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Ratio of acrosome length : nuclear length in some suboscines and oscines

Taxon
Tyranni (Suboscines)
Tyrannus verticalis
Myiarchus crinitus
Corvida
Perisoreus infaustus
Corvus frugilegus
Vireo olivaceus
Muscicapidae-Turdidae
Ficedula hypoleuca
Myrmecocichla formicivora
Sturnus vulgaris
Turdus migratorius
Turdus philomelos
Turdus merula
Icteridae
Molothrus ater
Agelaius phoeniceus
Quscalus quiscala
Thraupidae
Piranga rubra
Hirundinidae
Tachycineta thalassina
Hirundo rustica
Riparia riparia
Emberizidae
Cardinalis cardinalis
Passeridae
Passer italiae
Passer domesticus
Ploceidae
Philetairus socius
Paridae
Parus bicolor

Common name

Acrosome-nucleus ratio (mm)

Western kingbird
Great crested flycatcher

0.18
0.14

Siberian jay
Rook
Red-eyed vireo

<0.1
<0.5
1.5

Pied flycatcher
Southern ant-eater chat
Starling
American robin
Song thrush
Blackbird

1.6
2.6
1.3
2.7
1.5
0.8?

Brown-headed cowbird
Red-winged blackbird
Common grackle

2
1.6
1.75

Summer tananger

4

Violet-green swallow
Barn swallow
Sand martin

3
<1
<1

Northern cardinal

1.65

Italian sparrow
House sparrow

1.3
1-1.2

Social weaver

1.2

Tufted titmouse

1.2

Of all known oscine sperm, the American robin (Turdus migratorius)
examined by Henley et al. (1978), was exceptional in having a hooked
acrosome; however, the acrosome crest in the Social weaver (Philetairus socius)
(see below) could also be considered hooked.
Acrosome keel. An helical ridge on the acrosome is reported for the corvid
Corvus splendens (Bawa et al. 1990) and lateral projections or an helical
membrane have been reported for the acrosome of the suboscines Tyrannus
tyrannus (Asa and Phillips 1987) and Myiarchus crinitus (MacFarlane 1971,
Fide Koehler 1995).
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The passeridan acrosome had formerly been regarded as an helical
structure with or without an encompassing helical keel. The distinctness of
this keel from the mitochondrial helix has often been unrecognized, the two,
with or without a nuclear keel, being termed the ‘helical membrane’. As
shown in this chapter, an helical keel (‘helical membrane’) on the acrosome
but not extending onto the nucleus has in fact been described, or is apparent
from illustrations, in ultrastructural works for many species: Piranga rubra
(Thraupidae); Tachycineta thalassina, the Violet-green swallow (Hirundinidae);
Turdus migratorius, American robin (Turdidae) (McFarlane 1971 fide Koehler
1995); Myrmecocichla formicivora, Southern ant-eater chat (Jamieson, Hodgson
and Spottiswoode, unpublished); Turdus merula, Blackbird (Turdidae) and
Passer italiae, Italian sparrow (Passeridae) (Furieri 1961); Sturnus vulgaris,
Starling (Sturnidae) (Vernon and Woolley 1999); Lonchura striata, ‘Loverbird’
(Kondo et al. 1988); Passer domesticus, House sparrow (Passeridae) (Furieri
1961), Passer diffusus, Grey-headed sparrow (Passeridae); Philetairus socius,
Social or Sociable weaver; Quelea quelea, Red-billed quelea; Euplectes orix, Red
bishop; Ploceus capensis, Cape weaver (Ploceidae) (Jamieson, Hodgson and
Spottiswoode, unpublished); and Parus bicolor, Tufted titmouse, (Paridae)
(Koehler 1995). Furieri (1961) clearly depicts the acrosomal keel of T. merula
and P. italiae as a lateral projection, differing in constitution from what is here
called the acrosome core, as also shown for Myrmecocichla formicivora and
Philetairus socius (Jamieson, Hodgson and Spottiswoode, unpublished).
The bipartite acrosome. The acrosome, in species as far apart phylogenetically
as Myrmecocichla formicivora and Philetairus socius is shown to be bipartite in
nature in a new interpretation of acrosome structure (Jamieson, Hodgson and
Spottiswoode, unpublished). An acrosome core is surmounted by an acrosome
crest, like a stock and scion, and the core is invested by a layer which is a
posterior extension of the crest, here termed the crest layer or sleeve. The
acrosome helix is a lateral extension of the crest layer with or without
inclusion of the acrosome core. The crest anterior to the core also shows lateral
extensions which constitute a continuation of the acrosome helix. Although
the crest is longer in M. formicivora than in P. socius, in both the helix of the
crest proper consists of only a single lateral extension or spur whereas the
acrosome core enveloped by the crest layer bears three extensions when
viewed in longitudinal section. The acrosome keel thus has only one full gyre
on the crest and three gyres on the core. It would be of great interest to
investigate development during spermiogenesis of the crest and the spur. It is
possible that the crest and its layer surrounding the core is the true acrosome
vesicle and that the core is subacrosomal or perforatorial material, in which
case loss of the perforatorium would not be an apomorphy of passeridans.
However, the crest and its posterior layer may merely be a modification of the
surface layer of an acrosome vesicle represented by the core. These alternative
possibilities would easily be resolved by study of the spermatid.
Nucleus. The nucleus of oscine sperm (Figs. 8.9B, 8.27K, 8.37, 8.39, 8.41, 8.55,
8.49, 8.53), twisted into an helical cylinder, is short compared with that of
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non-passerines. Its length is in the order of 3-5 µm (e.g. Koehler 1995)
compared with 6.5-10 µm in psittaciforms, ca 13 µm in Struthio, ca 12 µm in
Dromaius, 21 µm in Coturnix japonica, 6.4 µm in C. chinensis, 7-9 µm in Turkey,
10-21 µm in Guineafowl and Rooster, i.e. 6-21 µm in galliforms.
Neck region. In contrast to the spermatozoa of non-passerines and, so far as
is know, suboscines, the neck region in oscines contains only one, the distal,
centriole. In all passerine species examined by Asa and Phillips (1987)
excepting the White-eyed vireo, Vireo griseus, electron-dense material
surrounds the neck anterior to the mitochondria of the midpiece (Fig. 8.9B), as
also reported for chaffinch sperm (Furieri 1961, 1962). This dense ring is well
developed in Myrmecocichla formicivora but is absent in the ploceid Philetairus
socius (Jamieson, Hodgson and Spottiswoode, unpublished).
Midpiece. No annulus has been detected in oscine sperm and therefore there
is no sharp distinction between midpiece and principal piece (that portion of
the axoneme surrounded by dense fibers). The mitochondria do not surround
the axoneme in a circlet but wind in a single helical strand along what is
defined as the midpiece (Figs. 8.9A, D, 8.40B, 8.46-8.49, 8.51, 8.56). The extent
of the mitochondria along the tail is very variable. For instance, in the Whiteeyed vireo, as, we may add, in Corvidae (Fig. 8.37), Lanius (Fig. 8.37), and
Oriolus, the mitochondria extend only a short distance along the tail, whereas
in Taeniopygia guttata, Zebra finch, the mitochondrion is reported to extend
along 46 µm of the 73 µm flagellum (Vernon and Woolley 1999). However,
Birkhead, Pellatt et al. (2005) have shown much variation in the length of the
midpiece and other sperm components in Zebra finch. They showed that in
this species there is an extraordinary degree of inter-male variation in sperm
design that is independent of sperm swimming velocity. A quantitative
genetic study using data from over 900 zebra finches showed that sperm head,
midpiece and flagellum length are heritable, that negative genetic correlations
exist between sperm traits, and that significant indirect (maternal) genetic
effects exist. It was hypothesized that selection on the zebra finch sperm
phenotype may be low because sperm competition is infrequent in this
species and that this, in combination with negative genetic correlations and
maternal genetic effects, may account for the variation in sperm phenotype
between males.
In other Passerida, the straightened length of the helix, in mm, is at its
shortest at 1.86 in the Eurasian bullfinch (Pyrrhula pyrrhula), and 12.33 in
Beavan’s bullfinch (Pyrrhula erythaca) but the range in other species is 53.95 in
Song thrush (Turdus philomelos) to 138.48 in Linnet (Carduelis cannabina)
(Birkhead et al. 2006).
The recorded number of midpiece curves (gyres) in Passerida, excepting the
Eurasian bullfinch which lacks a mitochondrial helix, varies from 13.5 in
Song thrush) to 29.4 in Moustached warbler (Acrocephalus melanopogon). Thus
there is not a total correlation between helix length and numbers of gyres. In
contrast only a single gyre is reported for the corvidan Carrion crow (Corvus
corone) and Rook (Corvus frugilegus) (Birkhead et al. 2006) as is evident, with
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small variations in length, from illustrations by Retzius (Fig. 8.37) for these
species and Magpie (Pica pica), Jackdaw (C. monedula), Siberian Jay (Perisoreus
infaustus), and Red-backed shrike (Lanius collurio).
After loss of the microtubular bundle in the excurrent ducts, the “helical
membrane” [a term used for an helical external structure of the spermatozoon
irrespective of its composition] distal to the acrosome is composed only of the
mitochondrial spiral (Asa and Phillips 1987) or may be accompanied by other
helical components (see below).
The mitochondrial and fibrous helices. The portion of the so-called helical
membrane surrounding the axoneme is what is here termed the mitochondrial
helix in passeridan species. It has been shown by Jamieson, Hodgson and
Spottiswoode (unpublished) that the muscicapid Myrmecocichla formicivora, a
second helix, termed the fibrous helix, intertwines with at least the more
proximal region of the mitochondrial helix. It is clearly the smaller structure
described for Sturnus vulgaris (also a muscicapoid) by Vernon and Woolley
(1999) and termed by them ‘(x)’, the larger structure being the single, helical
chain of (fused) mitochondria. It was earlier described by Furieri (1961) as a
small crest (i.e. keel) in Turdus merula and by Henley et al. (1978), as a fibrous
component, in T. migratorius (both also muscicapoids). Thus the fibrous keel is
absent at maturity not only in the ploceid Philetairus socius (Jamieson,
Hodgson and Spottiswoode, unpublished) but also in the Zebra finch
(Taeniopygia (=Poephila) guttata) (Fawcett et al. 1971); and Lonchura striata
(Kondo et al. 1988) and is not reported for the many other described passeridan
sperm with the exception, requiring confirmation, of Passer italiae where there
is said to be a large fiber helically surrounding the anterior region of the
axoneme in addition to the mitochondrial helix (Furieri 1961).
Loss of microtubular helix. The “helical membrane” has different
components in the testis and in the excurrent ducts. In testicular spermatozoa,
a single bundle of microtubules winds helically along the nucleus, midpiece
and principal piece. The helical bundle is said (Asa and Phillips 1987) never
to extend anteriorly beyond the nucleus. However, Bawa et al. (1990) state that
in Corvus splendens the microtubules extend around the acrosome, though with
no supporting micrograph, other than one (Fig. 8.39E) showing what are here
termed the spurs.
Contrary to the views of Fawcett et al. (1971) for the nucleus, Bawa et al.
(1990) and Asa and Phillips (1987) consider that the microtubular bundle may
be involved in disposition of the mitochondrial array. It will be shown below,
however, that in the Corvida, the microtubular bundle of the spermatid
(microtubular helix of the present author) continues independently posterior
of the mitochondria of the short midpiece.
After their release into the excurrent ducts, oscine sperm lose their external
microtubular helix (Nicander 1970b; Henley et al. 1978), although a portion of
it has been reported to remain on the spermatozoa of the American robin
(Henley et al. 1978), an observation requiring confirmation.
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Fig. 8.37 Drawing by light microscopy of corvidan sperm. Pica pica, Magpie;
Corvus corone, Carrion Crow. After Retzius, G. 1909. Biologische Untersuchungen,
Neue Folge 14(10): 89-122 Taf XXXII, Figs. 1, 12. Corvus monedula, Jackdaw;
Lanius collurio; Red-backed shrike. After Retzius, G. 1911. Biologische
Untersuchungen, Neue Folge 16: 89-92 Taf XXVII, Figs. 1, 2, 24. Perisoreus
infaustus, Siberian jay; Corvus frugilegus, rook. After Retzius, G. 1912. Biologische
Untersuchungen, Neue Folge 17: 95-99 Taf XIV, Figs. 21, 22, 30.

