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V.StorcH & G. ALBERTI

Zoologisches Institut der Universitit;
Hegewischstr. 3, D-2300 Kiel, Federal Republic of Germany

ABSTRACT: The gills of several polychaete species belonging to 9 families were studied by
scanning and transmission electron microscopy. The surface epithelium is covered by a thin
cuticle which is invaded by microvilli penetrating the epicuticle in certain species. Some epithe-
lial cells bear cilia, others are mucus-producing cells. The ciliary cells may be arranged in
rows and maintain a constant flow of water over the gills. The distance between external
water and blood stream differs considerably according to the species investigated. In Mala-
coceros the gills are characterized by closed afferent and efferent subepithelial vessels, which
correspond to tubular invaginations of the coelomic wall. These vessels are lined by the base-
-ment lamina of the coelothelial cells, which are of the epitheliomuscular type. The vessels arc
open in the gills of other polychaetes and release the blood stream into a system of spaces
immediately below the epidermis (e.g. in the branchial lamellae of Pectinaria and Terebellides).
In several species the blood comes into very intimate contact with the cuticle (e.g. in the gill
filaments of Dendronereides), but also in these animals both are separated by a very small
epidermal layer.

INTRODUCTION

In many polychaetes the exchange of gases takes place via the epidermis, special
respiratory organs are absent. In some errant polychaetes and most sedentary forms,
however, respiration is effected by gills or branchiae. The shape of these organs ex-
hibits numerous types. In errant polychaetes they may consist of filiform appendages
(among the genera investigated in this study e.g. in Ammotrypane), they may be pec-
tinate (e.g. Eunice), bushy and branched (e.g. Dendronereides), or may consist of
parallel lamellae (e.g. Pectinaria) to name only some genera (for reference see Hart-
mann-Schréder, 1971).

In the Errantia most body segments bear gills on the dorsal rami of many para-
podia, in only some forms, however, they begin in some distance from the prostomium.
The posterior segments usually lack gills. In the Sedentaria the gills are restricted to a
small and often constant number of segments, normally situated in the anterior part
of the body (e.g. in Terebellidae). Live observations show that gills of polychaetes can
be vety mobile and may function as pumps comparable to accessory hearts. Cilia often
drive a water current over the gill surface.
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In some cases it seems unlikely that the outgrowths of the body called gills in fact
perform a significant respiratory function.

The tentacle crowns of Serpulimorpha and the numerous filiform tentacles of
Terebellidae are mainly food collecting appendages. Presumably they have a respira-
tory function, too, at least in Serpulimorpha, but they are not dealt with in this publi-
cation,

The present investigation was undertaken in order to examine the ultrastructure
of gill epithelia and blood vessels of primitive Articulata. Publications on the respira-
tory organs of arthropods, e.g. gills of Crustacea are abundant (see Storch & Welsch,
1975), data on the fine structure of polychaete gills seem to be lacking. We investigated
the ultrastructure of the genuine gills only, which are invaded by blood vessels. A sec-
ond type of gills in polychaetes contains coelomic spaces and is destitute of blood capil-
laries, it has been neglected in this paper.

MATERIALS AND METHODS

The polychaetes used for the present investigation were collected mainly near
Helgoland (North Sea), some species were obtained in the Baltic Sea, Dendronereides
and Chloeia are from Belawan (North Sumatra, Straits of Malakka); Eunice is from
the Mediterranean Sea.

Gills of the following species were studied electron microscopically: Chloeia flava
Pallas (Amphinomidae), Exnice torguata (Quatrefages) (Eunicidae), Scoloplos armiger
(O. F. Miiller) (Orbiniidae), Malacoceros fuliginosus (Claparéde) (Spionidae), Scali-
bregma inflatum Rathke (Scalibregmidae), Ammotrypane aulogaster Rathke (Opheli-
idae), Pherusa plumosa (Miiller) (Flabelligeridae), Pectinaria koreni (Malmgren) (Pec-
tinariidae), Lanice conchilega (Pallas) (Terebellidae).

Whole gills and dissected parts were fixed in glutaraldehyde (3.5 9/o in phosphate
buffer at pH 7.5). After postfixation in OsOa (2 9/s), these tissues were dehydrated in
ethanol.

The specimens used for transmission electron microscopy were embedded in ar-
aldite. Thin sections were stained for 5 min with uranyl-acetate (saturated solution in
70 9/6 methanol), and for further 5 min with lead-citrate. Transmission electron micro-
scopy was performed with a Zeiss EM 9 S-2.

The specimens used for scanning electron microscopy were dried using the critical
point procedure, coated with gold and viewed in a Cambridge stereoscan S 4—10 mi-
croscope.

