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Stages in transition from the distal centriole caudally are as follows
(Thurston and Hess 1987) (Fig. 8.16K-M). The distal centriole microtubules
come to lie in a circle and the dense wall material disintegrates (Fig. 8.16K).
Central, singlet microtubules then become visible (Fig. 8.16L). Further
caudally, the 9 + 2 microtubular pattern of the axoneme is visible and then
(Fig. 8.16M) vestiges of dense material remain with the A doublet microtubule
and (not mentioned) dense fibers are present. The centriole has a lucent center
mottled with sparse granular material which extends from the apical end of
the centriole caudally to the origin of the inner paired microtubules (Fig.
8.16F) of the axoneme. This distance varied, being 2.2, 0.9 and 0.65 µm for
turkey, rooster and Guineafowl sperm, respectively.
Fig. 8.16 Contd. ...

for sperm of non-passerine birds. Apical tip = acrosome, N, nucleus, M, midpiece,
F, flagellum. B. A damaged turkey sperm with a denuded midpiece demonstrates
helical arrangement of mitochondria (M). N, nucleus. Bars: A 5 µm; Fig. B 0.5 µm.
C. Acrosome vesicle (AV) ensheathing the perforatorium which projects into the
short endonuclear canal. Bar: 0.1 µm. D, E. The perforatorium has lucent areas (L)
containing granular material. Transverse section of a turkey sperm nucleus. Dense
chromatin (NC) granules are surrounded by lucent areas. Bars: D 0.1 µm, E 0.05
µm. F. Anterior portion of the midpiece; the proximal centriole is at right angles to
the long distal centriole. M: mitochondria. G. TS nucleus. Dense chromatin (NC)
granules are surrounded by lucent areas. H. The non-striated connecting piece
consists of dense projections from the proximal centriole (PC) in turkey sperm and
I. what appears to be the distal centriole (DC) in Guineafowl sperm. One projection
is associated with one set of the nine triplicate centriolar microtubules. Bars: F-H,
I 0.1 µm. J. Triplet microtubules of the proximal centriole of rooster sperm fixed
with tannic acid. The tubulin protofilaments are visible: 13 for microtubule A, 10 for
B and C. Bar: 0.05 µm. K-M. Turkey sperm midpiece at progressively distal levels.
K. The distal centriole microtubules become circular and the dense wall material
disintegrates (DC lumen of the distal centriole). L. Central, singlet microtubules
then become visible (arrow). M. Further caudally, appearance of the 9 + 2
microtubular pattern of the axoneme. Vestiges of dense material remain with the A
doublet microtubule (arrow). M – mitochondria. N. Annulus (arrows) at the
termination of the Guineafowl sperm midpiece and beginning of the flagellum.
Bars in K-N 0.1 µm. O-R. Figs. O and Q represent turkey sperm flagella fixed while
motile. The axonemal doublets have a complete, dense A (A) microtubule
connected to dynein arms (D) and radial links (R), and an incomplete, lucent B
microtubule (B). The outer amorphous sheath (Fig. O) disappears in the distal end
of the flagellum (Fig. Q). The inner matrix is coalesced in rooster flagella fixed after
being immobilized by hypertonicity (Fig. P), obliterating the radial links, but the
double microtubules, with 73 protofilaments in A and 10 in B, are intact (Fig. R, A
and B; see also inset above). Bars: O-R 0.05 µm. S, T. LS of turkey sperm
flagellum. S. The central tubules are bridged by material spaced 12 nm (arrow). T.
Axonemal microtubules extend to the end of the flagellum. Bars 0.1 µm. Adapted
from Thurston, R. J. and Hess, R. A. 1987. Scanning Microscopy 1: 1829-1839,
Figs. 1a, d; 2a; 3a, b; 4a; 5a-c; 7a-d; 8a-d; 9a, b.
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Cross sections of the flagella showed typical 9 + 2 microtubular axonemes
(Fig. 8.16O). As in other galliforms, the A microtubule of the outer doublets is
completely circular and filled with dense material. Surrounding the outer
doublets is an amorphous sheath (Lake et al. 1968), defining the principal
piece.
Endpiece. The portion of a flagellum in which the cell membrane is in
juxtaposition to the doublet microtubules, in the absence of the amorphous
sheath, is the end piece (Fig. 8.16Q). The dense A microtubule of the doublet
extends uninterrupted along the length of the flagellum (Fig. 8.16S, T), but
doublet microtubules probably become single near the end of the flagellum as
shown for rooster.
Remarks. The structure of the sperm of the turkey is typical of the
Galloanserae.

8.8.1.5

Tragopan caboti

The spermatozoon of Cabot’s tragopan, Tragopan caboti (Phasianidae) has
been described ultrastructurally by Wen et al. (1997). The following account is
augmented by examination of their micrographs.
General morphology. The ultrastructure of the spermatozoon of Cabot’s
tragopan is similar to that of the rooster.
Acrosome. The conical acrosome is located in front of the nucleus, its caudal
part slightly overlaps the anterior end of the nucleus. The perforatorium
(‘acrosomal spine’) lies in the subacrosomal space with its base in the anterior
nuclear fossa (‘nuclear pocket’). It is not homogeneous in electron density.
Nucleus. The nucleus narrows abruptly for a short length anteriorly and
forms shoulders supporting the base of the acrosome vesicle. It is a slender
cylinder widened basally and has a length of ca 12 µm. The implantation
fossa is occupied by the centriolar complex and non-striated connecting piece,
which makes up the neck of the spermatozoon.
Centrioles. The short proximal centriole is at right angles to the long axis of
the sperm. The distal centriole, contiguous with it, is in the long axis and is
elongate, being ca 1.3 µm long, approximately half the length of the midpiece.
It continues as the axoneme. It is not penetrated by the central axonemal
singlets.
Midpiece. In transverse section of the midpiece, there are a few mitochondria
encircling the axonemal complex. The axonemal complex has the typical 9+2
structure. There is said to be no annulus between the midpiece and principal
piece but this requires confirmation; in micrographs a typical annulus is not
distinguishable, though presence as a rudiment cannot entirely be rejected.
Within the midpiece the doublets have each an outer dense fiber.
Principal piece. The principal piece is demarcated by the presence of an
amorphous fibrous sheath surrounding the axoneme. The A subtubule of each
doublet has dense contents as in the endpiece.
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Endpiece. The endpiece is demarcated by absence of the fibrous sheath.
Terminally, the typical axonemal sequence gradually becomes disorderly and
unsystematic and the A subtubules have lost their dense contents. The B
subtubules become open crescents in transverse section. There is no evidence
for the tip granule seen in Gallus sperm.

8.8.1.6

Numida meleagris

The spermatozoon of the Guineafowl (Numida meleagris, Numididae), has been
described ultrastructurally (Thurston et al. 1982; Hess et al. 1986; Thurston
and Hess 1987; Aire and Soley 2003).
General morphology. The general structure of the Numida spermatozoon
(Fig. 8.17A, B) is similar to that described for turkey and rooster spermatozoa.
The apex of the spermatozoon consists of a conical acrosome ca 1.8 mm long
and 0.47 mm wide at the point of articulation with the nucleus (Fig. 8.18A, B).
The acrosome is a homogenous, membrane-bound, “cap-like” structure
superimposed on a lanceolate spine (here termed the perforatorium), and

Fig. 8.17 Numida meleagris, Guineafowl. A. Scanning electron micrograph of the
entire spermatozoon. B. Transmission electron micrograph of a longitudinal
section through the posterior nucleus to anterior tail. Approximately six
mitochondria span the length of the midpiece. A, acrosome; AX, axoneme; N,
nucleus; M, midpiece; T, flagellum. Thurston, R. J., Hess, R., Hughes, B. L. and
Froman, D. P. 1982. Poultry Science 61: 1738-1743.
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Fig. 8.18 Numida meleagris, Guineafowl. A. SEM of sperm apex. ¥ 22000. B. TEM
of a longitudinal section (LS) of the acrosome and anterior nucleus. ¥ 42000. C.
SEM midpiece; arrow marks articulation between nucleus and midpiece. ¥ 19000.
Fig. 8.18 Contd. ...
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distally it extends over the nuclear chromatin (Fig. 8.18B). The nucleus and
acrosomal cap are concentrically contiguous where they overlap (Fig. 8.18G)
(Thurston et al. 1982). The total length of the spermatozoon is 75-80 µm,
compared with 90 µm or more for the rooster (Thurston and Hess 1987).
Perforatorium. The perforatorium (Fig. 8.18B) is similar to, but longer than,
that of rooster sperm but it was not discerned whether the perforatorium was
hollow as in turkey spermatozoa. It is 1.9 µm long, versus 1.0 µm for turkey
and rooster. In most spermatozoa, the perforatorium is inserted into a deep
anterior nuclear concavity or fossa (here considered a reduced endonuclear
canal) and projects angularly, terminating near the end of the cap (Fig. 8.18B).
Granular material separates the perforatorium from acrosomal material and
nuclear chromatin (Fig. 8.18F, H) (Thurston et al. 1982; Thurston and Hess
1987).
Nucleus. Distal to the acrosome is the nucleus, approximately 12.8 mm long
and 0.49 mm wide (Figs. 8.17A, 8.18A). The plasmalemma and nuclear
membranes are not distinguishable as they are intermeshed to form a wavy
network (Fig. 8.18E, I). However, a double nuclear membrane is discernible in
the subacrosomal space and where the perforatorium inserts into nuclear
fossa (Fig. 8.8B, G). At the distal end of the nucleus there is an implantation
fossa (Fig. 8.18E).
Midpiece. The midpiece, approximately 3.9 mm long, and 0.59 mm wide,
consists of a distal centriole and anterior axonemal complex circumferentially
encased by helically arranged mitochondria and the plasmalemma (Figs.
8.17B, 8.18D). The 25-30 mitochondria project from distal extensions of the
nucleus caudally to the annulus (Fig. 8.18D, E), which marks the terminus of
the midpiece. They are said to be arranged in a helix. This is consistent with
the arrangement of mitochondria in rooster and turkey sperm (Thurston et al.
1982; Thurston and Hess 1987).
Outlines of mitochondria are visible on the surface of the midpiece as a
result of possibly artefactual depressions (Fig. 8.18C). In most species,
Fig. 8.18 Contd. ...

D. TEM distal midpiece. E. TEM of LS of distal midpiece and anterior tail; arrow
indicates concave implantation fossa. ¥ 34700. F. Transverse section (TS) of
acrosome tip ¥ 42000. G. TS region where distal extension of acrosome vesicle
overlaps the nucleus ¥ 33600. H. TS. Where perforatorium projects into the
nucleus. ¥ 42000. I. TS of the nucleus. J. TS distal centriole. ¥ 42000. K. TS of
midpiece immediately distal to point of origin of the central microtubules of the
axoneme; arrow indicates dense fiber. ¥ 42000. L. TS flagella at their proximal (P)
and distal (D) ends. ¥ 42000. Abbreviations: A, acrosome; An, annulus; Ar, arms
extending from the dense material of the centriole and terminating in juxtaposition
to the nuclear membrane; B, double bridge across central microtubules; C,
acrosome vesicle; CM, central singlet microtubules of axoneme; DC, distal
centriole; M, midpiece and mitochondria; N, nucleus; S, perforatorium; Sp, spaces
between mitochondria. Partly relabeled after Thurston, R. J., Hess, R., Hughes, B.
L. and Froman, D. P. 1982. Poultry Science 61: 1738-1743, Figs. 1-16.
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including roosters and turkeys, the cristae of germinal cell mitochondria are
arranged parallel to the outer limiting mitochondrial membrane, but in
Guineafowl sperm, they are both parallel and obliquely aligned (Fig. 8.18D, E,
K). A fine, granular amorphous material occupies the cisternae created by the
cristae, often making it difficult to resolve the inner membranes (Fig. 8.18K).
Usually six mitochondria are visible in longitudinal section (Fig. 8.17B)
and four in cross section (Fig. 8.18K), totaling 24 for the spermatozoon. Their
three-dimensional structure is probably that of a polygonal plate as for rooster
spermatozoa (Bakst and Howarth 1975), but dimensions measured from cross
and longitudinal sections are approximately 0.6 mm ¥ 0.4 mm ¥ 0.16 mm. The
distal termination of the midpiece is marked by an annulus which appeared
dense and triangular in longitudinal sections (Fig. 8.18D). Guineafowl sperm
differ from those of turkey and rooster in having mitochondrial cristae that are
often oblique and the inner matrix is more dense.
Centriole. Although rooster and turkey spermatozoa contain a proximal
centriole orientated transversely to the distal centriole, (Thurston et al. 1982)
states that in the Guineafowl spermatozoon, the midpiece contains only a
distal centriole (Fig. 8.18E). However, it was later considered that in-line
orientation of a proximal centriole with the distal centriole could not be
discounted (Thurston and Hess 1987) and presence of both centrioles in line
has been confirmed by Aire and Soley (2003). The non-striated connecting
piece of the Guineafowl spermatozoon consisted of projections originating
from the wall of the distal centriole. To accommodate this arrangement, the
implantation fossa is deeper and more curved, the caudal end of the nucleus
forming a semicircular concavity (Fig. 8.18E).
Dense material similar to the nonstriated connecting piece of rooster and
turkey sperm projects laterally as “arms” from the wall of the distal centriole
toward the nuclear membrane (Fig. 8.18J). Although not clearly discernible,
there appears to be one “arm’’ per group of three centriolar microtubules.
When the region of the implantation fossa is sectioned transversely, the nine
groups of three microtubules of the distal centriole, arranged in a “pinwheel”
fashion, are observed embedded in dense material contiguous with the “arms”
of the nonstriated connecting piece (Fig. 8.18J). For rooster and turkey
spermatozoa, where the centrioles are mutually perpendicular, such a section
would longitudinally bisect the proximal centriole and connecting piece. The
distance from the apical end of the centriole to the commencement of the
central singlets is 0.65 mm (Thurston and Hess 1987).
Flagellum. The flagellum averages 59 mm (Thurston et al. 1982) but reaches 65
mm (Thurston and Hess 1987) in length and 0.52 mm wide (at the junction with
the midpiece), and its ultrastructure is similar to that described for rooster and
turkey spermatozoa. As in those species, dense outer fibers are absent from
the axoneme. The central region of the A doublet microtubule retains dense
material throughout the flagellum similar to that of the centriolar wall (Fig.
8.18L). A wide amorphous fibrous sheath (Fig. 8.18L) surrounds the axoneme
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in the principal piece (Thurston and Hess 1987). An endpiece is illustrated
(Fig. 8.18L) demarcated by absence of the fibrous sheath.
The central singlet microtubules originated from the basal granule (distal
centriole) approximately 1.0 mm from the implantation fossa (Fig. 8.18E). Thus,
the distal centriole in guinea spermatozoa is stated by Thurston et al. (1982) to
be shorter than of rooster or turkey sperm. From the illustration this appears
to be the case but it must be remembered that in ratites the central singlets
deeply penetrate the distal centriole.
At the terminus of the endpiece the doublets “probably become singlets”.
Remarks. The spermatozoon of Guineafowl is closely similar to, but shorter
than, that of the rooster and Turkey. The distal centriole, or at least the length
from the apical end of the centriole to the commencement of the central
singlets, is shorter, at 0.65 mm, compared with 2.2 mm and 0.9 mm for Turkey
and rooster respectively (Thurston and Hess 1987). As the terminal region of
the endpiece is not described it is not known whether the central “tip granule”
seen in Gallus and Coturnix is present.