Origin of helical coiling. The structure and development of the microtubular
helix was elucidated by Fawcett et al. (1971). In the intermediate and later
stages of “finch” (Taeniopygia (=Poephila) guttata, Zebra finch, fide Asa and
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Phillips 1987) spermatids (Fig. 8.43B), a hundred or more microtubules occur
in a single bundle to which we have referred above which has an helical
course around the nucleus. The microtubules are arranged in rows (layers)
that alternate with pairs of parallel membranes bounding flat cisternae. The
bundle terminates anteriorly at one side of the base of the acrosome where the
microtubules end in the concavity of a caplike saccule which seems to be a
continuation of the outermost cistern of the microtubule bundle. This saccule,
with its microtubules, is here considered to be the equivalent of the spurs seen
at the base of the acrosome in Corvus splendens sperm. These authors argue
against the view that the microtubules are responsible for the helical shaping
the nucleus. On the other hand, they do consider them to be involved in
helical shaping of the mitochondria of the midpiece. When the mitochondria
first gather around the base of the flagellum in spermiogenesis they are
arranged end to end parallel with the axoneme (Fig. 8.43A). Concurrently with
the development of the microtubules bundle in the head region and its
extension caudad, the mitochondria take on an helical configuration
complementary to that of the microtubule bundle (Fig. 8.43B). Thus the
axoneme is enveloped by a double helix, one element of which is
mitochondrial and the other microtubular. The microtubules disappear as the
spermatid matures, as noted above, leaving a single helical mitochondrial
sheath with the same pitch as that of the helical nucleus (Fig. 8.43C). These
authors suggest that the microtubular helix, though a transient organelle that
participates in spermatid elongation, may determine the configuration of the
mitochondrial sheath by imposing upon it the same pitch as that of the
nucleus. The microtubules extend only around the base of the acrosome
vesicle and it is considered that the acrosome acquires is helical form without
their participation. Its helical form seems to be acquired as a result of
asymmetry of the contents of the acrosome vesicle much as coiling of the
nucleus is attributed to properties of the chromatin (Fawcett et al. 1971).
Tripartite helix. Henley et al. (1978) also demonstrated the tripartite nature of
the “undulating membrane” [helical membrane here termed the tripartite
helix] in oscine sperm but they showed that, in addition to the basic three
components of axoneme, mitochondrial sheath [mitochondrial helix] and
microtubular helix, there was [at least in Turdus] a fibrous component [fibrous
helix] associated with the mitochondrial sheath. The four components are
shown for Turdus migratorius, the American robin, in Fig. 8.45. They examined
eight oscine species, though only detailing T. migratorius and Cyanocitta
cristatus, and comparing these with the piciform Melanerpes. However, their
summary statement that the eight oscines possessed the tripartite structure,
including the helically wound strand of mitochondria, conflicts with their
suggestion that an “undulating membrane” was absent from the included
corvid, Cyanocitta, and the condition for the corvidan Vireo olivaceus was not
described. At maturity the tripartite helix is reduced to only the mitochondrial
helix, as shown by Fawcett et al. (1971; Fig. 8.43C), with or without other
components described here.
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Granular body and helix. A major addition to our knowledge of the helical
components of the passerine sperm has been the demonstration by Tripepi
and Perrotta (1991) in several species of the Passeroidea and a certhioid of a
‘granular body’ (GB) which consists of many diffuse granules of medium size
in the early spermatid and becomes an helical structure, here termed the
granular helix (GH), investing the distal [and only] centriole and the proximal
region of the axoneme. Their view that the GB is constant in, and distinctive
of, the Passeroidea is not here confirmed as it has not been demonstrated, for
instance, in the estrildid Taeniopygia guttata (Fig. 8.43) or the ploceid
Philetairus socius (Fig. 8.53) and is present in the Treecreeper (Certhia
brachydactyla) now in the Certhioidea. However, in T. guttata (Fig. 8.43) the
mitochondrial helix can be seen to be embedded in a granular matrix which it
is here considered may be the homologue of the GB. Earlier, Humphreys (1972)
had very briefly referred to a ‘granular structure’ in Canary sperm. Koehler
(1995) referred to a spiral granular mass or granular body in the anterior
region of the midpiece of some passerine sperm in which it forms a spiral
mass located anterior to the mitochondrion, as observed in Passer domesticus,
with the anterior end of the mitochondrion being a few micrometres caudal to
the nucleus. This GB was also mentioned for Starling (Sturnidae), Brownheaded cowbird (Icteridae), and Common Grackle (Icteridae)but not for Great
crested flycatcher (Tyrannidae), Cardinal (Emberizidae), or Red-winged
blackbird (Icteridae).
Further distally, at varying levels in the midpiece proper, the GH is
substituted by the mitochondrial sheath [mitochondrial helix], as mentioned.
It and the mitochondrial helix are invested by the transient microtubular helix
which is lost in the mature spermatozoon so that the fore part of the midpiece
spiral, as see in the Treecreeper (Fig. 8.56E), contains only the GH. The length
of the GH varies among species but it is generally shorter than the
mitochondrial helix.
This pattern of spermiogenesis is said by Tripepi and Perrotta (1991) to be
characterized by presence of the GB, acrosome: nuclear ratio >1, and sperm
length > 100 mm. It was reported for the Wren (Troglodytes troglodytes)
Troglodytidae (Fig. 8.51); Cirl bunting (Emberiza cirlus) Emberizidae (Fig. 8.56);
House sparrow (Passer domesticus), now in the Passeridae; Chaffinch (Fringilla
coelebs) and Greenfinch (Carduelis (=Chloris) chloris) Fringillidae, all of which
are Passeroidea; and Treecreeper (Certhia brachydactyla) Certhiidae,
Certhioidea.
In contrast, in the Corvida, Crow (Corvus corone), Magpie (Pica pica) and Jay
(Garrulus glandarius) Corvidae, Red-backed shrike (Lanius collurio) Laniidae,
and the sylvioids Nuthatch (Sitta europaea) Sittidae and House martin
(Delichon urbica) Hirundinidae, a GB is absent, acrosome: nuclear ratio <1, and
sperm length <100 mm. However, although these claims were made for the
families represented, it has been noted above that the sperm of the Violet-green
swallow (Tachycineta thalassina) has a length of 285 µm.
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Function of helical coiling. The function of helical coiling of the sperm and of
the ‘helical tail membrane’ is uncertain. Helical coiling was considered by
McFarlane (1963) to intensify the rotary forward movement of the
spermatozoon. He reasonably considered that the helical tail membrane
(mitochondrial helix) might be instrumental in energy transfer to distal
portions of the axial filament comparable to columbiform sperm, also greatly
elongated, in which the midpiece extends far down the tail.
Passerine sperm typically spin rapidly while seeming to remain virtually
straight. Because there is no evidence for an helical wave on these flagella,
other possible means have been considered whereby rotation about the local
flagellar axis (self-spin) might be achieved. Sometimes, while maintaining
their spinning motion, they adopt a fixed curvature and it is considered that
this must be an instance of bend-transfer circumferentially around the
axonemal cylinder, though the mechanism is obscure (Vernon and Woolley
1999).
Axoneme. The axoneme has the typical 9+2 pattern of microtubules but in
contrast to non-passerines, the outer dense fibers associated with the doublets
are very prominent as shown for Thryothorus ludovicanus, Carolina wren (Fig.
8.9D), Grallina leucocephala, Magpie lark (Fig. 8.40B) Turdus migratorius,
American robin (Fig. 8.45). Myrmecocichla formicivora, Southern ant-eater chat
(Fig. 8.48N, O, P); Sturnus vulgaris, Starling (Fig. 8.49D, E); Philetairus socius,
Social weaver (Fig. 8.53J, K); Emberiza cirlus, Cirl bunting (Fig. 8.56D) and Tree
creeper (Sitta europaea) (Fig. 8.56E). They are uniform in shape at a given level
of transverse section, in contrast with those of mammalian sperm, but may
vary in form posteriad, for instance from comma-shaped to subcircular, as in
Sturnus vulgaris. In the suboscine Tyrannus tyrannus the dense fibers are small
(Asa and Phillips 1987).
A systematic account of passerine sperm follows.

8.10.11 Parvorder Corvida
8.10.11.1 Taxa investigated
Although several species of the Corvida have been examined for spermatozoal
ultrastructure, data provided are scanty and the light microscope accounts,
and particularly the illustrations, of Retzius therefore assume special
importance. Species which he investigated are: Hooded crow (Corvus corone);
Magpie (Pica pica) (Retzius 1909); Jackdaw (Corvus monedula) (Retzius 1911);
Corvus frugilegus (Rook); and Siberian jay (Perisoreus infaustus) (Retzius 1912)
(Figs. 8.37, 8.38). The earlier paper of Ballowitz (1888) also provides useful
information on the Corvida: Rook, Red-backed shrike (Lanius collurio), and
Golden oriole (Oriolus oriolus (=galbula)). Some data for Carrion crow and Rook
are given by Birkhead et al. (2006) (Table 8.7).
Brief ultrastructural accounts of spermatozoa or late spermatids exist for
Corvidae, Cyanocitta cristata, Blue jay (Henley et al. 1978); Corvus splendens,
Crow (Bawa et al. 1990); Grallinidae, Grallina cyanoleuca, Magpie lark
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Table 8.7 Species examined by light and scanning electron microscopy for pairwise
comparison. Slightly modified from Birkhead et al. (2006). Auk (In press). Measurements in
µm.
Species

Corvidae
Carrion Crow
Rook
Turdidae
Blackbird
Song Thrush
Sylviidae
Moustached
Warbler
Sedge Warbler

Straightened Length Total length Number Number
helix length flagellum
sperm
of
of
(µm)
(µm)
midpiece
head
(gyres)
(gyres)

Corvus corone
Corvus frugilegus

3.10
3.71

47.32
48.06

59.02
59.78

1.00
1.00

3.50
3.60

Turdus merula
Turdus philomelos

55.75
53.95

70.82
74.12

82.82
85.22

14.00
13.50

2.50
2.30

84.34

92.04

105.03

29.40

4.20

70.21

76.62

90.01

23.40

4.60

96.76
77.23
58.16
70.98

98.01
79.53
65.73
73.64

116.13
93.48
77.17
86.19

25.30
19.20
14.00
18.60

4.20
3.70
2.50
3.00

57.27
63.67

67.01
86.52

80.32
101.30

15.60
14.40

4.00
3.60

138.47
111.50
12.33

146.70
119.44
35.48

162.16
132.79
49.11

25.80
23.90
0.00

2.10
2.70
2.60

1.86

38.78

43.96

0.00

0.00

131.46
107.63

138.68
116.90

153.63
130.97

28.60
22.80

2.80
2.80

72.77
64.53

87.51
76.87

101.56
90.13

15.00
13.90

3.00
3.10

Acrocephalus
melanopogon
Acrocephalus
schoenobaenus
Chiffchaff
Phylloscopus collybita
Willow Warbler Phylloscopus trochilus
Sylvia atricapilla
Blackcap
Lesser
Sylvia curruca
Whitethroat
Paridae
Parus montanus
WillowTit
Parus maior
Great Tit
Fringillidae
Carduelis cannabina
Linnet
Carduelis carduelis
Goldfinch
Pyrrhula erythaca
Beavan’s
Bullfinch
Pyrrhula pyrrhula
Eurasian
Bullfinch
Emberizidae
Emberiza calandra
Corn Bunting
Yellow Hammer Emberiza citrinella
Passeridae
House Sparrow Passer domesticus
Cape Sparrow Passer melanurus

(Jamieson 1995, 1999; present study); and Vireonidae, Vireo olivaceus, Red-eyed
vireo, McFarlane 1971 fide Koehler (1995); Henley et al. 1978) and V. griseus,
White-eyed vireo (Asa and Phillips 1987).
Data for species of Corvidae and of other oscine families examined by
Birkhead et al. (2006) are given in Table 8. 7.
The Corvida are of particular interest as they stand at the base of the oscines
(Sibley and Ahlquist 1990), or are paraphyletic to a (mostly) monophyletic
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Passerida (see Chapter 1), or are considered by some to contain the
Passeriformes. In either view, they may be expected to have spermatozoa
displaying a near primitive morphology and ultrastructure for the oscines.
From the limited information available it can be seen that the sperm of
Corvida retain some characteristics already developed in at least some
suboscines: the presence of a microtubular helix in the spermatid and
immature spermatozoon, ensheathing at least the nucleus and proximal
axoneme (Bawa et al. 1990; Jamieson 1999); and the helical form of the
acrosome vesicle and nucleus (Retzius 1909, 1911, 1912; Bawa et al. 1990).
They are less derived than and differ from typical Passerida in that the
acrosome, although elongate, is shorter than the nucleus (excepting Vireo
griseus and V. olivaceus) and the midpiece is shorter than the nucleus (Retzius
1909, 1911, 1912; McFarlane 1963; Bawa et al. 1990), whereas in Passerida at
maturity the acrosome is longer than the nucleus, sometimes several times
longer (with some exceptions, see Table 8.6), and the mitochondria spiral
around a large portion or the greater part of the axoneme (Retzius 1909;
McFarlane 1963). The sperm of the Corvidae and Lanidae are also very short
in contrast to the extreme elongation which occurs in the higher passerines
(McFarlane 1963). The data of Birkhead et al. (2006) (Table 8.7) for Carrion
crow and Rook confirm these characteristics.
In the Corvida and Lanius collurio, an helical rope winding around a great
length of the axoneme in immature sperm, shown in the exquisite drawings of
Retzius (1912), here exemplified, albeit from photocopies, by Siberian jay (Fig.
8.38A), and Rook (Fig. 8.38B), is independent of the short midpiece and
presumably consists of microtubules only. The microtubular helix in oscines
is said by Asa and Phillips (1987) not to extend around the acrosome and the
statement of Bawa et al. (1990) that is does in Corvus splendens requires
confirmation. These points will be further discussed in the accounts for
examined species, below.

