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ABSTRACT Conservative breeding ex situ in vivo is
one of the most popular methods of creating genetic
reserves. Unfortunately, keeping animals in small closed
populations leads to inbreeding which reduces their
reproductive capacity. The aim of the study was to char-
acterize the sperm quality of 6 genetic groups of geese
(northern and southern breeds) kept in Poland for many
generations as genetic reserve flocks. Each breed was
represented by 10 randomly selected 1-yr-old ganders,
semen was collected 14 times, individually from each
male, and the number of positive reactions (ended with
ejaculation), semen volume, sperm concentration, and
morphology were assessed. The obtained results showed
a significant difference between breeds and individuals
of the same group, both in males’ reaction and semen
quantitative and qualitative traits. From the northern

breeds 193 ejaculates were obtained in total (i.e., 45.9%
of all attempts), from the southern breeds 242 ejaculates
(57.6%). The volume of single ejaculate varied from
0.01 mL (one drop allowing only histological smear and
sperm morphology evaluation) to 0.65 mL; sperm con-
centration varied from 23.0 x 10°mL™' to 2376.0 x
10°mL~"; the amount of total live sperm was at a similar
level in all breeds (89.6%—97.7%), while live normal cells
ranged between 15.2% and 67.9% depending on breed
and individuals. When keeping the genetic reserves ex
situ in vivo, attention should be paid to the quality of
semen and males that are poor in this respect should be
eliminated, in order not to lead to an excessive weaken-
ing of the reproductive capacity of the flocks covered by
the genetic resources protection program.
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INTRODUCTION

Currently, nearly half of the domesticated bird species
and breeds are threatened with extinction
(Blesbois et al., 2007), caused, among others, by through
restructuring of rural areas, intensive livestock produc-
tion and diseases. Endangered bird populations are most
often protected by the in vivo method (ex situ and in
situ), consisting in the protection of live animals in their
natural or artificially created, but close to natural envi-
ronment (Blesbois et al., 2007, 2008), however, it is not
a sufficiently effective method of conserving animal
genetic resources. In vivo methods carry the risk of los-
ing valuable genes due to increased inbreeding in small,
closed populations, outbreaks of pathogens, or some nat-
ural disasters.
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A significant decrease in the number of local poultry
breeds in Poland, including goose, has been observed in
the last few decades. The phenotypic patterns of native
goose breeds kept in different parts of Poland were
determined in the 1960s, (Ksiazkiewicz, 2007), and a
program for the protection of genetic resources, whose
basic goal is to maintain the genetic balance at a con-
stant level, while maintaining the characteristic pheno-
typic features of both sexes of particular bird population
has been initiated (www.bioroznorodnosc.izoo.krakow.
pl). In the early 1970s, the first protection programs for
local goose breeds consisting in the creation and mainte-
nance of a gene pool were implemented
(Krawczyk et al., 2014; Dobrzariski et al., 2019).

The genetic resources protection program covers 14
breeds of goose classified by FAO as global genetic
resources subject to protection (B.D. Scherf ed., 2000).
Depending on their origin, goose breeds were classified
as northern breeds: Kartuska (Ka), Pomorska (Po),
Rypinska (Ry), Suwalska (Su), southern: Kielecka (Ki),
Lubelska (Lu), Podkarpacka (Pd) Bitgorajska (Bi),
Zatorska (ZD-1), and foreign ones: Garbonosa (Ga),
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Kubariska (Ku). These breeds come from both, the
Greylag Goose (Anser anser) and the Swan Goose
(Anser cygnoides) (Ksiazkiewicz, 2007;
Dobrzanski et al., 2019). Similar conservation programs
have also been introduced in Hungary, a country with
long-lasting tradition in goose breeding. In total, 22
goose genotypes are under protection, of which 15 (68%)
are native Hungarian goose (Bodi et al., 2019).

