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Abstract Assisted reproductive technologies can be an
important part of programs directed for maintenance and
protection of genetic variability. The objective of this study
was to develop methods for liquid storage and cryopreser-
vation of semen capercaillie and black grouse semen. Our
results provide for the first time evidence for successful
short-term storage and cryopreservation of capercaillie and
black grouse semen using criteria of sperm motility
characteristics as quality indices. Sperm motility could be
protected up to 48 h liquid storage; however, 24-h storage
should be preferable. Cryopreservation secured 40–60%
post-thaw motility (as compared with control), both for
freshly collected and 24-h-stored semen. In conclusion, a
procedure for short-term and cryopreservation of capercail-
lie and black grouse semen are now available. These
assisted reproductive technologies can be implemented into
captive breeding programs for these species.
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Introduction

Black grouse Tetrao tetrix and capercaillie Tetrao urogal-
lus, once abundant in Europe, are now significantly reduced
in numbers and their range (Storch 2007a). Both species are
listed in the National Red Data Book of several European
countries. In many Central European and Western countries
loss, fragmentation and deterioration of habitats have
resulted in the isolation of small populations of capercaillie
and black grouse. Persistence in such populations is
severely threatened, and extinctions are documented for
both capercaillie and black grouse populations (Storch
2007a; Höglund 2009). Other threats to the grouse
population include predation, human exploitation, human
disturbance, and climate change (Storch 2007b). A dramatic
decrease in the grouse populations is also observed in
Poland. There are only four isolated capercaillie popula-
tions, and their number has been reduced to only 470–570
individuals (Zawadzka and Zawadzki 2003). The popula-
tion of the black grouse is also very low and estimated to be
about 2,000 individuals (Kamieniarz 2002). It is very likely
that both species will be extinct in Poland within 15–
20 years (Jezierski 2007).

Captive breeding programs play an important role in the
conservation of endangered bird species. It is especially
true for capercaillie and black grouse, for conservation in
the wild alone may be insufficient and the establishment of
a self-sustaining captive population will be needed to
prevent their extinction (Krzywiński 2007). Captive breed-
ing programs must be established before species are
reduced to critically low numbers (Storch 2007a). Several
programs for captive breeding that aimed to support the
reintroduction of the capercaillie and black grouse have
been established for Central Europe. Unfortunately, so far,
they have met very limited success and generally failed to
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establish self-sustained populations in the wild (Storch
2007a). A major obstacle in successful reintroduction
seems to be recreating natural conditions for raising young
grouse (Liukkonen-Anttila et al. 2000; Krzywiński et al.
2009a). The semi-natural “Born to be free” method of
raising grouse seems to allow the improvement of such
conditions (Krzywiński and Keller 2005). Overcoming this
problem will strengthen the role of captive breeding in the
conservation of grouse species. Undoubtedly, the suitability
of the return of captive stocks to wild habitats will strongly
depend on the maintenance of the genetic variability of
these flocks. Special attention should be taken for the
conservation of the genetic biodiversity of isolated grouse
populations threatened with extinction, through captive
breeding as a reserve for further programs of the conserva-
tion of these species. Reproductive technologies are an
important tool to facilitate that task.

Assisted reproductive technologies such as semen preser-
vation and artificial insemination (AI) can be an important part
of programs directed for the maintenance and protection of
genetic variability (Blanco et al. 2009; Durrant 2009). Liquid-
stored (short-term stored) semen can facilitate crossing, and
cryopreserved (long-term stored) semen can be used for
crossing as well and for long-term protection of semen in the
sperm bank. Williams and Hoffman (2009) have identified
cryopreservation as an important tool for minimizing genetic
adaptation in captive breeding programs. To our knowledge,
assisted reproductive technologies have not been developed
for capercaillie and black grouse. In our previous study, we
established baseline parameters for capercaillie and black
grouse semen (Ciereszko et al. 2009). The objective of this
study was to develop methods for liquid storage and
cryopreservation of semen for these species.