8.10.11.2 Corvus splendens
Bawa et al. (1990) limited his account of the spermatozoon of Corvus splendens
(Fig. 8.39) to a consideration of the microtubular helix. He concluded that the
microtubules play a key role in effecting not only the elongation of the nucleus
but are also responsible for endowing the corkscrew-shaped appearance of
the acrosome and midpiece. This view was contrary to that of Fawcett et al.
(1971) who deduced that intrinsic forces of chromatin are solely responsible
for shaping of the nucleus though invoking microtubules for acrosomal
shaping. The observation of Bawa et al. (1990) that the acrosome and proximal
flagellum acquired an helical form after extension of the microtubular helix
along them does add weight to the view of the causative effect of microtubules
on spermatozoal form. The helix surrounding the acrosome, nucleus, midpiece
and proximal axoneme illustrated for corvids by Retzius (1912) (Fig. 8.38) is
here considered to be microtubular.
The plate provided by Bawa et al. (1990) allows some further observations.
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Fig. 8.38 Late spermatids of Corvida. A. Perisoreus infaustus, Siberian jay. B.
Corvus frugilegus, Rook. Both showing that in the Corvidae before maturity the
microtubular helix extends independently far posterior of the midpiece
mitochondria, as interpreted and labeled in the present study. After Retzius,
G. (1912). Biologische Untersuchungen, Neue Folge 17: 95-99, Taf XIV, Figs. 24
and 31.

Acrosome. The acrosome is helical and bears a distinct spiral ridge (acrosome
keel) (Fig. 8.39B, E). Two spurs visible at its base are presumably the anterior
limits of the regressing microtubular helix. It is shorter than the nucleus.
Nucleus. The moniliform condition of the nucleus as seen by SEM (Fig. 8.39E)
and the alternating nodes seen in longitudinal section (Fig. 8.39B) are
consistent with an helical form. The microtubular helix invests the helical
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Fig. 8.39 Corvus splendens. A. Spermatid microtubular (MT) helix extending from
the nucleus (N) into the postnuclear region in the vicinity of mitochondria (M). B.
Spermatid, showing electron-dense nucleus (N). Microtubules (MT) are restricted
to the to the grooved region (asterisks) whereas ridges (arrows) are deficient of
microtubules. Microtubules ensheath at least the base of the acrosome. C. Freezefracture replica of spermatid. Microtubules (MT) are disposed in an helical bundle.
D. Microtubules of the spermatid (MT) envelope and depress the midpiece which
spirals around the axoneme (AX). The mitochondrion (M) tentatively recognized
here was not labeled by Bawa. E. SEM of a spermatozoon in the duct. Relabeled
after Bawa, S. R., Kaur, R. and Pabst, M. 1990. Proceedings of the XIIth International
Congress for Electron Microscopy. Electron Microscopy, vol 3. Biological Sciences:
52-53, Figs. 1-5.
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nucleus, apparently with some transient mitochondria. From analogy with a
finch (Fawcett et al. 1971) it is probable that these microtubules are lost when
the spermatozoon reaches the distal region of the male duct.
Midpiece. In the spermatid the mitochondria spiraling around the proximal
axoneme, and constituting with it the midpiece, are ensheathed by the
microtubular helix. The tripartite arrangement of axoneme, mitochondria and
helical microtubules is typical of developing oscine sperm.

8.10.11.3

Grallina leucocephala

Knowledge of the sperm of Grallina leucocephala, also a member of the Corvida,
is limited to two micrographs of transverse sections of late spermatids
(Jamieson 1999, and present study) (Fig. 8.40A, B). They give no indication of
the length of the midpiece (short in Corvida) but show clearly the typical
tripartite oscine arrangement in it: microtubular bundle, mitochondrion and
axoneme, in centripetal sequence. Nine uniform outer dense fibers, smaller
than those of Passerida, embrace the doublets of the axoneme.
Presence of a helix of densely packed microtubules investing the axoneme,
as in Grallina cyanoleuca, was stated by Jamieson (1999) to be a synapomorphy
of passerines. This remains the case but it should be noted that the
microtubules do not persist in the mature spermatozoon.

8.10.11.4

Lanius collurio

The spermatozoon of Lanius collurio, Red-backed shrike (Ballowitz 1888;
Retzius 1911) (Fig. 8.37), known only by light microscopy, closely resembles
that of Corvidae.

8.10.11.5

Oriolus oriolus

The spermatozoon of Golden oriole (Oriolus oriolus (=galbula)), described
optically by Ballowitz (1888) (his Fig. 63) is also closely similar to that of
Corvidae.

8.10.11.6

Vireo

Limited ultrastructural information is available for the corvidans Vireo
olivaceus, the Red-eyed vireo (McFarlane 1971 fide Koehler 1995; Henley et al.
1978) and Vireo griseus, the White-eyed vireo (Asa and Phillips 1987).
Although included in the study by Henley et al. (1978) the sperm was not
specifically described.
General morphology. A brief light microscope account for Vireo olivaceus is
given by McFarlane (1963) (Fig. 8.27J). He states that a ribbon-like membrane
extends from the nucleus to the acrosome and another helical membrane
extends a short distance down the tail. It is not stated whether the latter
membrane is an extension of the midpiece, and this is not clear in the
illustration but it seems likely that it is a purely microtubular helix of an
incompletely mature spermatozoon as in the Corvidae.
Koehler (1995), drawing from the unpublished thesis of McFarlane (1971),
gives the following apparently ultrastructural data for V. olivaceus. Sperm
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Fig. 8.40 Grallina leucocephala, Magpie lark. Late spermatids in the testis. A.
Transverse section (TS) showing a section of the microtubular helix on one side of
Fig. 8.40 Contd. ...
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length 80 µm, acrosome length 8.0 µm, nuclear length 5.5 µm (giving a ratio of
1.5 more characteristic of Passerida), midpiece length 10 µm, shape helical,
‘helical membrane’ [helical acrosome keel] restricted to the acrosome, anterior
and posterior nuclear fossae absent, accessory dense (axonemal) fibers
present’, one helical mitochondrion present.

8.10.12
8.10.12.1

Parvorder Passerida
Introduction

Distinctive features of the Passerida are the persistence of a mitochondrial
helix extending for long distances around the axoneme and elongation of the
acrosome so that it is (with some exceptions, see Table 8.6) longer than the
nucleus. The latter feature is also seen in the corvid Vireo olivaceus.
The passeridan sperm type (as it is here termed), with helical, pointed
acrosome, helical nucleus, shorter than the acrosome, and mitochondrial helix
extending far along the tail is well demonstrated in the drawings of Ballowitz
(1888) and particularly of Retzius (1909) (Figs. 8.41, 8.42) and McFarlane
(1963) (Figs. 8.27K, 8.50) (though the mitochondrial nature of the posterior
helix could not be demonstrated at the time) in the following families and
species:
Muscicapidae: Muscicapa striata (=Muscicapa grisola), Spotted flycatcher
(Ballowitz 1888); Turdus philomelos (= musicus), Song thrush (Fig. 8.41); Luscinia
luscinia (=Aedon luscinia), Thrush nightingale; Ficedula hypoleuca (=Muscicapa
atricapilla), Pied flycatcher (Retzius 1909) (Fig. 8.42).
Sturnidae: Sturnus vulgaris, Starling (Retzius 1909) (Fig. 8.42).
Sylviidae: Phylloscopus sibilatrix (=Phylloscopus sibilator), Wood warbler
(Retzius 1909) (Fig. 8.42).
Hirundinidae: Hirundo rustica, Barn swallow (Ballowitz 1888; McFarlane
1963); Chelidon urbica, House martin (Ballowitz 1888); Petrochelidon pyrrhonota,
Cliff swallow; Riparia riparia, Bank swallow; Iridoprocne bicolor, Tree swallow
(McFarlane 1963) (Fig. 8.50).
Alaudidae: Alauda arvensis, Skylark (Retzius 1909) (Fig. 8.42).
Fringillidae: Fringilla coelebs, Chaffinch (Ballowitz 1888; Retzius 1909) (Fig.
8.41); Carduelis spinus (=Chrysomitris spinus) (Retzius 1909) (Fig. 8.41),
Cardeulis (=Spinus) pinus, Pine siskin (McFarlane 1963); Carduelis chloris

Fig. 8.40 Contd. ...

the condensing nucleus. B. TS of four spermatids. 1) through the nucleus and
ensheathing microtubular helix. 2) and 3) TS through a continuous (?) midpiece
mitochondrion invested on one side by the microtubular helix and in turn
ensheathing the axoneme. The nine prominent outer dense fibers of the axoneme
are well developed and are uniform in size and shape. 4) TS of the anterior end of
the midpiece through the (distal) centriole. Original.
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Fig. 8.41 Spermatozoa of Passerida by light microscopy. Turdus philomelos,
Songthrush; Fringilla coelebs, Chaffinch; Passer domesticus, House sparrow, also
showing sperm bundle; Carduelis chloris, Greenfinch; Carduelis spinus, Siskin.
After Retzius, G. 1909. Biologische Untersuchungen, Neue Folge 14(10): 89-122
Taf. XXXIII Fig. 1, XXXIV Fig. 3, XXXV Figs. 1, 9, XXXVI Figs. 1, 12.
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Sturnus

Fig. 8.42 Spermatozoa of Passerida by light microscopy, continued: Alauda
arvensis, Skylark Phylloscopus sibilatrix, Wood warbler Anthus spinoletta, Rock
pipit; Ficedula hypoleuca, Pied flycatcher Emberiza citrinella, Yellowhammer;
Sturnus vulgaris, Starling; Luscinia luscinia, Nightingale. After Retzius, G. 1909.
Biologische Untersuchungen, Neue Folge 14(10): 89-122 Tafel XXXVII, Figs. 1, 3,
5, 7, 9, 13, 15, 17, 19, 20.
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Fig. 8.43 Three successive stages in differentiation of the mitochondrial sheath of
the finch sperm tail. (The example in A has an abnormal double flagellum but the
relations are the same as in a normal spermatid.) From Fawcett, D. W., Anderson,
W. A. and Phillips, D. M. 1971. Developmental Biology 26: 220-251, Figs. 30-32.
With permission from Elsevier.
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(=Chloris chloris), Greenfinch (Fig. 8.41); Emberiza citrinella, Yellowhammer
(Retzius 1909) (Fig. 8.42).
Passeridae: Passer domesticus, House sparrow (Figs. 8.41, 8.52C); Anthus
spinoletta (=Anthus obscurus), Rock pipit (Retzius 1909) (Fig. 8.42).
Additional families for which the passeridan sperm type is implied or
stated by McFarlane (1963) are: Paridae (1 gen., 4 spp.); Sittidae (1 gen., 2
spp.); Troglodytidae (2 gen., 2 spp.); Mimidae (3 gen., 3 spp.); Bombycillidae
(1 gen., 1 sp.); Coerebidae (1 gen., 1 sp.); Parulidae (13 gen., 27 spp.);
Ploceidae (1 gen., 1 sp.); Icteridae (8 gen., 8 spp.); and Thraupidae (7 gen., 8
spp.)
Passeridan families for which additional details are available will now be
considered.