8.8.2 Order Anseriformes
Ultrastructural accounts of anseriform sperm are those for Anas platyrhynchos,
Mallard (Humphreys 1972; Maretta 1975a, b) and Branta sandvicensis,
Hawaiian goose (Humphreys 1972).
Light microscope accounts exist for the spermatozoa of Tadorna tadorna,
Common Shelduck (Ballowitz 1888), Anas platyrhynchos, Mallard, Aythya
fuligula, Tufted duck (Retzius 1909) (Fig. 8.10), and Somateria mollissima, Eider
(McFarlane 1963) (Fig. 8.27C).
General morphology. Like the Galliformes, Trogoniformes and
Charadriiformes, inter alia, the anseriform sperm, as seen by light microscopy,
is not helical and the acrosome and midpiece are shorter than the nucleus. As
in galliforms, the acrosome is conical and the midpiece only a small fraction
of the length of the elongate nucleus (Ballowitz 1888; Retzius 1909; McFarlane
1963).

8.8.2.1

Anas platyrhynchos

The following ultrastructural account is taken chiefly from Maretta (1975a, b)
but employs current terminology.
The drake spermatozoon (Fig. 8.19A-M) has the form of a cylinder, apically
terminated by the pointed acrosome. The length and diameter [of the head]
range within 10-11 mm and 0.6-0.7 mm, respectively.
Acrosome. The acrosome vesicle (Fig. 8.19A-D) consists of homogeneous
material of moderate density surrounded by a single membrane. It is inverted
V-shaped and reaches 2.2 mm in length. The thickness of its wall is 0.1-0.2 mm,
being thinnest at the site where the nucleus is attached. The perforatorium
(termed the acrosome spine), composed of electron-dense material, is needleshaped, reaching an average length of 2.6 mm and a diameter of 0.2 mm. Of this
length, 1 mm lies in an invagination (anterior nuclear fossa or endonuclear
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Fig. 8.19 Anas platyrhynchos, Mallard. A. Longitudinal section (LS) of an acrosome.
The acrosome vesicle (AC) covers the perforatorium (AS). Along the inner part of
the perforatorium vacuoles are seen. The space between the perforatorium and
the vesicle is filled with granular material (GM). B-E. Transverse sections (TS) of an
acrosome at different levels. The vacuoles (V) inside the perforatorium are clearly
visible. F. LS of the caudal region of the head. The chromatin is coarsely granular
with a small vacuole present in the middle. Cytoplasmic membrane closely applied
Fig. 8.19 Contd. ...
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canal in current terminology) of the proximal portion of the nucleus. The
remaining, more anterior portion of the rod projects into the subacrosomal
space and is covered by the acrosome vesicle. Longitudinally running
vacuoles are present within the rod along its entire length, their number
varying from two to five and sometimes more, and varying in size (Fig. 8.19BD). The vacuoles communicate with the space between the acrosome vesicle
and the rod. They are empty or filled with a moderately dense substance.
The acrosome vesicle and the perforatorium are separated by a 10-40 nm
wide space, widest around the processes of the nucleus (nuclear rostrum). The
space is filled with a granular substance of low electron-density. Anteriorly
the perforatorium touches the posterior membrane of the acrosome vesicle
whereas basally it may or may not reach the base of the short endonuclear
canal. Within the endonuclear canal the perforatorium is closely applied to
the inner nuclear membrane lining the canal (Fig. 8.19A).
Nucleus. The chromatin of the nucleus is of uniform density and composed of
large granules of about 60 nm which are closely attached to each other. The
nucleus is surrounded by a double membrane which in mature spermatozoa
is so closely applied to the chromatin that it can hardly be differentiated.
Sometimes the nuclear membrane becomes obvious only in the anterior region
of the head at the site where the acrosome vesicle is attached, at the
endonuclear canal, and at the base of the nucleus where it articulates with the
tail (Maretta 1975a). Posteriorly there is a broad, shallow basal nuclear fossa
(implantation fossa) (Fig. 8.19F).
Neck, midpiece and centrioles. The tail of the drake spermatozoon is
composed of four parts: a neck, a midpiece, a principal piece and an endpiece.
The neck is the place of articulation between the head and the tail. In
contrast to the distal centriole, the proximal centriole (Fig. 8.19F) maintains its
original size. At one end of its lumen an electron-dense material can be seen.
Its wall consists of nine triplet tubules and forms a right angle to the distal
Fig. 8.19 Contd. ...

to the nuclear surface (N). G. TS sperm head. At bottom is a TS of the basal fossa
with remnants of the proximal centriole. H. LS of the neck and part of the
mitochondrial sheath. Mitochondria (M) are of irregular subspheric shape. I. TS of
the caudal part of the head and anterior region of the midpiece. The proximal
centriole is surrounded by electron-dense material. J. TS neck in the region of the
proximal centriole (PC). K. LS midpiece. Central singlets (CF) arise from the caudal
end of the distal centriole (DC). The cristae are arranged parallel to the flattened
mitochondrial wall (M). The midpiece terminates at an annulus. L. TS midpiece
through proximal part of distal centriole. M. TS midpiece at different levels. Outer
dense fibers are present (F). A. ¥ 47700. B. ¥ 26000. C. and D. ¥ 27300. E. ¥
33500. F. ¥ 27000. G. and H. ¥ 27000. I. ¥ 36500. J. ¥ 37700. K. ¥ 28200. L. ¥
26100. M. ¥ 22800. A-G. Relabeled after Maretta, M. 1975. Acta Veterinaria
Academiae Scientiarum Hungaricae 25(1): 47-52, Figs. 1-7. H-M. Relabeled after
Maretta, M. 1975. Acta Veterinaria Academiae Scientiarum Hungaricae 25(1): 5360, Figs. 1-6.
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centriole. In cross sections it appears as a thick-walled ring in which some
tubules of the triplets can be partly identified (Fig. 8.19H, I, J).
The midpiece (Fig. 8.19H-M) is defined by the length of the mitochondrial
sheath measuring in the drake sperm 3-4 mm, and having a diameter of 0.60.7 mm. The main portion of the midpiece consists of’ the centrally placed
distal centriole and part of the axial filament complex. In mature spermatozoa
the distal centriole reaches a length of up to 2 mm and a diameter of 0.2 mm. It
appears to be 3-4 times longer than the proximal centriole, the latter being
shown in Fig. 8.19F, J, K). The lumen of the proximal portion of the centriole is
usually filled with electron-dense material (Fig. 8.19L). The proximal centriole
is orientated with its long axis transverse relative to the longitudinal axis of
the sperm (Fig. 8.19F, H, K). The distal centriole is connected with the proximal
centriole by dense material, which also fills the space under the projecting
parts of the proximal centriole. Within the caudal end of the centriole a small
amount of electron-lucent material is placed where the central fibrils arise.
Annulus. The annulus is a ring-shaped formation (Fig. 8.20B) located at the
junction of the mitochondrial sheath of the midpiece and the amorphous
sheath of the principle piece (Figs. 8.19K, 8.20A). In cross section it is almost
triangular with a wall length of 100-150 nm. It is composed of homogeneous
material suggesting sometimes a fibrous structure. The cytoplasmic membrane
covering the entire length of the tail is closely applied to the underlying
structures. It is fixed only to the annulus. In the posterior portion of the
principal piece the membrane is separated from the amorphous sheath by a
narrow lighter space.
Axoneme. The axoneme has the usual 9+2 pattern. The denser subtubule of
the each doublet (subtubule A) is smaller and lies nearer to the axis of the tail
than does the larger, less dense subtubule B. Subtubule A bears two dynein
arms. Outer dense fibers are present (Fig. 8.19M), they reach a diameter of
about 40-50 nm and are closely attached to the doublets. They are visible only
in the posterior region of the midpiece reaching as far as the beginning of the
principal piece. Further externally, mitochondria are attached to the distal
centriole and part of the axoneme. In the anterior part of the midpiece
mitochondria closely approach the head and are caudally defined by the
annulus. They are of irregular spherical shape (Fig. 8.19H) and their total
number ranges between 24-30. They are flattened at the sides and about 0.2 mm
thick. Mitochondrial cristae run parallel to the flattened mitochondrial wall
(Fig. 8.19 J, K, L).
Principal piece. The principal piece of the tail (Fig. 8.20A, C, D) is defined by
the length of the amorphous sheath. Cranially, it starts at the annulus and
passes caudally into the endpiece. Remnants of the outermost dense fibers are
visible only in its anterior region.
Amorphous sheath. The amorphous sheath consists of moderately electrondense material and its wall has a diameter of 0.1 mm in its proximal portion. It
is separated from the axoneme by a 20 nm space. It is composed of an inner
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Fig. 8.20 Anas platyrhynchos, Mallard. A. Longitudinal section of principal piece in
the anterior and posterior region. The midpiece and principal piece are separated
by an annulus (An). An amorphous sheath (AS) surrounds the axoneme (AFC).
B. Transverse section (TS) of the tail at the annulus (An). Outer dense fibers (F) are
present. C. TS of the tail in the proximal region of the principal piece. The
amorphous sheath (AS) is composed of an outer less dense and an inner dense
layer. D. TS posterior region of principal piece. The amorphous sheath (AS) here
consists only of the inner dense layer. E. TS endpiece. F. TS termination of
endpiece, showing disruption of 9+2 pattern. A. ¥ 3200. B-D. ¥ 39700. E. ¥ 38000,
F. ¥ 37900. After Maretta, M. 1975. Acta Veterinaria Academiae Scientiarum
Hungaricae 25(1): 53-60, Figs. 7-12.
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more dense layer and an outer less dense layer. Candally, the sheath
gradually becomes narrower; the outer layer disappears first, then, gradually,
the inner layer. The site where the amorphous sheath disappears is the
junction with the endpiece.
Endpiece. The endpiece (8.20E) is composed of the axial filament complex
(axoneme). Near the tip of the endpiece the arms of the doublets disappear
and subtubule A loses it dense contents. The doublets are reduced to single
tubules and gradually decrease in number (Maretta 1975b) (Fig. 8.20F).

8.8.2.2 Branta sandvicensis
The sperm of Branta sandvicensis, the Hawaiian goose, compared with those of
the Mallard by Humphreys (1972) had an identical appearance which
conformed closely to that of Gallus sperm. Each spermatozoon was about 100 mm
long, with a nuclear diameter of about 0.5 mm. Humphreys (1972) gave a
graphical comparison of a mallard and canary sperm.

8.8.2.3 Conclusion for Galloanserae
The spermatozoa of the Anseriformes are closely similar to those of the
Galliformes but a notable distinction appears to be that in anseriform sperm,
as exemplified by Anas branchyrhynchos, the perforatorium extends almost to
the tip of the spermatozoon, as the acrosome vesicle is apically very narrow,
whereas in galliforms a large amount of material is present in the acrosome
vesicle anterior to the tip of the perforatorium, correlated with a much shorter
subacrosomal space. Demonstration that this difference is constant would
require examination of a larger sample of species.
The galloanseran spermatozoon resembles that of crocodile and
paleognaths in the conical acrosome vesicle, much shorter than the nucleus;
perforatorium penetrating the nucleus in an endonuclear canal; mitochondria
in tiers surrounding the distal centriole; and presence of an annulus and of a
fibrous sheath. It differs in the short stout form of the perforatorium; short
endonuclear canal; and the amorphous, not ribbed, fibrous sheath.
Anseriforms possess what appears to be the most primitive avian spermatozoon above the paleognaths.

