig. 4A). In the basis of epistom, a closed
coelomic cavity lies (Fig. 4A). It is a preoral
coelom (protocoel). The larva possesses one
veritable blood vessel: the erythrocytes surround-
ed by vascular walls (Fig. 4B). In addition, the
larva has a primordial gonad that is situated on
the ventral mesentery and is represented by small
primordial germ cells (possible oocytes) sur-
rounded by follicular cells (Fig. 4C).

COMMENT. Larva can be tentatively iden-
tified to the genus Phoronopsis because it has
closed cavity of preoral coelom. Details about
the giant Actinotrocha and phenomenon of the
large larvae are discussed previously (Temere-
va et al., 2006). | have not included giant larva
in the key for phoronid larvae, because it has
some precociously developed adult characters
but not has some larval characters, for example,
blood masses.

3.2. Young actinotrochs larvae were found
in planktonic samples taken in August 1989 at
the place with coordinates 12°37' N, 109°23'E
(Figs 1A, 2E).

DESCRIPTION. Larvae are transparent. A
cylindrical-shaped closed coelomic cavity lies
in the preoral lobe under apical plate (Fig. 2E).
Body length is 0.40—-0.50 mm. At this stage, the
number of tentacles is either 10 or 12, larvae
have no blood masses, stomach diverticulum
and metasomal sack.

COMMENT. These larvae probably belong
to Phoronopsis malakhovi Temereva, 2000,

described from the same place. These larvae are
not included in the key because more or less
distinct features have not been found yet.

4. Actinotrochs of the Black Sea (Figs 1A;
5,6)

Larvae were collected in August—Septem-
ber, 2002-2005.

DESCRIPTION. Larvae are transparent. At
the stage with 18 tentacles, larvae have a body
length of 0.4 mm (Fig. SA). The closed cavity
under aboral organ in preoral lobe absents (Fig.
6C). The primordia of juvenile tentacles look
like small buds under larval tentacles (Fig. 5B).
Larval tentacles are somewhat swollen on the
distal ends (Fig. 5A). Stomach diverticulum is
unpaired (Fig. 6B). There is a ventral epithelial
septum into stomach (Fig. 6A). There is asingle
blood corpuscle mass that is large and situated
on the ventral upper side of the stomach diver-
ticulum between the ectoderm epithelium and
diverticulum epithelium (Fig. 6B). A frontal
organ is present. On the longitudinal sections, it
looks like anaccumulation of nerve fibers under
the ectoderm of preoral lobe (Fig. 6C). The
frontal (piriform) organ is not invisible on the
external side of preoral lobe. There are three
well-developed ciliated bands (Figs SA, C-D).
Preoral ciliated band is turned in hood edge
(Fig. 5D). Postoral ciliated band extends along
the lateral sides of tentacles (Fig. 5C). Perianal
ciliated ring is formed by thick and long cilia
(Fig. 5A). There are numerous openings of
gland cells surrounded by microvilli on the
subumbrella portion of the preoral lobe (Fig.
SE). Larvais tentatively identified belonging to
the genus Phoronis genera because it has no
coelomic cylinder under neural plate (Fig. 6C).

COMMENT. This combination of features
has not been reported in other phoronid larvae
described in literature. Three phoronid species
are known from the Black Sea: P. psammophi-
la Cori, 1889, P. muelleri, P. hippocrepia
Wright, 1856. Only P. psammophila and P.
muellerihave transparent larvae. Probably lar-
vae described here are varieties of P. psammo-
philalarvae: they have 12 tentacles, body length
is about 1 mm, there are three blood masses
(one ventral and two lateral). But it may be that
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Fig. 4. Histological sections of giant actinotroch larva.

A — sagittal section through preoral lobe (pl), epistome (arrows) and cavity in preoral coelom (asterisk). B — section
through ring vessel with complete walls (arrowheads). C — section through the early oocytes (with bright nucleus (no)
and black nucleolus (nou)) on ventral mesentery (vm). Scale bars: A, B— 100 pm; C — 20 pm.

Puc. 4. HpO,Z[OJ'ILHLIe TUCTOJIOTMYCCKUE CPE3bI TUTaHTCKOM AKTUHOTPOXH.