RESULTS

Observations by scanning electron microscopy

Polychaete gills usually are ciliated. The cilia are arranged in rows or in clusters
(Fig. 1 a, c). Broad rows of cilia occur on the gills of Malacoceros fuliginosus and Sco-
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Fig. 1: Surface views of polychaete gills. (a) Malacoceros fuliginosus (70:1). (b) Malacoceros
fuliginosus, paddle cilia (5,500:1). (c) Pectinaria koreni (540:1). (d) Terebellides stroemi
(3,200:1) ,
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loplos armiger where they effect a continuous water current over the gill surface,
smaller rows can be found on the gills of Ammotrypane aulogaster and Eunice torquata.
Cilia arranged in clusters are typical for Pectinaria koreni (Fig. 1 ¢).

Scanning electron microscopy reveals that the gill cilia are of two different sorts:
ordinary cilia and those bearing paddle-like swellings (Fig. 1b, d). The first type is
typical for the gills of Pherusa plumosa, Pectinaria koreni, and Terebellides stroemi, the
second type is predominant on the respiratory organs of Malacoceros fuliginosus,
Scoloplos armiger, Eunice torguata and Ammotrypane aulogaster. Often on the
branchiae of Lanice conchilega clusters of cilia with a swollen tip resembling a bird’s
head were found.

Observations by transmission electron microscopy

According to transmission electron microscopical data the genuine gills of poly-
chaetes can be classified as follows: (a) gills with true blood vessels bordered by epithe-
liomuscular cells (Fig. 2 a), (b) gills with partly opened vessels (Fig. 2 b), (c) gills with
blood spaces directly. below the surface epithelium which are not lined by coelothelial
cells (Fig. 2 ¢), (d) gills with blood spaces within the surface epithelium. Larger and
smaller filaments of embranched gills may show differences in their ultrastructure.

(a) In Malacoceros fuliginosus the epidermis of the gills consists of cubically shaped
and columnar cells. The surface bears two rows of cilia the shafts of which have paddle-
like enlargements (Fig. 1 a, b). In their ultrastructure their shafts resemble those which
have recently been described by Berquist et al. (1977) from sponge larvae and by Dilly
(1977) in Rbabdoplenra. The rootlets of these cilia are extremely long and show a
distinct cross striation. The cytoplasm of the ciliated cells contains large amounts of
densely packed mitochondria (Fig. 3 a). Nerve endings occur very frequently at their
bases. In addition to these ciliated cells normal epidermis cells (supportive cells) and
secretory cells occur. The secretory cells contain large quantities of rough endoplasmic
reticulum and Golgi fields and light secretory droplets. The epithelium is underlain by
collagen fibrils. In the core of the gills one afferent and one efferent blood vessel occur.
They represent tubular invaginations of an outgrowth of the coelomic cavity (Fig. 2 a)
and are lined by the basement lamina of the coelothelium which consists of epithelio-
muscular cells (Fig. 3 ¢). An endothelium is absent. The exchange of gases thus is per-
formed through the following layers (from the centre to the periphery): epithelio-
muscular cells bordering the vessels (= visceral layer of the coelothelium), coelomic
space of the gill, parietal layer of the coelomic lining, subepidermal collagen layer,
epidermis and cuticle.

(b) In different species investigated the blood does not circulate in tubular vessels
but in spaces which are irregularly shaped in cross sections. Distally they are lined by
the basement lamina of the epidermis and proximally by the basement lamina of the
coelothelium (Fig. 2 b). The gill epidermis covering the blood spaces is rather thick in
some cases (e.g. Scoloplos armiger), in other species it may be comparatively thin in
certain areas (Ammotrypane aulogaster). In Ammotrypane aulogaster on one side of
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Fig. 2: Diagrams of different types of polychaete gills. (a) Malacoceros fuliginosus; (b) Scalki-
bregma inflatum, bs: blood space; (¢) Pectinaria kovens; (d) Dendronereides heteropoda

the gills opposite to the largest blood space numerous mucus cells with varied inclusions
occur, :

(c) The gill leaflets of Pectinaria koreni consist of cuboidal to flattened epithelial
cells and subepidermal blood spaces (Fig. 2 c, 4 a). They lack a coelomic epithelium. In
certain areas the epidermal cells of opposing gill walls are attached to each other
(Fig. 2 ¢, 4 a). They resemble the pillar-cells of the gills of Crustacea and are character-
ized by bundles of tonofilaments. The other cells are characterized by their paucity of
organells (mitochondria, rough endoplasmic reticulum, Golgi fields, multivesicular
bodies). The interspersed ciliary cells possess many mitochondria. At their bases nerve
endings can be found. The nearly homogeneous cuticle is thin and penetrated by micro-
villi. The gills of Terebellides stroemi exhibit a similar ultrastructure. Their epidermis
which is characterized by a high microvillous border can be very thin (Fig. 3 b). In the
branchiae of Scalibregma inflatum and Lanice conchilega the gill filaments of a very
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Fig. 3: (a) Ciliated cell of the gill of Malacoceros fuliginosns (14,300:1). (b) Flattened surface
epithelium with microvillous border of Terebellides stroemi (16,700:1). (c) Epitheliomuscular
cells and blood space of Malacoceros fuliginosus (14,300:1)
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Fig. 4: (a) Cross-section of a gill leaflet of Pectinaria koreni (5,000:1). (b) Intraepidermal blood
space near the epidermal apex of Pherusa plumosa (14,300:1)
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small caliber only consist of epidermis and a central blood space, the medium sized
branches contain some single muscel cells within the blood space which are attached to
the basement lamina of the epidermis cells, the large branches contain an outgrowth of
the coelomic cavity.
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Fig. 5: Microvillous border and cuticle of polychaete gills. (a) Microvilli penetrating the
cuticle of Chloeia flava in cross-section (28,500:1). (b) Cuticle of Eunice torquata (14,300:1).
(c) Cuticle of Ammotrypane anlogaster (14,300:1)

