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Biological Features of the Avian Male Gamete and their Application

to Biotechnology of Conservation

Elisabeth Blesbois

INRA, UMR-PRC, 37380 Nouzilly, France

Male gamete biology shows specific features in birds that contribute to the reproductive strategy of flying
animals adapted to highly variable environmental conditions. In this paper, we review the main characteristics of bird
sperm, their selection and storage in the highly specialized female oviduct, specific features of polyspermic fer-
tilization, and the consequences of these biological adaptations on semen biotechnology. Among other features, the
storage of sperm in specific oviducal glands is a key factor to increase reproductive “freedom” but is also a critical

point for the success of semen in vitro storage.
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Introduction

Birds have developed original reproductive processes
which are very efficient for the adaptive strategies of flying
animals to highly variable environmental conditions. Ovip-
arity has evolved to the production of telolecithal, hard-
shelled eggs, enabling the autonomous development of the
embryo in a highly protected micro-environment. The high-
ly specialized egg production results in the formation of a
single oviduct in the adult female of most bird species. The
oviduct shares two main functions: 1) the storage and se-
lection of sperm prior to the polyspermic fertilization of the
oocyte in the infundibulum; and 2) the constitution of the
outer vitelline membrane, albumen and shell of the egg that
contributes to the autonomy of the embryo development.
The oviduct is also the site of zygote formation and divisions
up to stage 30-50000 cells when the embryo genome is acti-
vated at the time of oviposition. Among other features, the
presence of sperm storage tubules (SSTs, see review in Bakst
et al., 1994, Blesbois and Brillard, 2007) in the utero-
vaginal junction (UVJ) dedicated to the prolonged storage of
sperm provides “adaptive freedom” to the female to sustain
fertilizing potential even in the absence of males. Sperm are
produced by the two intra-abdominal testis of the males at
body temperature (41-43°), a fact that may be related to the
short interval of time required for spermatogenesis (reviewed
by Aire, 2007). For example, in the chicken, guinea-fowl,
duck and turkey, the duration of spermatogenesis is approx-
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imately 14 days which provides males with extended po-
tential to produce large quantities of gametes within a given
period of time. Following their evacuation from the rete tes-
tis, avian sperm are rapidly transported through the epidid-
ymis to the vas deferens, where they are stored for a limited
period of time (e.g. 2-3 days in the chicken, Williams and
de Reviers, 1981) prior to being exported at ejaculation.
Unlike in mammalian species, there is no sexual accessory
gland in the vas deferens of birds. The rapidity and low
specialization of the transport of bird sperm in the male tract
is in contrast with the high complexity of their selection and
storage in the female (from 10 days storage in the quail up to
70d in the turkey) (reviewed by Aire, 2007). Sperm storage
in the female tract has been used to develop original repro-
ductive adaptation. Thus, the choice of sires with high re-
productive potential based on the preferential selection and
storage of their sperm has probably developed in wild species
(Birkhead and Brillard, 2007). In domestic species, the
development of genealogic selection in the poultry industry
has been followed by the standardization of egg and meat
production. However the control of reproductive performan-
ces is still not optimal and the production, quality and effi-
ciency of storage of the male gamete have not been widely
taken into account. This has now resulted in conventional
breeding in early decreases in reproductive performance and
in major welfare problems (reviewed by Hammerstedt, 1999;
Brillard, 2004; De Jong and Guemene, 2011).

The process of in vivo sperm storage in the oviduct is also
a challenge to the development of appropriate methodologies
to preserve sperm in vitro, as avian sperm must still undergo
the normal processes of selection and prolonged storage in
the SSTs following in vitro storage. Procedures to store
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poultry semen in vitro in a liquid state were first developed to
facilitate the management of breeder flocks subjected to
artificial insemination (AI) and also to transport genetic ma-
terial to distant locations without the need for setting up of
local breeder male facilities. Cryopreservation has been con-
sidered to be an alternative strategy to limit the erosion of
genetic diversity and is also of major interest for the pre-
servation of endangered breeds as it greatly facilitates the
development of international programs to assess genetic bio-
diversity. Recent advances in cryopreservation technology
for poultry semen have resulted in the emergence of cryo-
banking which is now being developed in an increasing
number of countries (reviewed by Blesbois, 2007; Blesbois
et al., 2010; Blesbois, 2011).