Until recently, studies on goose conservative flocks
included mainly the assessment of embryo karyotype
and chromosomal abnormalities, DNA and serum pro-
tein polymorphism, temporal trends in the reproductive
traits, chemical composition, morphological and qualita-
tive characteristics of eggs and meat (Mazanowski et al.,
2005; 2006a, b; Ksiazkiewicz, 2007). Tt is well known
that there is an increase in homozygosity level in small
closed populations, which reduces the reproductive
capacity of inbred individuals (Graczyk et al., 2018).
In the case of birds, the most effective method of ex situ
in vitro biodiversity protection is the creation of sperm
banks (Saint Jalme, 2003; Lukaszewicz et al., 2011),
therefore, sperm quality plays a very important role in
the successful cryopreservation process. Its monitoring,
in parallel with the assessment of other features charac-
teristic for a given genetic group, is extremely impor-
tant. Taking the above into account, we decided to
carry out a macro- and microscopic evaluation of fresh
semen quality of selected goose breeds, and in case of
positive results, to continue our research on the possibil-
ity of freezing and choosing the most advantageous
method of semen cryopreservation. It should be men-
tioned that already in the early 1980s, we conducted the
first studies on the evaluation of fresh and subsequent
stages of the freeze-thaw process of semen obtained
from Kubariska goose (Anser cygnoides), covered by the
genetic resources protection program
(Chetmonska et al., 1984) and later, from White Italian
goose (Lukaszewicz, 2002).

A large number of techniques and tests are avail-
able to determine the reproductive potency of indi-
viduals of both sexes, including sperm, the quality of
which is the best indicator of male reproductive per-
formance. For a practical reason, as well as economic
aspects and availability of specific test methods, it is
important that the evaluation method is reliable, but
also simple, cheap, and possible to be made in a farm
condition. Our to date research shows that one of the
most reliable methods of semen quality assessment is
not the determination of total amount of sperm in
the ejaculate, but the number of live properly formed
sperm, because only such sperm have the highest
potency to fertilize an egg (Bakst et al., 1994;
Liu et al, 2008; Zawadzka et al., 2015;
Lukaszewicz et al., 2020a,b,c).

Considering the necessity of biodiversity protection,
not only of free-living species, and the specificity of
goose reproduction, the aim of the study was to assess
the basic quantitative and qualitative traits of semen
collected from ganders protected as genetic reserve
breeds.

MATERIAL AND METHODS
Birds and Management

The experiment was conducted on ganders of 6 local
goose breeds kept as genetic reserve flocks, including 3
northern breeds: Kartuska (Ka), Rypiiska (Ry) and
Suwalska (Su) and 3 southern ones: Kielecka (Ki), Lubel-
ska (Lu) and Podkarpacka (Pd). Birds were delivered
from the Waterfowl Genetic Resource Station of the
National Research Institute of Animal Production in
Dworzyska, Poland. Each breed was represented by 10
randomly selected, 1-yr-old males. During the experimen-
tal period, males were kept individually in large boxes
(80 cm high x 100 x 100 cm) with a deep litter, in an
unheated room, with natural microclimatic conditions
(temperature and light) and gravity ventilation. At the
farm location where the birds were kept (52°2124N, 16°
313E), during the experimental period, the day length
increased from 10 h in the middle of February up to 14 h in
the middle of April, while the temperature inside the
building varied between 8°C and 12°C. Every male
obtained daily 350 to 400 g of commercial food for breed-
ing goose and had free access to fresh, good quality water.

Semen Collection

One month prior to the onset of semen evaluation (mid-
dle of January), ganders were placed in boxes and accus-
tomed to semen collection procedure (catching, massage,
presence of operators). Semen was collected from each
male by dorsoabdominal massage twice a week, from mid-
February to mid-April (from 2 breeds in 1 d). Clean sam-
ples (free from uric or fecal contamination) were subjected
to further microscopic analysis. The following procedure
was maintained during semen collection: birds were oper-
ated by the same persons, caught and massaged in the
morning (before feeding), the time elapsed from the collec-
tion of the first ejaculate to semen preparation for testing
did not exceed 20 to 25 min.

Semen Evaluation

The ejaculate volume (using an automatic pipette,
with accuracy to 0.01 mL), sperm concentration (spec-
trophotometric method using the Accucel photometer,
IMV Technologies, L’Aigle, France) and morphology
(on the basis of live stained nigrosine-eosin histological
smears) were assessed individually. In every smear, 300
cells were examined at 1,250 x under a light microscope
(Jenaval, Carl Zeiss, Jena, Germany). Spermatozoa
were attributed to 7 categories: 6 of them, named “total
live,” were as follows: 1) morphologically normal (typical
spindle-shaped head and well-marked acrosome); 2)
bulb-head; 3) crooked-neck; 4) midpiece deformed
(swelling, ragged, or lack of midpiece); 5) spermatids
(immature forms); 6) spermatozoa with other deformi-
ties (not included in any of the previous category); sper-
matozoa pink stained by eosin were indicated as dead
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Table 2. Characteristics of semen collected individually from ganders of Kartuska (Ka) goose breed (means & SD).