8.10.12.2

Muscicapoidea, Muscicapidae (and Turdidae)

Descriptions of muscicapid sperm by light microscopy are: Muscicapa striata
(=Muscicapa grisola) (Ballowitz 1888); Turdus philomelos (= musicus), Song
thrush (Fig. 8.41); Luscinia luscinia (=Aedon luscinia), Thrush nightingale;
Ficedula hypoleuca (=Muscicapa atricapilla), Pied flycatcher (Retzius 1909) (Fig.
8.42). Harshman (Chapter 1) reviews strong evidence that Turdidae and
Muscicapidae are sister groups.
They are classical passeridan sperm with the exception that the acrosome
is not always longer than the nucleus; some acrosome:nucleus ratios,
including ultrastructural accounts, are estimated here as about 2.7 in Turdus
migratorius, 2.7 in Myrmecocichla formicivora, 1.6 in Ficedula hypoleuca and 1.5
in Turdus philomelos but only 0.8 in T. merula. The amplitude of the nuclear
helix is unusually large in Muscicapa striata (=Muscicapa grisola) (Ballowitz
1888).
Ultrastructural accounts of muscicapid sperm are limited to a TEM whole
mount showing the anterior end of the sperm of Turdus grayi, Clay-colored
robin (McFarlane 1963); a detailed account for T. merula, Blackbird (Furieri
1961); brief reference to T. migratorius, American robin (Henley et al. 1978); and
details given here for the Southern ant-eater chat, Myrmecocichla formicivora.

8.10.12.3

Turdus migratorius

The sperm bundles of oscines, as exemplified by Turdus migratorius, have been
discussed above. A micrograph of sperm bundle is illustrated in Fig. 8.44 and
a section through a bundle in Fig. 8.45.
Negative staining of the helical membrane is illustrated in Fig. 8.46 (Henley
et al. 1978).
Some data are given by McFarlane (1971 fide Koehler 1995). Dimensions
are: length spermatozoon 70 µm; acrosome 6.7 µm; nucleus 2.5 µm; midpiece
46 µm. The spermatozoon is helical but only the acrosome bears the so called
helical membrane. There are no anterior or posterior nuclear fossae. Dense
fibers are present and the midpiece is helical and large.
It is here considered that the helical membrane restricted to the acrosome is
the same structure as the small crest (here termed the helical acrosome keel)
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Fig. 8.44 Turdus migratorius, the American robin. Bright-field light micrograph of a
single feulgen-stained sperm bundle. The sperm nuclei are still embedded in a
common cytoplasmic mass and the remaining parts of the spermatozoa are in
sharp register with one another. Relabeled after Henley, C., Feduccia, A. and
Costello, D. P. 1979. The Condor 80: 41-48, Fig. 2.

on the acrosome of Turdus merula and Myrmecocichla formicivora (see below).
The large amplitude of the helical midpiece is presumably due to presence of
a fibrous keel as demonstrated in the latter species by Furieri (1961).

8.10.12.4

Turdus merula

General morphology. Furieri (1961) provides useful diagrammatic sketches
of the whole mature spermatozoon accompanied by corresponding cross
sections (Fig. 8.47A). The spermatozoon has a length of 85 µm, of which the
conical acrosome occupies 4 µm and the cylindrical nucleus 5 µm.
Acrosome. The acrosome is solid and somewhat electron-dense, contained in
the plasma membrane. It is circular in cross section but bears a small crest

Avian Spermatozoa: Structure and Phylogeny

"$'

Fig. 8.45 Turdus migratorius, American robin. TEM of a transverse section through
a bundle of spermatozoa at a level posterior to the region of the nuclei. Each
spermatozoon is invested in a plasma membrane (PM) and has dense fibers (DF)
surrounding a central axoneme (A). There is a single mitochondrion (M) in each
and the plane of section through the sheath of singlet microtubules (SI MT) is
almost exactly the same for each. Part of the residue of the cytoplasmic mass (CM)
in which the bundle originated is peripheral to and between the spermatozoa.
There is a fourth component (IV), roughly triangular in section, of unknown nature
[probably the fibrous helix] next to the mitochondrion. From Henley, C., Feduccia, A.
and Costello, D. P. 1979. The Condor 80: 41-48, Fig. 5.

[helical acrosome keel], 0.1-0.2 µm high and a little wider at its base. It is clear
from Furieri’s drawing that this crest does not continue onto the nucleus and
therefore that the fibrous keel (as it is here termed) on the midpiece is a
separate entity. In longitudinal section the acrosome is a solid, helical cone.
Superficially the acrosome and nucleus are gently curved, the acrosome
convexly, and the nucleus concavely.
Nucleus. Following the acrosome, the nucleus is an helical cylinder, the
chromatin of which is strongly electron-dense but contains vacuoles. The two
ends of the nucleus are concave, slightly at the apex, more strongly caudally.
Axoneme and appurtenances. The tail is inserted into the basal nuclear fossa.
On one side of the flagellum is the commencement of an helical structure
[mitochondrial and fibrous helix] that is wrapped around the greater part of
the flagellum while on the other side there is an elongated formation, parallel
to the flagellum and containing fine amorphous trabeculae, the nature of
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Fig. 8.46 Turdus migratorius, American robin. TEM of negatively stained
spermatozoa. A. The investing plasma membrane has been digested away
revealing the three components: straight axoneme (A), helical strand of
mitochondria (M) and helical array of singlet microtubules (MT). Artifacts (B). B. The
same three components in a slightly different orientation with respect to one
another. Note the complex interweaving of the microtubules at the arrow. Relabeled
after Henley, C., Feduccia, A. and Costello, D. P. 1979. The Condor 80: 41-48,
Fig. 6.

which is unclear. The axoneme has the usual 9+2 arrangement and each of
the nine doublets is reinforced peripherally by a large dense fiber. These fibers
are assumed to be responsible for limiting the flexibility of the axoneme.
The helix consists of two parallel superimposed structures. consisting of a
mitochondrion overlain by a large cytoplasmic fiber [fibrous helix] of similar
appearance but larger which extends far along the flagellum. The
mitochondrion embraces about half the circumference of the flagellum. The
cytoplasmic fiber has the form of an isosceles triangle in transverse section
and occupies about two thirds of the width of the mitochondrion on which it
is superimposed.
The cristae of the mitochondrion are digitiform and orientated orthogonally
relative to the long axis of the flagellum, disposed in quincunx (see further
details in Furieri 1961).
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Fig. 8.47 Diagram of the whole spermatozoon with corresponding transverse
sections. A. Turdus merula, blackbird. B. Passer italiae, Italian sparrow. a,
acrosome; b, nucleus; c, transverse section (TS) through the tail, showing the
flagellum, 9 dense fibers, the helical crest formed, basally, by a mitochondrion to
which, in T. merula, is appended a large triangular cytoplasmic fiber [fibrous helix];
d, TS of the tail at the end of the helical crest which here consists only of the
mitochondrion; e, TS of the endpiece. After Furieri, P. 1961. Archivio Zoologico
Italiano (Napoli) 46: 123-147, Figs. 32 and 33.
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Further posteriorly, the keel formed by the dual helix progressively
diminishes until the flagellum is naked. The peripheral dense fibers of the
axoneme also diminish and disappear.
Remarks. It is apparent that of the three components of the helical membrane
identified by Henley et al. (1978) in oscine sperm, only the fibrous keel and the
mitochondrial helix persist in the mature Turdus merula spermatozoon, the
microtubules (presumed to be present in the spermatid) being lost.

8.10.12.5

Muscicapidae, Myrmecocichla formicivora

A study of the spermatozoon of Myrmecocichla formicivora, the Southern anteater chat, has clarified hitherto imperfectly understood aspects and revealed
previously unrecognized features of passerine spermatozoon ultrastructure
(Jamieson, Hodgson and Spottiswoode, unpublished). This filiform
spermatozoon demonstrated par excellence the passeridan features of an
acrosome longer than the nucleus and great prolongation of the midpiece as a
single mitochondrion wound helically around much of the length of the
axoneme. A new finding is the bipartite nature of the acrosome.
Acrosome. The acrosome is an helical structure 2.7 times the length of the
nucleus which it surmounts (Fig. 8.48L). It is inserted into the nucleus, at the
acrosomal-nuclear junction (Fig. 8.48F, G, H), in an asymmetrical fossa. The
acrosome is bipartite. Its distal, longer portion, consists of an electron-dense
gently helical column of three gyres, here termed the acrosome core, ca 5 µm
long, which bears a prominent keel seen in profile as three prominent spurs.
The dense core is drawn out towards the keel as can be seen in longitudinal
(Fig. 8.48F, G, L) and in transverse section (Fig. 8.48K). The proximal (anterior)
portion, here termed the acrosome crest, consists of a narrower spirally
angular electron-pale shaft, 3 µm long, tapering to a narrow tip (Fig. 8.48L). Its
substance is also drawn out towards its angular projections, as seen in
longitudinal (Fig. 8.48F, L) and transverse (Fig. 8.48J) section. Although the
acrosome keel is limited to the region of the acrosome core, it consists of
electron-pale material which is continuous with that of the acrosome crest and
must be considered to be part of the crest. The acrosome crest abuts on the core
at an oblique very slightly concave junction (Fig. 8.48F, L). The morphological
and developmental implications of the bipartite constitution are explored
above in section 8.10.10.1.
Nucleus. The nucleus, like the acrosome core, is strongly electron-dense. It
forms a very slightly sinuous stout cylinder (Fig. 8.48L), 2.9 µm long, of
subcircular transverse section (Fig. 8.48H). Its greatest width, 0.9 µm, is
shortly below the acrosomal nuclear junction. Its base closely abuts the
pericentriolar dense ring (Fig. 8.48A, B, F, I, L) against which it forms a slight
convexity or shallow, slightly protuberant double concavity.
Centriolar complex. There is no proximal centriole. The distal centriole is
surrounded by and fused with a dense ring outside which is a ring formed by
the proximal end of the mitochondrion of the midpiece (Fig. 8.48D). At least
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some of the centriolar microtubules have been shown to form triplets (Fig.
8.48M). It is short and appears to be penetrated by the two central axonemal
singlets or material continuous with these. At its junction with the axoneme,
the dense ring has given way to 9 large dense fibers, but it is still encircled by
the mitochondrial ring (Fig. 8.48N).
Helical components of the axonemal region. Longitudinal sections of the
base of the nucleus and adjacent centriolar complex and midpiece reveal two
components spiraled around the axoneme: a very elongate mitochondrion
which proximally forms the continuous mitochondrial ring and a strongly
electron dense component here termed the fibrous helix. Dense fibers are also
seen in glancing longitudinal profiles encircling the axoneme (Fig. 8.48A, B, F,
I). Further distally, for the greater length of the axoneme, the only helical
component is the mitochondrial helix (Fig. 8.48C).
Mitochondria. As noted, a mitochondrial ring encircles the junction of the
distal centriole and the axoneme, the latter with its large dense fibers (Fig.
8.48N). This mitochondrial ring is continuous with the single, extremely
elongate mitochondrion which spirals along the axoneme for the greater part
of the length of the latter. The course of this mitochondrial helix is seen in
longitudinal section in Fig. 8.48A, B, C, F, I. In transverse section the
mitochondrion is seen to accompany the portion of the axoneme which has
large dense fibers where initially it lies external to the helical fiber (Fig. 8.48O)
and more distally, in the absence of the helical fiber, is in direct contact with
the dense fibers (Fig. 8.48P).
Fibrous helix. A well developed electron-dense helix intervenes between the
mitochondrial helix and the axoneme in the proximal region of the latter, as
seen in longitudinal (Fig. 8.48A, B, I) and transverse section in which its
crescentic form is seen (Fig. 8.48O).
Axoneme. The axoneme has the conventional 9+2 arrangement of
microtubules. For much of its length each doublet is accompanied by a dense
fiber which is circular in cross section except for a small prolongation which
joins each A microtubule near the junction of the latter with the B subtubule
(Fig. 8.48O, P). The dense fibers greatly reduce in size distally (Fig. 8.48Q).
Judging from the small number of transverse sections, the endpiece of
flagellum is short, lacking dense fibers and mitochondrial helix (Fig. 8.48R).
The extreme posterior end of endpiece has a disrupted arrangement of
doublets and singlets (Fig. 8.48S).
Remarks. Examination of the sperm of Myrmecocichla formicivora (with the
ploceid Philetairus socius) allowed a new interpretation of the structure of the
passeridan acrosome and clarification of the structure of the so-called helical
membrane (see section 8.10.10.1 above).