In the present review we will develop major aspects of
specific features of bird sperm biology and their selection for
fertilization, and the consequences on reproduction strategies
and on reproductive biotechnology.

The Male Gamete at Ejaculation

Throughout the reproductive cycle, the key aim of male
gamete production in birds is to produce “the highest number
of gametes for the lowest reproductive cost”. Following the
rapid spermatogenesis, spermatozoa remain for a short time
(1-3 days) in the male tract without annex gland. The signs
of sperm maturation are much less developed than in mam-
mals. Unlike mammals, chicken spermatozoa already pos-
sess most of their motility capacity and a significant part of
their fertilizing capacity when they leave the testis (Howarth,
1983; Ashizawa and Sano, 1990). These capacities are then
increased in the epididymis before transit in the deferent
duct. At the time of ejaculation the number of spermatozoa
per ejaculate is usually very high (0.5-1 billion in the
chicken; 2 billion in the turkey) but concentrated in small
volumes (less than 0.5m/). In many species, the phallus is
“vestigial” or has totally disappeared as in all the galliform
order.

Bird spermatozoa show characteristics that are common to
all the amniote species and also specific adaptations to their
complex system of internal fertilization. These thin gametes
(Fig. 1) possess a head, an intermediate piece and a long
flagellum (reviewed by Aire, 2007). The head contains a
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Fig. 1.

small acrosome (2.5 #m long and 0.5 #m wide in the chicken)
and the nucleus (6X0.5#m in the chicken). The acrosome
includes the acrosome vesicle that contains different hydro-
lytic enzymes such as acrosin, involved in the digestion of
the inner perivitelline layer (IPVL) that surrounds the oocyte
and the perforatorim, a rigid actin-based structure with an
unknown role in birds. The nucleus, surrounded by its dou-
ble nuclear membrane, is extremely condensed, a protection
to the genome during the very long passage in the oviduct
before the fusion with the oocyte. In the Passeriformes, a
helicoidal sheath surrounds the head. The intermediate piece
contains a proximal and a distal centriole and also a highly
variable number of mitochondria (approximately 30 mito-
chondria in the chicken, 150 in the Japanese quail) that may
extend some distance into the flagellum depending on the
species. It is the “motor” of the energetic metabolism of
these gametes that do not contain significant intracellular
reserves but must be very motile to access the female SST
and then the oocyte and must also stay alive for a number of
weeks in the female tract (Fig. 2). The flagellum is the
longest part of the cell (70-90 m in the chicken). It starts at
the level of the distal centriole and contains an axoneme with
one central doublet and nine peripheral microtubule doublets,
mainly constituted of tubulin. In most birds (except Passeri-
formes), the axoneme is surrounded by a fibrous sheath in
most of the flagellum. At ejaculation spermatozoa are di-
luted in seminal plasma that comes from diffuse secretions
and excretions of the male tract (reviewed by Etches, 1996).
This biological medium presents a neutral (or slightly basic)
pH and its osmolarity is sustained by a high content of amino
acids such as glutamate and different proteins, the most
abundant being a serum-like albumin (Blesbois and Caffin,
1992). It contains high levels of cholesterol and phospholi-
pids originating from numerous lipidic and lipoproteic (high
density lipoproteins, very high density lipoproteins) vesicules
(Blesbois and Hermier, 1990; Douard et al., 2000). Seminal
plasma stimulates sperm motility and is useful at the time of
ejaculation. It is not a good medium of sperm storage despite
the presence high molecular weight fractions that sustain
fertility, and is eliminated before the sperm reach the SST
(Blesbois and de Reviers, 1992).

Chicken sperm observed with optical microscope. Chicken

sperm observed under optical microscope on an eosin-nigrosin smear
(photos I. Grasseau, INRA, France): left=one viable and morphologi-
cally normal sperm; 2a right=abnormal sperm (coiled or bent flagella,
one sperm with intermediate piece permeable to eosin with arrow).
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Fig. 2. Specific features of the male gamete in the female oviduct in
birds. 2a: Scheme of the ovary and oviduct of the hen ovary (adapted
by Sauveur, 1988 from Romanoff and Romanoff, 1949). 2b: Two
sperm crossing the hen inner perivitelline membrane in the same hole
(from Bakst, 1994). 2c: dissociated hen sperm storage tubules full of
sperm marked with Hoescht 33258 (optical microscopy, Brillard J.P.