Sperm morphology [%]

Obtained Ejaculate  Sperm concentration No of SQF

Male’s number samples [no] (%) volume [mLj| [n x10%mL ™ Live in total Live normal Bulbhead Sperma-tids Bentneck Other deform. Dead sperm Deform. together SQF evaluations
Kal 9(64.3)  0.19"+0.05 233242347 946" 4+74 53.0°+£71 189" +41 91°+32 68"+£20 68"+23 54"+74  326"+58  225"+183 5
Ka?2 10(71.4)  0.10"£0.02 647.0 £4704  94.8""+£3.0 67.2"£84 145°+£52 08°+£05 51°+19 74"+£33 52°+£30  26.9°+£65 411"+ 286 6
Ka3 10 (71.4)  0.18"£0.03 607.0 £313.7  93.8""+£3.6 583" £6.3 14.1°£41 37°+£1.6 13.2°+£34 4511 62°+£36  31.8°+£44 645" £420 6
Ka4 3%V (21.4) 0.09 + 0.01 453.7 £ 522.0 9414+3.0 483+119 2944128 3.1+18 5.8+28 74+4.2 5.9+3.0 42.7+12.2 19.27 +£22.3 3
Ka5 7V (50.0)  0.06" +0.01 358.34+255.4  94.2"°4+25 619 +74 17.1°454 44" +21 48 +18 61"+£16 58"+£25 280°+£71 113" £56 3
Ka6 9 (64.3) 0.18" £ 0.06 424.0 £ 257.5 955" +£20 475'+74 240°+78 37°+20 11.6°+31 87'+27 4.5"+2.0 44.3" £ 5.7 32.3"" + 16.0 6
Ka7 7(50.0)  0.13""4+0.02 187.0 £119.0 90.9"+22 4219478 30.7°+£78 86"+£33 45412 50"+14 91°+22 4017475 101" +£49 5
Ka8 47 (28.6) 0.14 £0.01 622.0 + 814.5 91.8+36 429+89 183+43 48+0.8 89+1.7 169+53 8.3+3.6 44.1 £56.8 42.07 £ 56.8 2
Ka 10 3%V (21.4) 0.14 + 0.06 186.5 & 86.9 96.2+3.2 435+6.1 30.7+4.9 59+24 9.1+£28 71+£3.6 3.8+£3.2 46.8 £ 2.4 10.57 £ 0.6 2

““Mean values in columns followed by different superscripts differ significantly (P < 0.05).

*Four or less histological smears for sperm morphology evaluations were obtained therefore the results were not considered in the statistical analysis.

YFour or less sperm volume and concentration assessments were obtained therefore the results were not considered in the statistical analysis.

#Less than five SQF analyses could be calculated therefore the results were not considered in the statistical analysis.

SQF, Semen Quality Factor = sperm concentration (n x 10° mL’l) x ejaculate volume (mL) x live normal spermatozoa (%),/100%.

From gander no 9 any semen sample could be collected, therefore it is not included in the above table.
Table 3. Characteristics of semen collected individually from ganders of Rypinska (Ry) goose breed (means + SD).

