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Phoronids are a group of marine free-living inverte-
brates comprising merely 12 species. Among the
known species of phoronids, there are gonochoristic
species and hermaphrodites. Characteristic of most
phoronids (10 species) is the presence of peculiar struc-
tures, so-called lophophoral organs, located in the ten-
tacular crown. The lophophoral organs of phoronids are
structures where accumulation of mature spermatids
takes place, spermatophores develop, and spermatids
mature to spermatozoa. The microscopic anatomy of
lophophoral organs is poorly studied; in the literature a
structural reconstruction of the lophophoral organ is
provided for only one species and this reconstruction
does not even reflect the structural peculiarities of this
organ [14, 15]. The fine structure of lophophoral organs
is not studied at all, so it still remains unknown which
cells constitute lophophoral organs and where and how
the development of spermatophores takes place.

The goal of this study was to describe the micro-
scopic anatomy and ultrastructure of lophophoral
organs and adjacent epithelia of the lophophoral con-
cavity and anal papilla in the phoronid 

 

Phoronopsis
harmeri.

 

MATERIALS AND METHODS

Adult specimens of 

 

Phoronopsis harmeri

 

 Pixell,
1912, 6–10 cm long, were collected in August and Sep-

tember from 1996 tot 2002 in Vostok Bay, Sea of Japan,
at a depth of about 3 m, on a sandy substrate.

The histological structure and fine morphology
were studied using methods of light microscopy and
transmission and scanning electron microscopy. For
light microscopy, the animals were fixed with 4%
paraformaldehyde solution in seawater and, after rins-
ing, stored in 70% alcohol. Later on, pieces of the ani-
mals were dehydrated in ascending alcohol series and
xylene, embedded into a pure paraplast, and cut into 6

 

µ

 

m sections using a microtome. The sections were
stained with a Caracci hematoxylin, examined under an
Olympus light microscope, and photographed using an
Olympus Camedia digital camera.

To study the fine morphology with a scanning elec-
tron microscope (SEM), pieces of the animals were
dehydrated in alcohol series and acetone, dried in a crit-
ical point dryer, mounted onto stubs, coated with a plat-
inum–palladium alloy, and examined under a SEM.

To study the fine structure of lophophoral organs,
the head parts of animals were fixed with 2% glutaral-
dehyde solution in 0.1 M cacodylate buffer with an
admixture of sucrose (100 mM/liter), at pH = 7.2. After
rinsing in the cacodylate buffer, the material was post-
fixed with 1% solution of osmium tetroxide and stored
in 70% alcohol. Later on, the material was embedded
into an araldite mixture using standard techniques and
sectioned with an ultratome; the obtained sections were
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Abstract

 

—This paper describes the morphology and ultrastructure of lophophoral organs and adjacent epithe-
lia of lophophoral concavity and anal papilla in the phoronid 

 

Phoronopsis harmeri.

 

 The lophophoral organ con-
sists of two parts, which are connected to each other with a spacious foramen. The lower part is sack-shaped
and the upper part is hood-shaped. Inside the lower part, there is a large cavity, which communicates to the envi-
ronment with a narrow slit. Nephridiopores are directed towards these slits. Three types of lophophoral organ
epithelia have been distinguished, all of them comprised supporting and glandular cells. Cells with inclusions
resembling bacteria were found in the inner epithelium of lophophoral organs. The epithelium of the anal
papilla consists of supporting and numerous glandular cells. The formation of spermatophores in lophophoral
organs, as well as the structure and functions of glandular cells in epithelia of lophophoral organs and anal
papilla, are discussed.
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stained and examined with a JEM 100B electron micro-
scope.