8.9

METAVES

As noted by Harshman (Chapter 1 of this volume), Fain and Houde (2004)
divided Neoaves into two basal clades: Metaves, consisting of
Caprimulgiformes,
Apodiformes,
Podicipedidae,
Phaethontidae,
Phoenicopteridae, Opisthocomidae, Mesitornithidae, Rhynochetidae,
Eurypygidae, Pteroclidae, and Columbidae; and Coronaves, consisting of the
remaining Neoaves. This subdivision of the Neoaves requires confirmation
from other analyses as it was based solely on an analysis of intron 7 of the
b-fibrinogen gene. It cannot be said to be supported by spermatozoal ultrastructure (see section 8.11).
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In the Metaves, only the Apodiformes, Caprimulgiformes and
Columbiformes have been examined for spermatozoal ultrastructure.

8.9.1

Apodiformes

Spermiogenesis in Apus (=Cypselus) apus, the Common swift was briefly treated
by Baccetti et al. (1980), who reported it as a passerine, in a valuable work on
the vertebrate perforatorium and by Tripepi et al. (1984) in an abstract.
Jamieson and Tripepi (unpublished; see also 2005) made a more detailed
investigation of the late spermatid. The only other ultrastructural account for
the Apodiformes is a brief account of microtubules in the spermatid of Apus
melba, the Alpine swift (Tripepi et al. 1991).

8.9.1.1

Apus (=Cypselus) apus

Acrosome. The acrosome vesicle (Fig. 8.22A, E-H) forms a slender, smooth,
pointed cone approximately 3 µm in length and 0.75 mm at its greatest, basal
width. Its base is rounded and closely fits a depression of the anterior end of
the nucleus. A perforatorium is absent. From a light microscope drawing by
Retzius (1911) (Fig. 8.21) the acrosome: nucleus ratio is very approximately
0.03.
Nucleus. The nucleus is an elongate cylinder (Fig. 8.22A, B, E, I, K, P) tapering
only slightly towards its tip. Its full length has not been determined but it
exceeds 8 µm, with a basal width of 0.6 µm. In young spermatids the
chromatin is finely granular and the nuclear membrane is surrounded by
microtubules, in single layer, which lie under the plasma membrane (Fig.
8.22J). In the more mature nucleus (Fig. 8.22K) the chromatin forms dark
clumps interspersed sporadically throughout its length with pale areas, some
of which impinge on its surface, and few microtubules remain beneath its
investing membrane (Fig. 8.22B). In the mature nucleus the chromatin is
electron dense and almost homogenous and microtubules are absent (Fig.
8.22I). The nuclear surface is almost smooth. The anterior nuclear fossa is
matched by a concave posterior fossa, the implantation fossa (Fig. 8.22B, P).
Midpiece and centrioles. The elongate cylindrical midpiece in which the
mitochondria are located is wider, at 1.1 µm, than the nucleus. Its length is
approximately 3.5 µm (Fig. 8.22M). Its central axis is occupied by the proximal
centriole, which lies partly within the implantation fossa, and by the distal
centriole. The proximal centriole is short, with its longitudinal axis
perpendicular to the sperm axis. It shows the usual nine triplets of
microtubules (Fig. 8.22B, N-P) but its central space is occupied by a structure
which is annular in transverse section (Fig. 8.22B, N-P). The distal centriole,
perpendicular to the proximal centriole and in the long axis of the cell, also
shows a triplet configuration (Figs 8.22L, Q). It extends for the whole length of
the midpiece. Its axis is empty except for intrusion of the central singlets of the
axoneme a very short distance into its base (Figs 8.22C, D, M).
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Fig. 8.21 Drawings of some non-passerine sperm by light microscopy.
Philomachus pugnax, Ruff; Psittacus sp.; Strix aluco, Tawny owl; Dendrocopos
(=Picoides) major, Great spotted woodpecker; Columba livia, Domestic pigeon.
Fig. 8.21 Contd. ...
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The mitochondria form a circle around the distal centriole, numbering five
or six in a transverse section of the cell (Fig. 8.22L, Q). There are six or seven
in longitudinal sequence (Fig. 8.22D, M) but some of these may be partly
conjoined (Fig. 8.22M). Posteriorly the midpiece narrows slightly but is not
demarcated by a recognizable annulus (Fig. 8.22 D, M). Each mitochondrion
has several cristae which appear transverse in cross- and oblique in
longitudinal section of the midpiece. They are initially subspherical (Fig.
8.22D) but become more elongate nearer maturity (Fig. 8.22B, C, D, M).
Axoneme. Immediately behind the midpiece, the axoneme commences as
indicated by the presence of central singlets. A moderately electron-dense
mass at the anterior end of these protrudes a little into the midpiece (Fig.
8.22C, D, M). An amorphous sheath (Fig. 8.22C, D, M) surrounds the axoneme
behind the midpiece and the long ensheathed region constitutes the principal
piece. Dense fibers have not been observed. A presumed endpiece, with
axoneme lacking the amorphous sheath is surrounded by a transient
cytoplasmic canal and sheath during development (Fig. 8.22R).
Remarks. The long distal centriole is a remarkably plesiomorphic feature of
the swift sperm, being seen only in paleognaths, as it is somewhat shortened
even in the Galloanserae. In the Palaeognathae, struthioniforms differ,
however, in penetration of the distal centriole by the two central axonemal
singlets (Baccetti et al. 1991; Phillips and Asa 1989; Soley 1993, 1999), though
these reach only about halfway into the centriole in Crested tinamou (see Fig.
1 of Asa and Phillips 1987). On the other hand, loss of the perforatorium in
Apus is a notable apomorphic departure from paleognaths and Galloanserae.
The phylogenetic implications of the long centriole and other features of the
sperm are further discussed in section 8.11.
In Apus apus, microtubules in the spermatid are restricted to a transient
layer encircling the cell, though longitudinal microtubules are also present in
the Sertoli cell which invests the spermatid, as also seen in A. melba (Tripepi et
al. 1991). This condition contrasts with passerines in which, in the spermatid,
an ‘helical membrane’ consists of multiple microtubules forming a thick
strand helically coiled around at least the flagellum (e.g. Asa and Phillips
1987; Jamieson 2006).

8.9.1.2

Apus melba

Tripepi et al. (1991) comment on, and illustrate, the microtubular arrangement
in the spermatid of the Alpine swift (Apus melba). Many microtubules,
arranged parallel to the longitudinal axis of the elongating spermatid appear
in the cytoplasm of the Sertoli cell and surround the head of the spermatid.
Fig. 8.21 Contd. ...

After Retzius, G. 1909. Biologische Untersuchungen, Neue Folge 14(10): 89-122
Taf XXX, Fig. 14, XXXI, 13, 23, 27. Apus (=Cypselus) apus, Common swift. After
Retzius, G. 1911. Biologische Untersuchungen, Neue Folge 16: 89-92 Taf XXVII,
Fig. 24.
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Fig. 8.22 Apus apus, Common swift. Transmission electron micrographs of
spermatids. A. Oblique longitudinal section (LS) of acrosome on tip of nucleus.
B. LS late spermatid showing elongate nucleus, with scattered uncondensed
areas, and anterior portion of midpiece with enclosed proximal and distal
centrioles. C. Same cell, showing posterior end of midpiece and anterior portion of
principal piece. D. LS of the midpiece of a younger spermatid in which
mitochondria are subspherical. Arrow indicates absence of an annulus.
E. LS of two acrosomes. F-H. Progressively posterior transverse sections (TS) of
acrosome vesicle, H, at the level of the anterior nuclear fossa. I. TS of an advanced
nucleus with strongly condensed chromatin and lacking peripheral microtubules.
J. TS nucleus of younger spermatid with uncondensed granular chromatin and
peripheral single layer of microtubules. K. TS nucleus at intermediate stage still
showing pale uncondensed areas. L. TS immature midpiece, showing six
mitochondria surrounding the distal centriole. M. Longitudinal section (LS) of an
advanced spermatid through the entire length of the midpiece and through the
Fig. 8.22 Contd. ...
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There is therefore a simultaneous occurrence of the longitudinal manchette in
the spermatid and the microtubules of the Sertoli cell, as in Crested tinamou.

8.9.2

Order Caprimulgiformes

The Caprimulgiformes were subsumed in the Strigiformes by Sibley and
Ahlquist (1990), as endorsed by ITIS (http://www.itis.usda.gov/). However,
as relationship of the aegolothelids (owlet-nightjars) is closer to apodiforms
than to strigeids, inclusion of caprimulgiforms in the Strigiformes is
contraindicated. The order Caprimulgiformes is therefore recognized here
while recognizing that paraphyly or even polyphyly of the order (see Chapter
1) may preclude association of caprimulgids with the aegoleothelids. Strigidae
are now placed in the Coronaves (see Harshman, Chapter 1) and this is
supported by sperm ultrastructure (Section 8.10.2)
We owe to Ballowitz (1888) a drawing of a spermatozoon of Caprimulgus
europaeus, the European Nightjar. The spermatid of C. europaeus has been the
subject of a paper on microtubules by Tripepi et al. (1991) and has been
described in some detail by Tripepi, Jamieson and Brunelli (unpublished)
from whose account the following description is largely drawn.

8.9.2.1

Caprimulgus europaeus

The structure of the spermatozoon of Caprimulgus europaeus has been deduced
from the description by TEM (Fig. 8.23) of the late spermatid (Tripepi
unpublished) considered in conjunction with the light microscope description
of the mature spermatozoon by Ballowitz (1888).
Acrosome. The acrosome consists of the acrosome vesicle and associated
material of a presumed perforatorial nature. Condensation of dense material
at the nuclear surface at the base of the subacrosomal space results in
compaction to form an electron dense, stout, spine-like structure, the putative
perforatorium. This penetrates a short distance into the tip of the nucleus
within an endonuclear canal and protrudes into the subacrosomal space (Fig.
8.23A). In transverse section, the acrosome vesicle forms a thick ring, with
moderately electron-dense contents, around the tip of the nucleus with its
central endonuclear canal and perforatorium (Fig. 8.23B). The maturing
acrosome vesicle (Fig. 8.23A) assumes a conical form; the perforatorium
becomes less electron-dense than formerly and the portion within the
endonuclear canal is considerably longer than the ill-defined portion in the
now conical subacrosomal space.
Fig. 8.22 Contd. ...

principal piece. N,O. TS proximal centriole and adjacent midpiece, N being detail of
O, showing the central structure of unknown significance. P. TS proximal centriole
and adjacent nucleus and midpiece. Q. Transverse sections (TS) through two
midpieces. R. TS endpiece still surrounded by a transient cytoplasmic canal and
cytoplasmic sheath. as = amorphous sheath; av, acrosome vesicle; ax, axoneme;
dc, distal centriole; m, mitochondrion; mt, microtubules; n, nucleus; pc, proximal
centriole. From Jamieson and Tripepi, unpublished, see also Acta Zoologica
(Stockholm) 86: 239-244, Figs. 1 and 2.