Sperm morphology [%]
Obtained Fjaculate  Sperm concentration No of SQF

Male’s number samples [no| (%) volume [mL| [n x10°mL 7| Live in total Live normal Bulb head Spermatids Bentneck Other deform. Dead sperm Deform. together SQF evaluations
Ry 1 3%V (21.4) 0.01 +£0.0 0.00 £ 0.0 949+38 376+£74 242+44 128+1.8 8.3+£3.0 12.0 £ 3.5 5.1+3.8 446 £2.4 0.00" £0.0 0
Ry 5 5" (35.7) 0.01 £ 0.0 0.00 £ 0.0 95.74£0.7 56.9°+£3.5 161+42 32°+04 87°+£22 108°+£27 43°+£0.7 35.6" + 3.4 0.00" £ 0.0 0
Ry 6 47 (28.6) 0.01 £ 0.0 0.00 £ 0.0 93.8+3.0 56.3+10.5 183+7.5 24+17 83+£03 8.6+19 6.3+3.0 35.1+84 0.00" £ 0.0 0
Ry7 10 (71.4)  0.20£0.05 436.2 + 431.9 95.2+£2.2 518" +£56 21.9"+£6.1 18"+£09 1067+28 92°+£29 48" +£22 416" £62  54.8£66.6 5
Ry 8 13 (92.9) 0.31 +£0.02 844.6 + 483.0 92.6+2.6 47.9°+59 256°+49 39°+23 54°+1.7 99"+32 74"+26 409" £5.1 126.3 £+ 105.0 5
Ry 9 10 (71.4)  0.50 £0.30 242.9 £+ 126.7 93.14£3.7 493" +£75 225°+£6.1 20°+£09 99"+£28 93"+28 69"+£37  41L.7"+£67  70.1£584 5
Ry 10 6 (42.9) 0.61 +0.38 420.2 £ 326.7 95.2+35 486" +7.3 152°475 3.1"+12 11.9°+3.6 164" +25 4.8"+35 43.4" £ 8.0 139.6 £ 134.2 6

““Mean values in columns followed by different superscripts differ significantly (P < 0.05).

*Four or less histological smears for sperm morphology evaluations were obtained therefore the results were not considered in the statistical analysis.

YFour or less sperm volume and concentration assessments were obtained therefore the results were not considered in the statistical analysis.
#Less than five SQF analyses could be calculated therefore the results were not considered in the statistical analysis.

SQF, Semen Quality Factor = sperm concentration (n x 10° mL ™) ejaculate volume (mL) x live normal spermatozoa (%)/100%.

From ganders no 2, 3, and 4 any semen sample could be collected, therefore they are not included in the above table.
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Table 4. Characteristics of semen collected individually from ganders of Suwalska (Su) goose breed (means + SD).

Sperm morphology [%]