 

The following designations are used in the fig-
ures:

 

 (b) bacterium; (bm) basal membrane; (in) inclu-
sions; (vac) vacuole with glandular secretion; (up)
upper part of lophophoral organ; (G) Golgi apparatus;
(hd) hemidesmosomes; (pg) process of glialike cell; (fl)
flagellum; (gc) glandular cell in the epithelium of anal
tubercle; (gcl) glandular cell in the epithelium of lopho-
phoral organ; (cb) cell with bacteria; (cm) circular mus-
culature; (m) mitochondria; (mv) microvilli; (nf) nerve
fibers; (nc) process of neurosecretory cell; (lp) lower
part of lophophoral organ; (og) openings of glandular
cells in the epithelium of anal tubercle; (c) cavity of the
lower part of lophophoral organ; (cc) cavity (concavity)
of the upper part of lophophoral organ; (m) mouth
opening; (sz) secretory zone; (f) electron-dense fila-
ments (tonofilaments); (e1+2) epithelium of the outer
and inner layers of freely bulging parts of lophophoral
organ; (e3) epithelium of lophophoral organ close to
tentacles; (epr) canals of endoplasmic reticulum; (n)
nucleus; (n1) nuclei of the 1st type; (n2) nuclei of the
2nd type; (ngc) nucleus of glandular cell; (nsc) nucleus
of supporting cell.

RESULTS

 

Phoronopsis harmeri

 

 is a gonochoristic species
characterized by external sexual dimorphism, which is
especially pronounced in the period of reproduction.
The sexual dimorphism is revealed in the presence of
paired lophophoral organs in males; they are located in
the lophophoral concavity (the space between mouth
and anus, which corresponds morphologically to the
dorsal side of the animal) (Fig. 1a). In females no mod-
ifications of the lophophoral concavity have been
found.

Lophophoral organs are located symmetrically and
occupy almost the entire volume of the lophophoral
concavity (Fig. 2a). If we look at the lophophore from
above, the lophophoral organs would appear as earlike
structures, whose contours repeat the bend in the inner
row of lophophoral tentacles (Fig. 2a). In 

 

Ph. harmeri

 

the lophophoral organs reach as much as 1/3 of the ten-
tacle length in height.

The structure of the lophophoral organ allows dis-
tinguishing two parts of the organ, the upper one and
the lower one (Fig. 1a). The upper part is located closer
to the anal side of the body and looks like a hood; this
is a fold enclosing a spacious cavity, which communi-
cates to the exterior via a wide opening (Figs. 1a, 2b).
The base of the upper part is very wide and envelops the
lower part of the lophophoral organ. The lower part,
located closer to the oral side of the body, shows the
shape of a sac; the development of spermatozoa obvi-
ously takes place in the cavity of this sac (Fig. 1b). The
lower part communicates to the exterior via a narrow
longitudinal slit directed toward nephridiopore
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Fig. 1.

 

 Morphology of lophophoral organs as seen in a scan-
ning electron microscope. (a) Gross view of one lophopho-
ral organ; (b) longitudinal section through the lower part of
the lophophoral organ (the inner cavity is visible). (Scale
bar) 100 

 

µ

 

m.
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Fig. 2.

 

 Histological section through the (a) lower and (b) upper parts of lophophoral organs. Double arrowhead shows the opening
between the lower and upper parts; single arrowhead indicates the opening between the cavity of the lower part and the environment;
asterisks marks the location of nephridiopores. (Scale bar) 100 

 

µ

 

m.
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(Fig. 2a). Proceeding from an analysis of the relative
positions of metanephridial openings, the narrow longi-
tudinal slit of the lower part, and the foramen of the
upper part, the following mechanism of functioning of
the lophophoral organs can be supposed. Spermatids
released from nephridiopores are propelled, by beating
of flagellums, to the longitudinal slit of the lower part
of the lophophoral organ; through the slit they enter the
cavity of the latter. As will be shown below, this cavity
is also entered by ducts of numerous unicellular glands,
which obviously produce the material of the spermato-
phore. The spermatophore, formed in the cavity of the
lower part, comes to the concavity of the upper part
through the opening between the two parts of the lopho-
phoral organ and then is released into the water.

