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Chapter 9

MALE REPRODUCTIVE
SYSTEM

Testis

The bean-shaped left and right testes are symmetrically arranged on eithei
side of the midline in the dorsal coelom, near the caudal end of the lung and tht
cranial end of the kidney (Fig 9-21. In the domestic fowl and severaj
passeriforms, and probably in most other birds (but not in several species o|
hawk), the left gonad of the genetic male, like the left gonad of the genetk
female, acquires many of the primordial germ cells from the right gonad early]
in embryonic growth. Consequently, in the immature bird the left testis tends
to be larger than the right. In the domestic cock this relationship persists until
about six months of age, but after that the right testis tends to become heaviei
than the left. Each testis is suspended by a short mesentery, the mesorchium.
It is surrounded by the abdominal air sac, but is not cooled by the air sacj
contrary to earlier suggestions. When cut the testis exudes a milky fluii
containing spermatozoa.

The dimensions of the testis increase greatly with sexual activity. In heavj
breeds of domestic fowl the weight of both testes together ranges from about
0.05g at one month to about 30 g at 18 months, and the length varies froi
about 2crn shortly before sexual maturity to about 5.5cm during sexual
activity. This great enlargement at sexual maturity is due mainly to the mucl
increased length and diameter of the seminiferous tubules and to greatei
numbers of interstitial cells, and is therefore directly related to an enhancec
capacity to produce semen. In seasonal birds the testes enlarge to a remarkabli
degree at each culmination (nuptial) phase, the increase in weight of the orgai
being 300 to 500 times in some passerines (Fig 9-2). The colour also varies1]
with sexual activity. In most breeds of domestic fowl and in many seasonal]
birds the immature or inactive testis is yellow from the accumulation of lipids
in the interstitial cells. When the testis enlarges with sexual activity, it turnl
white through the dispersal of the interstitial cells by the expanding semi<|
niferous tubules. In some species, e.g. the Common Starling and the Blad
Leghorn breed of domestic fowl, the resting testis is black because of melano-
cytes, but again it turns from grey to white when it enlarges wi th sexua l
activity. The surface1 of the lesl is is covered by a very t h i n tunica ulhn^int'tt. In
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l''itf 9-1 Diagram of the testis and epididymis of the domestic fowl. The seminiferous
lulmles anastomose with each other. The straight tubules are very short and indistinct
Hi liistological sections. The rete testis is a network of cavernous channels embedded in
I he dorsomedial surface of the testis adjoining the epididymis. The numerous coiled and
biastomosing efferent ductules arise as wide tubes all along the epididymis and open
v u i the connecting ductules into the epididymal duct. There are numbers of blind-
ending aberrant ductules in the epididymis and in the appendix of the epididymis.
When the testis is removed the epididymal appendix remains in the body attached to

the adrenal gland.

mediastinum testis. In the domestic fowl most of the arterial blood reaches the
h 's l is in the testicular artery (Fig 13-4), a branch of the cranial renal artery. A
mmpiniform plexus, which in mammals acts to keep the temperature of the
i i v ; ( i s below that of the body, is absent. The testis is drained by several short
f i r . l i e u l a r veins into the caudal vena cava.

The bulk of the testis consists of thousands of convoluted seminiferous
tnhnlcH. The ind iv idua l tubules essentially resemble those of mammals but
iiMiistomoses ( K i g 9 I I are much more numerous in birds. The seminiferous
l i i l m l e is l ined hy a spermatogenet ic e p i t h e l i u m cons is t ing of germ cells and
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Fig 9-2 Ventral views of the male genital organs of the House Sparrow in A, thej
breeding condition and B, the non-breeding condition, showing the great change which |
occurs in the size and appearance of the testis and ductus deferens during the breeding]

season.

spermatogonia; the second is a period of growth in which the primary
spermatocytes enlarge; and finally there is a period of maturation in which
the first maturation division forms the secondary spermatocytes and thei
second maturation division forms the spermatids. Each spermatid develops1

into a spermatozoon. The spermatozoa develop in clusters with their heads
attached to the sustentacular cells and their tails projecting into the lumen.
Spermatogenesis is of a much shorter duration in birds than in mammals..
Each sustentacular cell extends the whole depth of the epithelium and
therefore provides mechanical support for the germ cells. Sustentacular eel id
are also believed to be involved in steroid hormone production and may have a
phagocytic role.

