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Introduction

The IUCN (International Union for the Conservation 
of Nature) has currently listed about 13% of the bird 
species worldwide as endangered or even critically 
endangered (IUCN, 2013). This especially counts for 
many parrot species. Probably the most famous ex-
ample is the Spix’s macaw (Cyanopsitta spixii), which 
only remains in captivity and is said to be extinct in 
nature (IUCN, 2013). Many parrot species are threat-
ened by loss of habitat, illegal trade or hunting as 
well as environmental risks. Therefore, breeding pro-
grams play an important role in species conservation 
programs for threatened species. They are to pre-
serve genetically the species and gain time in order to 
be able to eliminate the causes of the threat, so that 
animals can be reintroduced later on (Reinschmidt 
et al., 2008; ICMBio, 2012). Furthermore, breeding 
programs can satisfy the commercial demand and, in 
doing so, make illegal trade less attractive. Breeding 
programs for highly endangered species, however, 
are not always successful. This is primarily due to the 
lack of suitable breeding animals, especially if, for 
example, one sex is over-represented in the breed-
ing population. Furthermore, infertility, disorders 
or health problems play a great role and can lead to 
the exclusion of an animal from breeding. Especially 
monogamous parrots are affected, because unsuit-
able partners cannot easily be replaced. The lack of 
suitable animals leads to forced pairings, which may 
result in no eggs or unfertilized clutches. Especially 
in case of unfertilized clutches, assisted reproduc-
tion may help to produce offspring (Saar et al., 1983; 
Blanco et al., 2009). A basic requirement for the in-
tegration of assisted reproduction techniques into an 
existing breeding program is the possibility of semen 
collection from the male animal. This facilitates the 
evaluation of breeding males on the basis of their se-
men quality and either a possible exclusion from the 
breeding program or the use as a genetically valu-
able reserve. Furthermore, this semen can be used 

for artificial insemination. 

Semen Collection:

The possibility of semen collection varies greatly be-
tween different bird species. Although already de-
scribed for the first time in the 1930s for commer-
cial poultry (Burrows and Quinn, 1935), a routine 
technique could not be established for every group 
of birds. Semen collection is very well established 
for birds of prey, using tools where imprinted ani-
mals copulate on (for example a hat) or alternatively 
massages for semen collection (Temple, 1972; Grier, 
1973; Boyd et al., 1977; Blanco et al., 2002; Fischer et 
al., 2011). Comparable massage techniques are used 
for cranes (Guojun et al., 1998), geese (Varga et al., 
2004), emus (Malecki et al., 2011), ostriches (Hem-
berger et al., 2001), penguins (O’Brien et al., 1999; 
Waldoch et al., 2007), tragopans (Zhang, 2006) and 
parakeets (Samour et al., 1986; Anderson et al., 2002; 
Behncke, 2002; Stelzer, 2004; Stelzer et al., 2005; 
Neumann et al., 2013). Despite of these possibilities, 
the massage technique for semen collection could 
not be successfully adapted to large psittacines; it 
only worked anecdotally (Brock, 1991; DellaVolpe et 
al., 2011; Behncke und Stelzer, 2003). It was only the 
development of a new technique based on electro-
stimulation which allowed a regular and reproduc-
ible semen collection from large parrots; in the pilot 
study it was possible to collect semen from 109 dif-
ferent parrot species and subspecies, including rare 
species like the Spix’s macaw (Lierz et al., 2013). The 
collected semen was also used for artificial insemi-
nation. 64 inseminations were accomplished, 36 of 
them followed by egg-laying. In 24 (69.4) of those 
eggs from 10 different species embryos developed, 
including cockatoos, amazons, macaws, Eclectus and 
other species. Importantly, in this study the produc-
tion of a macaw and a cockatoo chick through an 
assisted reproduction technique was successful for 
the first time worldwide. The ejaculates gained in 
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the study were investigated also spermatologically. 
The investigation demonstrated that the spermato-
logical parameters within a family are comparable, 
whereas there are significant differences between 
families. Eclectus parrots had a much higher sperm 
density and total number of spermatozoa than, for 
example, macaws. This difference may result from 
the breeding biology of the species. Female Eclec-
tus parrots mate with several males, so their semen 
competes with the others’ for the ovum. The more 
semen a male can enter into the female’s genital 
tract, the higher the likelihood that his sperm fertil-
izes the ovum. Monogamous species like macaws for 
example, do not have this kind of selection, result-
ing in that even a male with a low semen concen-
tration can father offspring. The study also indicated 
that the success of the semen collection technique, 
of the semen quality and the success of the artificial 
insemination depends on the reproductive status of 
the pair, the season and the point of time of the in-
semination either before or after the egg-laying. 

The seasonality of the semen quality was therefore 
evaluated in a further study with single males from 
different psittacine families, examining them week-
ly during one year (Bublat et al., 2014). The study 
proved the differences between the various parrot 
families already indicated by the first study. The suc-
cess rate of the semen collection and the semen 
concentration of macaws and amazons showed a 
large seasonal influence with a significant increase 
a few days before and around the egg-laying of the 
partner animal. Outside of the breeding season, no 
semen could be obtained from these groups, where-
as this was possible for Eclectus parrots throughout 
the whole year with relatively equal parameters. 
Cockatoos also showed almost no strong seasonality.  

