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8. CEPHALOCHORDATA

BARREE G. M. JAMIESON
Department of Zoology and Entomology, The University of Queensland,
Brisbane Q4072, Australia

I. INTRODUCTION

Cephalochordates (also termed ‘Acrania’) are small marine, fish-like animals (up to.
8 cm long) (Fig. 1) which lie buried in the substrate with the buccal cirri exposed,
feeding by straining minute organisms from the water.

The notochord extends to the anterior end of the body, in front of the brain. A
cranium is absent. There is a cerebral vesicle but no true brain. The fibres of the
peripheral nerves differ from those of vertebrates in lacking a myelin sheath. In
cephalochordates, unlike vertebrates, peripheral muscles send processes to the nerve
cord as in echinoderms and nematodes. There are no vertebrae; no cartilage or
bone; and no red blood corpuscles. The long dorsal fin and shorter ventral fin. are
each supported by a fin ray box. The heart is simple, consisting of a contractile
vessel. The epidermis has only a single layer of cells. The excretory system is
protonephridial, with solenocytes. The alimentary canal has a liver diverticulum and
a pharyngeal endostyle which contains iodine-fixing cells and is considered to be
the homologue of the vertebrate thyroid. Anteriorly, a series of buccal cirri forms
a sieve around the opening of an oral hood. The numerous gill slits open from the
pharynx into a chamber, the atrium, which opens to the exterior posteriorly at the:
atriopore and is covered by lateral folds of the body wall, the metapleural folds. The
feeding current is maintained by cilia of a ‘wheel organ’ in the oral hood; and by
cilia of the gill bars, and of the endostyle. Near the centre of the wheel organ opens
a groove, Hatschek’s pit, which represents the opening of the left, first coelomic sac
to the exterior, an opening which also occurs in the oligomerous phyla, including
echinoderms. Sensory velar tentacles are present within the hood. The anus is well
anterior to the hind end of the body, leaving a definite postanal tail as is typical of
chordate metamerism. Sexes are separate (Wickstead, 1975; Young, 1981; Nelson,
1984; Jamieson, 1984, 1991). ‘



300 REPRODUCTIVE BIOLOGY OF INVERTEBRATES

intestine midgut  notochord diverticlulum pharynx
CTERTRASOO AN MM A TR AN ' wheel anterior

: S i ~, ﬁ?m?:\ord

myotome

fin ray box

) y 77 Ry
e /////////////)

gonad  atrial wall velum

anus
fin ray box  atriopore

buccal cirri

Fig. 1. Branchiostoma, the amphioxus or lancelet. The body wall and atrial wall have been removed

on the right side to show the pharynx, midgut with ‘liver diverticulum’, and intestine. The oral hood

has been cut away on the right, leaving the buccal cirri, wheel organ and velum. From Young, JZ.
(1981), fig. 2.1.

Cephalochordates and (at least as embryos) vertebrates share attributes indicative
of a close relationship: a notochord; a dorsal tubular nerve cord; paired lateral gill
slits; a hepatic portal system; and an endostyle or its (i.e. its) homologue, the
thyroid. :

There is a single order, the Amphioxiformes (lancelets), exclusively marine, in
the Atlantic, Indian and Pacific Oceans.

There are two families: Branchiostomidae, with one genus, Branchiostoma
(Fig. 1) with about 15 species; and Epigonichthyidae, containing Epigonichthys
(=Asymmetron, Heteropleuron) with about five species, differing from Branchiostoma
in having the gonads on the right side only (Nelson, 1984).