"$ Reproductive Biology and Phylogeny of Birds

Fig. 8.23 Caprimulgus europaeus. A. LS more mature acrosome, showing
perforatorium lying in the endonuclear canal and extending somewhat amorphously
into the subacrosomal space. The acrosome vesicle is assuming a conical form.
B. Transverse section of an advanced acrosome showing the base of the acrosome
Fig. 8.23 Contd. ...
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By light microscopy, the mature spermatozoon of Caprimulgus europaeus
appears in a drawing (Fig. 85 in Ballowitz 1888) to have a conical acrosome
tapering evenly from the much longer but fairly stout, curved nucleus.
However, this species is not specifically mentioned in this regard in the
description of the two types of sperm head recognized for birds by Ballowitz,
though in the legend for Fig. 86 the head is described as “an der Spitze
deutlich das kleine blasse Spitzen-stueck zeigend”. This pale point is
consistent with the conical form of the maturing acrosome observed here. It is
in marked contrast to the button-like acrosome of the only described member
of the Strigiformes, the Tawny owl (Retzius 1909), the order in which
caprimulgids were subsumed by Sibley and Ahlquist (1990).
Nucleus. In the elongating spermatid the chromatin comes to form coarse,
electron-dense granules (Fig. 8.23A, C). At maturity, as seen in the advanced
spermatid, the nucleus is cylindrical with strongly condensed, homogeneous,
electron-dense chromatin (Fig. 8.23D). Nuclear elongation is accompanied by
growth of a longitudinal manchette of microtubules in the surrounding
cytoplasm. No circular manchette is present.
Midpiece. The Caprimulgus midpiece, about half the length of the nucleus, has
some 10 tiers of mitochondria; the free axoneme is about the same length as
the head plus midpiece (see Ballowitz 1888). In the advanced spermatid,
mitochondria group around the proximal axoneme. A maximum number of
six mitochondria has been observed, in transverse section, at one level
(Fig. 8.23C, top left).
Centrioles. Each spermatid has a proximal and distal centriole, mutually
perpendicular, and the distal centriole is continuous with the flagellum. The
centrioles have the normal configuration of nine triplets of microtubules. The
lumen of the distal centriole is not, initially, penetrated by the central singlets
of the axoneme but in the young elongating spermatid the distal centriole is
penetrated by these singlets.
Axoneme. The axoneme forms an extension of the distal centriole. In
transverse section, the axoneme has the typical ‘9+2’ arrangement of
Fig. 8.23 Contd. ...

vesicle enclosing the tip of the nucleus with its endonuclear canal and perforatorium.
C. Transverse sections (TS) of midpieces and nucleus of advanced elongating
spermatids. Four to six mitochondria surround the proximal axoneme as the
midpiece. Dense fibers associated with the axonemal doublets are small in these
sections. The chromatin of the nuclei has become clumped as condensation
proceeds. Longitudinal but no circularly running cytoplasmic microtubules are
present. D. LS nucleus fully condensed but still accompanied by the manchette. E. TS
elongating spermatids. Left through the transient cytoplasmic canal and contained
axoneme. Center right, TS through a developing midpiece which has assembled
only four mitochondria at this level. F. TS axoneme with weakly developed amorphous
sheath. av, acrosome vesicle; ax, axoneme; cytoplasmic canal; ec, endonuclear
canal; m, mitochondrion; mp, midpiece; mt, microtubules of manchette; n, nucleus;
p, putative perforatorium. Tripepi, Jamieson and Brunelli, unpublished.
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microtubules: Within the midpiece, a dense fiber is attached to the outer aspect
of each of the nine doublets (Fig. 8.23C). The free axoneme is surrounded by a
weakly developed amorphous sheath, defining the principal piece (Fig. 8.23F).
Phylogenetic considerations. The structure of the spermatozoon of
Caprimulgus europaeus can be deduced from the description by TEM of the late
spermatid given above when considered in conjunction with the light
microscope description of the mature spermatozoon by Ballowitz (1888). It is
typical of other non-passerines in many respects. Features shared with
paleognaths (ratites and tinamous) and the Galloanserae (e.g. rooster and
duck) are the conical acrosome, shorter than the nucleus; presence of a
perforatorium and endonuclear canal; presence of a proximal as well as distal
centriole; the elongate midpiece with mitochondria grouped around a central
axis (here maximally six mitochondria in approximately 10 tiers); and
presence of a fibrous or amorphous sheath around the axoneme. Most of these
features characterize non-passerines in general. A major (apomorphic)
difference from paleognaths and galloanserans is the short distal centriole, the
midpiece being penetrated by the axoneme and not by the centriole.
In lacking an appreciable annulus, the sperm of Caprimulgus, like those of
Psittaciformes (Jamieson 1999; Jamieson et al. 1995), Gruiformes (Grus vipio,
Phillips et al. 1987), Apodiformes (Jamieson and Tripepi 2006), and passerines
(e.g. Asa and Phillips 1987; Jamieson 1999), differ from those of paleognaths
(e.g., Baccetti et al. 1991), galloanserans, and charadriiforms as represented by
Jacana (Saita et al. 1983). An annulus is basal to paleognaths and these nonpasserines. Absence of the annulus is therefore an apomorphic feature of
caprimulgid sperm.
In Caprimulgus europaeus, the circular manchette has been lost and only a
longitudinal manchette is present in the developing spermatid (Tripepi et al.
1991). A similar arrangement is seen in Jacana jacana and (Jamieson and
Tripepi 2005) in the apodiform Apus apus. In contrast, passerines differ from
non-passerines in possessing, in the spermatid, an ‘helical membrane’,
consisting of multiple transverse and longitudinal microtubules forming a
thick strand helically coiled around at least the flagellum (e.g. Asa and
Phillips 1987; this study). Tripepi et al. (1991) consider the arrangement of
microtubules in C. europaeus to be the second above a “reptilian” level.
For further phylogenetic considerations see section 8.11.

8.9.3

Order Columbiformes

Columbiforms for which sperm ultrastructure has been described are: ‘Pigeon’
(presumably Columba livia) (Fawcett et al. 1971), restricted to a consideration
of nuclear shaping in the spermatid; Columba livia, Domestic pigeon
(Yasuzumi and Yamaguchi 1977), spermiogenesis, mainly concerning
development of the acrosome and nuclear microtubules; Turtle dove
(Streptopelia roseogrisea), chiefly spermiogenesis (Mattei et al. 1972); and brief
descriptions of mature spermatozoa of Peaceful dove (Geopelia striata, Jamieson
et al. 1995, 1999); and of Crested pigeon (Ocyphaps lophotes, Jamieson et al.
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1995, 1999). Sperm of G. striata and O. lophotes are illustrated (Figs. 8.24, 8.25)
and described more fully below.
Valuable accounts by light microscopy are those of Ballowitz (1888),
Retzius (1911, 1912) and Vernon and Woolley (1999; also giving
ultrastructure) for Columba livia. Five genera, with six species, were examined
by McFarlane (1963); all except Blue Ground-Dove (Claravis pretiosa) were
unnamed. These results are, however, summarized in his drawing showing a
pointed acrosome much shorter than the very elongate cylindrical nucleus,
and a long cylindrical midpiece, stated to extend far down the tail, in a nonhelical sperm (Fig. 8.27D).
Acrosome. The acrosome vesicle forms an elongate blunt-tipped cone which
is shorter, at ~1.0-1.2 mm (n=2), in Ocyphaps lophotes (Fig. 8.24A, B) than the
~2.6-2.8 mm (n=2) in Geopelia striata (Fig. 8.25A, B). The subacrosomal space
forms a convex sided cone less than half the length of the vesicle. Transverse
sections of the vesicle reveal a circular profile (Figs. 8.24E, F, 8.25G-J). A
striking contrast with Galloanserae, psittaciforms and most other nonpasserines is the absence of a perforatorial rod. Instead of the subacrosomal
space being occupied by a perforatorium, it is filled by a narrow anterior
extension of the nucleus, the nuclear rostrum. However, the electron-dense
chromatin does not fully occupy the investing conical nuclear membrane but
leaves a varying length of the tip of the rostrum free of chromatin (O. lophotes,
Fig. 8.24A, B; G. striata, Fig. 8.25A, B). In some cases (Fig. 8.25B) the pale tip of
the rostrum has an appearance reminiscent of a perforatorium but this seems
to be an artifact of eccentric sectioning of the rostrum as the electron dense
rostrum extends far into the subacrosomal space in other sections (Fig. 8.25A).
Nevertheless, it is possible that some of the finely granular material at the tip
of and surrounding the rostrum represents a reduced perforatorium. In
support of this it is noteworthy that some transverse sections of the rostrum
reveal a central pale core (O. lophotes, Fig. 8.24E; G. striata, Fig. 8.25I) which
cannot merely be dismissed as uncondensed chromatin as in some sections
(Fig. 8.25J) it is in continuity with the subacrosomal matrix. This central
lacuna in the rostrum, also seen in longitudinal section (Figs. 8.24, 8.12A),
may, therefore, be a vestigial endonuclear canal.
Nucleus. The nucleus forms a stout cylinder, circular in cross section (Figs.
8.24C, 8.25E) with shoulders, supporting the base of the acrosome vesicle,
where it narrows to form the rostrum. The chromatin is electron-dense and, at
maturity, almost homogeneous. The base of the nucleus widens slightly and
is indented by a shallow but distinct basal fossa which forms an arc in
longitudinal sections of the nucleus and houses the anterior part of the
proximal centriole (O. lophotes, Fig. 8.24C, D; G. striata, Fig. 8.25K, L, M). The
nuclei illustrated by light microscopy for Columba livia by Retzius (1909) (Fig.
8.21) and Claravis pretiosa by McFarlane (1963) are moderately elongate,
though that for C. livia by Ballowitz (1888) appears shorter than that
illustrated by Retzius.
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Fig. 8.24 Ocyphaps lophotes, Crested pigeon. Transmission electron micrographs
of spermatozoa. A and B. Longitudinal section (LS) acrosome and anterior portion
of nucleus. C. LS base of nucleus, centrioles and anterior midpiece. D. LS almost
mature, testicular showing same regions. E. Transverse section (TS) of base of
acrosome vesicle surrounding the nuclear rostrum, the latter showing a central
vacuole or canal. F. TS showing nuclear rostrum nearer its base. G. TS nucleus.
H. TS distal centriole at the transition from 9 triplets to doublets, surrounded by
mitochondria of the anterior midpiece. I. TS midpiece through 9+2 axoneme. J. LS
midpiece, showing mitochondria aligned in single file and occasional dense
bodies. K. TS axoneme posterior to midpiece. Original.
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Columbiforms appear plesiomorphic in retaining the nuclear rostrum,
though it is possible that presence is a reversal (Jamieson 1999).
Midpiece. In transverse section the midpiece has four to six mitochondria
surrounding the distal centriole (Fig. 8.24H) and axoneme (Figs. 8.24I, 8.25C,
N, O). In both species compact electron-dense bodies are interspersed between
or lie medially to the mitochondria (Figs. 8.24J, 8.25M, N), an unusual
condition for Aves but common in squamates. This co-occurrence, although
appearing homoplastic, may well indicate persistence of a genetic basis laid
down in early amniotes (Jamieson 1999). In longitudinal section (Figs. 8.24D,
K, 8.25M) the mitochondria are seen to lie end to end in single file. Four or five
parallel chains of mitochondria were described, and illustrated in transverse
section, for Columba livia by Vernon and Woolley (1999).
The length of the midpiece in Ocyphaps lophotes and Geopelia striata was not
ascertained. Woolley (1995) estimated that in Columba livia “var. domestica”,
the flagellar length is ca 150 µm, but that the midpiece occupies the proximal
114 mm (dimensions estimated from Ballowitz 1888, proportions confirmed
from drawings by Retzius 1909) (see Fig. 8.21 of this chapter). He notes that
this is the only record of a midpiece of an avian spermatozoon approaching
the great length (161 mm) of that of Coturnix japonica, though here considered
to require confirmation in the latter. Slightly different dimensions were given
for the domestic pigeon by Vernon and Woolley (1999). The sperm head was
about 16 µm long. The mean flagellar length with SD was 132.0 ± 11.1 µm;
length midpiece 98.1 ± 11.2 µm (n = 13 sperm from 1 individual). Midpiece
length and flagellar length were closely correlated: r = 0.89, P < 0.001.
An annulus terminating the midpiece, basic to bird sperm, and seen in
paleognaths, rooster and Guineafowl, has been reported for columbiforms
(Asa and Phillips 1987) and specifically for Columba livia (Vernon and
Woolley 1999).
Centrioles. The proximal centriole is orientated with its long axis at right
angles to the sperm axis (Figs. 8.24C, D, 8.25K, L, M), as stated and illustrated
by Vernon and Woolley (1999) for Columba livia. Three projections (probably
equivalent to striated columns) are seen to link it to the thickened basal
membrane of the nucleus in Ocyphaps lophotes (Fig. 8.24C). The distal centriole
forms the basal body orientated in the long axis of the axoneme with which it
is continuous (Figs. 8.12C, D, 8.25C, D, L, M). Its posterior limit is difficult to
determine but it is only a little longer than the proximal centriole, its length
being estimated as 0.5 mm in Geopelia striata (Jamieson 1995). Both centrioles
have the usual 9 triplets but where the distal centriole enters the midpiece the
triplets progressively reduce to doublets (Figs. 8.24H, 8.25C). Each centriole is
embedded in a ring of dense material.
Axoneme. The axoneme shows the usual 9+2 pattern of microtubules. Within
the proximal region of the midpiece of apparently mature sperm of Geopelia
striata (Fig. 8.25N) and Ocyphaps lophotes (not illustrated) the axoneme has
outer dense fibers (Jamieson 1995, 1999). These fibers are said by Mattei et al.
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Fig. 8.25 Geopelia striata, Peaceful dove. Transmission electron micrographs of
spermatozoa. A and B. Longitudinal section (LS) of acrosome and anterior portion
of nucleus. B cut off center through the nuclear rostrum. C. TS distal centriole at the
Fig. 8.25 Contd. ...
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(1972) to be present in the spermatid but to be lost by maturation of the sperm
in Streptopelia roseogrisea and they have not been observed in the sperm of O.
lophotes. In the more distal region of the midpiece dense fibers are absent (Fig.
8.2O) and the axoneme posterior to the midpiece is simple (Figs. 8.24K, 8.25F).
Vernon and Woolley (1999) state, for Columba livia, that accessory fibers occur
proximally on the flagellum, in what were clearly mature sperm, but are
extremely short.
Fibrous sheath. A fibrous or amorphous sheath which surrounds the
principal piece in lower non-passerines is absent from mature sperm of those
columbiforms examined for this feature ultrastructurally (Streptopelia
roseogrisea, Mattei et al. 1972; Geopelia striata and Ocyphaps lophotes, this
chapter, and Columba livia, Vernon and Woolley 1999) as from psittaciforms.
It was, however, demonstrated by Mattei et al. (1972) for the spermatid of S.
roseogrisea.
Remarks. The spermatozoa of columbiforms have many features of those of
Galloanserae but differ notably in loss of the perforatorium and the fibrous
sheath by maturity and the exceptionally great length of the midpiece, though
the latter is possibly also greatly elongate in Coturnix japonica (section 8.8.1.2).