Lophophoral organs are constructed of the strongly
expanded epithelium of the abfrontal side of the inner
row of tentacles and the bottom of the lophophoral con-
cavity. The epithelium of the lophophoral concavity
makes up only the bottom of the internal cavity of lower
part, whereas the epithelium of tentacles gives rise to all
other parts of lophophoral organs. The parts of the
lophophoral organ that are in direct contact with tenta-
cles consist of a single layer of the epithelium, while the
freely bulging parts (the “hood” of the upper part and
“roof” of the lower part) consist of two cell layers
(Figs. 1b, 2a, 2b).

Three types of epithelia can be distinguished within
the lophophoral organ: the epithelia of the outer and
inner layers of freely bulging parts (not connected with
tentacles) and the extended epithelium of tentacles.

The cells of the outer epithelium have an expanded
apical part and a basal part extended into a long and
narrow process (Fig. 3a). The apical part is approxi-
mately as wide as long, about 4 

 

µ

 

m in both directions.
The length and diameter of the basal process are about
9 and 0.5 

 

µ

 

m respectively. Apical parts of the cells are
connected to each other with desmosomes and bear
long microvilli (about 1.8 

 

µ

 

m high) and flagellums
(each cell bears a single flagellum) (Figs. 3b, 3c). At the
base of a flagellum, there is a kinetosome (Fig. 3c).
Under the apical surface, there are mitochondria with
electron-dense matrix and multivesicular bodies; cis-
terns and vesicles of Golgi apparatus filled with elec-
tron-dense secretion; and large inclusions of medium
electron density and irregular shape, up to 670 

 

ν

 

m in
diameter, surrounded with a membrane (Fig. 3c). The
bulk of the apical part of the cell is occupied with a
rounded nucleus (Fig. 3b). Sometimes it can be seen in
electron microscopic photos that the outer nuclear
envelop is swelling giving rise to canals of endoplasmic
reticulum (EPR) (Fig. 3b).

Thin basal processes join directly to the cells of the
inner epithelium of the lophophoral organ (Fig. 3a). We
failed to find any terminal plate between the outer and
inner epithelia of the lophophoral organ. Strong bun-
dles of electron-dense tonofilaments are running in the
cytoplasm of basal processes (Figs. 3a, 3d).

The inner epithelium is 15 

 

µ

 

m thick and constructed
of supporting and glandular cells. Glandular cells are
absent only at the edge of the hood of the lophophoral
organ. The apical surface of a supporting cell bears
microvilli and a flagellum. The microvilli are 1.5 

 

µ

 

m
high (Fig. 4a). There are two striated rootlets arising
from the kinetosome, a longitudinal one and a transver-
sal one (Fig. 4b). The cells are connected to each other
by apical desmosomes. Bundles of electron-dense
tonofilaments are running under the apical surface in
the transverse direction also extending into the interior
of the cell (Fig. 4c). In the cytoplasm of the apical part
of the cell, there are mitochondria with electron-dense
matrix, Golgi apparatus with electron-dense secretion,
and vesicles 35–70 

 

ν

 

m in diameter with electron-light
or medium electron density content (Fig. 4). Large
nuclei extended in the apical–basal direction occupy
the middle part of the cells (Fig. 4a). By the structure of
nucleus, two varieties of supporting cells can be distin-
guished, with dark and light nuclei respectively. In the
nuclei of the first type, there is much heterochromatin
located in both the periphery of the nucleus and the cen-
ter of the latter; a nucleolus is also present. In the nuclei
of the second type, heterochromatin is dispersed
throughout the nucleus making up isolated small aggre-
gations; karyoplasm is of medium electron density; and
a nucleolus is present (Fig. 4a).