Material and methods

Both species were maintained in the Kadzidłowo Wildlife
Park, Poland. The capercaillie males (n=2) were 3 years old,
and black grouse males (n=7) were 2 or 3 years old. Sperm
was collected with the use of the dorso-abdominal massage
technique (Burrows and Quinn 1937) several times during
the reproductive season (17 April–7 June 2010) at 2–3-day
intervals. Semen was collected from the cloaca using 1-ml
glass tubes (diameter 5 mm). Quality ejaculates were judged
as acceptable (at least 50% motile spermatozoa), and these
ejaculates were used for experiments. About 40% (16 out of
37) and 65% (14 out of 21) of ejaculates were judged
acceptable, for black grouse and capercaillie, respectively.

Immediately after collection, the semen samples were
diluted (1:2) either in avian semen extender (Ovodyl, IMV,
I’Aigle, France) or EK extender (Siudzinska and Lukaszewicz
2008). Samples were transported in a plastic cooler (4–5°C)

to a laboratory at the Institute of Animal Reproduction and
Food Research in Olsztyn. Within 2 h after collection, sperm
motility was tested and samples were either subjected to
liquid storage or cryopreservation. Samples of extended
semen were stored for 48 h under refrigeration (5°C)
according to the method described by Kotłowska et al.
(2007). From each sample, aliquots were removed at 2, 24,
and 48 h of storage for sperm motility to be measured.

Samples stored for 2 and 24 h were subjected to
cryopreservation. The cryopreservation procedure followed
a method developed by Tselutin et al. (1999) as described
by Saint Jalme et al. (2003) with a few modifications.
Sperm suspensions were placed on ice, and after 5 min, an
equal volume of 12% dimethylacetamide (DMA) either in
Ovodyl or EK extender was added (final concentration
DMA was 6%). After 1 min of equilibration on ice, sperm
suspensions were aspirated to 100-μl tip attached to a
pipette (Eppendorf AG, Hamburg, Germany) and small
drops (~20 μl) were pipetted directly into liquid nitrogen.
The resulting pellets were quickly thawed by placing one
pellet into a prewarmed glass tube (diameter 5 mm), which
was incubated in a water bath at 55°C for 10 s.

Video recordings of motile sperm were made using a
microscope with a ×10 negative phase objective and a Sony
CCD black and white video camera (SPT-M108CE). The
video recordings were analyzed using a Hobson Sperm
Tracker (Hobson Vision Ltd, Baslow, UK). MicroCell
20 μm, two-chamber slides (Conception Technologies, San
Diego, CA, USA) were mounted on a heated stage (38°C).
Conditions of sperm dilutions, recording, and Hobson Tracker
settings followed those described by Ciereszko et al. (2009).
Motility parameters used in this study included the follow-
ing: percentage of motile spermatozoa, curvilinear velocity
(VCL), straight-line velocity (VSL), linearity (LIN), and
amplitude of lateral head displacement (ALH).

Data are presented as means±SD. N always denotes the
number of males. Due to a low volume of semen, it was not
possible to test and compare the extenders’ effects using the
same semen specimens. One-tailed t-paired test was used for
the comparison of two-means and one-way repeated measure
ANOVAwith Tukey’s post hoc test for comparisons of three
means. Percentage data were arcsin square-root-transformed.
Friedman test with Dunn’s post hoc test and Wilcoxon-
matched paired test were used as non-parametric tests when
criteria for parametric comparisons could not be fulfilled.

Results

Notes on semen collection

In this study, sperm collection from the capercaillie using
the dorso-abdominal massage technique seemed to be much
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easier compared with black grouse. After a short stimula-
tion and positive reaction indicated by the elevation of the
capercaillie cock tail, a visible white drop of semen was
seen in the cloaca region. This drop could be collected
easily, and the average semen volume was 40±16 μl (n=21
ejaculates from two males). The vestigal penis (Blesbois
and Brillard 2007) was not seen in the capercaillie but was
clearly visible in the black grouse. Contrary to the
capercaillie, the reaction of the black grouse to stimulation
was not clear, and semen was not clearly seen in the cloaca
region, and sperm volume was low (10±3 μl, n=31
ejaculates from six males). During collection, a liquid
secreted from the cloaca called “transparent fluid” (Blesbois
and Brillard 2007) was frequently observed (sometimes it
contained a jelly-like fraction), and we tried to avoid
collecting it. Particularly in the black grouse, we observed
several times unknown debris and bacteria during motility
analysis contamination of semen with somatic cells (such as
blood cells or unknown cells), but we did not systematically
study this.