A — caruTTanpHBIA cpe3 depe3 MpeopalbHyIo JomacTh (pl), smucToM (ykas3aH CTpENKOH) M NPEeApoTOH LenoM
(0003HaueH 3Be3104K0iT). B — cpe3 uepes KosbIeBOil KPOBEHOCHBIN cocya. HakoHeYHHKaMu yKa3aHbl MOJHOCTBIO
chopMupoBaHHBIE CTeHKH cocyaa. C — cpe3 depe3 paHHUE OOLUTHI (BUIHEI IPO3payHbIe spa (10) U TEMHBIE SAPBIIIKI
(nou)), pacIoI0OKCHHBIC Ha yJacTKe BEHTPAIbHOTo Me3eHTepus (vim). MacmTadsr: A, B — 100 mxnv; C — 20 MKM.
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primordia (showed by arrows). C — tentacles (t) with
long lateral cilia of postoral ciliated band (cmt) (of
oral field). D — preoral lobe with apical tuft (at) and
preoral ciliated band (pb). E — the subumbrella
surface with openings of gland cells (showed by
arrowheads). Scale bars: A — 100 pm; B — 10 pm;
C—30 um; D — 7.5 pm.

Puc. 5. AKTHHOTpPOXU HeolpeaeNeHHON BUI0-
BOM mpuHamIexxHoctu u3 YepHoro mops (1o
nanHeiM SEM).

A — 0o0uwmii B TMYMHKH (OMS OTBEPCTHE METACO-
MaJbHOTO MEIIKA; tt )KI'YTHKH TeloTpoxa). B — 3a-
4aTKy Ae(UHUTUBHBIX Liynaier (yKa3aHbl CTpesIKa-
mu). C — mrynansna (t) ¢ JIMHHBIME JIaTePaIbHEIMU
PECHIYKAaMHU HOCTPOTOBOTO PECHUYHOTO IIHYpa (cmt)
(of oral field). D — mpeopanbHast T0IacTb ¢ TeMEH-
HBIM CYJITaHYMKOM (at) ¥ IIPEAPOTOBBIM PECHUYHBIM LIHY-
poM (pb). E — moBepxHOCTH cyOyMOpPEIIIEI IPeAPOTOBOIL

Fig. 5. Actinotroch larvae of unidentified phoronid

species from the Black Sea (SEM micrograph). JIOTIACTH C OTBEPCTHSAMU KEJIE3UCTHIX KIETOK (YKa3aHbI
A — general view of larva (oms opening of matasomal sac;  crpenxamu). MacmTa6sr: A — 100 Mxm; B — 10 mxv; C
tt cilia of perianal ciliated ring). B — adult tentacles — 30 mxm; D — 7,5 MKM.



Phoronid larvae 57

this larval form represents another undescribed
species.

5. Actinotrochs of the Sea of Japan.

In the Vostok Bay larvae of three phoronid
species were found: another unidentified actin-
troch (Actinotrocha sp.), Phoronis ijimai Oka,
1897 and Phoronopsis harmeri. We found all of
these larval types previously (Temereva, Mala-
khov, 2004). Their photos and diagnostic fea-
tures are listed for comparison to other actintro-
ch larval types.

5.1. Actinotrochasp. (alarva ofan unidenti-
fied phoronid species) (Figs 7A—C)

DIAGNOSTIC FEATURES. Larvae are
opaque. The cylindrical coelomic cavity under
the neural plate in preoral lobe is absent. Max-
imal number oftentacles is 8 (Fig. 7A); the body
length at this stage is 0.8 mm. There are three
blood corpuscle masses (two ventrolateral ones,
at a side of esophagus each; and one on the
ventral side of the stomach diverticulum). The
stomach diverticulum is unpaired and heavily
pigmented (Fig. 7C). Juvenile tentacles are
present, but only histological sections can help
recognizing them. Frontal (piriform) organ is
absent.

COMMENT. The combination of Actinotro-
cha sp. characteristics is unknown for other
phoronid larvae, but there is a striking resem-
blance between Actinotrocha sp. and A. hippo-
crepia shown at Fig. 3 in the Zimmer’s article
(Zimmer, 1991) (compare with Fig. 7A). For
example, both Actinotrocha sp. aand A. hippo-
crepia from Zimmer’s figure (Zimmer, 1991)
have a wide epithelial belt lacking cilium under
tentacles (Fig. 7B). We have discovered that
there is amazing similarity between Actinotro-
cha sp.and 4. hippocrepia shown at Fig. 22—1C
in the Atlas of Marine Invertebrate Larvae
(Johnson, Zimmer, 2002). At the same time,
Actinotrocha sp. looks like the larvae of Phoro-
nis pallida Schneider, 1862 (Actinotrocha pal-
lida Schneider, 1862) which are shown in the
Santagata’sarticle on Fig. 1 A (Santagata, 2002)
(compare with Fig. 7C). Therefore, some pho-
tos of Actinotrocha sp. are provided here for
comparison with other resembling Actinotro-
cha (Figs 7A-C).