8.10.12.6

Sturnidae, Sturnus vulgaris

The spermatozoon of a further muscicapoid, Sturnus vulgaris has been briefly
characterized by Koehler (1995) and Vernon and Woolley (1999). Koehler
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Fig. 8.48 Myrmecocichla formicivora. TEM of spermatozoon. A, B, F, I. Longitudinal
section (LS) of the base of the nucleus and adjacent centriolar complex, midpiece
and anterior axoneme. Note two components spiraled around the axoneme: a very
elongate mitochondrion which proximally forms a continuous ring and a strongly
electron dense component here termed the fibrous helix. Dense fibers are also
seen encircling the axoneme. C. LS of the longest portion of the flagellum around
Fig. 8.48 Contd. ...
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gives a sperm length of 50 µm, acrosome length 2.5 µm and nuclear length 3.0
µm; the sperm is helical, has an helical membrane, and has granular material
at the midpiece.
The passeridan form of the sperm is well illustrated by Retzius (1909) for
Sturnus (Fig. 8.42) but it will be noted that a departure from the usual
passeridan condition is the relatively short acrosome, though longer relative
to the nucleus than in non-passerines. Although Koehler gives its absolute
length as shorter than the nucleus in the drawing by Retzius it appears that
the acrosome:nucleus ratio in Sturnus is about 1.3. Other characteristics of
passeridan sperm which it displays are the helical forms of the sperm and the
spiral and very extensive midpiece.
The brief account of Vernon and Woolley (1999) is particularly useful as it
correlates external morphology as revealed by SEM with transverse sections
by TEM. The acrosome, nucleus and the single chain of (fused) mitochondria
all contribute to giving the proximal part of the cell an helically grooved
surface (resembling a carpenter’s auger bit). The helical groove is sinistral,
with approximately four gyres on the sperm head and 14 gyres on the
midpiece, where the mean pitch is 3.3 µm (Fig. 8.49A-C). In the neck region,
and for two gyres distally an extra helical structure is present (Fig. 8.49B,D).
The sperm head is 10.3 µm long. The flagellum is 73.4 µm long, with the
mitochondrion wound around the proximal 46 µm. There are nine uniform
dense fibers around the axoneme (Fig. 8.49D, E). These fibers diminish
distally, where they become round instead of comma-shaped in transverse
Fig. 8.48 Contd. ...

which spirals the mitochondrial helix. D. Transverse section (TS) of the distal (and
only) centriole, surrounded by a dense ring and the mitochondrial ring. E. LS of the
nucleus surmounted by the acrosome. The acrosome is bipartite, consisting of a
long, electron-dense acrosome core, which bears a prominent keel, and a distal
spirally angular acrosome crest. The acrosome core fits into an oblique fossa at
the tip of the nucleus, more clearly seen in G. H. TS nucleus. J. TS acrosome crest.
K. TS acrosome core through helical keel. L. LS of the entire length of the
acrosome crest and core and of the short nucleus, followed by a glancing section
of the mitochondrial circlet. M. Detail of D, showing the triplets of the distal
centriole. N. TS mitochondrial ring encircling junction of distal centriole and
axoneme with large dense fibers. O. TS near proximal end of axoneme, showing
9+2 pattern with 9 dense fibers, crescentic section of fibrous helix and, external to
this, the mitochondrion. P. TS axoneme with dense fibers and section of the
mitochondrial helix. Q. TS distal region of the flagellum with no mitochondrial helix
and reduced dense fibers. R. TS endpiece of flagellum lacking dense fibers and
mitochondrial helix. S. Extreme posterior end of endpiece with disrupted
arrangement of doublets and singlets. acr, acrosome crest; ac, acrosome core; ak,
acrosome keel; anj, acrosome-nuclear junction; ax, axoneme; dc, distal (only)
centriole; df, dense fiber; dr, dense ring around centriole; fh, fibrous helix; m,
mitochondrion; mh, mitochondrial helix; n, nucleus. From Jamieson, Hodgson and
Spottiswoode, unpublished.
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Fig. 8.49 Sturnus vulgaris, Starling. A. SEM of the sperm head (h) and proximal
flagellum. The surface has the form of a sinistrally helical keel that is continuous
from the acrosome, through the nucleus and into the midpiece. Bar = 1 µm. B.
From the neck and into the proximal two gyres of the midpiece, the mitochondrial
helix (m) is accompanied by another helical structure (x), as shown also in D. Bar
= 1 µm. C. The remainder of the midpiece; the helical keel is now simply
mitochondrial as shown also in E. D. TEM of a transverse section (TS) through the
proximal midpiece, corresponding to B. There is a mitochondrial helix (M) and
another helix (x) of unknown origin. The axoneme is surrounded by nine accessory
dense fibers. Bar = 0.25 µm. E. TS of more distal midpiece, corresponding to C.
Bar = 0.25 µm. From Vernon, G. G. and Woolley, D. M. 1999. Cell Motility and the
Cytoskeleton 42: 149-161, Figs. 16 and 17.

section; they are absent from the distal 7-8 µm of the axoneme. Freeze-etch
replicas reveal that the outer dynein arms are typical for vertebrate
spermatozoa (Vernon and Woolley 1999). Although the spermatozoon is
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described as grooved it is clear that the grooving is the complement of two, or
more distally one, rope-like helical structures investing the axoneme. The
larger of these is the mitochondrial helix and the smaller is a structure of
unknown origin (x in Fig. 8.49B and D). This smaller helix is clearly the
homologue of the fibrous keel seen in, for instance, Turdus merula (Fig. 8.47A)
and described here for Myrmecocichla formicivora (Fig. 8.48). It is possible that
it is derived from the transient microtubular helix characteristic of passeridan
spermatids.

8.10.12.7

Sylvioidea, Hirundinidae, Petrochelidon, Hirundo, Riparia,
Iridoprocne and Sylviidae

McFarlane (1963) used the Hirundinidae as an example of quantitative
variation in sperm morphology within a family, for the four genera
Petrochelidon, Hirundo, Riparia and Iridoprocne (Fig. 8.50). While some overlap
occurs in comparative lengths of the head and midpiece (their combined
length), the total lengths of the sperm of the four genera are completely
different.
The exceedingly great length of the helical element around the axoneme,
leaving only a small fraction naked as the endpiece, is shown for Hirundo
rustica by Ballowitz (1888) (his Fig. 96).

Fig. 8.50 Variation of sperm in the family Hirundinidae. A. Petrochelidon
pyrrhonota. B. Hirundo rustica. C. Riparia riparia. D. Iridoprocne bicolor. E. Full view
of spermatozoon of Iridoprocne bicolor; an helical membrane, not apparent in the
drawing, extends to within 6 µm of the tail. From McFarlane, R. W. 1963.
Proceedings of the XIII International Ornithological Congress: 91-102, Fig. 3.
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Koehler (1995) cites the unpublished TEM description of the sperm of
Tachycineta thalassina, the Violet-green swallow, by McFarlane (1971). It
reaches the great length of 285 µm. The acrosome is 13.5 µm long and the
nucleus is much shorter, at 4.5 µm. The sperm is helical but the helical
membrane [probably merely an helical keel] is said to be limited to the
acrosome. There is an anterior nuclear fossa, 0.7 µm deep, and a posterior
fossa is absent. Only a distal centriole is present. One or two mitochondria are
present of which the long one is helical but the length of the midpiece is not
given. Dense peripheral fibers are present at the anterior end of the axoneme.
As in all investigated passeridans, a perforatorium and an annulus are
absent.
Dimensions and other morphological data are given by Birkhead et al.
(2006) (Table 8.7) for the sylviids Moustached Warbler (Acrocephalus
melanopogon); Sedge Warbler (Acrocephalus schoenobaenus); Chiffchaff
(Phylloscopus collybita); Willow Warbler (Phylloscopus trochilus); Blackcap
(Sylvia atricapilla) and Lesser Whitethroat (Sylvia curruca).

8.10.12.8

Certhioidea: Troglodytidae and Certhiidae

Troglodytidae. Aspects of the ultrastructure of the spermatid of the Wren
(Troglodytes troglodytes) have been briefly described by Tripepi and Perrotta
(1991) (Fig. 8.51A, B). In this important paper these authors recognize, for the
Wren and several other species, a ‘granular body’ (GB) the nature and
development of which have been discussed above in section 8.10.10.1. In the
advanced spermatid (Fig. 8.51B), the helix is formed internally by the GB,
which coils around the proximal axoneme and its dense fibers, and externally
by the transient microtubular bundle. In the remainder of the midpiece, the GB
is substituted by the mitochondrial sheath [mitochondrial helix].
TEM sections of the sperm of the Carolina wren (Thryothorus ludovicanus)
have been illustrated by Asa and Phillips (1987) (Fig. 8.9B, D). The
micrographs show the acosome with a keel, the spiral nucleus, and the 9 + 2
axoneme with large dense fibers external to which is the mitochondrial helix.
Electron-dense material of the neck possibly represents a granular helix.
Certhiidae. For the Treecreeper (Certhia brachydactyla) Tripepi and Perrotta
(1991) have demonstrated the presence of a granular helix persisting after
regression of the microtubular helix (Fig. 8.56E). The granular helix may,
therefore, be characteristic of the Certhiidae in which the subfamily
Troglodytinae is sometimes included.

8.10.12.9

Passeroidea, Thraupidae, Piranga rubra

The spermatozoon of Piranga rubra, Summer tananger, is 170 µm long, with an
acrosome 12 µm long, nucleus much shorter, at 3 µm, and a very long, 146 µm
midpiece (McFarlane 1971, fide Koehler 1995). The spermatozoon is helical but
the ‘helical membrane’ (here considered to be only the helical keel) is restricted
to the acrosome. Anterior and posterior nuclear fossae are absent.
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Fig. 8.51 Wren (Troglodytes troglodytes). A. Early spiralized spermatid. The
granular body encircles the proximal part of the axoneme. Mitochondria are
accumulating in a spiral array. B. Elongating spermatid. The granular body has
become a granular helix, distal to which is the mitochondrial helix. Both of these
are invested by the transient microtubular helix. A, relabeled after Tripepi, S. and
Perrotta, E. (1991). Pp. 1021-1023. In Baccetti B. (ed.), Comparative Spermatology
20 Years After. Serono Symposia Publications, vol. 75. Raven Press, Rome. Fig. 2.
B, micrograph courtesy of Dr. Sandro Tripepi.

8.10.12.10

Passeroidea, Passeridae, Passer domesticus

Passeridae are often reduced to subfamilial rank within the Ploceidae but are
here retained. Nevertheless, they lie within a ploceid clade (see Chapter 1, Fig.
2.2B).
Koehler (1995) tabulates features of the spermatozoon of Passer domesticus,
the House sparrow, derived from SEM and TEM examinations and gives an
SEM of the acrosome (Fig. 8.52C). A detailed account of spermiogenesis in this
species is given by Góes and Dolder (2002) which is summarized in Chapter
7 of this volume. It does not, however, recognize the bipartite nature of the
passerine acrosome revealed in the present chapter for Myrmecocichla and
Philetairus. Birkhead et al. (2006) present a scanning electron micrograph of
the head of a House sparrow sperm, noting the helical head and pointed
acrosome and the mitochondrial helix (from Table 8.7, having 15 curves).
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The spermatozoon is said to be 77 µm long (but contrast 101.56 µm,
Birkhead et al. 2006, see Table 8.7), with an acrosomal length of 6-7 µm, a
nuclear length of 6 µm and a midpiece length of 55 µm. There is a small
anterior nuclear fossa, 0.7-1.08 µm deep; a posterior nuclear fossa is absent.
The acrosome has an electron dense core surrounded by a more electron
lucent region but lacks a perforatorium. It is said that the helical membrane
(here considered a keel) is limited to the acrosome. This spiral keel is
illustrated by SEM (Fig. 8.52C), here considered equivalent to that of Passer
italiae. However, from the length of midpiece given and the illustration of
Retzius (1909) (Fig. 8.41) it is clear that the midpiece forms a helix extending
far along the axoneme, though with a smaller amplitude than in most
passerines. A distal but no proximal centriole is present. Accessory [dense]
fibers are present in the midpiece (Koehler 1995). The sperm of this species
was also examined but not individually described by Humphreys et al. (1972)
and Asa and Phillips (1987).

8.10.12.11

Passer italiae

General morphology. Furieri (1961) provides useful diagrammatic sketches of
the whole mature spermatozoon of Passer italiae, the Italian sparrow,
accompanied by corresponding cross sections (Fig. 8.47B).
The acrosome and nucleus are helical and the tail is surrounded by an
helical crest (apparently a true helical membrane consisting of the spiral
mitochondrion). The spiral nature of the head is more evident than in Turdus
merula, the blackbird, but the ‘spiral crest’ of the tail is less evident.
The spermatozoon has a length of 110 µm (cf 101.56 µm for P. domesticus,
Birkhead et al 2006); the maximum width of the head is 1.5 µm; the length of
the acrosome is 9 µm and that of the nucleus 7 µm, thus demonstrating the
usual oscine feature of an acrosome:nucleus ratio greater than 1.
Acrosome. The acrosome is an elongate gently spiraled cone consisting of
homogeneous, strongly electron-dense material. The spiral crest of the
acrosome is better developed than in the blackbird and arises from a larger
base. It extends perpendicularly to the long axis of the acrosome and differs in
constitution from the acrosome.
Nucleus. The nucleus resembles that of the blackbird.
Flagellum. Unlike the blackbird, the flagellum is not implanted directly in the
long axis of the spermatozoon. Whereas the mitochondrial component of the
helical crest extends the whole length of the crest in the blackbird, in Passer,
the first tract appears to be formed by a large fiber [presumably the granular
helix], as in the blackbird, but here preceding the mitochondrion in which the
first cristae are evident at the end of the first gyre of the helix. The other
difference is the absence in Passer of the large structureless fiber (fibrous keel).