8.10

CORONAVES

The Coronaves includes the majority of taxa in the division of the Neoaves
into Metaves and Coronaves by Fain and Houde (2004).

8.10.1

Order Piciformes

These constituted the Parvclass Picae in the system of Sibley and Ahlquist.

8.10.1.1

Melanerpes carolinus

The spermatozoa of the Piciformes are known only from the light microscope
accounts of Ballowitz (1888) and Retzius (1909) for the Great spotted
woodpecker (Dendrocopos (=Picus) major) (Fig. 8.21) and the brief
ultrastructural account of Henley et al. (1978) for the Red-bellied woodpecker
(Melanerpes carolinus) (Fig. 8.26A). Picoid sperm are markedly different from
those of oscines and are considered by Henley et al. (1978) to be referable to
Fig. 8.25 Contd. ...

transition from 9 triplets to doublets, surrounded by mitochondria of the anterior
midpiece. D. Detail of same. E. TS nucleus. F. TS axoneme posterior to midpiece.
G. TS anterior region of acrosome vesicle. H. TS basal region of acrosome through
the nuclear rostrum. I and J. Same showing central vacuole in nuclear rostrum
which in J communicates with the material in the subacrosomal space. K. LS
showing base of nucleus, proximal centriole and anterior midpiece. L. Detail of
proximal centriole. M. LS cut at right angles to K showing base of nucleus, proximal
centriole and anterior midpiece. N. TS Midpiece showing a dense body between
mitochondria and axoneme with nine uniform dense fibers. O. TS midpiece
putatively further posterior, with the axoneme lacking dense fibers. Original.
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Fig. 8.26 Melanerpes and Crotophaga A. M. carolinus, Red-bellied woodpecker.
Transverse section through a group of maturing spermatozoa. The section passes
Fig. 8.26 Contd. ...
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the type seen in ‘various fowls’ by Retzius (1909), McFarlane (1963), and in a
duck by Henley et al. (1978).
The acrosome in such sperm is said by Henley et al. (1978) to be “buttonlike”, rather than tapering and long as in oscines. However, the galliform and
anseriform acrosome is here considered elongate conical, though less elongate
than in oscines. The acrosome of Dendrocopos illustrated by Retzius (1909)
(Fig. 8.21) is also a pointed cone though shorter than that of the latter orders.
It does appear to be a small knob in the less clearly defined drawing by
Ballowitz (1888) but is said (p. 449), like Cuculus, Columba, Gallus, Tadorna and
Anas, to be “nach vorne hin verschmälert …so dass sie ein mehr nadelförmiges
oder pfriemenartiges Aussehen darbietet”, thus needle- or bodkin-shaped.
The nucleus of the Dendrocopos sperm is longer and more slender than in
oscines, and the midpiece differs from that of the Passerida in not extending
as a helix along the flagellum; the flagellum therefore differs in having a long
free portion. There is no trace of an helical (“undulating”) membrane.
Although spermatogenesis in Melanerpes, as in oscines, occurs from a
syncytial mass, the components are irregularly arranged and it does not result
in precisely aligned bundles of sperm which is diagnostic of oscines (a corvid
and six passeridans were examined). The testicular sperm are motile in saline
whereas those of oscines are not (Henley et al. 1978).
By TEM the sperm are seen to consist of an acrosome, a densely compact
nucleus and a midpiece composed of mitochondria of conventional
morphology and varying number [about 6 or 7 in transverse sections in the
micrograph] surrounding the axoneme (Fig. 8.26A). Although microtubules
are present in the syncytium in which the spermatids develop, there is no
microtubular sheath, correlating with the absence of an helical membrane.
The sperm are also said to differ from those of “sauropsid” sperm, which they
generally resemble, and those of oscines in lacking dense fibers peripheral to
the axonemal microtubules (Henley et al. 1978) though this absence requires
confirmation for all regions of the axoneme. An amorphous sheath appears to
be present around the axoneme in a single micrograph (Fig. 8.26A).
Fig. 8.26 Contd. ...

transversely through different levels of the components, in the region of the nucleus
(N), the mitochondria (M) of the midpiece surrounding the axoneme (A), and in (S)
through the tail (principal piece) posterior to the mitochondrial region and showing
the amorphous sheath. Note the absence of dense fibers. PM, plasma membrane.
From Henley, C., Feduccia, A. and Costello, D. P. 1978. The Condor 80: 41-48, Fig.
7. B-D. Crotophaga ani, Smooth-billed ani. Late spermatids. B. Longitudinal
sections of two nuclei surmounted by acrosomes lacking perforatoria. C.
Transverse sections of an acrosome vesicle, midpiece and nuclei. D. Detail of
midpiece from C. AV, acrosome vesicle; M, mitochondria of midpiece; N, nucleus.
Scales are approximate. From micrographs provided by Dr. Sandro Tripepi. E.
Longitudinal section of midpiece of elongated spermatid. After Saita et al. (1982).
Bolletino de Zoologia 49: 115-123, Fig. 12. A, axoneme; AN, annulus; DC, distal
centriole; M, mitochondria.
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Remarks. Henley et al. (1978) appear correct in recognizing the similarity of
the woodpecker sperm to those of galliforms and anseriforms but it is not
known whether a perforatorium, present in the latter two orders, is present.
For a phylogenetic discussion see section 8.11.

8.10.2 Order Strigiformes
It is remarkable that the sperm of the Strigiformes have almost entirely been
neglected as objects of study. Retzius (1909) gave a drawing of that of Strix
aluco, the Tawny owl (Fig. 8.21).

8.10.2.1 Strix aluco
The spermatozoon of Strix aluco, illustrated by Retzius (1909) (Fig. 8.21) has,
in contrast to Caprimulgus with which is was associated in an enlarged
Strigiformes by Sibley and Ahlquist (1990), a morphology typical of some
other Coronaves, notably charadriiforms, trogoniforms, and falconiforms,
with their button-like acrosomes. The spermatozoon is particularly similar to
that illustrated by SEM for Falco (Fig. 8.35), having besides the button-like
acrosome, a stout moderately long, cylindrical nucleus, a short midpiece, here
with about six tiers of mitochondria, and a moderately long free flagellum.

8.10.3 Order Trogoniformes
8.10.3.1 Trogon collaris
Trogon sperm are known only from the light microscope account for Trogon
collaris, the Collared trogon, of McFarlane (1963) (Fig. 8.27A).
Trogon sperm (Fig. 8.27A) resemble those of the Charadriiformes,
exemplified by the gull Larus marinus (Fig. 8.27B) in having a button-like
acrosome and straight, cylindrical nucleus and midpiece. The length of the
midpiece is less than half that of the nucleus (McFarlane 1963).

8.10.4 Order Cuculiformes
The spermatozoon of Cuculus canorus, the European cuckoo, illustrated by
Ballowitz (1888) (his Fig. 110) is straight, non-helical, with pointed acrosome
much shorter than the stout cylindrical nucleus, midpiece shorter than the
nucleus, and a long free flagellum.
Spermiogenesis of another cuckoo Crotophaga ani, the smooth-billed ani,
has been described ultrastructurally by Saita et al. (1982a, 1982b). Tripepi et al.
(1991) have commented on, and illustrated the microtubules of the spermatid.
Additional micrographs have been provided by Dr. Tripepi (Fig. 8.26B-D). The
acrosome vesicle of the late spermatid forms a cone, with rounded tip and is
more than twice as long, at 1.5 mm, as wide (Fig. 15 in Saita et al. 1982b). Less
developed acrosomes are shown in Fig. 8.26B. Its rounded base rests in a
shallow concavity of the tip of the long cylindrical nucleus (Fig. 8.26B). A
perforatorium is absent. In a transverse section the midpiece has five
mitochondria encircling the axoneme (Fig. 8.26C, D) and in longitudinal
section three or four somewhat elongate mitochondria which appear to be
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Fig. 8.27 Drawings by light microscopy of bird spermatozoa. A-F. Some basic
designs. A. Trogon collaris, Trogoniformes. B. Larus marinus, Charadriiformes.
C. Somateria mollissima, Anseriformes. D. Claravis pretiosa, Columbiformes.
E. Gallus gallus, Galliformes. F. Dendroica coronata, Passeriformes. G-K. Some
variations in passerine sperm.
G. Deconychura typica, Dendrocalaptidae.
H. Tyrannus tyrannus, Tyrannidae. I. Corvus brachyrhynchos, Corvidae. J. Vireo
olivaceus, Vireonidae. K. Cardeulis (=Spinus) pinus. Fringillidae. Relabeled after
McFarlane, R. W. 1963. Proceedings of the XIII International Ornithological
Congress: 91-102, Figs. 1 and 2.
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longitudinally conjoined are observed; the midpiece is terminated by a small
annulus (Fig. 8.26E). The axoneme in the sections illustrated (Fig. 8.26C, D)
appears to be transitional from the distal centriole. The distal centriole
penetrates for a short distance into the midpiece (Fig. 8.26E). An helical
membrane is absent. The principal piece has an amorphous sheath (Fig. 14,
Saita et al. 1982b). Dense fibers are absent from the principal piece but there
appears to be a very small density, interpretable as a minute dense fiber, on
the outer aspect of each doublet in the anterior region of the midpiece (Fig.
8.26C, D).
Tripepi et al. (1991) consider the arrangement of microtubules in the
spermatid to be at a third level above the “reptilian” arrangement. There has
been a total loss of the longitudinal manchette and only the longitudinal
microtubules of the Sertoli cells are present.
Phylogenetic remarks. The loss of the perforatorium is a notable development,
distinguishing the cuculiform spermatozoon from that of the Galloanserae.
The acrosome is also considerably shorter and the distal centriole penetrates
for a much shorter distance into the midpiece.

8.10.5 Order Psittaciformes
Accounts of spermatozoal ultrastructure exist for Melopsittacus undulatus,
Budgerigar, Psittacinae (Humphreys 1975; Samour et al. 1986; Jamieson et al.
1995); Agapornis roseicollis, Peach-faced lovebird, Psittacinae (Jamieson et al.
1995); Platycercus elegans, Crimson Rosella (Jamieson 1999; adult in Fig. 8.3D)
and Nymphicus hollandicus, Cockatiel, Cacatuinae (Jamieson et al. 1995).
Additional micrographs are included here for N. hollandicus. Retzius (1909)
illustrated the sperm of a Psittacus sp. by light microscopy.
As shown in the accounts below, psittaciform sperm have the following
characteristics: (1) a conical acrosome vesicle; rod-like perforatorium;
cylindrical, highly condensed nucleus; proximal and distal centriole
embedded in dense material; elongate periaxonemal mitochondrial midpiece,
(2) nine dense peripheral axonemal fibers (coarse fibers), (3) they have lost the
fibrous sheath around the axoneme which occurs in ratites and lower nonpasserines, (4) mitochondria with linear cristae, lacking intra- (or inter-)
mitochondrial dense bodies, (5) restriction of the endonuclear perforatorial
canal to the anterior region of the nucleus, (6) a short proximal and distal
centriole, and (7) nuclear tip not or only very slightly penetrating the acrosome
vesicle.
Psittaciforms differ fundamentally from passerines and resemble galliforms,
in the elongate nucleus and the much shorter acrosome relative to this, the
ratio of length acrosome:length nucleus being 0.2 in Nymphicus hollandicus.
The drawing of a Psittacus sperm by Retzius (1909) supports ultrastructural
observations for psittaciforms, there being a short pointed acrosome, a shorter
rod-like penetration of the anterior end of the nucleus, an elongate though
stout nucleus many (ca 13) times the length of the acrosome, together with a
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short straight midpiece about 0.4 the length of the nucleus, and a long free
flagellum (Fig. 8.21).