INRA, France).

In Vivo Storage and Selection of
Sperm in the Female Tract

At mating, sperm are either deposited into the cloaca
(“cloacal kiss”) in species such as chickens and turkeys, or
introduced into the mid-vagina in species with a retractable
penis (ostrich, duck, goose). Sperm are then subjected to a
drastic process of vaginal selection prior to being stored in
the SSTs. Only 1 % of the initial sperm population reaches
the utero-vaginal junction (UVJ) (Brillard and Bakst, 1990).
As only 1% of the sub-population of pre-selected sperm can
be further recovered in the inner perivitelline layer (IPVL), it
can be postulated that the overall population of pre-selected
sperm transported to the site of fertilization does not exceed
1/1,000™ of the initial population deposited in the vagina
(reviewed by Blesbois and Brillard, 2007). Thus the female
oviduct would act as a succession of biological filters hind-

ering the migration and storage of low quality or damaged
sperm. The first filter is the access to the UVJ-SSTs. De-
spite the existence of a secondary site of storage of sper-
matozoa in the infundibulum, it is generally recognized that
UVJ-SSTs are the main sperm storage site in poultry as most
sperm stored for prolonged periods of time are located at this
site. These sperm storage tubules are cylindrical, generally
non-branched structures found in the folds of the upper vagi-
nal mucosa. Their numbers are species-dependent, ranging
from less than 200-500 in passerines (Briskie and Mont-
gomerie, 1993) to 20,000 in the turkey (Goodrich-Smith,
1977) and may be genetically selected to increase the storage
length (Brillard et al., 1998). It has long been accepted that
sperm that reach the SSTs must be motile (reviewed by Bakst
et al., 1994). Sperm with high motility show higher rates of
success after heterospermic insemination than sperm with
low motility, and their advantage increases with the time of
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storage in the SSTs (Pizzari ef al., 2008). Motility has also
been suggested to continue during the stay in the SSTs where
sperm have to maintain position against a fluid current
generated by the SST epithelial cells, and motility would also
be involved in their release (Froman, 2003). Immunological
status of sperm and oviduct are also important for sperm
selection. Steele and Wishart (1992) showed that immuno-
globulin identification of sperm could be involved in the
access to SSTs. More recently, a series of studies suggested
a potential role of cytokines in the elimination of “unde-
sirable” sperm in the vagina and the immune protection of
transforming growth factor-3s in the SSTs (Das et al., 2006;
2009).

Contribution of Sperm to the Fertilization Process

The initial event of fertilization in birds is the fixation of
numerous sperm on the IPVL that surrounds the oocyte at
ovulation. The fixation is followed by the acrosome reaction
(AR), an exocytosis process involving the fusion between the
sperm plasma membrane and the outer acrosomal membrane
(Okamura and Nishiyama, 1978a). N-Glycanes fractions of
the IPVL ZP proteins and specific arrangement of ZP3
fractions would be involved in the sperm fixation (Horrock et
al., 2000; Han et al., 2010; Wassarman, 2010). But the
specificity is low and other perivitelline layer fractions i.e.
the outer perivitelline are also efficient (Lemoine et al.,
2008). The fixation of sperm to the perivitelline layer in-
duces the activation of different signaling pathways (sperm
PI3-kinase followed by PKA and MAPKI1) and leads to
acrosome reaction (Lemoine et al., 2009). The AR leads to
the liberation of proteolytic acrosomic enzymes such as
acrosin that help the digestion of the IPVL and also the mo-
bilization of intra acrosomal calcium that could be involved
in different processes including the oocyte activation. Cal-
cium plays a central role in the AR. Extra-cellular calcium is
an absolute requirement for AR and is found in abundance in
the oviduct. Specific “Calcium storage structures” have also
been described in the infundibulum of chicken and quail
(Rabbani et al., 2006; 2007). Calcium is also involved as
second messenger in the successive steps of the AR in all
animal species with internal fertilization and its liberation
from the intra-acrosomic stones would also be involved
(Roldan, 2007).