5.2. Actinotrochavancouverensis Zimmer,
1964 (the larva of Phoronis ijimai) (Fig. 7D)

P. ijimai larvae were found in the Sea of
Japan, Sea of Okhotsk and in the plankton of
East Cost of Kamchatka (Fig. 1A).

DIAGNOSTIC FEATURES. Larvae are
opaque, while epithelium of oral field and most
part of the trunk is heavily pigmented (Fig. 7D).
There are two pairs of pigment sports on the
edge of preoral lobe (Fig.7D-insert). Coelomic
cylinder in preoral lobe is absent. Maximal
number of tentacles is 14. Body length at this
stage is 0.9 mm. There are two blood masses
located on the ventrolateral side of stomach
diverticulum, which is unpaired. Frontal (piri-
form) organ is present.

COMMENT. There is misinterpretation of
the larvae of Phoronis ijimai Oka, 1897 and
Phoronis vancouverensis Pixel, 1912. Accord-
ing to Emig (1979, 2009), P. vancouverensis is
a junior synonym of P. ijimai. But there are
some differences between Phoronis ijimai lar-
vae found in the Vostok Bay and 4. vancouve-
rensis described by Zimmer (1964). Phoronis
ijimailarvae possess two blood corpuscle mass-
es(Ikeda, 1901 —p. 534, fig. 13; and own data),
while P. vancouverensis larvae have a single
ventral blood corpuscle mass (Zimmer, 1964).
The larvae share other characteristics, including
number of tentacles and body length before
metamorphosis, pigmentation of epidermis, pres-
ence of frontal organ and two pairs of black
spots on the preoral lobe edge, unpaired stom-
ach diverticulum.

5.3. Actinotrocha harmeri Zimmer, 1964
(the larva of Phoronopsis harmeri) (Fig. TH)

These larvae are numerous in the plankton
of'Sea of Japan from the end of Augustto theend
of November. In late October, the density of
these larvae can reach up to 1000 ind./cm?® (own
data).

DIAGNOSTIC FEATURES. Larvae are
transparent (Fig. 7H). Coelomic cylinder in
preoral lobe is present (Fig. 7H). Maximal num-
ber of tentacles is 24; body length is 1.5 mm.
Competent larvae possess four blood corpuscle
masses located on each side of esophagus and
stomach diverticulum. Additional blood masses
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(three or four) can appear right before metamor-
phosis. Juvenile tentacles are absent. Frontal
(piriform) organ is present.

COMMENT. 4. harmerihas been described
by Zimmer (1964) under the name Actinotrocha
A. According to Zimmer, competent Actinotro-
cha A possesses four blood masses. By own
data, directly before metamorphosis the number
ofblood masses was found to be able to increase
from four to seven or eight in some larvae.

6. Actinotrochs of the Puget Sound (San
Juan Archipelago) (Figs 1B, 8)

Larvae were collected in September 2006.

DESCRIPTION. Larvaeare transparent (Fig.
8A). Coelomic cylinder lies under neural plate
in preoral lobe (Fig. 8C). At the stage with 16
tentacles, the larvae have a body length of 0.9
mm (Fig. 8A). Two blood masses are situated on
the border between preoral lobe and trunk (Fig.
8B). Stomach diverticulum isunpaired, but there
are two ventrolateral septums protruding into
the stomach (Fig. 8A). There are numerous
large black amoebocytes in the protocoel (Fig.
8C), intheblastocoelic cavity and among eryth-
rocytes (Fig. 8B).

COMMENT. These larvae probably belong
to Phoronopsis harmeri. Interesting that the
larvae of this species in the Vostok Bay are
lacking black amoebocytes (see Fig. 7H). Nev-
ertheless, Zimmer (1964; fig. 116) described
«pigmentiferous amoebocyte» in the tentacles
of Actinotrocha harmeri.