Short-term storage and cryopreservation of black grouse
semen

Semen extended in Ovodyl extender could be stored up to
48 h, although less than half spermatozoa (37.5%) were
motile after that period (Table 1). After 24 h of storage,
about 80% spermatozoa were motile (as compared with
control, 64.4% vs. 80.2%), and their motility parameters
with the exception of ALH did not differ from fresh semen.
The storage of semen in EK extender was less successful.
After 24 h, the percentage of motility dropped to half; and
after 48 h, only traces of motility were observed.

The cryopreservation of 2-h-stored semen using both
extenders secured about 50–60% motile black grouse
spermatozoa after thawing, although a decrease in sperm
motility was significant (Table 2). Most sperm movement

2 h 24 h 48 h

Ovodyl extender

Motile spermatozoa (%) 80.2±11.4 a 64.4±3.8 ab 37.5±20.8 b

VCL (μms−1) 99.0±8.1 a 88.1±8.5 ab 83.4±12.4 b

VSL (μms−1) 31.4±18.4 33.8±19.2 22.1±12.4

LIN 29.9±15.7 35.3±19.9 24.9±9.9

ALH (μm) 10.3±2.3 a 7.2±1.9 b 7.9±2.0 b

EK extender

Motile spermatozoa (%) 78.0±9.5 42.2±18.2*

VCL (μms−1) 112.4±7.4 81.0±7.6*

VSL (μms−1) 63.8±5.1 33.2±8.5*

LIN 49.2±6.1 23.7±5.5*

ALH (μm) 8.5±0.9 8.84±1.4

Table 1 Sperm motility param-
eters (means ± SD) of short-
term-stored black grouse
semen with the use of Ovodyl
and EK extenders

Means followed by different
lowercase letters are significantly
different (p<0.05), n=4

*p<0.05

Table 2 Sperm motility parameters (means ± SD) of black grouse
fresh and cryopreserved semen with the use of Ovodyl and EK
extenders, n=4

Short-term-stored
semen

Cryopreserved
semen

Ovodyl extender

After 2-h storage

Motile spermatozoa (%) 70.0±6.8 40.5±13.0**

VCL (μms−1) 97.8±10.9 85.2±7.6*

VSL (μms−1) 40.3±20.7 25.3±9.3

LIN 37.9±15.8 25.8±7.1

ALH (μm) 7.6±1.6 7.1±1.6

After 24-h storage

Motile spermatozoa (%) 59.4±8.6 31.3±15.7*

VCL (μms−1) 88.7±5.9 82.6±5.3

VSL (μms−1) 30.4±15.1 23.3±10.8

LIN 32.3±14.4 25.5±9.9

ALH (μm) 7.9±1.5 6.6±2.9

EK extender

After 2-h storage

Motile spermatozoa (%) 70.9±12.2 37.1±7.8**

VCL (μms−1) 106.5±9.0 93.6±4.9*

VSL (μms−1) 52.2±16.5 31.1±11.6*

LIN 46.6±11.3 29.9±11.4*

ALH (μm) 8.1±1.0 8.3±1.9

After 24-h storage

Motile spermatozoa (%) 67.7±12.3 35.2±16.6**

VCL (μms−1) 94.0±14.6 82.6±11.0*

VSL (μms−1) 44.0±19.6 25.0±6.1

LIN 43.1±14.8 27.3±3.9

ALH (μm) 6.6±1.3 7.2±3.1

*p<0.05; **p<0.01
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parameters related to trajectory and speed did change
significantly, or these changes were within 10–20% of
values for fresh semen. For the Ovodyl extender, a
significant decrease was recorded for VCL, and for the
EK extender, a significant decrease was recorded for VCL,
VSL, and LIN. Cryopreservation of 24-h-stored semen
secured about 40–50% motile spermatozoa and was
significantly decreased compared with motility before
freezing. The values of other CASA parameters and their
changes due to cryopreservation were similar to the values
of fresh semen with the exception of VCL for the EK
extender after 24-h storage.

The success of cryopreservation was related to pre-freeze
motility; in most instances, low-sperm motility before
freezing resulted in poor motility after thawing (data not
shown). In two cases, this suggestion could be supported by
a significant regression between pre-freeze and post-thaw
motility of black grouse sperm (Fig. 1).