Many sperm may undergo AR and then penetrate the bird’s
oocyte after the fusion between the inner membrane of the
acrosome and the plasma membrane of the oocyte (Okamura
and Nishiyama, 1978b). They preferentially penetrate near
to but not on the germinal disc and then evolve to the for-
mation of male pronuclei (reviewed by Stepinska and Bakst,
2007). The pronuclei formation involves profound changes
in the sperm nuclei, including chromatin decondensation,
disappearance and then neo formation of the nuclear mem-
brane. However, only one male pronucleus is involved in the
final syngamy. The role of polyspermy in birds is still in
question. One hypothesis involves the amount of phospholi-
pase C zeta (PLCY) produced by sperm that is needed to ac-
tivate the oocyte. Indeed, the presence of PLC{ in chicken

sperm has been proven (Coward et al., 2005). The injection
of chicken PLC{ RNA into mice oocytes induced egg
activation (Dong et al., 2000). The injection of quail sperm
and PLCS RNA or of higher concentration of PLCS RNA
alone has proven its efficiency to induce the formation of the
quail female pronucleus (Mizushima et al., 2008; 2009).
The existence of a positive dose effect of PLCS RNA on the
rate of early embryo development lead to suggest that poly-
spermy could help to increase the rate of PLC{ liberated in
the oocyte and needed for an optimal activation of the egg.
This could be an adaptive strategy related to the very large
size of the telolecithal oocyte. A higher chance of activation
of the oocyte would be given by polyspermy.

Biotechnology of Conservation

The general and the specific features of the biology of
sperm in birds have been taken as a basis to develop bio-
technologies that may be used to extend the period of time
between the production of the male gametes and their use in
the formation of zygotes. Most of these technologies derive
from the use of ejaculated sperm. One exception is the trans-
fer and storage of spermatogonial cells (Trefil et al., 2006;
2010).

Extending the time between production and utilization of
the male gamete permit two main types of action:

1) Manage the diffusion of the initial genetic potential of

the males;

2) Include an in vitro incubation that may be used pro-
fitably to modify the property of sperm, including
changes in their genetic potential.

Until very recently the first method met with some success
in birds but not the second. Although very recent results
(Mizushima et al., 2010) suggest that ICSI of sperm treated
with triton X-100 could be successful in the quail, suggesting
future applications for gene transfer, this approach is as yet
barely used. The very efficient DNAse of bird oocytes has
been suggested to rapidly eliminate “foreign” materials and
is suspected to be involved in the poor success of these
methods (Stepinska and Bakst, 2007). Thus we will now
focus this chapter on the more widely used methods of semen
storage. Semen in vitro storage must be done very carefully
in birds because every small defect in the in vitro procedures
will be exacerbated during the long process of semen in vivo
storage in the female oviduct. The sperm that have been pre-
viously stored in vitro make up part of the populations that
may be rapidly eliminated in the oviduct. Four main factors
are important to ensure the success of in vitro storage. (a)
The in vitro media must share physical properties compatible
with cell life. (b) As bird sperm are cells without intra-cel-
lular reserves, the sperm energetic metabolism is one of the
main sources of problems during and after in vitro storage.
The course of intracellular metabolism also includes the
management of free radicals and peroxides. (¢) The plas-
ticity of the sperm membrane to resist osmotic and tempera-
ture changes induced by in vitro storage is an absolute re-
quirement to retain the biological properties of sperm (d) The
last crucial question is the maintenance of the capacity of the
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Table 1.

Specific parameters of freezing semen handling and insemination

depending on species (Seigneurin and Blesbois, 2010).

Chicken Muscovy Duck Pekin Duck Goose Guinea Fowl
Dilution rate 544 65 35 70 35
(% semen)
Al Dose
400 300 300 40 200
(X10° sperm)
Al Frequency ) ) ) 3 )

(/week)

sperm to undergo the acrosome reaction because birds are
species in which the AR may be induced very rapidly in vitro
and does not need highly specific media. This means that
AR would be inhibited by in vitro storage media.

These factors are important for liquid semen storage at
temperatures above 0°C and also for cryopreservation. How-
ever, the dependence on energetic metabolism will be greater
with liquid storage and the resistance of the plasma mem-
brane to osmotic stress will be the main problem with cryo-
preservation (reviewed by Blesbois and Brillard, 2007).