7. Actinotrochs of the Sea of Okhotsk
(Fig. 1A).

Thelarvae of P. ijimai, P. muelleri and those
presumably belonging to P. albomaculata oc-
curinthe Sea of Okhotsk. Diagnostic features of
P. ijimai larva were given above.

7.1. Terpeniya Bay (East Sakhalin) (Figs
7E-G).

Phoronid larvae were found in planktonic
samples from Terpeniya Bay. All larval stages
were described in our previous work (Temere-
va, Kulikova, 2007). In this study, the larvae
from Terpeniya Bay are assumed to belong to
Phoronis muelleri. But these larvae differ from
Actinotrocha branchiata described above in
this paper from the Mediterranean Sea, and also

from those described by Wagener (1847) and
Masterman (1898). Therefore, it is necessary to
provide designation features of the actinotrochs
from the Terpeniya Bay.

DIAGNOSTIC FEATURES. Larvae are
transparent (Fig. 7E). Coelomic cylinder in
preoral lobe is absent (Fig. 7G). Maximal num-
ber of tentacles is 24; body length is 0.9 mm.
Two blood masses are situated on dorsolateral
sides on the border between preoral lobe and
collarregion. Stomach diverticulum is unpaired
and possesses very thin walls (Fig. 7G). Juve-
nile tentacles look like small ectodermal sacs
under the basis of larval tentacles (Fig. 7F).
Frontal organ is present and visible externally
(Fig. 7E).

COMMENT. In the Terpeniya Bay, three
phoronid species occur, Phoronis muelleri, P.
hippocrepia, and P. psammophila. The larvae
from Terpenita Bay possess some differences
from the Phoronis muelleri larvae. For exam-
ple, competent larvae do not have paired vacu-
olated diverticula.

The larvae of P. hippocrepia are small,
opaque and possess only ten tentacles at matu-
rity. According to these facts we did not com-
pare P. hippocrepia larvae and larvae found in
the Terpenia Bay.

Can larvae found in the Terpenia Bay belong
to P. psammophila? It can, but according to
Emig (2009), P. psammophila larvae possess
only 12 tentacles and three blood masses. The
larvae from the Terpeniya Bay have some sim-
ilar characters with the larvae described by
Cowles (1904) and Brooks and Cowles (1905).
The larvae described in these works are about 1
mm long, have ca. 18 tentacles with juvenile
ones like thickenings. These larvae possess two
blood masses but have no frontal organ. Ac-
cording to Emig (1982) these larvae have been
synonymized under Phoronis psammophila.

In the key (see below) the larvae from Ter-
peniyaBay and P. muelleri and P. psammophila
larvae are separated.

Interesting that ‘Actinotrocha D’ (see John-
son, Zimmer, 2002) like larvae in Terpenia Bay
possesses stomach, which characteristically in-
flated with sea water and occupies the anterior
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Fig 6. Histological sections of the actinotroch larva of unidentified phoronid species from the Black Sea
(light micrograph).

A — parasagittal section through the whole larva (ms metasomal sac; pl preoral lobe; es esophagus; s epithelial septum
in the stomach — st; tt perianal ciliated ring; vm ventral mesentery). B— longitudinal section through blood mass (bm)
situated on the stomach diverticulum (sd). C — longitudinal section through the preoral lobe (at apical tuft; nfo frontal
organ neuropile). Scale bars: A — 100 um; B, C — 10 pm.

Puc. 6. I'ucrosnornyeckue cpe3bl aKTHHOTPOXH HEOIIPEIeIEHHON BUAOBOM MPUHAIIISKHOCTH U3 YepHoro
MOpsl.

A — mapacaruTTajabHbIH Cpe3 Yepes JIMYMHKY (IS MeTacOMalbHbIN MELIOK; pl IpeopaiibHast JIONACTh; €S MUIIEBOJ; S
SMUTENHANBHAS CENTa B XKEIyIKe — St; tt TEIOTPOX; VM BEHTPAIbHBIA Me3eHTepHil). B — mpooneHsIil cpe3 depes
cKorieHne sputpounToB (bm), pacnojokeHHoe Ha AuBepTukyie xeiayaka (sd). C — mpoosbHBIA cpe3 depes
IIPeopaNbHyIO JIONAacTh (at TEeMEHHOMH cynTaHuuK; nfo Heifiponuns GpoHTambHOro oprana). Macmra6s: A — 100 MKM;
B, C — 10 MxMm.
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Fig. 7. Actinotrochs larvae.