Obtained  Ejaculate
samples volume Sperm concentration No of SQF
Male’s number  [no| (%) [mL] [n x10°mL 7| Liveintotal Livenormal Bulbhead Spermatids Bentneck Other deform. Dead sperm Deform. together SQF evaluations
Sul 67 (42.9) 0.01£0.0 0.00 + 0.0 932" 4+3.0 40.1°+£14.7 26.8"+£116 54°+17 7.2"+27 13.7°+43  68"+30  47.7°+£128  0.00° £0.0 0
Su3 10" (71.4) 0.01£0.0 0.00 £ 0.0 954" £2.7 41.5°+£10.8 29.8"+10.0 11.0°+25 48416 83“'+34 46"+27 42,9+ 9.8 0.00” 0.0 0
Su4d 12(85.7) 0.23"+0.09  278.8" +65.7 96.9"+14 67.9"+£58 140d+32 09'+£05 57°+22 84“+20 31'+14 281" +53 481" +26.7 6
Sus 8(57.1) 0.24"™+0.01  564.3"°£459.7 955" +£21 445496 27.6"°+£76 47+£14 97 £1.7 9.0°+ 2.1 45" +21 46.3"+7.6 624" £53.2 6
Su6 6(42.9) 0.14"£0.04 243.8" £135.5 949" £2.0 44.2°488 231"°£87 52°41.0 91°+£28 134°+£25  51°+20 45.6" + 8.8 139"+ 6.7 6
Su7 12 (85.7) 0.26"£0.10 590.9"" £265.0  96.1""+£2.8 59.6"+£9.3 23.7"°+£6.0 2.8 +1.2 41°+£22 59'+23  39"+28  33.7°+78 90.0" £ 45.3 8
Sus8 5" (35.7) 0.30 %+ 0.00 243.0 £ 104.7 88.9°+59 2997486 227472 75°+£08 94"+£49 193'+26 11.1°%5.9 51.4" £ 8.2 29.6" £ 0.0 1
Su9 9(64.3) 0.17""+0.06  318.2"+127.8 93.0"+£3.6 55.1°+104 21.0""+£74 37°+£11 57°+£21 76+25 7.0°£36 34.3"+£99 305" +£14.4 6
Su 10 12 (85.7) 0.13"£0.04 863.2" + 331.4 948" +38 641" +64 180465 31°+1.1 38 +1.6 59428  52"+38  27.7°+68 772" +£56.6 6
*f)\ean values in columns followed by different superscripts differ significantly (P<0.05).
YFour or less sperm volume and concentration assessments were obtained therefore the results were not considered in the statistical analysis.
#Less than five SQF analyses could be calculated therefore the results were not considered in the statistical analysis.
SQF, Semen Quality Factor = sperm concentration (n x 10° mL ™) ejaculate volume (mL) x live normal spermatozoa (%)/100%.
From gander no 2 any semen sample could be collected, therefore it is not included in the above table.
Table 5. Characteristics of semen collected individually from ganders of Kielecka (Ki) goose breed (means + SD)
Sperm morphology [%]
Obtained  Ejaculate Sperm
samples volume concentration No of SQF
Male’s number  [no] (%) [mL}| [n x10°mL7Y]  Liveintotal Livenormal Bulbhead Spermatids Bent neck Other deform. Dead sperm Deform. together SQF evaluations
Kil 9(64.3) 0.13"£0.1 856.0"" +204.6 89.6°+6.8 382" +£10.8 304" +114 48" +21 577423  106°+39  84°+47 467" + 9.4 46.1" £ 21.9 5
Ki?2 9" (64.3) 0.35+ 0.0 107.0 £ 0.0 940" £34 471496 291" 4+2.6 3.6°+49 47'+19 95°+44  6.0"+34 433" +50 31.37 +£0.0 1
Ki3 2 (14.3) 0.08£0.00  449.04+3233 91.7+£19 49.0+0.0 23.0£85 43+14 63+14 9.0+38 83+19 38.3+3.3 193" £15.4 2
Ki4 5" (35.7) 0.09 £ 0.01 417.6+£241.2  91.8"+43 26.6'+13.8 22.7°+£78 13.9°+£21 11.1°+20 183" +48  74™+£43  521"°+121 1217 £ 0.7 3
Ki5 7(50.0) 0.19a”4+0.04 257.0°+306.4 96.7°+1.5 44.0°+£10.6 314 °+£75 6.0°+48 72°+26 82426  3.3°+1.5 46.8"" £9.2 25.1° £ 28.0 5
Ki6 1Y (7.1) 0.01 0.0 0.00£00  97.3£00 563+£00 180+00  43+00 6.0%+0.0 12.7£0.0 2.740.0 36.7 % 0.0 0.00” 0.0 0
Ki7 8(57.1) 0.29"+0.1 425.0" +170.6 93.5""£3.1 30.9'4£87 265"+£79 161"+59 51413  14.9"+48  657+31 465" +8.1 40.0" £ 23.9 7
Ki8 12(85.7) 0.24™°40.10 1263.5"£3152 94.3°+£3.2 52.9"+35 243" +78 33°+09 59"'+21 79°+28 577432 381°+11.9  184.6"+ 744 6
Ki9 13(92.9) 0.21""+£0.1  910.8""+£233.9 96.1""+2.5 54.9"4+93 236" +75 27c+09 T7.1"+29 79"+22  39"+25 385" +87 103.8" 4 30.6 8
Ki 10 14 (100.0) 0.20" 0.1  644.7"°+£387.3 89.8°+3.3 364"'+£90 278"+68 71°+£22 80"+13 105" +34 10.3°+3.3 46.3"" £ 8.4 46.4" +29.6 7

>4\ ean values in columns followed by different superscripts differ significantly (P <0.05).

*Four or less histological smears for sperm morphology evaluations were obtained therefore the results were not considered in the statistical analysis.

YFour or less sperm volume and concentration assessments were obtained therefore the results were not considered in the statistical analysis.
“Less than five SQF analyses could be calculated therefore the results were not considered in the statistical analysis.
SQF, Semen Quality Factor = sperm concentration (n x 10° mL™") ejaculate volume (mL) x live normal spermatozoa (%),/100%.
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Table 6. Characteristics of semen collected individually from ganders of Lubelska (Lu) goose breed (means £ SD).