Spermatological Examination:

The significance of the spermatological examination 
in breeding programs cannot be overestimated. It 
primarily serves to judge the male breeding animals 
and allows determination of the reasons for unfer-
tilized clutches. Furthermore, it is a basic require-
ment for artificial insemination, because this can 
only be done with high-quality semen to guarantee 
an insemination success as high as possible. In addi-
tion, the semen can be evaluated in a way that the 
high-quality semen can possibly be diluted in order 
to use one portion of semen for several insemina-
tions. The spermatological examination of birds is 
comparable to that of humans and domestic mam-
mals (Weitze, 2001; Waberski und Petrunkina, 2007; 

WHO, 2010). According to Fischer et al. (2011), vol-
ume, colour, consistency and pH-value of the ejac-
ulates as well as their level of contamination (for 
example with faeces, uric acid and/or blood) are 
evaluated. Furthermore the motility, vitality (via Intra 
Vital Staining) and the morphology of the spermato-
zoa are assessed. Herewith, it is important to estab-
lish specific reference values  for each species, as al-
ready different parrot families varies significantly as 
shown before. Cutting edge examination methods, 
like the Computer Assisted Semen Analysis (CASA), 
are able to determine different parameters for the 
movement and the speed of individual spermatozoa. 
Hereby it is of great importance to adapt the soft-
ware of the system to the specialities of each species 
under examination (Schneider et al., 2013; Fischer 
und Lierz, 2013). Last but not least, function tests of 
the semen are especially important in order to final-
ly assess the ability of the viable semen to fertilize. 
The perivitelline membrane penetration test, which 
has recently been modified for various bird species, 
plays an important role in this process (Krohn et al., 
2012). In this test, semen is placed onto a perivitel-
line membrane of an egg in order to assess whether 
the sperm is able to penetrate the membrane, which 
is a basic requirement for the fertilization of an egg 
(Robertson et al., 1997).

Artificial Insemination:

The obtained semen can be used for artificial insem-
ination. This has been done various times for birds 
and already succeeded exemplarily for cockatiels 
(Neumann et al., 2013) as well as for large parrots 
(Brock, 1991; Lierz et al., 2013). According to the 
positioning of the semen in the genital tract of the 
female, the placement is done intracloacal, intravag-
inal (opening of the oviduct) and intramagnal insem-
ination (Blanco et al., 2002). The intravaginal insem-
ination has clear practical advantages and promises 
the most success (Lierz et al., 2013). In order for an 
artificial insemination to lead to a fertilized egg, a 
minimum amount of semen with a certain number of 
life motile spermatozoa is necessary. This minimum 
requirement varies greatly between the bird species 
and is nearly unknown for large parrots and only ex-
perimentally known for cockatiels (Lierz et al., 2010). 
The artificial insemination allows single genetically 
valuable males to be more often represented within 
the breeding population (Lierz et al., 2013), because 
their sperm might be divided and inseminated into 
several females. Furthermore, surplus females in a 
population can me paired with sterilized males from 
other related species and inseminated with semen 
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from males of their own species. In the end, even 
isolated or socially incompatible animals (Lierz et al., 
2013), as well as handicapped males unable to re-
produce naturally, can be genetically integrated into 
the population, as recently proven in large parrots 
(Fischer et al., 2013). Apart from the insemination, 
the availability of an ovum ready to be fertilized at 
the moment of semen transmission is a basic re-
quirement for the production of a chick. Therefore, 
the point of time of insemination is highly important. 
This point of time is not clearly known in parrots. 
Since semen is able to survive longer in the female 
genital tract, the first insemination should be per-
formed 4-5 days before the first egg is laid. Another 
insemination should follow at least after every fur-
ther egg-laying. For this purpose, close observations 
of the breeding animals using cameras in nest boxes 
are of advantage for increasing the success of such 
techniques. However, especially in species conser-
vation programs, the semen donor and the female 
are not always kept close together or an alternative 
male is lacking in the case that semen collection is 
unsuccessful at the point of time of the expected 
egg-laying. The availability of semen at the point of 
time of insemination is the limiting factor of these 
techniques. Even though, the vitality of the semen 
can be preserved up to 24h with various buffer solu-
tions; the cryopreservation of parrot semen, howev-
er, would solve most of the problems.     

Cryopreservation: 

The cryopreservation of parrot semen is a solution 
independent from time and place for the long-
term conservation of gene reserves (Schneider et 
al., 2013). Only for a few bird species protocols for 
semen- cryopreservation are described, but most 
of them are anecdotal (for example budgerigars 
(Samour, 2002)). Due to the large physiological dif-
ferences of the semen of different bird species, such 
protocols are not transferable to other parrot spe-
cies and have to be newly established every time. In 
order to do so, first the basic physiological data of 
the semen of a bird species  have to be determined 
and  investigation protocols needs to be established 
accordingly, for example for electron microscopy. Fi-
nally, adequate diluents and cryoprotectants as well 
as a freeze protocol have to be established in series 
of tests in order to guarantee the survival of the se-
men during the freezing process. According to in-
vestigations of Schneider et al. (2014), an adequate 

diluent and cryoprotectant was developed for the 
semen of the cockatiel serving as a model. 

Text: Proceedings of the VIII Int. Parrot Convention, 
Loro Parque, Puerto de La Cruz, Tenerife, 2014    
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