When the spermatozoa are mature they detach themselves and pass toward!
the very short outgoing straight tubules which end by opening i n l o t h e ivto
testis at about six points (Fig 9-1). Tin- straight tubuleB lose I he capaci ty Inr
spcrmafogrnc-sis and arc l i n e d by a low e p i t h e l i u m w h i c h serins hi consist on ly
n f s u H l e i i l n c u l m - c e l l s , In the domestic I'mvl I lie /v/r h'-.n- minimi: "I H i m walled

irregular channels, embedded in fibrous connective tissue on the dorsomedial
surface of the testis adjoining the epididymis; it also extends along the surface
of the cranial and caudal ends of the epididymis (Fig 9-1). The rete testis is
present in some passerines (e.g. finches) but absent in others (e.g. corvids) and
in terns; possibly it is not a general feature of birds.

Interstitial cells (cells of Ley dig) occupy the interstitial spaces between the
tubules. Mature interstitial cells are polygonal and are characterized by
smooth endoplasmic reticulum, mitochondria with tubular cristae, and
cholesterol-rich lipid droplets. The lipid droplets are believed to be the
precursor material involved in the production of androgenic steroids. As in
mammals, testosterone seems to be the principal testicular androgen in birds,
I he interstitial cells being the main source. Androgens have a major effect on
(he growth of the deferent ducts, on the development of secondary sexual
characteristics including plumage and appendages such as wattles and comb,
and on song and courtship behaviour. Other cells in the interstitium include
ihe melanocytes which cause the dark colour of the inactive testis in some
birds.

Epididymis

In the domestic fowl and birds generally the epididymis lies on the dorsomedial
surface of the testis (Fig 10-1) and is therefore almost invisible in a ventral
dissection, even during the breeding season. It is relatively small compared to
I he mammalian epididymis, being only about 3 mm thick in the sexually
mature domestic cock. In seasonal birds it enlarges greatly during the
culmination (breeding) phase, and then becomes somewhat more prominent
/ i 1 1 hough it is still concealed in a ventral view. Head, body and tail cannot be
distinguished, since the efferent ductules (Fig 9-1) are not confined to the
cranial or head end of the epididymis but usually arise along its whole length
i in the Jackdaw the efferent ductules are concentrated at the caudal extremity
nl ' Ihe testis). The numerous coiled and anastomosing efferent ductules are
i n i t i a l l y of wide calibre but then taper and finally open via short connecting
iluctules into the epididymal duct (Fig 9—1). The efferent ductules are lined
w i t h a ciliated secretory pseudostratified columnar epithelium but in the distal
parts of the connecting ductules the ciliated cells disappear. In the domestic
I n w l and the wild species that have been examined the epididymal duct is
i f la t ively straight and therefore much shorter than in mammals. Whilst it
usua l ly spans the entire length of the epididymal border of the testis, in some
".pi-cimens of Jackdaw it lies as a tangled knot at the caudal extremity of the
le . ' . l i s . The duct is lined with a non-ciliated secretory pseudostratified colum-
i n i r epithelium. In sexually active domestic cocks the efferent and connecting
lUCtules contain less and less spermatidis and more and more spermatozoa as
i l n - v approach the epididymal duct, which is uniformly packed with spermato-
/na. In contrast, in seasonal birds spcrinat.o/oa are seldom numerous in the
' l u d i d y m a l d u e l , even d u r i i u ' the c u l i n i n ; i l ion phase, de ing stored instead in
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extends cranially from the epididymis, being firmly attached to the ventral
border of the adrenal gland by connective tissue (Fig 9-1). It consists of many
blind-ending aberrant ductules which connect with a cranial extension of the
epididymal duct within the appendix (Fig 9-1); some of these aberrant
ductules of the appendix invade the adrenal gland (Fig 9-1). A few other
aberrant ductules open into the main part of the epididymal duct, and into the
rete testis (Fig 9-1). When the testis is removed surgically, the main part oi
the epididymis comes away with the testis, but the appendix remains attached
to the adrenal gland. In the surgically castrated male the aberrant ductules of
the appendix of the epididymis sprout nodules which secrete androgens. These
nodules lie in or deep to the capsule of the adrenal gland.