8.10.5.1

Melopsittacus undulatus

Differentiation of the acrosome in the Budgerigar spermatid has been
described ultrastructurally by Humphreys (1975) and some features of the
mature spermatozoon by Samour et al. (1986). The following account is taken
chiefly from the account of Jamieson et al. (1995).
General. The spermatozoon of Melopsittacus undulatus is a filiform cell
consisting of a head region containing the nucleus and acrosomal structures,
a midpiece, and tail region. Its ultrastructure is summarized,
semidiagrammatically, in Fig. 8.28. The anteriorly tapering cylindrical head
was estimated from both light microscopy and transmission electron
microscopy to be 13 mm long. The nuclear and acrosomal lengths reported for
the Budgerigar by Jamieson et al. (1995) and from the work of Samour et al.
(1986) are close to those ascertained for three galliform species (Thurston and
Hess 1987). The length of the entire head (acrosome + nucleus) is 8 ± 1.97 mm
and its width is 0.5 ± 0.05 mm (n = 100) (Samour et al. 1986).
Acrosome complex. The anteriormost region of the head consists of the
acrosomal complex, which is composed of a smooth, elongated, conical
acrosomal vesicle and a rod-like perforatorium lying free in the subacrosomal
space (Figs. 8.28, 8.29A, C, D, G, H). The acrosomal vesicle is 1.9 mm long (n=2)
(Jamieson et al. 1995), (1.42 ± 0.16 mm (n = 100) Samour et al. 1986), and
terminates anteriorly in a blunt tip. Its width is greatest at its distal end. Here
its diameter is 0.5 mm and its walls are ~0.15 mm thick (Fig. 8.29C, D). The
perforatorium extends proximally very nearly to the tip of the spermatozoon
(as in anseriforms), and distally extends within a cylindrical end nuclear
canal another 0.6 mm into the anterior region of the nucleus. At its widest
point, the perforatorium measures 0.2 mm (Fig. 8.29C). The contents of the
acrosomal vesicle are homogeneous and of moderate electron density. The
perforatorium is slightly more electron-dense, but of a less uniform
composition, with irregularly spaced, electron-lucent channels penetrating it.
Granular material surrounds the perforatorium within the subacrosomal
space (Fig. 8.29C, D). The space between the outer membrane of the acrosomal
vesicle and the plasma membrane is also occupied by granular material. This
gap is ~20 nm wide at the distal end of the acrosomal vesicle. The acrosomal
vesicle terminates adjacent to the proximal end of the nucleus. These two
structures do not overlap or join directly. It appears that only the p1asma
membrane and the shared perforatorium hold them in position. This fragile
connection is considered to form a point of mechanical weakness and
“decapitated” spermatids and isolated acrosomes are often found in testicular
sections (Humphreys 1975). This condition contrasts with other investigated
avian orders, thus giving a psittaciform synapomorphy and autapomorphy.
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Fig. 8.28 Melopsittacus undulatus, Budgerigar. Semidiagrammatic representation
of the ultrastructure of a spermatozoon from the ductus deferens (drawn by C.
Tudge). From Jamieson, B. G. M., Koehler, L. and Todd, B. J. 1995. Anatomical
Record 241(4): 461-468, Fig. 3. Reprinted with permission from Wiley-Liss, Inc., a
subsidiary of John Wiley & Sons, Inc.
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Parrot sperm, like those of ratites and other birds, differ from reptiles in
reduction of the subacrosomal material (subacrosomal cone) to a negligible
amount. The psittaciform restriction of the endonuclear canal, housing the
perforatorium, to the anterior region of the nucleus is an apomorphic
condition (Jamieson et al. 1995) shared with other non-passerines (e.g.
Galloanserae and the White-naped crane, Grus vipio).
Nucleus. The nucleus, which is a gently curved cylinder (Fig. 8.29A), has an
approximate length of 10 mm, a width of about 0.5 mm at its proximal end, and
0.6 mm at the nuclear-midpiece junction (Fig. 8.29C-F). The endonuclear canal
(and perforatorium) occupies only about the proximal 5% of the nuclear
length and is 0.2 mm wide (Fig. 8.29C, D). The chromatin is compact and
electron-dense, although sporadic, small, electron-lucent areas are
interspersed throughout the nucleolus. The surface is rough and the nuclear
membrane is in close association with the plasma membrane (Fig. 8.29C, D, H,
I). The distal end of the nucleus forms a broad, shallow, concave fossa (Fig.
8.29E, F).
Midpiece, centrioles, and axoneme. The cylindrical midpiece region is 5.1 mm
long (n =1) and ~ 0.6 mm wide along much of its length. At its anterior end, a
basal lamina lines the concave surface of the nuclear base. Associated with
this lamina is a band of granular, electron-dense material (Fig. 8.29E).
Immediately posterior to the lamina is a 0.3-mm-long proximal centriole,
positioned centrally, parallel to the base of the nucleus. Lying perpendicular
to the proximal centriole is a 0.4-mm-long distal centriole, occupying only a
very small fraction of the midpiece length. Both centrioles display the typical
pattern of nine triplets of microtubules arranged in a cylinder, and both are
embedded in electron-dense pericentriolar material (Fig. 8.29E, F, J, K).
Whereas the center of the proximal centriole appears completely electronlucent, mottled granular material occupies the lumen of the distal centriole
(Fig. 8.29J).
The axoneme begins at a point ~ 1 mm along the length of the midpiece (Fig.
8.29E, F), continuous with the distal centriole, and extending the remainder of
the length of the spermatozoon. It is organized according to the usual “9+2”
pattern (Fig. 8.29K-M). The A microtubule of each doublet is completely
circular and electron-dense and bears two dynein arms, whereas the lumen of
the incomplete subunit B is electron-lucent. In the axoneme of the midpiece,
associated peripherally with each doublet and in the same radius is a dense
peripheral fiber (coarse fiber). In cross section, these fibers, which are
approximately equal in size, are circular with a diameter of approximately
30 nm (Fig. 8.29K, L).
A single layer of mitochondria surrounds the centrioles and the axoneme
along the length of the midpiece. In longitudinal section, the mitochondria
appear elongate elliptical and rather loosely aggregated, particularly in the
centriolar region where they tend to a spherical form, with flocculent material
present between them. They are apparently arranged longitudinally in a long
period spiral (Fig. 8.29B, E, F). In transverse section of the spermatozoon, they
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Fig. 8.29 Melopsittacus undulatus, Budgerigar. A. Longitudinal section (LS) of the
full length of the nucleus. B. LS of the full length of the midpiece. C and D. LS of the
acrosomal complex and the anterior region of the nucleus. E and F. LS of the
posterior end of the nucleus and part of the midpiece. Note the nine triplets of the
transversely sectioned proximal centriole (E), which lies at right angles to the distal
centriole, the latter forming the basal body of the axoneme. G. Transverse section
(TS) of the acrosomal region through the perforatorium. H. TS nucleus through the
endonuclear canal. I. TS nucleus posterior to the endonuclear canal. J. TS through
the distal centriole showing granular central element and surrounding
mitochondria. K. TS midpiece at the point of transition between distal centriole and
axoneme. L. TS midpiece posterior to the distal centriole showing the 9 + 2
Fig. 8.29 Contd. ...
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appear more circular, and approximately nine are contained, tightly
juxtaposed, around the axoneme (Fig. 8.29J-L). Mitochondrial dimensions are
roughly 0.3 ¥ 0.15 ¥ 0.15 mm. The mitochondrial matrix is moderately electrondense and the cristae, although difficult to discern, appear to be linear or
slightly curved.
The estimate of 28-30 mitochondria in budgerigar sperm made by Samour
et al. (1986) may be a severe underestimate as the midpiece has as many as
nine mitochondria in transverse section and eight or more in longitudinal
section.
No annulus is discernible at the distal end of the midpiece, but the
beginning of the tailpiece can be identified by a reduction in the diameter of
the spermatozoon, to ~0.2 mm (Fig. 8.29B). By seemingly lacking an annulus,
parrot sperm differ from those of paleognaths (e.g., Baccetti et al. 1991) and
lower non-passerines including the mallard duck (Humphreys 1972), and the
turkey, chicken, and Guineafowl (Thurston and Hess 1987; this study). An
annulus is basal to amniotes and these non-passerines. Absence is therefore
an apomorphic feature of budgerigar sperm but appears to be homoplastic
relative to absence in passerines.
Despite lacking an annulus, the midpiece-tail junction in parrot sperm is
clearly demarcated, because at this point there is a rather abrupt narrowing of
the spermatozoon. As a fibrous sheath is absent, only a narrow rim of
cytoplasm separates the plasma membrane from the axonemal complex
throughout the length of the axoneme behind the midpiece. (Samour et al.
1986) states the principal piece is composed of a sheath surrounding the axial
filament complex but in the micrograph to which he refers only the plasma
membrane closely unsheathes the axoneme. However, a narrow, 10-nm-wide
ring of cytoplasm with granular inclusions separates the doublets from the
surrounding plasma membrane (Jamieson et al. 1995) but has not been
considered to constitute an amorphous sheath.
The length of the tail (excluding the midpiece) has been estimated from light
micrographs to be 53-55 mm (n = 5), for an entire sperm length of ~70-71 mm
(n = 7) (Jamieson et al. 1995). The total length of the tail, including the
midpiece, is given by Samour et al. (1986) as 54.31 ± 5.97 mm (n = 100).
Transverse sections of the flagellum reveal the typical “9 + 2” microtubular
axoneme, but the peripheral accessory fibers seen in the midpiece region do
not exist (Fig. 8.29M).
Fig. 8.29 Contd. ...

axoneme with peripheral dense fibers. M. TS of the axoneme behind the midpiece.
Scale bars = 1 µm (C-M same scale). av, acrosome vesicle; dc, distal centriole; ec,
endonuclear canal; m, mitochondrion; n, nucleus; p, perforatorium; pc, proximal
centriole; pd, pericentriolar density; pf, dense peripheral fiber (coarse fiber). From
Jamieson, B. G. M., Koehler, L. and Todd, B. J. 1995. Anatomical Record 241(4):
461-468, Fig. 1. Reprinted with permission from Wiley-Liss, Inc., a subsidiary of
John Wiley & Sons, Inc.
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Seminal glomera. The features and parameters of the ductal spermatozoa of
Melopsittacus undulatus correspond very closely with those previously reported
for semen samples by Samour et al. (1986) who conclusively confirmed the
presence of seminal glomera in the cloaca of this species. Conventionally
considered an exclusively passerine feature (Birkhead et al. 1994), the seminal
glomera are situated on either side of the cloaca of male birds and are formed
by convolutions of the terminal end of the ductus deferens. These sacs have
been likened to the eutherian epididymis in that they serve as sites for sperm
storage and appear to play a role in sperm maturation (Middleton 1972). The
studies of Samour et al. (1986) and Jamieson et al. (1995) indicate that in M.
undulatus no significant changes in sperm morphology occur within the
seminal glomera as compared with sperm in the ductus deferens.

8.10.5.2 Nymphicus hollandicus, Platycercus elegans,
Agapornis roseicollis
The spermatozoa of the Cockatiel (Nymphicus hollandicus) (Figs. 8.30A,E, 8.31AN), Crimson rosella (Platycercus elegans) (Fig. 8.30B), and Peach-faced lovebird
(Agapornis roseicollis) (Fig. 8.30C, D) essentially agree with the above account
for Melopsittacus undulatus, with some differences in acrosome vesicle size and
midpiece length. Thus a hollow conical acrosome vesicle encloses a stoutly
rod-like perforatorium around which is a small or negligible amount of
subacrosomal granular material. The perforatorium, which is penetrated by
pale canals, extends almost to the tip of the acrosome vesicle and posteriorly
for a short distance into the anterior end of the nucleus within an endonuclear
canal (Fig. 8.31A, B, C). The cylindrical nucleus has a shallow concave basal
fossa housing only the anterior region of the proximal centriole. This centriole
lies parallel to the base of the nucleus and approximately at right angles to the
distal centriole. Both centrioles are embedded in dense material. The axoneme,
arising from the distal centriole, again lacks a fibrous sheath or an amorphous
sheath. In the midpiece, nine coarse fibers are attached externally to the
doublets in the same radii. The axoneme, with its coarse fibers is surrounded
by a single layer of mitochondria, few and ovoid in cross section of the sperm
but seen in longitudinal section to be slightly elongated and apparently
arranged in a long period spiral. No annulus has been demonstrated. The
coarse fibers do not extend behind the midpiece. The midpiece is very short in
N. hollandicus (~2 mm; n=4) (Fig. 8.31D, G, K), but in A. roseicollis (Fig. 8.30D)
Fig. 8.30 Longitudinal section (LS) of the acrosome vesicle, perforatorium and
endonuclear canal of the spermatozoon of A. Cockatiel (Nymphicus hollandicus).
B. Crimson Rosella (Platycercus elegans). C Peach-faced lovebird (Agapornis
roseicollis). D. LS of the distal end of the elongate midpiece of A. roseicollis. E. N.
hollandicus. Adult female. Both sexes have the crest; the only crested parrot. Photo
Barrie Jamieson. av, acrosome vesicle; ec, endonuclear canal; m, mitochondrion,
nucleus; p, perforatorium. A, C and D. From Jamieson, B. G. M., Koehler, L. and
Todd, B. J. 1995. Anatomical Record 241(4): 461-468, Fig. 2A, C, D. Reprinted with
Fig. 8.30 Contd. ...
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permission from Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc. B. From
Jamieson, B. G. M. 1999. Pp. 303-331. In C. Gagnon (ed). Spermatozoal Phylogeny
of the Vertebrata. The Male Gamete. From Basic Science to Clinical Applications,
Cache River Press, Vienna, USA, Fig. 13J. A, C, and D are to the same scale.
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the midpiece has similar dimensions to that of the budgerigar, ~7 mm (n=1).
Nuclear and acrosomal dimensions are in the same order as those of M.
undulatus. They are: for N. hollandicus, length of acrosome 1.4 mm (n = 3);
length of nucleus 6.5 mm (n = 2, width of nucleus proximally 0.5 mm, distally
0.6 mm; for A. roseicollis, length acrosome 1.5 mm (n=2); length nucleus 9.3 mm
(n=1); width of nucleus proximally 0.5 mm, distally 0.6 mm (Jamieson et al.
1995; present study).
Phylogenetic considerations. The conical acrosome vesicle; rod-like
perforatorium; cylindrical, highly condensed nucleus; proximal and distal
centriole embedded in dense material; and the elongate periaxonemal
mitochondrial
midpiece
of
psittaciform
sperm
are
tetrapod
symplesiomorphies. The nine dense peripheral axonemal fibers (coarse fibers)
are an amniote synapomorphy; the fibers differ from those of reptiles, and
particularly of mammals, in being uniform in size. Loss of the fibrous sheath
around the axoneme which is present in paleognaths and lower nonpasserines is an apomorphy known elsewhere in birds only in columbiforms
and passerines. Mitochondria with linear cristae, lacking intra- (or inter-)
mitochondrial dense bodies are apomorphic relative to basal amniotes
(Chelonia, Sphenodon, and Crocodylia). Restriction of the endonuclear
perforatorial canal to the anterior region of the nucleus is an apomorphic
condition shared with other non-passerines (galliforms and the white-naped
crane) and crocodilians. The short distal centriole appears to be a reversal
from the elongate distal centriole of crocodiles, ratites, galliforms and
anseriforms. The acrosomal-nuclear junction, in which the nucleus abuts on
but does not intrude into the acrosome is a synapomorphy of parrot sperm
relative to other non-passerines and crocodile. It is also, homoplastically, a
Fig. 8.31 Nymphicus hollandicus, Cockatiel. TEM micrographs of sperm. A-H, K.
Longitudinal sections. A. Showing the entire length of the nucleus, surmounted by
but not intruding into the acrosome vesicle. B. Acrosome vesicle with perforatorium.
C. Acrosome vesicle and perforatorium which penetrates a considerable
endonuclear canal. D. Centriolar region, showing mitochondria here grouped
around the proximal centriole and the base of the nucleus. Note absence of a
fibrous sheath around the axoneme. E. Developing acrosome vesicle and
perforatorium in a spermatid. F. Proximal and distal centrioles and short midpiece.
G. The same, with longer midpiece. H. Proximal and distal centrioles and
mitochondria of midpiece also extending along base of nucleus. I. Transverse
section (TS) through apex of nucleus, showing perforatorium in endonuclear canal.
J. TS nucleus, showing circular profile. K. LS centriolar region and midpiece. L. TS
showing small number of mitochondria grouped around axoneme in midpiece;
nine uniform dense fibers are attached one to each axonemal doublet. M. TS
axoneme with typical 9+2 arrangement. N. TS of an abnormal axoneme with 18
doublets and four singlets. av, acrosome vesicle; dc, distal centriole; df, dense
fiber; ec, endonuclear canal; m, mitochondrion, nucleus; p, perforatorium; pc,
proximal centriole. F. After Jamieson, B. G. M., Koehler, L. and Todd, B. J. (1995),
Anatomical Record 241(4): 461-468, Fig. 2B. Reprinted with permission from WileyLiss, Inc., a subsidiary of John Wiley & Sons, Inc. A-E, G-N. Original.
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synapomorphy of passerine sperm but there the acrosome and nucleus are
more closely contiguous. The short midpiece of N. hollandicus distinguishes
this cacatuine from the four psittacines. The sperm of other cockatoos have
not been investigated but this difference may prove to answer in the positive
the query as to whether cockatiels are true cockatoos. For further phylogenetic
considerations, see section 8.11.