A—C — Actinotrocha sp. A — general view of larva from scanning microscope (oms — opening of metasomal sac;
tt — cilia of perianal ciliated ring). B — epithelial belt lacking cilium under tentacles (the border of belt marking by
arrowheads). C — general view of living larvae from light microscope (sd — pigmented stomach diverticulum; bm —
blood masses). D — Phoronis ijimai young larva with black pigmented epithelium of oral field (of). D-insert — the
preoral lobe of Phoronis ijimai 14-tentacled larvae with the black spot (bs) on the edge. E-G — larvae from the Terpeniya
Bay. E — general view of fixed larvae from light microscope (ms — metasomal sac; fo — frontal organ). F — primordia
of juvenile tentacles (shown by arrows) under larval tentacles from scanning microscope. G — sagittal section from larva
with 14 tentacles (np — apical plate; pl — preoral lobe; es — esophagus; sd — stomach diverticulum; sz stomach). H —
light micrograph of Phoronopsis harmeri 18-tenacled larva (bc — blastocoel; pc border of preoral coelom; tc — border
of trunk coelom; ms — metasomal sac; sd — stomach diverticulum; tt — perianal ciliated ring). I — part of preoral lobe
of the Phoronopsis albomaculata larva. Borders of preoral coelom showed by arrowheads (np — apical plate; bc —
blastocoel; es — esophagus). Scale bars: A, D, F— 60 um; B, — 20 um; C, E, G, H — 100 um; D-insert — 140 pm.
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half of the trunk cavity. Possibly it is an adapta-
tion for hover in the volume of the water.

7.2. South-Kurilskiy Strait (Figs 2F, 71).

A phoronid larva was found in a sample
taken in August 2005 in the South-Kurilskiy
Strait. This larva is assumed to be Phoronopsis
albomaculata.

DESCRIPTION. Larvais transparent. Inthe
preoral lobe under neural plate, there is a cylin-
drical-shaped preoral coelom seen though trans-
parentintegument (Fig. 7I). The larva possesses
16 tentacles with a length of 0.20 mm (Fig. 2F).
Body length is 0.40 mm. The preoral lobe diam-
eter is 0.21 mm. Stomach diverticulum is un-
paired (Fig. 2F). Two blood masses are situated
on each dorso-lateral side close to the border
between preoral lobe and collar region (Fig.
2F). In the end of trunk, a well-developed peri-
anal ciliated ring is situated.

COMMENT. The larva described above is
ascribed to the genus Phoronopsis because of
its cylindrical-shaped preoral coelom under
neural plate (Fig. 71).

Only two species of adult Phoronopsis were
described from the Far Eastern Seas of Russia,
P. harmeri and P. albomaculata (Emig, Golik-
ov, 1990). The larva described above is not
similar to the larva of Phoronopsis harmeri at
the 16-tentacle stage. It should possess a thick
and dark pigmented stomach diverticulum, body
length of ca. 0.70—0.75 mm and different ratios
between body length, diameter of preoral lobe
and tentacle length (see Temereva, Malakhov,
2007). Therefore, the larva from the South-

Kurilskiy Strait belongs to P. albomaculata.
The larva of P. albomaculata (Actinotrocha
albomaculata) was not known until now.

Conclusions

The world phoronid fauna is evidently much
richer than currently recognized. Several of the
unidentified actinotroch larva types described
here belong to new species. Phoronid larvae as
well as adults have very uncertain diagnostic fea-
tures. This problem was noted in the work of
Santagata and Zimmer (2002) and could be ap-
proached using molecular phylogenetic methods.

Phoronids possess three main types of de-
velopment

m  holopelagic (all stages of development
— from egg to metamorphosis — proceed in
water),

m  development with brooding (all stages
of early development — from egg to young
larva — proceed in brood mass in lophophoral
concavity),

m [ecithotrophic.

According to each type of development,
three types of larvae could be recognized.

The larvae of almost all phoronids with
holopelagic development (except for Phoronis
pallida) have large size (body length is more
than 1 mm), are transparent and have no pig-
mented integument; they possess greater spaces
ofblastocoel in the preoral lobe and in the trunk.
Prior to metamorphosis, these larvae possess
numerous tentacles which minimal number is

Puc. 7. Jluunnku GpopoHu.