Short-term storage and cryopreservation capercaillie semen

Since semen was obtained only from two males, statistical
analysis was not performed. Both extenders seemed to be
useful for liquid storage. No changes in sperm motility
were observed after 28 h of storage, and after 24 h, still
more than half of spermatozoa were motile (Table 3).

More than half of spermatozoa of five cryopreserved
samples using Ovodyl extender ejaculates obtained from
two cocks were motile after thawing (Table 4).

Discussion

Our results provide for the first time evidence for the
possibility of successful short-term storage and cryopreser-
vation of capercaillie and black grouse semen based on
sperm motility characteristics. Sperm motility could be
protected for 48 h of liquid storage, but 24-h storage would
be preferable, as the motility decreases on day 2. This was
not significant, but a trend is obvious. After cryopreserva-
tion, 40–60% of sperm were motile, both for freshly

collected and 24-h-stored semen. Both methods are simple,
do not require sophisticated equipment, and can be
performed under field conditions. Although data for
capercaillie were obtained from only two males, the results
were consistent among ejaculates. Moreover, Łukaszewicz
et al. (2008) reported preliminary results about successful
cryopreservation of capercaillie semen (32% post-thaw
viability) using the same freezing method as in our study.
Therefore, it can be suggested that short-term storage and
cryopreservation methods described in this study are useful
for both capercaillie and black grouse.

Our results suggest that sperm motility parameters
measured by CASA can be useful indicators of changes
related to short- and long-term storage of both species
tested. It is clear from our results that not only a decrease in
the percentage of motile spermatozoa after storage can be
an indicator of storage but also significant changes in sperm
motility are also related to speed and trajectory of
spermatozoa movement. King et al. (2000) showed that
sperm velocity and linearity measured by CASA are
important characteristics of turkey semen function because
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2 h and cryopreserved in the
Ovodyl extender (a) and stored
for 24 h and cryopreserved in
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Table 3 Sperm motility parameters (means±SD) of short-term-stored
capercaillie semen with the use of Ovodyl and EK extenders

2 h 24 h 48 h

Ovodyl extender

Motile spermatozoa (%) 69.5±11.8 69.5±14.7 54.0±14.4

VCL (μms−1) 101.7±12.2 98.6±19.8 83.1±19.2

VSL (μms−1) 34.4±24.3 50.3±28.4 21.5±14.8

LIN 31.5±17.5 45.7±20.4 23.0±11.3

ALH (μm) 11.7±1.5 6.5±0.3 6.7±3.7

EK extender

Motile spermatozoa (%) 69.2±16.5 68.7±12.4 45.2±21.5

VCL (μms−1) 94.1±7.0 102.1±17.3 78.9±12.1

VSL (μms−1) 22.0±13.2 59.5±27.4 29.2±25.5

LIN 21.5±11.5 53.0±18.4 30.9±18.6

ALH (μm) 11.5±0.9 5.1±0.6 7.0±1.0

Data were obtained for one ejaculate from cock 1 and two ejaculates
from cock 2
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these motility characteristics contribute to the overall sperm
mobility test, known to correlate with fertility. It remains to
be established, preferably using more observations, if the
changes in motility characteristics observed in this study
can be linked to specific features of a particular extender or
storage procedure. We have demonstrated that CASA
parameters can also be obtained for frozen semen.
Therefore, it will be possible for future sperm banking of
capercaillie and black grouse to provide a full set of
motility characteristics of cryopreserved spermatozoa and
to use this procedure for a better evaluation of semen
quality.

There is no doubt that the initial quality of semen is
critical for its use as liquid product and for cryopreserva-
tion. In the dairy industry, there are strict criteria concerning
the levels of sperm motility and sperm concentration before
cryopreservation; similar criteria have to be developed for
capercaillie and black grouse semen. Higher values of
percentage motility are good predictors for success of
cryopreservation. Lower quality of fresh semen likely
results from the contamination of semen with transparent
fluid, feces, and somatic cells. In conclusion, it should be
recommended that a special effort (especially in a case of
black grouse) is needed to collect semen of the possible
best quality in order to secure successful short-term storage
and cryopreservation.