8.10.6

Order Gruiformes

8.10.6.1 Fulica atra, Crex crex
For the gruiform Common coot (Fulica atra) (Retzius 1909) (Fig. 8.10) depicts a
spermatozoon with a needle-like acrosome much shorter than the elongate
nucleus and with a short apparently spiral midpiece with approximately five
gyres. In contrast, the spermatozoon of another rallid, Corncrake (Crex crex)
(Fig. 8.10), appears to have a button-like acrosome and the midpiece consists
of seven tiers of mitochondria grouped around the proximal axoneme but not
notably spiral. Both species have a long flagellum. A single genus and species
of Rallidae was examined by McFarlane (1963) but he gave no account.

8.10.6.2 Grus vipio
The sperm of White-necked crane (Grus vipio) have been examined by light
microscopy (LM), SEM and TEM (Asa and Phillips 1987; Phillips et al. 1987).
By LM sperm are pleomorphic, with nuclei which are straight or curved or S–
shaped or have droplet, spherical or irregular shapes. The acrosome appears
as a spherical structure and these motile cells appear to have a simple
flagellum. There is no obvious midpiece except for a small phase-dense region,
of varying size and density, at the base of the flagellum.
Acrosome. By TEM the acrosome (Fig. 8.32A) is described as a spherical
moderately electron-dense structure. It is perhaps more accurately described
as having the form of a very thick inverted U. The slightly more electron-dense
structure extending from the center of the acrosome into the nucleus is clearly
a well developed but fairly short perforatorium, the portion of which lying in
the short endonuclear canal (anterior nuclear fossa) is approximately equal in
length to the portion filling the subacrosomal space; the length of the entire
perforatorium is here estimated at about 0.56 µm and the length of the
acrosome vesicle 0.57 µm for a width of 0.48 µm.
Nucleus. Crane spermatozoa are unique for Aves, so far as is known, in that
the degree of condensation varies among spermatozoa, but in no
spermatozoon does chromatin become highly compacted. Incomplete
condensation of chromatin may be responsible in part for the variety of sperm
head shapes (Phillips et al. 1987). From an SEM micrograph, the nucleus
appears stout and moderately elongate.
Midpiece. The midpiece (Fig. 8.32B) appears by TEM to consist of a cluster of
small mitochondria grouped at the base of the nucleus with a length of only
about 0.8 µm. It is here considered that a small density seen on each side at its
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Fig. 8.32 Grus vipio, White-naped crane. A. Longitudinal section (LS) of the
acrosome vesicle, perforatorium and short endonuclear canal. B. LS midpiece
showing that the irregular mitochondria are located in an enlarged region at the
base of the flagellum. C. Sperm chromatin is never highly compacted and the
degree of compaction varies between spermatozoa. A distal centriole is seen in
TS. D. The variability in size of the nucleus is not always a function of chromatin
condensation. A. ¥ 42000. B. ¥ 49300. C. ¥ 16000. D. ¥ 16000. Relabeled after
Phillips, D. M., Asa, C. S. and Stover, J. 1987. Journal of Submicroscopic Cytology.
19(3): 489-494, Figs. 3-6.

posterior end may be a small annulus. In a transverse section of the
spermatozoon (Fig. 8.32C) mitochondria can be seen to surround the distal
centriole. A proximal centriole is not reported or figured.
Axoneme. In some transverse sections (Fig. 8.32B) there appears to be a very
narrow granular layer between the 9+2 axoneme and its plasma membrane.
This is possibly a vestigial amorphous sheath. However, Phillips et al. (1987)
state that an amorphous sheath is absent as are outer dense fibers.
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Remarks. Phillips et al. (1987) mentions that 11 other species of crane were
found to have similarly pleomorphic sperm (Russman and Harrison 1981).
Gee and Temple (1978) found no correlation between the percentage of cell
types in the ejaculate and fertilizing capacity.
Phillips et al. (1987) considered the Grus vipio sperm to be the simplest
known non-passerine sperm. It is here considered that this simplicity is
probably due to reduction relative to paleognaths and, for instance,
galloanserans. A perforatorium similar to that of galloanserans has been
retained but the acrosome has lost its pointed form. The midpiece has become
reduced and simplified relative to the other groups and the absence or weak
development of the amorphous sheath and absence of dense fibers must be
considered further reductions. However, the reduction of the midpiece it not
constant for gruiforms as it is well developed in Fulica atra and Crex crex (Fig.
8.10). The button-like acrosome in Crex resembles that of Grus in external form
and there is perhaps a possibility that the needle like acrosome depicted for
Fulica by Retzius (1909) is an exposed perforatorium after loss of the acrosome
vesicle. If not, gruiforms must be considered unusual in having both
lanceolate and button-like acrosomes.

8.10.7

Order Charadriiformes

Harshman (Chapter 1) cites evidence that monophyly of both Pelecaniformes
and Ciconiiformes is falsified by the close relationship among the
pelecaniform family Pelecanidae (pelicans) and the two charadriiform families
Scopidae (hamerkop) and Balaenicipitidae (shoebill). However,
Charadriiformes is monophyletic when turnicids are added to the order. The
suborder Charadrii of the order Ciconiiformes is therefore restored to the
Charadriiformes in the present account.

8.10.7.1 Constituent families
Retzius (1909) illustrated the spermatozoon of the Common guillemot (Uria
aalge). It has a button-like acrosome, elongate fusiform nucleus, a midpiece
about one third the length of the nucleus and with approximately seven tiers
of mitochondria and a short free flagellum (Fig. 8.10).
McFarlane (1963) examined the sperm of six families of charadriiforms,
with a total of nine genera, by light microscopy (Fig. 8.33), though giving only
a fleeting account. He found the underlying feature of the sperm of this order
to be a cylindrical shape with a midpiece of slightly small diameter. The very
small acrosome vesicle was button-like or subspheroidal (Fig. 8.33).
Representative of the four families Recurvirostridae (stilts and avocets),
Charadriidae (plovers and lapwings), Laridae (skuas, gulls and terns) and
Alcidae (auks and puffins) showed only minor variations of this pattern. This
pattern, with small subspheroidal acrosome, was also demonstrated for Larus
canus, Common gull (Ballowitz 1888), L. fuscus, Lesser black-backed gull,
(Retzius 1909) (Fig. 8.10), and Vanellus vanellus, the Lapwing (Ballowitz 1888;
Retzius 1909) (Fig. 8.10).
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Specimens of the Scolopacidae (sandpipers, phalaropes, and allies), though
true charadriiforms (see Fig. 1.2, Harshman, Chapter 1) exhibited a remarkable
contrast. In scolopacids, represented by Actitus macularia, Spotted sandpiper
(Fig. 8.33E), the spermatozoon has an elongate, spiral form very reminiscent of
the passerines. This form was seen in Actitus and Catoptrophorus by McFarlane
(1963) and was illustrated in the scolopacids Calidris (=Tringa), the Alpine
dunlin, Tringa (=Totanus) ochripus, the Green sandpiper, Scolopax rusticola, the
Woodcock, and in a somewhat attenuated form in Philomachus pugnax, the
Ruff, by Retzius (1909) (Fig. 8.21). While regarding similarity of scolopacid
and passerine sperm as convergence, McFarlane (1963) considered, perhaps
not entirely reasonably, that it might indicate a more recent origin for the
family than the remainder of the charadriiforms. We may note that
convergence is supported by the evidence from DNA hybridization (Sibley
and Ahlquist 1990) which indicates that scolopacids do not have passerine
affinities but lie in a larid through jacanid clade. Within this clade
Scolopacidae are distinct in grouping with Jacanidae and relatives and not
with Charadriidae and Laridae which occupy a second subclade. It remains

Fig. 8.33 Variation of spermatozoa among charadriiforms. A. Fratercula arctica,
Atlantic puffin. B. Gelochelidon nilotica, Gull-billed Tern. C. Himantopus mexicanus,
Black-necked stilt. D. Charadrius wilsonius, Wilson’s plover. E. Actitus macularia,
Spotted sandpiper. Relabeled after McFarlane, R. W. 1963. Proceedings of the XIII
International Ornithological Congress: 91-102, Fig. 6.
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to be investigated what features of the reproductive tract or fertilization
biology are correlated with this superficially passerine-like sperm
morphology.

8.10.7.2 Jacana jacana
Spermiogenesis in Jacana jacana (Jacanidae) has been described by Saita et al.
(1983). Although the structure of the mature spermatozoon is not specifically
treated the chief features of its morphology are evident (Figs. 8.34). Tripepi et
al. (1991) have commented on, and illustrated the microtubules of the
spermatid of this species.
The spermatozoon or late spermatid has the typical charadriiform
morphology of button-like (subspheroidal) acrosome vesicle, elongate
cylindrical nucleus, and straight midpiece. As usual the proximal centriole is

Fig. 8.34 Jacana jacana. A. Longitudinal section (LS) of nucleus of advanced
spermatid capped by the subspheroidal acrosome vesicle. B. Same. C. Transverse
sections (TS) of nuclei and surrounding mitochondria of spermatids. D. LS
spermatozoon at junction of midpiece and principal piece. E. TS of spermatozoa,
showing circlet of several mitochondria and small dense fibers attached to the
doublets of the axoneme. F. TS posterior region of principal piece with fibrous
(amorphous) sheath less developed than further anteriorly. an, annulus; av,
acrosome vesicle; ax, axoneme; df, dense fiber; fs, fibrous sheath; n, nucleus.
Rearranged and relabeled after Saita, A., Longo, O. M. and Tripepi, S. 1983.
Accademia Nazionale dei Lincei. (Rendiconti della Classe di Scienze fisiche,
matematiche e naturali) 74: 417-430, Figs. 14-19.
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transverse to the long axis of the sperm and the distal centriole, which is
slightly longer, forms the basal body in this axis.
Further features which are possibly general for charadriiforms are the
absence of a perforatorium, the midpiece consisting of several mitochondria
arranged around the axoneme and terminating at an annulus, and the
presence of an amorphous sheath around the post-mitochondrial axoneme.
The arrangement of microtubules in the spermatid is as in Caprimulgus
(Tripepi et al. 1991).
Remarks. Persistence of the amorphous sheath, seen also, for instance, in
galliforms and anseriforms, is a plesiomorphic feature but the rounded
acrosome vesicle is clearly apomorphic as it is conical in those orders, in
ratites and in crocodiles.
The absence of a perforatorial rod is a major distinction from the sperm of
the gruiforms as exemplified by Grus vipio, described by Phillips et al. (1987)
but whether this is a constant difference between the two orders remains to be
ascertained. There is also no evidence that G. vipio sperm possess an
amorphous sheath but this also requires confirmation.