II. THE REPRODUCTIVE ORGANS

Cephalochordates are bisexual animals. Their serial ductless gonads bulge into the
atria along both sides of the body. The testes and ovaries are composed of non-
germinal and germinal cells and are enclosed in complex narrow cavities and
envelopes comprising blood vessels and myoepithelia. The male non-germinal cells
are single phagocytic and secretory epithelial cells which do not form a blood-testis
barrier (Welsch and Fang, 1996). It is presumably these cells which are
considered Sertoli cells by Fang (1991) (see below). Spermatogonia, different
stages of primary spermatocytes and spermatids, are connected by intercellular
bridges (Welsch and Fang, 1996). The spermatozoa are described in Section III.
The ovarian non-germinal cells are interconnected by cell junctions, produce
secretory granules and presumably also steroids, and have phagocytotic properties.
During growth and maturation the oocytes undergo striking changes of nuclear,
nucleolar, and cytoplasmic organization. The amount and distribution of nuage
material, yolk granules, cortical granules, and precursors of the extracellular vitelline
coat mark specific stages of differentiation in the cytoplasm (Welsch and Fang,
1996).

Putative Sertoli cells of Branchiostoma belcheri were described at different
stages of testis development by Fang (1991). At the early stage of testicular
development, these cells adhered to the basement membrane and were located
between spermatogonia. The Sertoli cells gradually migrated up from the basement
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membrane to the tubular lumen during gondal development and maturation. Abundant
rough and smooth endoplasmic reticulum, well- -developed Golgi complex,
mitochondria and many lysosome and glycogen granules were .present in the
cytoplasm of supra- and infranuclear portions of the Sertoli cell. The spermatids
adhered to the cytoplasm of the Sertoli cell. The fine structure of the latter cell
suggested that it was involved in nutrition, phagocytosis and release of sperm (Fang,
1991).

III. ULTRASTRUCTURE OF THE SPERMATOZOON

A. General

Ultrastructural studies on cephalochordate sperm are listed in Table 1.

Table 1

TEM studies on cepaphalochordate spermatozoa

Species Reference

Branchiostoma lanceolatum Baccetti et al., 1972; Wickstead, 1975

Branchiostoma belcheri Chen et al., 1988; Lin et al., 1987, Welsch and Fang, 1996
Branchiostoma floridae Holland and Holland, 1989

Branchiostoma moretonensis Jamieson, 1984, 1991

Wickstead (1975), Holland and Holland (1989) and Welsch and Fang (1996)
give valuable accounts of reproduction and related morphology in the
- Cephalochordata. Distribution of nuage material during spermiogenesis is investigated
with TEM by Aizenshtadt and Gabaeva (1987).

The spermatozoon of Branchiostoma (Figs. 2-4) approximates to the primitive
type sensu Franzén (Franzén, 1956) or ect-aquasperm of the plesiosperm type
(Jamieson, 1986; Rouse and Jamieson, 1987) in having a cap-like acrosome
surmounting a compact nucleus; a single mitochondrion incorporated in the head
behind the nucleus and, not elongated; two mutually perpendicular centrioles with-
triplet microtubules; and a long flagellum with the ‘90+2’ configuration of
microtubules. But it differs notably from the basic ect-aquasperm in possessing only
a single mitochondrion and in the form of this. The head (including the acrosome,
nucleus and mitochondrion) is approximately 3 pm long.

“ B. Acrosome

The acrosome (Figs. 4A-D) in all species consists solely of a bell-shaped acrosome
vesicle (0.3-0.4 pym long and maximally, near the posterior rim, 0.7-0.8 pm wide
in Branchiostoma moretonensis; 0.5 pm long and basally 0.7 pm wide in B.
lanceolatum) deeply invaginated posteriorly by the acrosomal space so' that its
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Fig. 2. Branchiostoma moretonensis. Semidiagrammatic representation of a longitudinal section through
the spermatozoon by TEM. Original.

anterior and postérior bounding membranes are only narrowly separated at the apex,
though well separated at the posterior rim.