A—C — Actinotrocha sp. A — o0Omuii BUI TNIHHKY 110 JaHHEIM SEM (oms — oTBepcTHE METacCOMAILHOTO MEIKa; tt —
KTYTHKH TEJIOTPOXa). B — ydacTok snmpepmuca nox niynaiblaMy, JINIISHHBIH KTy THKOB (TpaHHIa yIacTKa yKa3aHa
HakoHeYHUKaMH). C — oOIIuii BUJ] IMIHHKHI B CBETOBOX MUKPOCKOII (Sd — IMUTMEHTHPOBAHHBIH TUBEPTHUKYT KEITy IKa;
bm — ckomieHHs: SpUTPOLMTOB). D — Mosonast nuunHka Phoronis ijimai ¢ TUTMEHTHPOBAHHBIM SIHACPMUCOM
opainbHOro noist (of). D-BcraBka — npeopasibHast JIONAacTb JIMIUHKH Phoronis ijimai Ha cragun 14 mynanen, BOIM3u
Kpasi JIOIIaCTH 3aMETHO OJJHO TeMHOe NUrMeHTHoe IATHO (bs). E-G — mmunuxu n3 3an. Tepnenus. E — o6mmit Bug
(hMKCHPOBAHHOI JINYMHKY B CBETOBOM MHUKPOCKOIT (NS — METaCOMAIIbHBII MeIIoK; fo — ¢poHTanbHbIi opran). F —
3a4aTKH IOBEHWJIBHBIX IIymaiel (yKa3aHbl CTPEIKaMH) 0] JIMYMHOYHBIMHU IMynaablaMu 1o aaHHeM SEM. G —
CaruTTAIbHBII cpe3 uepes IMUMHKY Ha cTanuu 14 mrymaner (np — anuKaibHas ITIACTHHKA; pl — IIpeopanbHasi JIONacTh,;
es — nuIeBo; sd — ANBEPTHKYII ey 1Ka; st— xeiy 10K ). H— mudnuka Phoronopsis harmeri va craguu 18 mynaen
(bc— Gnacrorens; pc — rpaHHIa IPEIPOTOBOTO IIEI0Ma; t¢ — IPaHHI[A TYJIOBUIHOTO [IEJI0Ma; MS — METaCOMAaJbHBII
MemoK; sd — IUBEPTHKYJI JKeNIyaKa; tt — TeNoTpoX). I — ydJacTOk HMpeopasbHOM JI0MacTu JIMIHHKU Phoronopsis
albomaculata. T'paHuLBl IPEOPAIBHOTO LEJIOMa ITOKA3aHbl HAKOHEYHHKAMH (Np — anuKajibHas IUIACTHHKA; bc —
Onacrouenb; es — nuueson). Macmradsr: A, D, F — 60 mxm; B,I — 20 mxwm; C, E, G, H — 100 mxwm; D-BcTaBka —
140 MxMm.
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Fig. 8. Larva of Phoronopsis harmeri of Puget Sound (photos of live animals).
A — general view of larva. B— view of dorsal side. C — coelomic cylinder in preoral lobe. Abbreviations: ac — black
amebocytes; bm — blood mass; np — apical plate; pl — preoral lobe; t — tentacles; tt — perianal ciliated ring; vls —

ventrolateral septa of the stomach. Scale bar: 0.1 mm.

Puc. 8. Jluuunka Phoronopsis harmeri u3 3ain. [Tromxer Caynp (¢pororpadun XUBbIX KUBOTHBIX).

A — o0mmuii BUJ INYNHKH. B — BH Ha TpeopabHyIo JTOIacTh U 30HY 3aKJIaIKH HOBBIX II[yHajel (1opcaibHas CTOPOHa).
C— I_[eJ'IOMI/I‘IeCKI/Iﬁ OUWJIUHAP B npeopaanoix’I sionact. O0O3HAYCHUS: ac — YCPHBIC aMeGOI_II/ITLI; bm — ckoruteHust
JPUTPOIHUTOB; Np — ANHUKATbHAs IIIACTHHKA; Pl — IpeopaabHas T0MacTh; t— IIyNanbla; tt— TeI0TpoX; vIs — BeHTpo-

JaTepaiibHbIe CENTHI B jkenyake. Macmrab 0,1 Mm.