In our opinion, there are several potential ways for the
implementation of assisted reproductive technologies
developed in this study into practical programs of
capercaillie and black grouse protection programs.

Short-term-stored semen can be used for AI in captive
breeding centers, and potentially for the preservation of
semen collected in the wild (Krzywiński et al. 2009b).
Cryopreserved semen can be used for AI in the captive
breeding programs and for the creation of capercaillie and
black grouse sperm banks.

Our study demonstrated that semen of black grouse and
capercaillie maintained acceptable quality, especially during
24-h storage. At present, the Ovodyl extender seems to be
better suited for liquid storage of black grouse semen as
compared with the EK extender. In our opinion, 24 h is
sufficient time to cover a traveling distance between captive
breeding centers in Poland and Central Europe. Therefore,
short-term storage can be implemented into programs of
captive breeding centers, for example for exchanging genes
between centers. The successful protocol should include
semen collection, semen extension, and storage and
artificial insemination. In our experience, sperm collection
was easier to achieve from capercaillie males, while black
grouse cocks needed longer training.

Sperm collection from the wild males can be critical for
the prevention of irreversible loss of certain genotypes and
for the maintenance of genetic variability of captive flocks.
Among several methods for sperm collection from wild
males (Immler and Birkhead 2005), a non-invasive method
with the use of “female dummy” seems to be the most
useful. Preliminary results (Krzywiński 2008) suggest that
this method can be developed for capercaillie and black
grouse. After collection, depending on the species, neat
semen can be stored in vitro at an ambient temperature for
only 5 to 15 min (Blesbois and Brillard 2007). Additionally,
since volumes of semen obtained from capercaillie and
especially black grouse are minute, the specimens can dry
out quickly. Therefore, the dilution of semen collected from
wild males will be prerequisite to secure viability and
fertilizing ability of spermatozoa. Such semen can further
be used for either liquid storage or cryopreservation.
Further studies are necessary to perfect the collection
method of spermatozoa from wild males and to demonstrate
that such semen can be successfully short-term stored,
cryopreserved, and used for AI.

The results of sperm cryopreservation obtained in this
study compared favorably with data for other species (Saint
Jalme et al. 2003). The latter reported 1–30% of sperm
viability after freezing and thawing. Good quality of
cryopreserved semen allows for the establishment of
capercaillie and black grouse sperm banks. In 2003, Saint
Jalme et al. explained that the main advantages for using
sperm cryobanks in captive breeding were that it avoids the
stress and potential risks of handling and transport, is less
costly, and reduces risk of transfer diseases. Long-term
semen storage would allow the reintroduction of genes of
long-dead founders back to a captive population, reducing

Table 4 Sperm motility parameters (means±SD) of capercaillie fresh
and cryopreserved semen with the use of the Ovodyl extender

Short-term-stored
semen

Cryopreserved
semen

Ovodyl extender

After 2-h storage

Motile spermatozoa (%) 70.6±1.6 41.6±2.3

VCL (μms−1) 93.9±0.3 78.9±0.6

VSL (μms−1) 29.4±2.6 21.2±5.1

LIN 29.6±2.6 23.2±5.1

ALH (μm) 9.9±0.2 6.2±0.8

After 24 h liquid storage

Motile spermatozoa (%) 70.0±5.4 31.2±4.7

VCL (μms−1) 100.8±23.9 86.7±5.7

VSL (μms−1) 37.2±15.9 26.6±4.8

LIN 33.8±11.2 26.1±6.9

ALH (μm) 8.1±2.6 6.3±0.7

Data were obtained for three ejaculates from cock 1 and two ejaculates
from cock 2
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the rate of loss of genetic diversity. As demonstrated in this
study, cryopreservation technology is now available for
restitution programs of capercaillie and black grouse.

In conclusion, procedures for short-term and cryopreser-
vation of capercaillie and black grouse semen are now
available. These assisted reproductive technologies can be
implemented into captive breeding programs for these
species. Further studies should be directed to demonstrate
the fertilizing ability of stored semen through artificial
insemination experiments as the life span of spermatozoa
after AI in the female tract is of high importance. Better
characterization of stored spermatozoa through morphology,
viability, and DNA integrity tests is also necessary for their
use in the perfection of storage techniques.
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