8.10.12.12

Passer diffusus

A scanning electron micrograph of the spermatozoon of the Grey-headed
sparrow (Passer diffusus) is given in Figure 8.54A. A well developed helical
acrosome keel, and a mitochondrial helix, are seen.
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Fig. 8.52 Scanning electron micrographs of acrosomes of the sperm of four
species of Passerida. Some species have a nearly linear acrosomal axis while
others have a spiral shaped axis. All have an helical membrane. A. Quiscalus
quiscalus. ¥ 6800. B. Agelaius phoeniceus, Red-winged blackbird. ¥ 8700. C.
Passer domesticus, House sparrow. ¥ 9300. D. Cardinalis cardinalis, Cardinal. ¥
9300. After Koehler, L. D. 1995. Mémoires du Muséum National d’Histoire
Naturelle, Paris. 1995; 166: 437-444, Fig. 1.
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Fig. 8.53 Social weaver (Philetairus socius), Ploceidae. A. LS of the entire
acrosome, nucleus and centriolar region. As in D and I, at least the first gyre of the
helix consists of the granular helix. B. Transverse section (TS) of acrosome core
through the helical keel. C. Acrosomal-nuclear junction showing anterior nuclear
fossa receiving the base of the acrosome core. D. LS base of nucleus and the
centriolar region. E. Longitudinal section (LS) of acrosome and anterior nucleus. F.
Detail of acrosome crest and anterior acrosome core. G. LS acrosome crest and
anterior acrosome core at right angles to F. H. TS nucleus. I. LS base of nucleus,
and centriolar and anterior axonemal region surrounded by the mitochondrial helix
which appears to commence with a granular helix. J. TS axoneme and
mitochondrial helix, showing nine dense fibers associated with the axonemal
doublets. K. TS axoneme behind posterior to the mitochondrial helix. L. TS
posterior region of axoneme with reduced dense fibers. acr, acrosome crest; ac,
acrosome core; ak, acrosome keel; anj, acrosome-nuclear junction; ax, axoneme;
dc, distal (only) centriole; df, dense fiber; mh, mitochondrial helix; n, nucleus.
Jamieson, Hodgson and Spottiswoode unpublished.
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8.10.12.13 Ploceidae, Philetairus socius
Acrosome. The acrosome of Philetairus socius sperm is a helical structure 1.2
times the length of the nucleus which it surmounts (Fig. 8.53A). It is inserted
into the nucleus, at the acrosomal-nuclear junction (Fig. 8.53A, C, E), in an
approximately symmetrical V-shaped fossa. The acrosome is bipartite. Its
distal, much longer portion, consists of an electron-dense gently helical
column of three gyres, the acrosome core, 5.8 µm long, which bears a
prominent keel seen in profile as three prominent spurs. Unlike Myrmecocichla
formicivora, the dense core is not drawn out towards the keel which is formed
solely from the crest layer which invests the core, as seen in longitudinal (Fig.
8.53A, E, G) and transverse section (Fig. 8.53B). The proximal (anterior)
portion of the acrosome, the acrosome crest, as seen in longitudinal section,
consists of a short electron-pale shaft, 1.3 µm long, tapering to a narrow tip
(Fig. 8.53G) and bearing near the level of the core, a single spur representing
the keel. However, the crest extends posteriorly as the crest layer or sleeve to
the base of the acrosome and bears along its length three spurs representing
the continuation of the acrosome keel (seen in cross section in Figure 8.53B).
In longitudinal sections approximately at right angles to this (Fig. 8.53A, E, F),
the short acrosome crest has the form of an inverted shoe of which the first
spur forms the heel. The tip of the acrosome core, fits into a deep asymmetrical
fossa formed by the base of the crest (Fig. 8.53A, E, F).
Nucleus. The nucleus, like the acrosome core, is strongly electron-dense. It
forms a very slightly sinuous stout cylinder (Fig. 8.53A, D, E, G), 6.1 µm long,
of subcircular transverse section (Fig. 8.53H). Its greatest width, 0.8 µm, is
basal but there is little variation throughout its length. Its base closely abuts
the centriolar region (Fig. 8.53A, D).
Centriolar complex. There is no proximal centriole. A dense ring surrounding
the distal centriole, seen in M. formicivora, has not been found and there is no
mitochondrial ring. However, dense convoluted masses are present within the
lumen of this centriole and the proximal region of the axoneme (Fig. 8.53I).
Helical components of the axonemal region. A longitudinal section of the
base of the nucleus and adjacent centriolar complex and midpiece (Fig. 8.53I)
reveals a very elongate mitochondrion wound helically around the axoneme.
However, at least the first gyre of this helix is amorphous and granular and is
presumed to be identifiable as a granular helix. No fibrous helix, seen in M.
formicivora, is present. Glancing sections of nine dense fibers are visible
between the mitochondrion and the axonemal doublets, as confirmed from
transverse sections (Fig. 8.53J).
Axoneme. The axoneme has the conventional 9+2 arrangement of
microtubules. For much of its length each doublet is accompanied by a dense
fiber which is circular in cross section except for a small prolongation which
joins each A microtubule near the junction of the latter with the B subtubule,
at the level of the mitochondrial helix (Fig. 8.53J) and posterior to this (Fig.
8.53K). The dense fibers greatly reduce in size distally (Fig. 8.53L). Sections of
the endpiece have not been obtained (Jamieson, Hodgson and Spottiswoode
unpublished).
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Fig. 8.54 Scanning electron micrographs of Spermatozoa of Passeridae and
Ploceidae. A. Grey-headed sparrow (Passer diffusus), Passeridae. B-D. Red-billed
quelea (Quelea quelea), Ploceidae. acr, acrosome crest; ac, acrosome core; ak,
acrosome keel; anj, acrosome-nuclear junction; ax, axoneme; mh, mitochondrial
helix; n, nucleus. Courtesy of A. Hodgson, relabeled.

Other ploceids. The spermatozoa of Red-billed quelea (Quelea qualea) (Fig.
8.54B), Red bishop (Euplectes orix) (Fig. 8.55A-C) and Cape weaver (Ploceus
capensis) (Fig. 8.55D, E) are illustrated by scanning electron microscopy. All
show an helical acrosome keel and a mitochondrial helix. However, in one
specimen of the Red bishop (Fig. 8.55C) the midpiece displays a short,
projecting mitochondrion resembling the midpiece of a corvid. The
significance of the variant is not clear.
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Fig. 8.55 Scanning electron micrographs of Spermatozoa of Ploceidae, continued.
A, B, C. Red bishop (Euplectes orix). D, E. Cape weaver (Ploceus capensis). acr,
acrosome crest; ac, acrosome core; ak, acrosome keel; ax, axoneme; m,
mitochondrion; mh, mitochondrial helix; n, nucleus. Courtesy of A. Hodgson,
relabeled.

8.10.12.14

Paridae, Parus bicolor, P. major and Cyanistes caeruleus

Koehler (1995) cites the unpublished optical description of the sperm of Parus
bicolor, the Tufted titmouse. It is 90 µm long, with an acrosome 7.1 µm long
and a shorter nucleus, at 5.8 µm. The sperm is helical but the helical
membrane (keel) is said to be limited to the acrosome. There is no anterior
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nuclear fossa but a slight posterior fossa is present. The midpiece is 50 µm
long. Dense fibers, of unspecified location, are present.
Birkhead et al. (2006) (Table 8.7) give dimensions and other morphological
data for the Great tit (Parus major) and Willow tit (Parus montanus).
Comparable measurements for the Blue tit (Cyanistes caeruleus) are straightened
helix length 81.80 µm, length flagellum 92.86 µm, total sperm length 109.61
µm, number of midpiece gyres 19.60, number of head gyres 4.00 (T. R.
Birkhead, pers. comm.)

8.10.12.15 Icteridae, Icterus galbula, Agelaius phoeniceus, Molothrus
ater, and Quiscalus quiscula
Spermatozoal ultrastructure in the Icteridae has been briefly treated for Icterus
galbula, Northern oriole (Asa and Phillips 1987); Agelaius phoeniceus, Redwing
(Asa and Phillips 1987; Koehler 1995) (acrosome, Fig. 8.52B); Molothrus ater,
Brown-headed cowbird (Koehler 1995); and Quiscalus quiscula, Grackle
(Koehler 1995) (acrosome, Fig. 8.52A).
Data for the last three species are given in Table 8.8.
Table 8.8

Characters of spermatozoa of the Icteridae (from Koehler 1995)

Species

Molothrus ater

Agelaius phoeniceus

Quiscalus quiscala

Common name
Sperm length
Acrosome length
Nuclear length
Ratio acrosome:nucleus
Granular body at midpiece
Midpiece length
Helical shape
Helical membrane
Anterior nuclear fossa
Posterior nuclear fossa
Centrioles
Accessory dense fibers
Mitochondria

Brown-headed cowbird
62 µm
6.0 µm
3.0 µm
2
yes
24 µm
yes
yes
shallow
yes

Red-winged blackbird
110 µm
8.0 µm
5.0 µm
1.6

Common grackle
48 µm
7.0 µm
4.0 µm
1.75
yes

yes
spiral

yes
yes
shallow
yes
distal only
yes

These data for icterids, though incomplete, are characteristic of passeridan
sperm: sperm helical, acrosome longer than the nucleus (ratio 1.6-2), midpiece
spiral and very extensive (in Molothrus ater almost half the length of the
axoneme); distal centriole, only, present. The presence of dense peripheral
axonemal fibers is shared with non-passerines, though they are larger (size
not demonstrated for icterids) in passerines. The passeridan nature of the
sperm is confirmed by Asa and Phillips (1987) for Northern oriole and
Redwing, in their generalized account of oscine sperm.
Allen et al. (1967) gave detailed measurements for the sperm if 12 icterid
species or subspecies (Table 8.9). Their data for the species described above by
Koehler (1995) differ significantly from those of the latter author. Statistical

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

—
X t = Std. error

—
Xt = Std. error
1.93 ± 0.332
.0232
2.13 ± .0194
2.24 ± .0289
2.24 ± .0291
1.99 ± .0291
2.31 ± .0311
2.13 ± .0272
2.30 ±
.0253
2.09 ± .0349
2.35 ±
.0287
1.88 ± .0270
2.00 ±

—
X t = Std. error

Sturnella neglecta confluenta Western meadowlark
77.94 ± .1939
42.84 ± .2287
17.46 ± .1363
Sturnella magna argutula Southern meadowlark
85.97 ± .2461
49.11 ± .1035
18.57 ± .0946
Quiscalus quiscula versicolor Bronzed grackle
90.73 ± .3010
51.96 ± .2873
25.02 ± .1569
Dolichonyx oryzivorus Bobolink
142.02 ± .3832
11 1.49 ± .2133
17.59 ± .1258
Icterus bullockii bullockii Bullock’s oriole
110.45 ± .2974
70.47 ± .3224
23.59 ± .1632
Icterus spurius Orchard oriole
105.92 ± .2295
75.07 ± .2030
17.75 ± .1289
Icterus parisorum Scott’s oriole
105.93 ± .2337
68.95 ± .1644
20.21 ± .0862
Agelaius phoeniceus phoeniceus Eastern red-winged blackbird
148.59 ± .4166
106.84 ± .2623
24.02 ± .1183
Agelaius phoeniceus mearnsi Florida red-winged blackbird
146.48 ± .3623
107.85 ± .2326
23.24 ± .1233
Agelaius phoeniceus nevadensis Grinnell red-winged blackbird
139.64 ± .3327
104.12 ± .2304
19.52 ± .1753
Agelaius phoeniceus floridanus Maynard’s red-winged blackbird
146.95 ± .3929
11 1.13 ± .2607
18.51 ± .1449
Cassidix mexicanus major Eastern boat-tailed grackle
109.12 ± .3340
71.45 ± .2320
23.92 ± .1184

T

Sturnella neglecta confluenta Western meadowlark
14.95 ± .0704
9.90 ±
.0641
Sturnella magna argutula Southern meadowlark
15.73 ± .0491
10.39 ± .0837
Quiscalus quiscula versicolor Bronzed grackle
14.20 ± .688
9.55 ± .0896
Dolichonyx oryzivorus Bobolink
14.18 ± .0701
9.23 ±
.0872
Icterus bullockii bullockii Bulock’s oriole
15.51 ± .0724
10.62 ± .1331
Icterus spurius Orchard oriole
14.75 ± .0543
10.48 ± .0408
Icterus parisorum Scott’s oriole
14.54 ± .0683
9.35 ±
.0456
Agelaius phoeniceus phoeniceus Eastern red-winged blackbird
16.11 ± .0407
10.75 ± .0763
Agelaius phoeniceus mearnsi Florida red-winged blackbird
15.97 ± .0982
10.48 ± .0761
Agelaius phoeniceus nevadensis Grinnell red-winged blackbird
16.12 ± .0970
11.09 ± .0723
Agelaius phoeniceus floridanus Maynard’s red-winged blackbird
15.67 ± .0850
10.17 ± .0682
otal length
Cassidix mexicanus major Eastern boat-tailed grackle
13.74 ± .0763
8.80 ±
.0566

Species and subspecies

Table 8.9 Dimensions of spermatozoa of 12 taxa of Icteridae. Relabeled after Allen et al. (1967). Proceedings of the Indiana Academy of
Science 77: 434-441,Table 1
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analyses showed that the measurements ‘provide criteria for distinguishing
between most the twelve blackbird forms studied’. In a line drawing of a
typical icterid sperm an helical ‘undulating membrane’ is shown extending
throughout the length of the acrosome, nucleus and principal piece. The
differentiation of this membrane, in the present chapter, into acrosome keel,
nuclear keel and mitochondrial helix was not recognized by light microscopy.