(d) On cross-sections of the gill filaments of Dendronereides heteropoda eight to
twelve roundish blood spaces can be detected bulging deeply into the epidermis
(Fig. 2 d). However, they always remain separated from the epidermal cells by a base-
ment lamina. They are surrounded by thin laminar processes of one or more epidermal
cells. These blood spaces are connected by very narrow channels with a central space
devoid of musculature and coelomic epithelium.

These infoldings reaching into the epidermis are of wide distribution within the
group of polychaetes. They are sometimes regularly arranged as in Dendronereides
heteropoda or can occur in irregular distribution as in Eunice torguata, Pherusa plumosa
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(Fig. 4 b), Lanice conchilega. In cross-sections they can be roundish (Dendronereides
heteropoda), pearshaped (Chloeia flava, Lanice conchilega), or sometimes they are very
narrow (Lanice conchilega). The distance between water and blood in this case is
reduced to a minimum. The blood stream in these species nearly reaches the cuticle. The
infoldings into the epidermis may occur in some cases in gill types b and ¢, too (e.g.
Scalibregma inflatum).

The epidermis and the cuticular layer of the gills (Fig. 5), apart from a reduced
diameter, in general resemble the normal integument of the body and its appendages, as
has been described in several publications (see Storch & Welsch, 1972 b). Special cell
types have not been found apart from mucus cells and receptor cells which are also
known from other regions of the body in the same manner (see Storch, 1972; Storch &
Welsch, 1972 a).

DISCUSSION

In recent years the respiratory function of polychaete blood has been studied in
great detail (e.g. Ochi, 1969; Terwilliger, 1974; Economides & Wells, 1975; Mangum
et al,, 1975; Wells & Warren, 1975). Origin and importance of the diversity of tetra-
pyirole pigments have been elucidated by Mangum & Dales (1965). Recent morphologi-
cal data of the respiratory organs, however, are lacking, and even representations of
the circulatory systems of preferred objects in respiratory physiology are usually based
on older light microscopical descriptions (Mangum, 1976).

The present study has shown that the branchiae of polychaetes are really true
respiratory organs and that they differ in this respect from the gills of some other
animal phyla where these organs perform both respiratory functions and ion absorption
[e.g. in Crustacea (see Storch & Welsch, 1975; Bubel, 1976), insects (Greven & Ru-
dolph, 1973) and fishes (see Welsch & Storch, 1976)]. Fine structural details reminiscent
of transporting epithelia have not been detected in the polychaete gills so far investi-
gated. In regular echinoids the term gill would even appear inappropriate since most
respiratory function is via the tube feet (Cobb & Sneddon, 1977).

According to our ultrastructural results there is good reason te believe that in dif-
ferent species the branchiae are of very different importance for the gas exchange, for the
distance between blood stream and sea water differs considerably. In Malacoceros
fuliginosus the afferent and efferent blood vessels are closed, their separate cores of
flow are clearly recognizable in living specimens. The blood vessels correspond to a
primitive type according to Remane (1950).

Their wall is formed by epitheliomuscular cells the basal lamina of which faces the
blood space. Similar blood vessels have recently been described in Tentaculata (Welsch
& Storch, 1976; Reed & Cloney, 1977).

In other cases the coelomic cavity, normally penetrating into many appendages of
polychaetes (see Orrhage, 1964, and Siewing, 1976, for details), has been retracted. Here
the blood vessels are no longer tubular channels, but open out in the direction of the
epidermis. In this type of our classification (Fig. 1 b) and in type c the blood reaches
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the bases of the epidermis. If these gills have to be regarded as a set of blind ending tubes
(Mangum, 1976) cannot be decided.

In any case, the greatest possible reduction of the distance between blood and
water can be observed in type d. This kind of branchiae occurs in Dendronereides he-
teropoda belonging to the family of Nereidae which normally lacks gills (Gravier,
1934).

Future studies will have to show if the types of gills described in this paper are of
different effectiveness or if they can be correlated with the survival of polychaetes in
low dissolved oxygen environments (Reish, 1966).
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