The epithelium of the inner layer comprises glandu-
lar cells; the most part of such a cell is occupied by a
vacuole with electron-light structured content (Fig. 5).
Swollen cisterns of endoplasmic reticulum filled with
light content are stretched in the apical–basal direction,
between the vacuole and cell membrane (Figs. 5a, 6).
The nucleus of the cell occupies a basal position; it has
rounded or irregular shape and contains a large nucleo-
lus (Fig. 5a). Mitochondria on the sections are of
rounded shape and contain electron-dense matrix
(Fig. 5b). The structure of these cells allowed us to sup-
pose that they provide a mucous secretion. Neurosecre-
tory processes with electron-dense granules and vesi-
cles containing dense content run at the base of the
glandular cells (Fig. 5a, insert). The diameter of gran-
ules and vesicles equaled 80–120 

 

ν

 

m.
The inner epithelium of lophophoral organs com-

prises cells filled with elongated inclusions of irregular
shape, 600–700 

 

ν

 

m in diameter (Fig. 5c). The inclu-
sions are surrounded with two membranes, one mem-
brane is in direct contact with the cell surface, the other
one passes 15–20 

 

ν

 

m from the latter (Fig. 5d, insert).
The inclusions show a complex structure. In the center
there is a light area with reticular fibrous material of
medium electron density. In this material there are sev-
eral “bubbles” with electron-light content. The area at
the periphery is made of finely granulated electron-
dense material (Figs. 5c–5e). In the structure, the inclu-
sions are similar to bacteria, so that the central light
area corresponds to nucleoid, surrounded with dense
peripheral cytoplasm; the outer membrane is the mem-
brane of a vacuole containing the bacterium; and the
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inner membrane is the proper membrane of the bacte-
rium itself. The cytoplasm of the cell free from bacteria
is electron-transparent and comprises mitochondria,
canals of rough EPR, and small vesicles 100–150 

 

ν

 

m in
diameter with loose content of medium electron density
(Fig. 5e).

At the side of the tentacles, the epithelium of the
lophophoral organ is 80–85 

 

µ

 

m thick. It comprises cells
of several types. The structure of supporting cells in this
area of the epithelium is similar to that in the inner epi-
thelium of freely bulging parts. A significant difference
is in the fact that the bundles of tonofilaments are not

 

(‡)

 

m

n
mv

n

in
G

 

(b)

 

Fig. 3.

 

 Ultrastructure of the epithelium of outer layer of freely bulging parts of the lophophoral organ. (a) Gross view of epithelium;
(b, c) details of the fine structure of cells; (d) basal processes of cells. Short arrows show electron-dense fibrils in the cytoplasm of
basal processes of the cells; the long arrow indicates the point where a canal of rough EPR is developing. (Scale bar) 1 

 

µ

 

m.
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organized into a transversal subapical network, but are
running only in the apical–basal direction, along the
nucleus (Figs. 6a, 6c). In the cytoplasm of apical parts
of cells, we often encountered large electron-dense
granules of irregular shape, 1 

 

µ

 

m in diameter (Fig. 6b).
The nuclei of supporting cells are relatively electron-
light; chromatin in the nuclei is aggregated into small

granules dispersed in karyoplasms; and a nucleolus is
present (Fig. 6c).

Glandular cells that are incorporated into the
expanded epithelium of tentacles of the lophophoral
organ are similar in structure to glandular cells in the
internal epithelium of the second type.
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(b) (c)

 

Fig. 4.

 

 Ultrastructure of the epithelium of inner layer of freely bulging parts of the lophophoral organ. (a) Gross view of epithelial
cells (two types of nuclei); (b, c) apical part of cells. Short arrows show electron-dense filaments; the long arrow indicates the rootlet
apparatus of the flagellum. (Scale bar) (a, b) 2 

 

µ

 

m; (c) 1 

 

µ

 

m.
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Fig. 5.