(a) Among other characteristics, semen diluents must pro-
vide relatively constant physico-chemical stability to sperm
during in vitro storage. Iso-osmotic and nearly neutral pH
conditions must be ensured. This is generally achieved by
mixing balanced salt solutions in the osmolarity range 320~
450 milliosmoles and the 6.8-7.4 pH range. Decreases in pH
during storage may indicate an increase in sperm glycolysis
by products such as lactic acid, while an increase in pH has
been reported to be related to increasing numbers of dead
sperm.

(b) At the time of ejaculation, avian sperm contain very
few intra-cellular energy reserves, but repeated studies have
demonstrated that they can access various types of metabolite
“fuels” present in the extra-cellular medium to ensure their
basal metabolism and motility. The energy metabolites
available to sperm vary between species, but they generally
consist mainly of sugars (mainly fructose or glucose) and
fatty acids found in seminal plasma and the oviduct, in-
cluding SSTs. As a consequence, energy substrates may be
added to diluents in order to prolong sperm viability and
activity in vitro. At the same time, sperm membranes must
be protected against free radicals and peroxides. The addi-
tion of antioxidants such as vitamin E and selenium to semen
diluents has been found effective to counteract the action of
free radicals (Blesbois et al., 1993; Dimitrov et al., 2006).
Peroxidation occurs more rapidly under quite high storage
temperatures (15 to 41°C, Donoghue and Donoghue, 1997;
Douard et al., 2004), and when the males are aging (Douard
et al., 2003). However, the fertilizing potential of sperm
kept in vitro at body-like temperatures (41°C for chicken)
cannot be maintained over many minutes. In order to im-
prove in vitro storage conditions, sperm metabolism must be
decreased. This is generally achieved by reducing the tem-
perature.

(c) The general principle guiding the choice of in vitro
storage temperature conditions for avian semen is “the longer
the duration of storage, the lower the temperature”. How-
ever the sperm plasma membranes are very rich polyunsatu-
rated fatty acids (PUFAs) fractions that present certain speci-
ficity in birds. They contain mainly n-6 PUFAs and always
contain n-9 PUFAs even after dietary changes in chickens
and turkeys (Blesbois et al., 1997; Douard et al., 2000;
2003; 2004). They are highly susceptible to lipid peroxida-
tion that may be limited by anti-oxidant supplementation
(see b). They are also rapidly submitted to local phase tran-
sitions during storage at “infra-physiological” temperatures
that may alter their membrane fluidity and plasticity. Mem-
brane fluidity and resistance to osmotic stress induced by
temperature changes are species-specific (Blanco et al.,
2000; Blesbois et al., 2005). Membrane fluidity also de-
pends on the sperm phospholipid composition and on the
phospholipids/cholesterol ratios. They may be modified to a
certain extent by in vivo (diet, place in the reproduction
cycle) or in vitro (cholesterol or phospholipid supply or de-
pletion) conditions (reviewed by Blesbois and Hermier,
2003) and are affected by freezing (Fig. 3). Membrane flu-
idity of fresh semen added to motility and viability may
predict 85% of the variability of fertility obtained with
frozen-thawed semen (Table 2). In addition, a progressive
decrease in temperature (e.g. 0.5°C/min) helps to prevent ad-
verse cold shock effects. However, even under optimal
conditions of liquid storage, significant losses of the main
plasma membrane phospholipids are observed in the chicken
and the turkey (Blesbois et al., 1999; Douard et al., 2000).
The endogenous phospholipases have been suspected to play
a part in the degradation process (Douard et al., 2004).

Sperm plasma membranes are submitted to specific os-
motic stress during cryopreservation. During the freezing
steps, the cells are subjected to successive reductions in
volume due to dehydration and internal cryoprotectant ac-
tion. Then during the thawing process, swelling of the sperm
with rehydration and expulsion of the cryoprotectant from
the intra-cellular fraction, and also a transient increase in
intra-cellular ice particle size induces very high tensions in
all cell membranes. The nuclear membrane seems quite well
resistant, but mitochondrial and plasma membranes are high-
ly sensitive to these physical stress. The membrane injuries
that occur during the freeze-thaw process lead to the death of
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Fig. 3. Membrane fluidity, lipids, ability to cryopreservation (Blesbois
et al., 2005). Anisotropy in the opposite of fluidity: the higher the aniso-
tropy (reprnsent rigidity) and the lower the fluidity. Thus sperm fluidity is
higher in chicken than in turkey and guinea fowl and the highest rigidity is
found in guinea fowl (p <0.05). Freeze-thaw process increases significantly

the sperm rigidity.