24. Actinotrochs spread long numerous tenta-
cles and hover in water. Their style of move-
ment resembles the style of echinoderms’ lar-
vae: actinotrochs slowly hover in the volume of
the water with tentacles moving apart. Larvae of
phoronids with holopelagic developmentlive in
plankton for about 2.5-3 months (according to
own data about 4. harmeri).

Based on these facts, P. albomaculata, P.
californica, and P. malakhovi having transpar-
ent larvae are ascribed to the holopelagic type of
development.

The larvae of almost all phoronids with
brooding development (except for Phoronis
psammophila) have small size (body length is

less than 1 mm), dense opaque and pigmented
integument. The spaces of blastocoel are nar-
rowed up to thin basal laminae between epithe-
lia. Usually the blastocoel in preoral lobe pos-
sesses the largest volume, but in some cases (4.
vancouverensis and some other) it is lacking.
Small dense actinotrochs have very short tenta-
cles; the number of that does not exceed 14.
These phoronid larvae possess extremely pow-
erfully developed perianal ciliated ring. It is
formed by very long thick flagellums and serves
as the main engine for swimming. Actinotrochs
move in water very quickly, rotating around the
axis. Their style of movement resembles the
style of trochophores: actinotrochs quickly move
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in the volume of the water revolving on own
axis. Small mobile actinotrochs live in plankton
for about 1 month.

Only Phoronis ovalis possesses lecitotrophic
larvae that develops from big egg (125 p in
diameter) and is not swimming and feeding.

A KEY TO PHORONID LARVAE

1(14). Larvae are transparent..........cccceeeveerennenne. 2
2(7). Larvae possess cylindrical-shaped preoral co-
elom in preoral lobe under apical plate.......... 3

3(6). At the stage with 16 tentacle, larvae possess
two blood masses situated on the border between
preoral lobe and collar region ...........c.ccc.c..... 4

4(5). Larvae with 16 tentacles have a body length of
0.75mm ..oovvnieiennne. Phoronopsis harmeri

(“Actinotrocha harmeriy)

5(4). Larvae with 16 tentacles have a body length
less than 0.45 mMm ......ooceviviiiniincincinne
.......... presumably Phoronopsis albomaculata

(«Actinotrocha albomaculatay)

6(3). The blood masses are lacking at least at the
stage with 26-28 tentacles .........ccccceverenenenne

presumably Phoronopsis californica

(«Actinotrocha californica»)

7(2). Closed cylindrical-shaped coelomic cavity in
preoral lobe is absent ..........cccccvevvevienieneniennne 8

8(13). Stomach diverticulum is unpaired ............ 9

9(10). There is a single blood mass situated on the
ventral side of stomach diverticulum. Larvae
with 18 tentacles have a body length of 0.4 mm
......................... Actinotrochs of the Black Sea

10(9). The number is more than one ................. 11

11(12). There are two blood masses situated on the
border between preoral lobe and collar region.
Maximal number of tentacles is 24 ................
.................. Actinotrochs of the Terpeniya Bay

12(11).There are three blood masses (one on the
ventral side of stomach diverticulum and two on
the border between preoral lobe and collar re-
gion). Maximal number of tentacles is 12 ......
.................................... Phoronis psammophila

(«Actinotrocha sabatieri»)

13(8). Stomach diverticulum is paired ..................

............................................ Phoronis muelleri
(«Actinotrocha branchiata»)

14(1). Larvae are opaque ........cccceeveeeeeervenenienne 15

15(16). There are four black spots on the edge of
preoral lobe. The epidermis of most body surface
is heavily pigmented .............. Phoronis ijimai

(«Actinotrocha vancouverensis»)

16(15). Black spots on the edge of preoral lobe are
1aCKING ..oovveeieieiecee 17

17(18). There is heavily black pigmentation of stom-
ach diverticulum epitheium. Competent larvae

possess three blood masses ........c..cccceceevenennee

........................................... «Actinotrocha sp.»
18(17). Heavily black pigmentation of stomach di-
verticulum epitheium is lacking. The number of
blood masses is other than three .................... 19
19(20). There are two blood masses situated on the

border between preoral lobe and collar region
...................................... Phoronis hippocrepia
(«Actinotrocha hippocrepia»)
20(19). There is a single blood mass on the ventral

side of stomach diverticulum ...........c.cc.ce..e..

..... Phoronis pallida («Actinotrocha palliday)
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