 

 Ultrastructure of glandular cells and cells with bacteria in the epithelium of the lophophoral organ. (a, b) Glandular cells (a—
gross view of cells; insert—a process of neurosecretory cell applied against the glandular wall; b—a parietal area); (c–e) a cell with
bacteria (c—gross view of a cell; d—bacteria, insert—double membrane of a bacterium; e—parietal cytoplasm). Short curved
arrows show vesicles in parietal cytoplasm of a cell with bacteria; short right arrows indicate the borders of rough EPR; long right
arrows show a process of the neurosecretory cell. (Scale bar) (a–c) 1 

 

µ

 

m; (d) 0.1 

 

µ

 

m; (e) 0.5 

 

µ

 

m.
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In the expanded epithelium of tentacles, there are
numerous cells with inclusions, which are character-
ized by the presence of electron-light cytoplasm, a

rounded nucleus with nucleolus, circular EPR canals,
centrioles, and inclusions of two types (Figs. 6d–6f; 6e,
insert). Inclusions of the first type represent granules of
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Fig. 6.

 

 Ultrastructure of the epithelium of lophophoral organ at the side of tentacles. (a–c) epithelial cells (a—apical parts of cells;
b—inclusions in cells; c—middle parts of cells with nuclei); (d–f) secretory cells (d, e—cells of the first type, insertion—a centriole
and adjacent Golgi apparatus; f—cells of the second type); (g) basal part of epithelium (processes of neurosecretory and glial cells
are visible). Short curved arrows show inclusions of medium electron density; short right arrow indicates a circular canal of endo-
plasmic reticulum; long arrow show electron-dense filaments; asterisk is placed above an aggregation of synaptic vesicles in the
cytoplasm of a nerve fiber. (Scale bar) (a–g) 1 

 

µ

 

m; (insert) 0.5 

 

µ

 

m.
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medium electron density, about 500 

 

ν

 

m in diameter
(Fig. 6e); inclusions of the second type are electron-
dense granules, up to 600 

 

ν

 

m in diameter (Fig. 6f).
Cells with inclusions of the second type are character-
ized by strongly swollen canals of rough EPR; the
diameter of lumen in the latter reaches 700–800 

 

ν

 

m.
Cells with the inclusions of the first type are more
numerous in the epithelium located closer to mouth,
whereas cells with the inclusions of the second type are
more abundant closer to the anus.

Close to the basal membrane, the processes of dif-
ferent cell types incorporated into the epithelium make
up a dense plexus (Fig. 6g). In some processes there are
electron-dense granules about 300 

 

ν

 

m in size, whereas
aggregations of small electron-dense (possibly neuro-
secretory) granules about 100 

 

ν

 

m in size are visible in
other processes. Certain nerve fibers contain synaptic
vesicles with light or dark content (Fig. 6g).

The epithelium of anal papilla is 130 

 

µ

 

m thick and
consists of supporting and glandular cells (Fig. 7). Sup-
porting cells are elongated and very narrow in the sub-
apical part, which is transformed into a thin bridge con-
necting the apical part of the cell (bearing microvilli
and a flagellum) and the basal part (containing the
nucleus and the bulk of organelles) (Fig. 8). In the cyto-
plasm of the apical part of the cell, a subapical network
of tonofilaments is developed running at different
angles to each other and connected by desmosomes
(Figs. 8; 9a, 9b, insert). Bundles of tonofilaments are
also running in the apical–basal direction, bending
around the nucleus, and reaching basal processes,
where they are anchored to the basal membrane by
hemidesmosomes (Figs. 8, 9d).

The apical surface of glandular cells bears along the
perimeter short, 400 

 

ν

 

m long, nonbranching microvilli;
the central part is devoid of microvilli (Figs. 8, 10a).