The subacrosomal invagination (Figs. 4A-D) contains unstructured, somewhat
diffuse material which is less electron-dense than the contents.of the vesicle. This
material extends for about 0.1 um posteriorly, separating the vesicle from the nucleus.
In Branchiostoma moretonensis the plasma membrane covering the acrosome projects
as a small apical cone or button; this is a common artefact in various phyla, but
possibly reflects some underlying differentiation (Jamieson, 1984, 1991). The
acrosome vesicle originates, as is normal, from the Golgi apparatus but there is no
evidence, in B. floridae, for such an origin of the subacrosomal material (Holland
and Holland, 1989). The latter authors observed a dual origin of the subacrosomal
material: one component originates at the posterior end of the spermatid, and the
other at the anterior end. Subsequently, the two components merge into one after the
acrosomal vesicle has migrated to its definitive anterior position in the mature
spermatozoon.
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acrosome

Fig. 3. Branchiostoma lanceolatum. Semidiagrammatic longitudinal section of the spermatozoon. From
Jamieson (1991, fig. 4.3). After Wickstead, J.H. (1975), fig. 6.

C. Nucleus

The nucleus (Figs. 4A-C), subovoid and wider (1.8 um) than long (1.0 um), is
shallowly concave anteriorly, and posteriorly is penetrated for about half its length
by.a narrow, anteriorly tapering, axial nuclear fossa (Figs. 4A-C, F, G). This fossa
or canal is circular in cross-section and is about 0.12 pm wide at its midlength. A
narrow perinuclear space (cisterna) is present between the inner and outer nuclear
membranes and (Figs. 4G and J) expands as a unilateral vesicle in the mitochondrial
region. It is possible that this vesicle is at least partly artefactual, however. The
contents of the nucleus consist of electron-dense homogeneous material, with some
evidence of a flocculent nature, but a considerable proportion of its volume consists
also of tortuous lacunae, lacking chromatin, some of which extend to its surface
(Figs. 4A-C, G-) (Jamieson, 1984, 1991). '
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Fig. 4. Branchiostoma moretonensis. Spermatozoal ultrastructure. A,B: Longitudinal section (LS) of the
heads of two spermatozoa, showing the bell-shaped acrosome vesicle (see also inset, Fig. A), subacrosomal
material, nucleus with tubular posterior fossa and single mitochondsion enclosing the two mutually
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During spermiogenesis in Branchiostoma lanceolatum, ‘nuage’ appears owing
to the extensive release of nuclear fibrogranular material. The spermatocyte contain
a lesser number of nuage aggregates than does the oocyte, the aggregates are of
smaller size, and there is no typical chromatoid body (homologue of nuage). During
spermogenesis the nuage is dispersed throughout the cytoplasm (Aizenshtadt and
Gabaeva, 1987).

D. Midpiece

The mitochondrion is closely juxtaposed to, but does not indent, the nucleus (Figs.
4A-C, H, I). It has numerous, tortuous cristae, but apart from its shape appears
unmodified. In Branchiostoma moretonensis and B. floridae, the mitochondrion. is
C-shaped in the transverse plane, with terminally tapering arms extending from a
wide central region. The two centrioles are embraced by the arms, the proximal
centriole being at midlength, the distal centriole at the posterior end of the
mitochondrion (Figs. 4A, B, H, I). The C-shape is seen in cross-section in Fig. 4],
in which the axial distal centriole and a peripheral vesicle of the perinuclear cisterna
are shown. It appears that the opening in the C is nearly, but not exactly, opposite
one end of the transverse, proximal centriole (Jamieson, 1984, 1991).

The mitochondrion in Branchiostoma lanceolatum, though wider on one side,
forms a complete ring surrounding the centrioles (Baccetti et al., 1972), as confirmed
by Wickstead (1975) in micrographs of cross-sections. It is also shown to be a
single mass in B. belcheri by Chen et al. (1988).