Sperm morphology [%]

Obtained  Ejaculate Sperm
samples volume concentration No of SQF
Male’s number  [no] (%) [mL| [n x10°mL "] Liveintotal Livenormal Bulbhead  Spermatids Bentneck Other deform. Dead sperm Deform. together SQF evaluations
Lul 11 (78.6) 0.20"+£0.03 800.5 & 853.3 925" +£57 37.1°414.6 265°+143 32°41.0 155"°+4.1 104+24 75"+ 57 453"+ 155 58.9 +65.4 6
Lu?2 11(78.6) 0.12°40.05 313.8+189.1 942441 544" 4135 16.7°+89 1.0°+08 98"+34 124426 58"+41 388 +124 30.6 + 24.6 5
Lu3 13(92.9) 0.11°4+0.04 581.6+117.8 928" +33 514" +11.9 224" +78 33"+16 7.7°+3.1 81427 72" +£33  381"+107 38.7 +£20.9 5
Lu4 11 (78.6) 0.19£0.04 1192.5+673.5 942"+ 28 61.0"+84 13.2°+ 6.0 34" +22 74" +26 9.1+£3.5 58"+ 28 29.7°+ 7.8 215.0" +69.3 4
Lu5 9(64.3) 0.15+0.06 2785+99.9 90.5"+37 450" +63 186" +74 1.7'409 163" +£71  89+27 9.5"+3.7 43.7°°+£87 208" +155.9 4
Lu6 3% (21.4) 0.20£0.0 269.0 £ 0.0 93.1£2.0 49.1 £14.0 1844+9.1 6.2+ 1.6 10.8 £ 2.5 8.6+2.5 6.9+2.0 37.8 £11.1 3427 £0.0 1
Lu? 6" (42.9)  0.01£0.0 0.00£0.0  91.1°°+£38 152°4+8.0 264" +9.9 63°+£24 97°+£55 334+132 89"+38  61.0"+274 0.00" 4 0.0 0
Lu8 3% (21.4) 0.18+0.04 121.0 £ 39.6 97.1+14 529 £ 14.8 184475 39+25 124+ 6.0 944+25 29+14 40.3 £ 154 1257 £ 0.6 2
Lu9 11 (78.6)  0.15+£0.01 214.8 + 60.4 945" +21 255'+10.2 33.4"+6.6 48"4+13 183" +44 125+ 4.3 55"+ 2.1 64.2" +10.5 10.9" £ 3.9 4
Lu 10 4V (28.6) 0.14+£0.06 393.0+527.8 95.2+£1.9 38.7£8.5 329+7.0 11.1+1.6 3.8+ 1.2 8.8+1.9 48419 454+7.9 22.77 £ 31.2 4
*d\Mean values in columns followed by different superscripts differ significantly (P < 0.05).
*Four or less histological smears for sperm morphology evaluations were obtained therefore the results were not considered in the statistical analysis.
YFour or less sperm volume and concentration assessments were obtained therefore the results were not considered in the statistical analysis.
"Less than five SQF analyses could be calculated therefore the rcqults were not considered in the statistical analysis.
SQF, Semen Quality Factor = sperm concentration (n x 10° mL ") ejaculate volume (mL) x live normal spermatozoa (%)/100%.
Table 7. Characteristics of semen collected individually from ganders of Podkarpacka (Pd) goose breed (means £ SD).
Sperm morphology [%]
Obtained  Ejaculate Sperm
samples volume concentration No of SQF
Male’s number  [no] (%) [mL] [n x10°mL~]  Liveintotal Livenormal Bulbhead Spermatids Bentneck Other deform. Dead sperm Deform. together SQF evaluations
Pd1 9(64.3) 0.18+£0.05 48.2 £ 30.1 95.6" + 1.6 525"+ 6.6 129+53 13.7°+25 5.0 +1.5 11.5°+29 44" +1.6 29.41 4+ 6.4 467 1.7 4
Pd 2 8(57.1) 0.1440.05 4422"+316.2 95.0°+1.4 57.1°+11.5 163+9.2 50°+£23 67°+x13 99°+1.6 50°+£14 33.0"1 £ 8.5 35.5" +31.1 5
Pd 3 11(78.6) 0.1940.06 502.1"4+345.2 94.2°°+4.2 583" +£97 157+£82 41"+13 7.7°+26 85"+£1.9 58"+42 318" +84 60.8" £51.5 7
Pd4 13(92.9) 0.22+0.07 1576.7" £+ 562.7 949"+ 25 674" +6.1 13.44+48 23°+1.6 3.4°+0.9 84"+ 1.5 51" +25 25.31+5.2 253.6" £+ 159.7 6
Pd5 10¥ (71.4) 0.19+0.03 1073.0 = 251.0 92.1°4+9.0 4257 +£9.0 19.8+9.0 13.2"+£9.0 4.5°+9.0 12.1" £ 9.0 7.9°+9.0 36.4""° + 8.3 88.17 £ 36.1 3
Pd 6 11 (78.6) 0.15£+£0.02 670.3 & 528.4 925" +1.9 472cd+99 228+75 31™+15 7.8°+27 11.5" £ 2.9 75 +£1.9 42.1°" £ 8.9 47.97 £33.2 4
Pd7 1%(7.1) 0.01+0.0 0.00 £ 0.0 98.0 17.0 24.0 5.3 18.3 15.3 2.0 57.7 0.00" £0.0 0
Pd 8 1%(7.1) 0.01+0.0 0.0+ 0.0 97.7 57.7 14.3 9.3 6.0 10.3 2.3 30.7 0.00” £0.0 0
Pd9 4%¥(28.6) 0.01+0.0 0.00 £ 0.0 95.9 £ 2.0 46.1 £4.9 21.2+93 83+24 51+1.1 15.3+5.0 41+20 41.6 £4.7 0.00" £0.0 0
Pd 10 12(85.7) 0.214+0.03 857.4°+£602.5 934" +3.7 47.0+75 259477 41"+12 81°+26 84" +£2.0  6.6™£37 423" +7.1 85.6" & 56.5 5