8.10.12.16

Emberizidae, Cardinalis cardinalis and Emberiza spp.

The Cardinal (Cardinalis cardinalis) was included in the oscine study of Henley
et al. (1978) but was not specifically referred to. Koehler (1995) has given an
SEM of the acrosome (Fig. 8.52D) and the following data: length sperm 76 µm,
length acrosome 6.6 µm, length nucleus 4.0 µm, length midpiece 35 µm, sperm
helical, helical membrane present. The large acrosome:nucleus ratio of 1.65
and the long midpiece are typical passeridan features.
Tripepi and Perrotta (1991) have charted the development of the granular
body (GB) in the Cirl bunting (Emberiza cirlus) (Fig. 8.56A-D; see also section
8.10.10.1). The GB is evidenced in the early stages of spermatogenesis (Fig.
8.56A) as the spermatid begins to elongate and the midpiece is forming.
Subsequently, when the microtubular helix appears and the spermatid
assumes an helical form, the GB constitutes the proximal part of what is here
interpreted as an helical band around the axoneme, the granular helix (GH).
In the advanced spermatid (Fig. 8.56B, C) the helix is formed internally by the
GH, which coils around the axoneme and its dense fibers, and externally by
the transient microtubular bundle (Fig. 8.56B, C, D). In the remainder of the
midpiece, the GH is substituted by the mitochondrial sheath [mitochondrial
helix] (Fig. 8.56B).
Tripepi et al. (1991) have commented on, and illustrated, the microtubules
of the spermatid of Emberiza cirlus, the Cirl bunting. The arrangement is considered to be at a fourth, and final, level above the “reptilian” arrangement.
As in other passeriforms, Sertoli cell microtubules are absent but cytoplasmic
microtubules reappear in the spermatid. They are arranged in an helicoidal
bundle which is eliminated during the last phase of spermiogenesis.
Fig. 8.56 A-D. Cirl bunting (Emberiza cirlus). A. Spermatid at commencement of
elongation. The granular body has formed near the base of the uncondensed
nucleus. A large acrosome vesicle surmounts the nucleus which is still
subspheroidal. B. Elongating spermatid with helical components. The nucleus is
condensed and the granular body has become a granular helix around the
proximal region of the axoneme and is overlain by the microtubular helix. Further
distally, the granular helix gives way to the developing mitochondrial helix. C. Detail
of same. D. Two transverse sections of the proximal region of the axoneme,
showing the granular helix overlain by the microtubular helix. Dense fibers
surround the axoneme. E. Tree creeper (Certhia brachydactyla). Transverse section
of the proximal region of the axoneme and dense fibers through the granular helix,
after regression of the microtubular helix. A and E. Relabeled after Tripepi, S. and
Perrotta, E. (1991). Pp. 1021-1023. In Baccetti B. (ed.), Comparative Spermatology
20 Years After. Serono Symposia Publications, vol. 75. Raven Press, Rome, Figs.
1 and 4. B–D. From micrographs courtesy of Sandro Tripepi.
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Birkhead et al. (2006) have tabulated data for the Corn bunting (Emberiza
calandra) and the Yellow Hammer (E. citrinella) (Table 8.7).

8.10.12.17

Fringillidae

Fringillids are briefly referred to in 8.10.12.1 above where they are shown to
have typical passeridan sperm. However, Birkhead et al. (2006) have
demonstrated a remarkable and profound departure from passeridan sperm
structure in the Eurasian bullfinch (Pyrrhula pyrrhula).
The Eurasian bullfinch sperm are relatively short: 46.87 µm ± 3.83 SD (N =
11) (captive-bred males: 47.19 µm ± 4.28 SD (N = 8) and wild males 46.01µm
± 2.75 SD (N = 3)). The sperm have a rounded acrosome and head, and no
obvious mitochondrial helix. The sperm of Beavan’s Bullfinch, like those of
the Eurasian bullfinch are short (length 49.11µm) but instead of a rounded
head they have a more pointed, spiral-shaped head. Both Pyrrhula species
have an extremely small midpiece, in contrast to the elongated mitochondrial
helix that forms the midpiece in almost all other passerines.
A pair-wise study using principle components analysis (PCA) to combine
quantitative and qualitative sperm morphology traits, together with a
phylogenetic correlation, comparing the sperm morphology of the Eurasian
bullfinch and Beavan’s bullfinch Pyrrhula erythaca with nine other pairs of
congeneric passerines revealed that the Eurasian bullfinch was a dramatic
outlier in terms of its sperm morphology and also more different from the
closely related Beavan’s Bullfinch than were any other pair of species.
Excluding the Eurasian bullfinch from the analysis showed that most
variation in sperm morphology in the other species was attributable to
phylogeny (a correlation long espoused by the present author). The Eurasian
bullfinch has extremely small testes for its body size, indicating that sperm
competition is infrequent in this species; the possibility was discussed that
relaxed selection via a lack of sperm competition may have contributed to
unusual sperm morphology in this species. The sperm structure in this
species resembles that of a spermatid in the early stages of elongation and
suggests a suppression of late spermiogenesis resulting in what could be
termed spermatozoal neoteny.
Fig. 8.57 Lonchura striata domestica Lovebird (Bengalese finch). Late maturation
phase of spermatids. A. Longitudinal section (LS), through the head showing the
posterior one gyre of the acrosome (A) with the same pitch as the nucleus (N). A
spiral keel of the acrosomal ridge is indicated by arrows. MTB, microtubule bundle.
B. Oblique section through the posterior region of the acrosome (A), showing the
Sertoli cell process (arrow) protruding between the acrosome and the microtubule
bundle (MTB). S. Sertoli cell. SER. Smooth endoplasmic reticulum. C. Transverse
section (TS) through the microtubule bundle (MTB) on the ridge of the nucleus (N),
showing the alternating layers consisting of microtubules and flattened cisternae
of endoplasmic reticulum (sER). D. Ts through anterior half of the midpiece,
showing the layered structure of the microtubule bundle. MS. Mitochondrial sheath.
Fig. 8.57 Contd. ...
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SER. Smooth endoplasmic reticulum. E. LS through the posterior half of the
midpiece, showing few cisternae of smooth endoplasmic reticulum in the
microtubule bundle (MTB). AN. Annulus. MS. Mitochondrial sheath. F. LS through a
mature spermatid, showing disappearance of the microtubule bundle. A.
Acrosome. MS. Mitochondrial sheath. N. Nucleus. Scales: A. ¥ 14700. B. ¥ 31000.
C. ¥ 108400. D. ¥ 62000. E. ¥ 11600. F. ¥ 9000. After Kondo, T., Hasegawa, K. and
Uchida, T. 1989. Journal of Ultrastructure and Molecular Structure Research 98:
158-168, Figs. 18-23. With permission from Elsevier.
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An exception such as the Eurasian bullfinch is not here considered to
substantially militate against the value of sperm ultrastructure for taxonomy.
One would not argue that we cannot morphologically recognize and classify
the Crustacea because Sacculina resembles a fungal mycelium. The statement
(Birkhead et al. 2006) that ‘most variation in sperm morphology in the other
species was attributable to phylogeny’ supports use of spermatozoal
morphology in phylogeny and therefore classification. Sperm morphology is
only one tool but a useful complement to other means of determining
relationship in addition to its interest per se. In fact the passerine status of the
Eurasian bullfinch sperm has since been confirmed by recognition (Birkhead,
Giusti, Immler and Jamieson, in preparation) in it of a microtubular helix, a
hallmark of passerine sperm, differing from the manchette of any other animal
spermatid.
Passerines examined by Birkhead et al. (2006) by light and scanning
electron microscopy for pairwise analysis of spermatozoal dimensions are
listed in Table 8.7. These authors also give the following data on the sperm of

Fig. 8.58 Lonchura striata, Lovebird (Bengalese finch). Scanning electron
micrographs of spermatozoon. A. Sperm head and midpiece of the flagellum
surrounded by the loosely coiled helical membrane. ¥ 4400, B. Detail of the head.
¥ 34500. After Yasuzumi, G. 1974. International Review of Cytology 37: 53-119, Figs.
10-11. With permission from Elsevier.
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the Pine Grosbeak (Pinicola enucleator). The sperm are similar to those of other
passerines in length (162.7 µm ± 9.63 S.D.; N = 30 sperm, N = 1 male) and
resemble typical finch sperm in morphology unlike Pyrrhula.

8.10.12.18

Estrildidae, Lonchura striata

The spermatozoon of Lonchura striata, the ‘Loverbird’, also named the
Bengalese finch, Society finch, White-rumped mannikin, or White-rumped
munia, is of the classical passeridan type, with helical acrosome, nucleus and
midpiece, the midpiece extending far along the axoneme (Yasuzumi and
Sugioka 1966; Fawcett et al. 1971; Yasuzumi and Sugioka 1971; Yasuzumi
1974; Kondo et al. 1988) (Figs. 8.57, 8.58). From TEM, the helical membrane
(Fawcett et al. 1971; Kondo et al. 1988) (Fig. 8.57C, D) is (axoneme included) of
the tripartite type and lacks the additional fibrous keel seen in Turdus.
However, the helical membrane on the acrosome is clearly a keel distinct and
separate from the helical membrane of the tail, both being absent from the
nucleus as here shown for Philetairus socius.

8.10.12.19

Estrildidae, Taeniopygia (=Poephila) guttata

Vernon and Woolley (1999) give some data on the spermatozoon of the Zebra
finch (Taeniopygia gutatta). By light microscopy and TEM the sperm are said to
be very like those of the starling. The mean head length is 11.3 ± 1.0 µm and
flagellar length 64.1 ± 5.7 µm (n=16 from 1 individual). The mean pitch of the
mitochondrial helix is 3.13 µm. There is a highly significant negative
correlation (r = – 0.85) between the lengths of the mitochondrial and nonmitochondrial regions of the flagellum. The mitochondrial helix is sinistral, as
judged from serial sections (Vernon and Woolley 1999).

8.10.12.20

Prunellidae, Prunella collaris

Chiba and Nakamura (2001) give a TEM view of part of the head of the
spermatozoon of Prunella collaris, the Alpine accentor, on the wall of a sperm
storage tubule (SST) and SEM of the spermatozoon on the utero-vaginal part
of the oviduct and a group of sperm on the wall of a SST. The utero-vaginal
micrograph well displays the auger-like form of the passerine spermatozoon.