Table 2. Correlation between quality of fresh semen and
fertility obtained with frozen-thawed semen (Blesbois ez
al., 2008).

Correlation coefficient (Pearson)
0.80 (P<0.001)
0.76 (P<0.001)
0.64 (P<0.01)
0.61 (P<0.02)

A: Membrane Fluidity

B: Viable-normal sperm (%)

C: Motile sperm (%)

Subjective motility

Fertility with fresh sperm (fixed

<
number of sperm inseminated) 0.74 (P=0.01)

Correlation between quality of fresh semen and fertility obtained with
frozen-thawed sperm 12 A+B+C=0.85

more than 50% of sperm, to membrane rigidifying, metabolic
defects with mobility alteration and ATP decrease and
changes in the plasma membrane glycocalyx (Long, 2006;
Blesbois et al., 2008; Peleaz and Long, 2008). Most of these
changes do not seem to show localization in their action on
the plasma membrane, but the acrosomal cap could show
specific reactivity.

(d) Acrosome reaction shares specific conditions in birds
when compared to mammals. Specific features lead to huge
differences in the sensitivity of bird spermatozoa to in vitro
storage. In most mammalian species, acrosome reaction is
preceded by sperm capacitation with major changes in the
plasma membrane (calcium entry, cholesterol removal, changes
in phospholipids and glycocalyx) that prepare sperm for AR.
In vitro storage show “capacitation-like “effects that may be
very useful for in vitro fertilization in mammals. In the ab-
sence of capacitation in birds, in vitro storage alters the ca-
pacity of chicken sperm to undergo the acrosome reaction
(Lemoine et al., 2011). During liquid storage, the alteration
of AR capacity is more rapid and much stronger that the
alteration of the other sperm functions such as viability and

motility. We may thus now suggest that the capacity to un-
dergo the AR is a prerequisite for the success of liquid
storage of bird sperm.

The acrosome reaction is also frequently altered by the
freezing process in birds. But conversely to liquid storage,
AR capacity seems to be only secondarily affected by cryo-
preservation. Indeed, in high quality semen, AR is much less
altered than motility and viability (Lemoine et al., 2011).
Finally, when present, the alteration of AR is irreversibly
induced by the first contact with the internal cryoprotectant
(CPAs) (Mocé et al., 2010). We may thus suggest that the
interaction with the CPAs is critical for maintaining the ca-
pacity of sperm to undergo AR after cryopreservation. Con-
sequently, AR induction would be a key test when deciding
how to add CPAs prior to the freezing process.

All these elements show that bird AR shares very specific
process that may help to emphasize the differences occurring
in sperm quality changes during liquid and freezing semen
storage. However the nature of the changes is different in
liquid storage and in cryopreservation and these two storage
methods have very different applications: liquid storage is
extensively used in the practice of artificial insemination
while semen freezing is used in the conservation of genetic
diversity.

Liquid Storage and Artificial Insemination

Artificial insemination (AI) technology needs preservation
of sperm viability and fertilizing potential under in vitro con-
ditions over short or extended periods of time. Al practice in
the poultry industry expanded for selection and multiplica-
tion purposes over the second half of the twentieth century
but its justification for the production of broiler-type chicks
remains species-specific. For example, the turkey industry
switched from natural mating to Al in the 1960s because of
the strong negative phenotypic correlation between breast
widths and mating potential (reviewed by Krueger, 2003).
Al has also become increasingly popular to produce guinea
fowl chicks because the hens are not suited to trap nesting
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Table 3. Examples of fertility obtained with cryopreserved semen from

chicken (Blesbois ez al., 2007).