8.10.8

Order Falconiformes

Falcons and their near relatives were placed in the infraorder Falconides,
within the Suborder Ciconii, of the order Ciconiiformes by Sibley and Ahlquist
(1990). However, from analysis of molecular sequences placement within a
ciconiiform or charadriiform assemblage does not appear acceptable. There is
some morphological evidence for monophyly of Falconiformes but no
molecular analyses have so far succeeded in putting all families together. Nor,
however, is there strong evidence for relationship of any falconiform family to
any non-falconiform family (see Harshman, Chapter 1).
The only ultrastructural representation of falconiform sperm appears to be
a scanning electron micrograph of spermatozoa of the peregrine falcon by
Wagley (Anon. 1980) (Fig. 8.35).
Despite re-establishment of falconiforms as a separate order, the
morphology of the falcon sperm is consistent with placement of falcons in the
Charadriiformes so far as can be judged by our limited knowledge of these.
Thus the falcon sperm is very similar to the spermatozoa of the Lapwing
(Vanellus) and the Gull (Larus), both charadriiforms, as depicted from light
microscopy by Retzius (1912) (Fig. 8.10). Similarities are the short, domed
acrosome; the stout cylindrical nucleus many times the length of the acrosome;
and the midpiece consisting of a non-helical cluster of mitochondria and
much shorter than the nucleus. This structure is consistent with a drawing of
the whole sperm by light microscopy by Ballowitz (1888) (his Fig. 114), for the
Black kite (Milvus ater). It is, however, different from other charadriiforms such
as the Woodcock (Scolopax), the Dunlin (Calidris) and the Green sandpiper
(Tringa), in which the acrosome is a tortuous cone, the nucleus is somewhat
helical and the midpiece is more elongate (Fig. 8.10).
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Fig. 8.35 Falco peregrinus. Scanning electron micrograph of spermatozoa.
Relabeled from Anonymous 1980. Western Release Program-1980. The Peregrine
Fund Newsletter. T. J. Cade and P. R. Dague (eds). 8, Fall 1980: 4. Photo L. Wagely.

8.10.9 Order Passeriformes
The non-passerine sperm is generally rather plain and elongate. The
passerine type has a pronounced spiral to the head region, approaching a
conic helix in some forms, an enormous acrosome, often 3-4 times the length
of the nucleus. Frequently an helical membrane extends some distance along
the axial filament (McFarlane 1963). This succinct definition in fact
characterizes the higher, non-corvidan passerines (Passeri). In suboscines
and, usually, Corvida the acrosome is shorter than the nucleus and in the
suboscines the ‘helical membrane’, at least in the form seen in oscine sperm, is
absent.

8.10.9.1 Suborder Tyranni (Suboscines), Parvorder Tyrannida
The spermatozoa of the Tyrannidae are very poorly known ultrastructurally.
Species that have been investigated are Western kingbird (Tyrannus verticalis,
McFarlane 1971 fide Koehler 1995); Eastern Kingbird (T. tyrannus, Feduccia
1979); Eastern wood peewee (Contopus virens, Feduccia 1979) and Great
crested flycatcher (Myiarchus crinitus (=M. griseisticta), McFarlane 1971 fide
Koehler 1995; Asa and Phillips 1987) but accounts are fragmentary.

Avian Spermatozoa: Structure and Phylogeny

""#

However, though the account was very brief, McFarlane (1971) examined
the sperm of six families and 23 genera of the suborder Tyranni by light
microscopy.
Feduccia (1979), in his innovative phylogenetic paper on avian ear
ossicles, showed that sperm of the suboscines Tyrannus tyrannus and Contopus
virens (Fig. 8.36) resemble those of oscines in occurring in the testes in sperm
bundles. However, the suboscine sperm differed from those of oscines in
important respects indicated below (see Tyrannus tyrannus). Asa and Phillips
(1987) added, for the suboscine Myiarchus griseisticta, that there are features
resembling both non-passerines and oscines.
Unlike most oscines, the acrosome and midpiece are shorter than the
nucleus and, according to McFarlane (1963), there are no spiral head
membranes or helical tail membranes in the Tyranni. However, an
‘undulating membrane’ of somewhat different construction occurs (see
sections 8.10.9.2-5, below). The ratio between head length and tail length is
conspicuously lower (1.3-3) than in all oscines (5.5-22) which McFarlane
(1963) examined, excepting the Corvidae and the Lanidae (2.2-3), which are
closely related (Christidis et al. 1996).
The woodhewers (Dendocalaptidae), exemplified by Deconychura typica
(Fig. 8.27G) and ovenbirds (Furnariidae) have a simple sperm that forms a
spiral which completes only one revolution from the acrosome to the
midpiece. A more highly coiled (helical) form occurs in the tyrant flycatchers
(Tyrannidae), exemplified by Tyrannus tyrannus (Fig. 8.27H), cotingas
(Cotingidae), manakins (Pipridae), and ant-thrushes (Formicariidae)

Fig. 8.36 Contopus virens, Eastern wood peewee. Transverse sections of principal
piece of several sperm. Relabeled after Feduccia, A. 1979. Proceedings of the
Biological Society of Washington 92(4): 689-696, Fig. 5.
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(McFarlane 1963). Sibley et al. (1988) reduced the Cotingidae and Pipridae to
subfamilial rank within the Tyrannidae; an arrangement here observed to
agree with sperm structure. However, the spermatologically similar
Formicariidae retained familial rank in a separate Parvorder Furnariida. In
this parvorder, the Furnariidae, in the superfamily Furnaroidea, contained the
Furnariinae and Dendrocalaptinae, both with the simple sperm form
mentioned above, and the Formicariidae, with more helical sperm, occupied
the separate superfamily Formicaroidea.

8.10.9.2

Tyrannus tyrannus

General morphology. By light microscopy the spermatozoon of Tyrannus
tyrannus (Fig. 8.27H) has been shown by McFarlane (1963) to have an helical
acrosome, nucleus and midpiece. The sperm is said to be similar to that of
corvids but to differ in that in corvids the midpiece is not included in the
spiral portion. Although this appears generally to be true, the midpiece in
Corvus splendens is, at least developmentally, spiral (Bawa et al. 1990).
Acrosome. Although the acrosome is shorter than the nucleus as in nonpasserines [but see also most oscine Corvida] it has lateral projections as in
oscines (Asa and Phillips 1987).
Nucleus. The nucleus is an helical cylinder as in oscines (Asa and Phillips
1987).
Undulating membrane. Asa and Phillips (1987) showed, for Tyrannus
tyrannus, that a bundle of singlet microtubules comprising what was
considered the oscine-like “helical membrane” is found either completely
encircling or clustered on one side of the midpiece and principal piece, the
latter condition presumably thought to resemble that in oscines (see also
Contopus virens, 8.10.9.5, below).
Neck region. The neck region has two centrioles as in non-passerines in
contrast with the single, distal centriole of oscines (Asa and Phillips 1987).
Mitochondria. In some sagittal sections of the midpiece, mitochondria encircle
the distal centriole but in others they appear more clustered on one side, a
combination of oscine and non-passerine features (Asa and Phillips 1987).
Dense fibers. In Tyrannus tyrannus, small dense fibers are present in the
proximal region of the principal piece only (Asa and Phillips 1987).

8.10.9.3 Tyrannus verticalis
Koehler (1995) cites some of the unpublished data of McFarlane (1971) for
Tyrannus verticalis, the Western kingbird: length sperm 55 µm, length acrosome
2.5 µm, length nucleus14 µm (therefore an acrosome:nucleus ratio of only 0.18,
contrasting with oscines), length midpiece 4 µm. The sperm is helical but no
helical membrane is reported. There is a shallow postnuclear fossa and
accessory dense fibers are present.
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Myiarchus crinitus

Koehler (1995) cites some of the unpublished data of McFarlane (1971) for
Myiarchus crinitus, Great-crested flycatcher: length sperm 50 µm, length
acrosome 2.5 µm, length nucleus 19.5 µm (therefore an acrosome:nucleus ratio
of only 0.14, contrasting with oscines), length midpiece 3.3 µm (again much
shorter than in Passerida). The sperm is helical; unusual for suboscines an
‘helical membrane’ is reported but is limited to the acrosome and is reduced
in size. The mitochondria are spiral but describe only one revolution. As
always in passerines, an annulus is absent. There is a shallow postnuclear
fossa and accessory dense fibers are present.

8.10.9.5

Contopus virens

Although having an ‘undulating membrane’ as in oscines, the suboscine
sperm, exemplified by Contopus virens (Fig. 8.36) and, according to Feduccia,
that of Tyrannus tyrannus, differs in the geometry of the microtubules that
surround the axoneme; the axoneme is said to be separated from the bundle of
microtubules by a double plasma membrane. In addition, the microtubules are
not arranged in an helical array with a mitochondrial component bound
around the axoneme for a mitochondrial component is said not to be
distinguishable. The undulating membrane of light microscopy in both oscine
and suboscine sperm is due in oscines to an helically wound tripartite
membrane in the latter (lapsus “former”) to an” undulating band” of singlet
microtubules that completely surround the axoneme (Feduccia 1979) though
here considered to characterize the spermatid.

8.10.10
8.10.10.1

Suborder Passeri (Oscines)
Introduction to oscine sperm ultrastructure

This introduction incorporates previous accounts of oscine sperm
ultrastructure (see Table 8.4) (notably Humphreys 1972; Asa and Phillips
1987; Henley et al. 1978; Vernon and Woolley 1999), the accounts from light
microscopy of McFarlane (1963), and observations, particularly those on
Myrmecocichla formicivora and Philetairus socius by Jamieson, Hodgson and
Spottiswoode (unpublished). Henley et al. (1978) made light and TEM
observations on Turdus migratorius, Pipilo erythophthalmus, Vireo olivaceus,
Zonotrichia albicollis, Piranga rubra, Parus bicolor, Cyanocitta cristatus and
Melanerpes carolinus but only distinguished between M. carolinus, P.
erythophthalmus, C. cristatus and T. migratorius by name.
Sperm bundles. Spermatogenesis in oscines (always?) occurs in a syncytial
mass. Thus a multinucleate spermatid normally differentiates into uninucleate
spermatozoa. In oscines a corollary of this syncytial development is that the
sperm in a bundle are very regularly arranged in precise register (Fig. 8.44). In
contrast, the sperm produced from the syncytial mass in the non-passerine
Melanerpes are not precisely arranged. The testicular sperm of oscines are not
motile in 0.9% saline whereas those of the piciform are (Henley et al. 1978).
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Head. The acrosome and nucleus constitute the head. This was found to be
helical in 18 passeridan species examined by Birkhead et al. (2006) with the
exception of the rounded head of the Eurasian bullfinch. The number of head
gyres ranged from 2.3 in Song thrush (Turdus philomelos) to 4.6 in Sedge
warbler (Acrocephalus schoenobaenus); the corvids, Carrion crow (Corvus corone)
and Rook (C. frugilegus) had 3.5 and 3.6 turns. All of the 18 species illustrated
by Retzius have helical heads (6 Corvida, Figs. 8.37, 8.38; 12 Passerida, Figs.
8.41, 8.42).
Acrosome. The very long, tapering acrosome can be three or four times the
length of the albeit short nucleus (McFarlane 1963). Some acrosome:nucleus
ratios are given in Table 8.6. These may be compared with ratios for
paleognaths and non-passerines in Table 8.5. For references see species cited.
It is seen that the acrosome is much shorter than the nucleus in the
suboscines and in typical Corvida, though longer than the nucleus in Vireo
olivaceus. In contrast, most Passerida have an acrosome:nucleus ratio in excess
of 1, reaching 4 in the Summer tananger. The hirundins, other than the Violetgreen swallow, and possibly the blackbird, are exceptional in having a ratio
of less than 1.
Table 8.5

Ratio of acrosome length : nuclear length in some paleognaths and non-passerines

Taxon
Struthioniformes
Struthio camelus
Dromaius novaehollandiae
Galliformes
Coturnix japonica
Coturnix chinensis
Meleagris gallopavo
Numida meleagris
Piciformes
Dendrocopos major
Apodiformes
Apus apus
Strigiformes
Strix aluco
Psittaciformes
Psittacus sp.
Melopsittacus undulatus
Nymphicus hollandicus
Columbiformes
Columba livia
Charadriiformes
Philomachus pugnax
Jacana jacana
Falconiformes
Falco peregrinus

Common name

Acrosome-nucleus ratio (mm)

Ostrich
Emu

0.17
0.14

Japanese quail
Blue-breasted quail
Turkey
Guineafowl

0.13
0.3
ca 0.16-0.25
0.14

Great spotted woodpecker

0.09

Common swift

0.03

Tawny owl

0.03

Parrot
Budgerigar
Cockatiel

0.1
0.19
0.2

Domestic pigeon

0.1

Ruff
Jacana

0.04
0.07

Peregrine falcon

0.23