Seasonal reconstruction of the testis and epididymis

In birds with distinct breeding cycles, but not in the domestic fowl, three well
denned phases can be recognized in the testis and epididymis. In the regenera-\
tion phase the seminiferous tubules, interstitial cells, tunica albuginea, and
efferent and connecting ductules of the epididymis, largely disintegrate ancfl
are then reconstructed, thus restoring reproductive and endocrine function. L
the acceleration phase (in autumn or spring) gonadotrophins induce a renewal
of gametogenetic activity leading to the production of spermatozoa. In thisj
phase the interstitial cells are large and their lipid content is greatly!
increased. The epithelial cells lining the epididymal ductules begin merocrine
secretion. In the culmination phase gametogenesis reaches its peak as repro-j
duction takes place. The interstitial cells become depleted of lipids. ThJ
epithelial cells lining the epididymal ductules undergo intermittent apocrinej
secretion.

Ductus deferens
\

The anatomy of the deferent duct of the domestic fowl resembles that of the
wild species which have been investigated. It forms a tight zigzag parallel with]
the ureter and near the midline (Fig 10-1). Its diameter is increased progres-
sively by smooth muscle (attaining a maximum of about 3.5 ram at its entry
into the cloaca in the domestic fowl). It penetrates into the dorsal wall of the
urodeum, ending in a spindle-shaped dilation, the receptacle of the ductus\
deferens. The receptacle is embedded in cloacal muscle except for the lasl
2-3 mm which project as the short papilla of the ductus deferens (Fig 11-11.
Compared to that of the epididymal duct the epithelial lining is taller, tends to
be pseudostratified, and is non-ciliated and less secretory. There are no glands,
even in the most caudal part of the duct where the lumen is widest and the wall!
is thickest. In the sexually active domestic cock the ductus deferens is about aai
densely packed with spermatozoa as is the ductus epididymis; the spermato/.oa
take about one to four days to travel from the rete t r u l l s to the end of the
ductus deferens.

In seasonal birds i t is u n u s u a l for spennalo/na lu I n - n u m e r m u i i n i l i e i l u e l u n
i l e l e iVMS. Dur ing Hie resl,iii|.y phase I.he i n i u i i parl u l ' Hie < I n d u s deierens is H

relatively straight tube, its cranial part being embedded in the ventral surface
of the kidney (Fig 9-2B). As the culmination phase approaches the duct
i increases greatly in length, lifts away from the kidney and becomes highly
convoluted (Fig. 9-2A).

In passerines the caudal end of the ductus deferens forms a mass of
convolutions called the seminal glomus (Fig 9-2A). At the onset of the culm-
ination phase this structure becomes more convoluted and enlarged, so that
I he left and right seminal glomera together force out the cloacal wall into a
prominent projection, the cloacal promontory. Essentially, the promontory
nmsists of a rounded or conical bulge, about 10 mm in diameter in finches,
which carries the vent about 5-7mm caudal to its usual position. The
promonotory can be used for sexing passerines. In these birds the seminal
glomera are the main storage site for spermatozoa, the temperature there
hi'ing about 4°C below the deep rectal temperature.