Genetic origin

Homologous females

Commercial females

Gauloise dorée breed 21%" 39%"

R+ experimental line b
14%¢ 259

(high heat production line) & %

B4 experimental line (subfertile

line with specific histocompati- 7% 43%*

bility haplotype)

a,b,c,d

conditions. Al has also become extensively used to produce
mule ducklings (male Muscovy X female Pekin), a conse-
quence of the repeated problems of mating behavior encoun-
tered in heterospecific breeder flocks. Al is now widespread
in the poultry industry for selection purposes, but it has also
become increasingly popular to produce broiler chicks in
regions with low labor costs. In all these cases, semen is re-
commended to be stored for very few hours to avoid a de-
crease in fertility (6-24 h in the chicken). However, as pre-
viously described, the length of storage will depend on the
storage conditions and on the physiological state of the
animals (Blesbois and Brillard, 2007).
Semen Freezing and Cryobanking

The extensive use of semen freezing for current reproduc-
tion practice remains unrealistic, partly due to the high cost
of employing frozen compared to fresh semen and partly due
to the difficulty of obtaining freeze/thaw avian semen with-
out significant loss of fertilizing potential. As previously de-
scribed, in the case of sperm treated for cryopreservation,
damage caused to plasma membranes results in a dramatic
increase in sperm rejection prior to storage in the SSTs, thus
preventing subsequent fertilization (reviewed by Blesbois
and Brillard, 2007). Such impairment of fertility parameters
may be partly compensated by increasing the number of
sperm deposited at each insemination and also by increasing
the frequency of insemination (Table 1; Seigneurin and
Blesbois, 2010). However, even under optimal conditions,
high intra-line and inter-line (Table 3) variability does exist,
mainly related to the initial semen quality and female fertili-
ty (Blesbois et al., 2007; Blesbois et al., 2008). Surprising-
ly, embryo mortality following insemination with frozen-
thawed spermatozoa is generally below that observed with
fresh semen, at least in the chicken (Seigneurin and Blesbois,
1995). This indicates that freeze/thaw procedures may
‘emphasize’ the natural process of sperm selection exerted by
the lower oviduct prior to their acceptance in the SSTs.

With species-specific zootechnical adaptations, semen
freezing has successfully been used in chickens, geese, and
pekin and muscovy ducks (reviewed by Blesbois, 2011).
Taking as models the methods developed in domestic birds
(diluent, cryoprotectant, freezing and thawing rate), sperm
freezing is also now under development in a small number of
wild species including wild pheasianides, Barbary partridge

represent significant differences (P=<0.05).

and Griffon vultures, although fertility results are still lacking
(Saint Jalme et al., 2003; Madeddu et al., 2009; Madeddu et
al., 2010). The successes obtained in domestic species open
up the possibility of creating national programs that include
the storage of genetic diversity in the form of sperm. The
main advantage of the use of semen for this purpose is the
non-invasive procedure developed to collect, treat and trans-
fer the cells to the female through Al. Thus, despite the fact
that semen will still share only half of the total genome, it
still remains the main cell type to be used for breed recon-
struction, creation of synthetic breeds, gene introgression and
use for live-cryo-aided schemes. In most national cryobank-
ing programs, sperm cells are completed by the additions in
the cryobanks of alternative diploid cells with reproductive
potential such as Blastodermal and primordial or gonadic
germ cells (reviewed by Blesbois, 2011).

However the progress made in the last 15 years in this area
concerns a small number of domestic or wild bird species.
This still has to be developed in others such as turkeys,
guinea fowl and quails.

Conclusion

Bird sperm show original adaptations to their complex
system of internal fertilization. The rapid and rather un-
specific fabrication of mature sperm in the adult male con-
trasts with the highly specific process to which sperm are
submitted in the oviduct, including highly efficient selection
and long storage in specific glands. The polyspermic fertili-
zation of the telolecithal egg in birds also shares specific
features that will affect the induction of the acrosome re-
action and penetration of the ovum, the selection of the male
pronucleus to be involved in the syngamy and the action of
egg DNAses.

These specific features contribute to the “adaptive free-
dom” of bird reproductive systems. They have also been suc-
cessfully used to optimize the management of males in the
poultry industry and to develop methods of conservation of
genetic resources in national programs of cryobanking.

New basic knowledge of birds’ semen biology are how-
ever needed to understand what are the main factors involved
in the selection of the sperm to be used for fertilization and
consequently lead to zygote formation. Application of sperm
biology to methods of semen storage should also be extended
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to a larger number of species and to new approaches for gene
transfer.
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