8.11

PHYLOGENETIC SUMMARY OF AVIAN SPERMATOZOA

Introduction. A subset of the spermatozoal characters discussed in this
chapter (see Table 8.10) is here used for a preliminary phylogenetic analysis
of taxa which have been examined ultrastructurally. Many spermatozoal
descriptions are fragmentary and, because of the resulting missing characters,
do not support a full parsimony analysis using exhaustive or branch and
bound analyses. Resultant consensus trees are highly polytomous. A single
nearest neighbor (NJ) tree is therefore presented (Fig. 8.59A). It was obtained
using PAUP (Swofford 2001). Although neighbor-joining is essentially
phenetic, unambiguous character state changes were plotted on the tree using
MacClade (Maddison and Maddison 2000). Some clearly synapomorphic
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characters which were not computed as unambiguous, probably because of
missing states in various taxa, are added to the tree in parentheses. The
analyses were conducted on 29 avian species (only Corvus and Passer being
composite taxa), plus the outgroups Crocodylus (Jamieson et al. 1997) and a
composite Chelonia (Healy and Jamieson 1997). The character matrix is
available from the author on request. It has been claimed (Johnson 2001, citing
Huelsenbeck and Hillis 1993) that the performance of neighbor joining (NJ) in
recovering the correct phylogeny is similar to that of parsimony. A portion of
a 50% majority rule, maximum parsimony (MR) tree is, nevertheless, shown in
Fig. 8.59B.
The tree obtained and character transformations indicated can only be
taken as heuristic in the broad sense, the chief aim of the analyses being to
graphically present the spermatozoal character states of the various taxa.
Nevertheless, monophyly is supported for Neognathae, Psittaciformes,
Columbiformes, Passeriformes, Passeri (oscines) and Passerida.
Spermatozoal evidence rejects basal passerines. A major recent controversy
in avian molecular phylogenetics has centered on the conflicting hypotheses
that the Passeriformes constitute a basal group, the sister-group of all other
birds or the traditional hypothesis that paleognaths (ratites and tinamous) are
the sister group of all other birds.
The basal passerine hypothesis has derived from analysis of mitochondrial
DNA sequences (Mindrell et al. 1997, 1999; Johnson 2001). However, Braun
and Kimball (2002) have shown that mtDNA sequences are capable of
supporting the traditional classification, with basal paleognaths, depending
on the type of analysis, number of sites analyzed and taxon sampling.
Phylogenetic analysis of nuclear DNA sequences has consistently supported
the traditional hypothesis (Sibley and Ahlquist 1981, 1990; Sibley et al. 1988)
Table 8.10

Characters used in phylogenetic analysis of evolution of bird spermatozoa

Characters (All unordered)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Acrosome1 shorter 2 equal to 3 longer than nucleus
Acrosome 1 conical 2 round tip 3 button-like
Perforatorium 1 present 2 absent
Endonuclear canal 1 deep 2 short 3 absent
Proximal centriole 1 present 2 absent
Distal centriole 1 very long 2 shorter 3 short
Mitochondria 1 several per TS 2 one per TS 3 small group
Midpiece 1 short 2 very long
‘Helical membrane’ 1 present 2 absent
Singlets in distal centriole 1 present 2 basal 3 absent
Fibrous sheath 1 ribbed 2 amorphous 3 absent
Annulus 1 present 2 absent
Dense fibers 1 small 2 moderate 3 large
Tip granule 1 present 2 absent
Nuclear rostrum penetrating acrosome 1 deeply 2 slightly 3 negligibly 4 absent
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Fig 8.59 A. Neighbor-joining tree of major groups of birds from a PAUP analysis
derived from spermatozoal ultrastructure for characters listed in Table 8.10, with
Chelonia and Crocodylus johnstoni as the outgroup. Neighbor-joining search
settings: ties (if encountered) broken systematically; distance measure = mean
character difference. Character changes are those which are unambiguous and
were plotted using Macclade. Some deduced synapomorphies which were not
plotted as ambiguous have been added in parentheses to the tree. B. Portion of a
50% majority rule most parsimonious tree. Settings used in computation of the
tree: heuristic search settings; optimality criterion = parsimony; 15 total characters,
all unordered, with equal weight, all parsimony-informative; starting tree(s)
obtained via stepwise addition; addition sequence: random; 10 replicates; 1 tree
held at each step during stepwise addition; branch-swapping algorithm treebisection-reconnection (TBR); steepest descent option not in effect; Initial
‘MaxTrees’ setting 900 (auto-increased by 100); other parameters at PAUP default
settings.
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and recently Garcia Moreno et al. (2003) have shown that combined mt and
nuclear DNA analysis supports the traditional view. A study of a-crystalline
sequences also supported the basal position of ratites (Stapel et al. 1984).
The NJ tree (Fig. 8.59A), as do intuitive considerations, unequivocally
supports a basal position for paleognaths when Chelonia and Crocodylia are
used as outgroups. A basal position for passerines is highly unparsimonious
and, computationally and intuitively, would involve most implausible
pathways for spermatozoal evolution.
Are paleognaths paraphyletic? Monophyly of the Palaeognathae has
previously been accepted on the basis of spermatozoal studies, as in the
molecular ‘Tapestry’ (Sibley et al. 1988; Sibley and Ahlquist 1990), though the
position of Tinamou within these has remained unresolved (Asa et al. 1986;
Asa and Phillips 1987; Baccetti et al. 1991; Soley 1993). It must be stressed that
the spermatozoal characters which appear to unite Palaeognathae are in fact
symplesiomorphies: the conical acrosome, ribbed fibrous sheath, elongate
centriole, and 9 dense fibers of ratite sperm are all seen in Chelonia and
Crocodylia, and do not prove avian or paleognath monophyly, despite the fact
that the first three features were considered to unify paleognaths (Baccetti et
al. 1991). In the NJ tree monophyly of paleognaths is not supported (Fig.
8.59A). It is not here proposed that paraphyly of paleognaths indicated by
spermiocladistics should be considered unquestionable but it does warrant
further consideration of paraphyly for the group.
The struthioniform spermatozoon is crocodiloid (see section 8.6.1.3),
departing from the condition in crocodile sperm in an apparent reduction in
size of the outer dense fibers of the axoneme and the deeper, more anterior
extension of the nuclear rostrum into the subacrosomal space of the acrosome,
neither of which characters computed as unambiguous in the NJ tree. Like the
crocodilian (and chelonian) spermatozoon the elongate distal centriole (and
the midpiece) is penetrated throughout its length by the central singlets of the
axoneme. By deduction, withdrawal of the central singlets from the distal
centriole appears to be an apomorphy, but homoplasy, of the Crested tinamou
(Eudromia elegans), the Emu (Dromaius novaehollandiae) and the remainder of
the birds. However, in the NJ tree withdrawal of singlets from the centriole
computes as basic to Neornithes with a, perhaps unlikely, repenetration in the
Struthio+Rhea clade. Tinamou has a unique autapomorphy (not computed),
the presence of glycogen around the axoneme, but this is phylogenetically
uninformative. Emu is distinctive among the paleognaths in loss of the
endonuclear canal and of the perforatorium (two probably correlated
characters).
If the Palaeognathae were truly paraphyletic, the strict application of
Hennigian phylogenetics would demand that Rhea+Struthio, Eudromia and
Dromaius were each given separate and successively reduced ranks as
collectively they would constitute a grade rather than a clade. The author is
doubtful, however, that any useful purpose is served by thus distinguishing
taxa which have arisen in immediate succession from a basal lineage, here of
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the Aves, and bear a distinctive morphological and molecular facies.
Nevertheless, intervention of Tinamou between the Ostrich and Emu branches
(Fig. 8.59A), if borne out by further studies, would be of considerable interest.
A possible sister relationship of Emu to the Neognathae is highly questionable
as it would require reacquisition of the perforatorium and endonuclear canal
in the Galloanserae rather than the more probable retention of these from an
ancestor shared with paleognaths.
The summary tree for molecular data of Harshman (Chapter 1, Fig. 1.1)
indicates monophyly of the Palaeognathae.
Galloanserae. Any member of the Galloanserae, consisting of the Galliformes
and Anseriformes, could instantly be diagnosed by a combination of features
of sperm ultrastructure: acrosome shorter than nucleus: stout perforatorium in
a shortened endonuclear canal; both centrioles present; distal centriole long
though (unlike paleognaths) not fully penetrating the midpiece; mitochondria
in a circlet around the axoneme; midpiece not elongate; ‘helical membrane’
absent; singlets basal in the distal centriole; fibrous sheath amorphous, not
ribbed as in paleognaths; annulus present; dense fibers of moderate diameter;
nuclear rostrum slightly penetrating the acrosome. However, among these
character states there is no distinctive synapomorphy for the group and the
NJ tree presents an unresolved assemblage of seven separate galloanseran
branches, together with three non-galloanseran clades.
Nevertheless, spermatozoal ultrastructure certainly does not contraindicate
monophyly of the Galloanserae which is supported by molecular analyses
(Harshman, Chapter 1, Fig. 1.1). The Anseriformes and Galliformes can be
linked by the synapomorphy slight penetration of the nuclear rostrum into the
subacrosomal space and the Galliformes can possibly be separated from the
Anseriformes by presence of singlets basally in the distal centriole, both of
which are ambiguous characters and do not therefore appear on the NJ tree.
The latter (singlet) character is uncertain for the Anseriformes and requires reexamination.
It is likely that when more complete spermatozoal data are obtained
considerable resolution of the Galloanserae will be obtained. For instance, the
presence of a ‘tip granule’ unites Coturnix japonica and Gallus gallus. It is
uncertain that its absence from other taxa is real but the thorough examination
of Turkey and Guineafowl (Thurston et al. 1982; Thurston and Hess 1987)
suggests that it is absent at least in these two species.
A notable difference of the spermatozoal analyses from the Tapestry (Sibley
et al. 1988) is that the Galloanserae do not form the sister taxon of the ‘Ratitae’.
Sibley and Ahlquist (1990), did, however, repudiate this sister taxon
relationship in their classification. A sister relationship of Galloanserae and
Neoaves is endorsed by Harshman (Chapter 1, Fig. 1.1).
Metaves. Three orders of the Metaves have been investigated for spermatozoal
ultrastructure: Apodiformes, Caprimulgiformes and Columbiformes. There is
no clear spermatozoal support for the grouping Metaves in the computer
analyses (Fig. 8.59A).
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Apodiformes. The midpiece-length distal centriole of Apus apus (Fig. 8.22)
unless (as seemed most unlikely) a reversal from the ancestral condition
retained in crocodiles and paleognaths, could be considered (Jamieson and
Tripepi 2006) to place the apodids very basally in the avian phylogenetic tree
but the loss of the perforatorium is derived relative to the Galloanserae. The
long centriole of A. apus, if not a reversal, is inconsistent with placement of the
Apodiformes above (i.e. at a more derived node than) the Psittaciformes from
DNA-DNA hybridization by Sibley and Ahlquist (1990). It is not inconsistent,
however, with placement in the Metaves (see Harshman, Chapter 1). The
centriolar condition might suggest that apodiforms are the plesiomorphic
sister taxon of all other Metaves and that they have independently lost the
perforatorium. However, the computer analysis (Fig. 8.59A) does not support
this position and Apus has a relatively ‘high’ position, lying in a clade which
includes Piciformes, Cuculiformes, Charadriiformes, and Columbiformes +
Passeriformes at a node above Psittaciformes.
It seems necessary to consider a scenario in which a long (midpiece-length)
centriole existed at three major nodes: the Palaeognathae-Neognathae node,
the Galloanseran-Neoaves node, and though not evident in the present
analyses, a Metaves-Coronaves node. The centriole would then become
shorter, though still elongate, in the ancestral galloanseran and would be
retained in the Neoaves only (so far as is known) in Apus, whether in the
Metaves or the Coronaves.
Caprimulgiformes. The phylogenetic position of Caprimulgus, as evidenced by
spermatozoal ultrastructure (Fig. 8.23), has been partly discussed in section
8.9.2.1 above.
The caprimulgid spermatid (and clearly the spermatozoon) is closely
similar in structure to that of psittaciforms. In contrast, the Apodidae, placed
in the same clade as the Caprimulgidae in the DNA-DNA hybridization
analyses of Sibley and Ahlquist (1990), differ from Caprimulgus in the long
distal centriole of the spermatozoon (Jamieson and Tripepi 2006). Other
members of the unnamed clade of Sibley and Ahlquist (1990) which contains
the caprimulgids (Hemiprocnidae through Eurostopodidae) have not been
examined for sperm ultrastructure. Although the Trochilidae and (here
removed to the Coronaves) the Strigidae in this clade, are listed as having been
examined by light microscopy (McFarlane 1963), no data are given.
The NJ tree (Fig. 8.59A) places Caprimulgus in the Neognathae but gives no
indication of their affinities other than that they do not belong in a
columbiform+passerine clade. In the MR tree (Fig. 8.59B), although
Caprimulgus lies in the same clade as Apus, this clade also contains members
of the Coronaves and therefore the grouping Metaves cannot be considered to
be supported.
Columbiformes. In the molecular Tapestry (Sibley et al. 1988; Sibley and
Ahlquist 1990) the Passeriformes branch off first in the tree dealing with the
Passerimorphae and form the sister-group of the Columbiformes +
(Gruiformes + ‘Ciconiiformes’), although the classification does not call