Accessory genital glands

N u organs homologous to the mammalian seminal vesicle, prostate, bul-
bourethral glands and ampulla occur in birds. Contrary to earlier suggestions
l l i t - seminal glomus is not homologous to the seminal vesicle of mammals;
furthermore, the receptacle of the ductus deferens has no glands in its wall and
therefore is not homologous to the glandular ampulla of mammals.

Semen

Studies of semen are based mainly on the domestic fowl. In this species the
nermatozoa undergo maturation in the male tract, and must reach the ductus
ilrl'rrens before becoming fully fertile. In sexually active birds this journey
hikes from one to four days. The seminal plasma comes from sustentacular
r i - l l r i and the epithelial cells lining the efferent and connecting ductules,
epididymal duct and ductus deferens. During artificial ejaculation in the
domestic fowl (and to a lesser extent in the domestic turkey and some seasonal
h i r i i s ) , a lymphlike fluid (the 'transparent fluid') arises from the tumescent
lymphatic folds which lie on the floor of the proctodeal compartment of the
I ' lnnca (p. 193). A similar fluid arises from the cloacal floor in the domestic
i l u t ' k , again during the artificial collection of semen. Although these fluids
must mix with the semen to a greater or lesser extent, they are harmful
h i spermatozoa probably because they contain blood clotting agents (which
HIT.Iutinate the spermatozoa) and high concentrations of calcium and chloride
inns. The volume of ejaculate is about 0.5-1.Oml. The total number of sperm in
MM ejaculate ranges from about 1 to 2 x 109 million. For artificial insemination,
Ejaculation can be induced by abdominal massage; 100 million sperm are
M ' < i u i r e d for optimal fertility. In the absence of the seminal glomus the main
" l i e of storage of.sperm in the domestic fowl is the ductus deferens, which has a
i apaci ty ol'a l i l l . l e less than I n i l .

Tin- .s'/xvvm//n.v»<»// I I M H three n i m p i m e i i t H , t h e aiTosmne, t h e head (con tain ing
I I n ' - U K I . M ' n n i I ( l i e I M I I ' ! ' ! • • !) M l The l u l l in loll).; n n d 1 1 1 rend I i ke , and e i i l l he
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divided into four regions: the relatively short neck (enclosing the proximo
centriole), the relatively short middle piece (enclosing the distal centriole anc
the helically-arranged mitochondria), the very long principal piece (enclosing
the axial filament complex), and the very short end piece (enclosing the
remainder of the axial filament complex). In general, the slender form of tH
avian spermatozoon gives it a smaller volume than that of the mammaliar
spermatozoon.

Structurally, there are two kinds of avian spermatozoon, a complex typa
characterizing the passeriform birds and a simple form typifying all the!
remaining orders. The simple type is exemplified by the spermatozoon of the.
domestic fowl (Fig 9-3a). It is about 100 (im long, about one-third longer thaa

Fig 9-3 Diagrams of the two kinds of avian spermatozoa, a, the simple tyj
exemplified by that of the domestic fowl and b, the complex type characteristic ti
passeriform birds. A - acrosome; H = head; M = neck and middle piece of taili

T = principal piece of tail.

that of man. The homogeneous conical acrosome attaches only at the extremitj
of the head (in contrast to that of mammals which spreads over the membrand
of the head); it has been shown to contain a proteolytic enzyme which assist^
the spermatozoon to penetrate the oocyte. The head is a long, slightly curved
and very slender cylinder (about 0.5|o,m in diameter, compared to 2.5-3.5
in man). On ejaculation the tail become actively motile, creating an undulat-
ing movement. The complex type is typified by one outstanding feature,
predominantly spiral structure (Fig 9-3b). The acrosome, the head and th(
mitochondria of the tail all have a spiral form, with the same pitch. Th«
corkscrew turns are most conspicuous in the tail, but nevertheless extend
throughout the entire length of the cell. It is not known whether its spiral fond
affects the motion of the passeriform spermatozoon, but instead of undulating)
it does rotate rapidly around its longitudinal axis.