The cells bear no flagellum; however, in the cytoplasm
there is a kinetosome and a second centriole located in
the neighborhood (Fig. 9a). Under the apical surface, a
large vacuole is visible, which occupies half of the cell
volume; it can be composed of large electron-light
globules or entirely filled with a light secretion (Figs. 8,
10b). Possibly, the different condition of the vacuole
reflects different stages of secretion formation. In a nar-
row zone between the wall of the vacuole and plasma-
lemma, there are rounded mitochondria with an elec-
tron-dense matrix (Figs. 8, 10a). Under the vacuole
there are not numerous mitochondria, multivesicular
bodies, and cisterns of rough EPR, which make up the
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 Longitudinal section of the epithelium of anal papilla
as seen in a scanning electron microscope.

 

og

fl

mv

f

pg

nf

hd

gc

 

Fig. 8.

 

 Scheme of the structure of epithelium of anal papilla.
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Fig. 9.

 

 Ultrastructure of the epithelium of anal papilla. (a) Longitudinal section through the apical part of epithelial cells; (b) trans-
verse section through the apical part of epithelial cells (subapical network of filaments is visible); (c) middle part of epithelial and
glandular cells with nuclei; (d) basal part of epithelium. Short curved arrows show pores in nuclear envelope of glandular cells; short
right arrows indicate filaments in apical parts of epithelial cells; long curved arrows show hemidesmosomes; long right arrows indi-
cate kinetosome and centriole in the cytoplasm of a glandular cell. (Scale bar) (a, b, insert, d) 0.5 

 

µ

 

m; (c) 1 

 

µ

 

m.
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secretory zone of the cell (Fig. 10b, insert). These
organelles are more visible in cells that are at the first
stages of vacuole formation (Fig. 10b). Below the
secretory zone, there is a nucleus and surrounding cis-
terns of rough and smooth reticulum (Fig. 8). Nuclei in
the cells usually are rounded or somewhat elongated

along the apical–basal axis (Figs. 8, 9a). Electron-dense
chromatin is aggregated into small islets located in the
center of the nucleus and around the nucleolus. The
peripheral cytoplasm is filled with finely granulated
loose material and shows medium electron density; the
nuclear envelope is perforated with numerous large
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Fig. 10. Ultrastructure of glandular cells in the epithelium of anal papilla (a–c) and epithelium of lophophoral concavity (d). (a)
apical parts of cells; (b) secretory zone of cells; (c) canals of secretory zone; (d) cells of the epithelium of lophophoral concavity.
(Scale bar) 1 µm. 
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pores (Figs. 8, 9c). Such a structure of the nucleus is
obviously evidence of high synthetic activity in these
cells.

The basal part of the cell is filled with rounded
inclusions 0.6–0.8 µm in diameter (Fig. 8). They look
like vesicles filled with either loose content or content
that is more dense at the center (Fig. 10c). Electron-
dense granules also occur among the inclusions in this
part of the cell (Fig. 10c).

In the epithelium of anal papilla, in gaps between
basal processes of supporting and glandular cells, there
are numerous bundles of nerve fibers surrounded by
processes of glialike cells; in the cytoplasm of the latter
there are rounded electron-dense inclusions, 270 νm in
diameter (Fig. 9d).

The nonspecialized epithelium of lophophoral con-
cavity is about 5 µm thick and made of monociliary
cubic cells with a rounded nucleus located at the center
of the cell (Fig. 10d). The apical surface of the cells
bears long, about 1 µm, microvilli; in-between the latter
there is loose material of the protocuticle. The cells are
connected to each other by small desmosome contacts
located close to the apical surface (Fig. 10d). In the
cytoplasm there are small, 300–400 µm in diameter,
mitochondria with an electron-dense matrix and rarely
scattered inclusions with content of medium electron
density (Fig. 10d). On photos we can clearly distin-
guish two types of cells in the epithelium of the lopho-
phoral concavity. The first type comprises cells with
cytoplasm of high electron density and a nucleus that is
located primarily in a parietal position (Fig. 10d). The
cells of the second type are characterized by electron-
light cytoplasm and nucleus, where electron-dense
chromatin is aggregated to form isolated rarely scat-
tered granules (Fig. 10d).