E. Centrioles

Transverse sections. of the proximal (Figs. 4F, G) and distal centriole (Fig. 4H inset,
J) reveal the normal structure of nine skewed triplets but the proximal centriole,
with its long axis transverse to the long axis of the sperm shows unusual

(contd.)

perpendicular centrioles. C: Spermatozoon with strongly eccentric axoneme. D: Transverse section (TS)
of acrosome. E: TS of the ‘9+2’ flagellar axoneme. F: L.S. centriolar region showing a TS of the
proximal and an LS of the distal centriole (basal body) (detail from H). The proximal centriole has a
core and a spur (striated rootlet) which extends into the nuclear fossa. G: LS further sperm showing
rootlet. Note that in this plane the mitochondrion is seen only on one side of the centrioles, the other
side being occupied by the vesicle of the perinuclear cisterna, and that the flagellum is at an angle to
the nuclear axis. H: LS sperm, showing the centrioles and narrow arms of the C-shaped mitochondrion.
Inset: TS of a distal centriole, showing anchoring apparatus. I: LS centriolar region approximately at
right angles to E J: TS distal centriole, showing the C-shaped mitochondrion, in the opening of which
is a portion of thé vesicle of the perinuclear cisterna. Abbreviations: av, acrosome vesicle; dc, distal
centriole; f, flagellum; m, mitochondrion; n, nucleus; pc, proximal centriole; pm, plasma membrane;
pnf, posterior nuclear fossa; sm, subacrosomal material; sp, spur-like process (striated rootlet) of
proximal centriole; v, vesicle of perinuclear cisterna. From Jamieson (1991), fig. 4. After Jamieson,
B.G.M. (1984), figs. 1-10.
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features. Most distinctive in Branchiostoma moretonensis, but not apparently in
other species, is a discrete central core (Figs. 4F-H) which, though not uncommon
in basal bodies of sperm in various animal groups, is perhaps unprecedented in
proximal centrioles. Less peculiar, but nevertheless remarkable, is a spur-like process
(centriolar rootlet), oblique to the long axis of the sperm, extending from the
anterior border of the proximal centriole into the base of the posterior nuclear fossa;
the spur shows weak, transverse or slightly oblique striations; the posterior
border of the centriole is also fringed by satellite-like structures (Figs. 4F-H) -which
abut on the distal centriole and there is some suggestion of continuity of the spur
with these and with the distal centriole. A projection towards the distal centriole is
also seen in B. floridae. The pointed anterior tip of this spur appears to attach to
the nuclear membrane on one side of the basal region of the posterior nuclear fossa.
The distal centriole lying in the long axis of the axoneme, which originates from it,
and at right angles to the proximal centriole has satellite rays (presumably nine)
radiating from the triplets. Each ray is inclined at about 45° to the radius
passing through its triplet and ends peripherally in a swelling, though no terminal
branches have been detected (Fig. 4H inset, J). The distal centriole is surrounded
by many putative glycogen granules and these are sparsely present*between other
organelles and under the plasma membrane (Jamieson, 1984, 1991). No equivalent
of the core to the proximal centriole has been described for, nor is it visible in
published micrographs of, the centriole of B. lanceolatum; and it is absent from B.
floridae (Holland and Holland, 1989) and probably from B. belcheri. There is some
suggestion of the spur extending from the proximal centriole into the nuclear
fossa in B. lanceolatum (fig. 2 of Baccetti et al., 1972); clearly visible in
micrographs of B. floridae, it is probably to be regarded as a characteristic of
cephalochordate sperm. '

F. Flagellum

The axoneme, arising from the distal centriole, has nine peripheral doublets, each
with two dynein arms and two central singlets. All microtubules are hollow. In
some transverse profiles a bridge between doublets 5 and 6 is apparent (Fig. 4E).
There are no accessory microtubules. In longitudinal sections passing transversely
through the proximal centriole (Fig. 4G), the flagellum appears strongly tilted,
relative to the axis of the posterior nuclear fossa. This is more evident in advanced
spermatids when they are loosely connected in tetrads than in mature sperm, but is
sometimes still pronounced in the latter (Fig. 4C) (Jamieson, 1984, 1991). The
flagellum is 40 pm long in Branchiostoma lanceolatum in which it is tilted at 135°
relative to the axis of the endonuclear canal; its last 4 pm is less than 0.1 pm wide
owing to loss first of the nine doublets and then of the two central (Baccetti et al.,
1972). In the terminal few micrometres of the axoneme there is a reduced number
_of microtubules (Holland and Holland, 1989).