Phallus

There are two main varieties of phallus in male birds, the truly intromittentj
organ and the non-intromittent (non-protruding) type of p h n l l u s . The intromit-
tent form occurs in the ratites (large fl ightUvss b i n l w l , t . i immmis , n i i s c r i l n n i i s
(ducks, gtieso, swans, etc.), and probably in H i t - | ' , : i l l i ! < > i i n ( ' n i r i d n r . Thu
noil in I mini! I ml Iyp< ' is known with ccrl.ailiiy tO OCCUF in lOTM of th6

C.nlliforms (domestic fowl and turkey) where it has been thoroughly investi-
gated, and perhaps is also present in a group of passeriform birds (buntings.
juncos and sparrows, mostly belonging to the family Emberizidae). These
I'lructures and their function in coitus are described in Chapter 11.

Caponization

In Ihe chemical sterilization of cockerels for sale as capons (now illegal under
I ' l l ' X . regulations) an oestrogen compound is subcutaneously implanted at
nliout eight weeks of age in the form of a slow-release pellet. Since the head is
discarded at slaughter, the pellet is introduced just behind the comb. An
inlcrval of at least six weeks is usually recommended between implantation
mid slaughter in order to avoid contamination of the meat. Surgical castration
ul'cockerels is similarly illegal in Britain.
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Chapter 10

URINARY SYSTEM

External form of the kidney

In hirds generally the kidneys lie symmetrically in bony depressions of the
»s nsacrum, the renal fossae (Fig 4-10). They reach the lungs cranially and the
PHI! of the synsacrum caudally (Fig 6-10). In the adult domestic fowl they are
nl iu i i t 7 cm long, and about 2 cm wide at their broadest point. The kidneys gen-
n . i l l y form over 1 per cent of the body weight in small species, and less than
I I H T cent in large species. Extending between the kidneys and the pelvis are
•verticula of the abdominal air sacs; because of this relationship the kidneys
M i r removed during the postmortem processing of poultry in the slaughter
p lan t , if the abdominal air sacs are infected.

Kach kidney is divided into cranial, middle and caudal divisions (Fig 10-1).
1 ln-se divisions are in no way homologous to the lobes of mammalian kidney.
T i n ' boundaries between them are not always distinct, being formed by the
internal iliac artery and ischiadic artery as in Fig 10-1. In birds of most
linn passerine orders, including the domestic fowl, the divisions are distinct,
hn! in passerines the middle division is not well defined, being largely fused
( M I he other two divisions, particularly the caudal one. Also, the relative
ni/es of the divisions vary greatly. Nevertheless the presence of the three
d i v i s i o n s appears to be characteristic of birds in general. In many birds,
Mi l -h id ing herons, puffins and penguins, but not the domestic fowl, the caudal
i l i v i s i o n s of the left and right kidneys are fused in the midline. Spinal nerves
nl I l ie lumbar plexus and sacral plexus pass through the substance of the
l< i i l ney .

Tin1 surface of each division is covered with small rounded projections, about
I '.', nun in diameter in the domestic fowl. These are renal lobules reaching the

m i l lace of the kidney (see Fig 10-1, left kidney).
The architecture of the avian kidney is founded on renal lobules, the rough

"Mi lines of which can be identified without too much difficulty. It is also
! » > 1 1 i l c t o rerogni/e the presence of larger units, the renal lobes, but these are
M i u r h less obvious. The lobes and lobules form areas of cortex and medulla. The
I ' r i i r r a l organization of all these nnnpnnenl .M appears to be broadly similar in
M i r < l o t i l e s t ic low I and I he ofher species w h i r l ) have been examined , I.he o n l y
l i l l r i run-:! l i e i n i ' I huse i l l ' d e t a i l