DISCUSSION

As is known, fertilization in phoronids takes place
by means of complexly built spermatophores [6, 8, 14].
These spermatophores are formed in particular struc-
tures, the lophophoral organs. Therefore, lophophoral
organs are present in males of gonochoristic species
(among phoronids the following gonochoristic species
belong to this group: Phoronis muelleri, P. psammo-
phila, Phoronopsis californica, Ph. almomaculata, and
Ph. harmeri) and in specimens of all hermaphroditic
species (Phoronis hippocrepia, P. ovalis, P. pallida,
P. ijimai, and P. australis).

Lophophoral organs originate as expansions of the
epithelium in the lophophoral concavity, i.e., the sur-
face located on the dorsal side of the body and bordered
by the tentacular crown of lophophore. Despite the fact
that lophophoral organs are developed, to a varying
degree, in all species of phoronids (except females of
gonochoristic species), their anatomical structure still
remains obscure. Drawings and photos of sections of
lophophoral organs are presented in the papers of

authors who worked on the anatomy of phoronids [3, 4,
10–12]; however, only Zimmer [14, 15] has tried to
provide a reconstruction of anatomical structure of
lophophoral organs in Ph. harmeri. In the description
of this author, the lophophoral organs are outgrowths of
the epithelium of the lophophoral concavity and the
epithelium in the base of the inner row of tentacles.
From the internal side of the lophophoral organ, there is
a concavity that communicated to the exterior via a slit-
like opening. According to our results, the structure of
the lophophoral organ is more complex. In the lopho-
phoral organ, two parts can be distinguished, the upper
part and the lower part. The lower part has the shape of
a sac, while the upper one looks like a hood. The lower
part communicates with the exterior via a narrow and
long slit and comprises a spacious cavity. The cavity
communicates with the cavity of the upper part of the
lophophoral organ via a wide aperture. We suppose that
spermatozoa emerging from the openings of nephridia
that are located on each side of anal papilla then enter
the lower part of the lophophoral organ via the slitlike
aperture. Within the cavity of the lophophoral organ,
the formation of spermatophores takes place and they
are released into the environment via the wide opening
of the hood.

The abundance of glandular cells in the epithelium
of the lophophoral organ is probably related to the for-
mation of complex spermatophores. These cells are
clearly visible at the light microscopic level, and their
great density has been mentioned repeatedly in papers
of different scientists [5, 13, 14]. In certain cases we
could refer some types of glandular structures
described in the literature to the glandular cells that we
have revealed in Ph. harmeri. For example, glandular
cells that we revealed in the epithelium of the lopho-
phoral organ have been described by different scientists
in the epithelium of tentacles and anterior trunk region
of P. psammophila, P. australis, and Ph. harmeri (see
[1, 2, 7, 9]). According to biochemical investigations
[7], these cells contain acid mucous secretion and,
probably, their function is agglutination of spermatozoa
entering the cavity of lophophoral organs.

In the epithelium of lophophoral organs, we
revealed cells containing inclusions that were similar to
bacteria in their structure. Such cells have never before
been described in epithelia of phoronids. Some infor-
mation is only available on episymbiotic bacteria found
within the cuticle of the integumentary epithelium in
the trunk region of phoronids [1]. The bacterial nature
of inclusions in the discussed cells still cannot be con-
sidered as proven. Also, it is not clear what role is
played by these cells in the production of the material
of the spermatophore.

Compared with the epithelium of the bottom of the
lophophoral concavity, the epithelium of anal papilla
appears specialized. This is revealed in both the greater
thickness of the epithelium and the great density of
glandular cells. The glands of anal papilla obviously
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represent a modification of mucous glands. Their great
density in this part of the epithelium can be explained
by the necessity to form the fecal cord. The anal open-
ing of phoronids is located at the margin of the lopho-
phoral concavity and, were nondigested remains not
entangled into the fecal cord, they would inevitably fall
into the filtration zone of tentacles.
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