*dMean values in columns followed by different superscripts differ significantly (P < 0.05).

*Four or less histological smears for sperm morphology evaluations were obtained therefore the results were not considered in the statistical analysis.
YFour or less sperm volume and concentration assessments were obtained therefore the results were not considered in the statistical analysis.

"Less than five SQF analyses could be calculated therefore the results were not considered in the statistical analysis.

SQF, Semen Quality Factor = sperm concentration (n x 10° mL ") ejaculate volume (mL) x live normal spermatozoa (%)/100%.

"IV LH ZOIMHAZSVIINT
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Semen Quantity and Quality

Although semen was collected from each male
14 times, in every group, a complete semen assessment
(ejaculate volume, sperm concentration, and morphol-
ogy, SQF) on the basis of a minimum 5 samples could be
performed in only for 6 (Su and Ki) to 3 (Lu) ganders.
The other males did not respond to manual stimulation
at all, and from none of them a drop of semen (sufficient
for histological smear) could be collected from the base
of the copulatory organ.

Ejaculate Volumes

The ejaculate volume differed significantly (P < 0.05)
both, between the regional groups (Table 1) and males
within a particular breed (Tables 2, 4—6). In both
regional groups, the volume of a single ejaculate
(although in several cases perhaps it would be better to
say——secretion from the everted copulatory organ) of
the evaluated ganders varied from 0.01 mL (one drop
allowing only for histological smear and sperm morphol-
ogy evaluation) to 0.65 mL. Nevertheless, in all groups
the average values were on a similar level (Table 1), sig-
nificant differences between the males were observed in
Ka (Table 2), Su (Table 4), Ki (Table 5), and Lu (6). It
is interesting that ejaculates obtained from Rypinska
ganders, breed with the lowest percentage of positive
reaction, had the highest volumes.

Sperm Concentration

The average sperm concentration of evaluated goose
breeds is presented in Table 1, in general they were lower
in the northern regional group, compared to the southern
group, but existing differences were not significant. The
concentration of single ejaculates varied from 46.0 x
10°mL ™" to 1198.0 x 10°mL™" (in Ka) or from 23.0 x
10°mL " to 2376.0 x 10°mL ™" (in Pd), however, signifi-
cant differences (P > 0.05) between the males were found
in Su (Table 4), Ki (Table 5), and Pd (Table 7).

Sperm Morphology

Despite goose breed, the average amount of live sperm
in total in the freshly collected gander semen was similar
(P> 0.05), ranging between 93.3% (Lu) and 94.8% (Su),
but significant (P < 0.05) differences were observed in
almost all distinguished morphological forms (Table 1).
In a single ejaculate of northern ganders, the live sperm
in total constituted from 75.0 to 99.0% (Ka), 86.0
—98.7% (Ry) and 78.3—91.0% (Su), and in the group of
southern ganders from 80.7 to 91.0% (Ki), 79.3%
—98.7% (Lu) and 80.0%—99% (Pd). Significant (P <
0.05) individual differences were observed in Ka
(Table 2), Su (Table 4) and all southern breeds (Tables
5—=T7). The average content of sperm with intact struc-
ture (live normal), that is, the most desirable from the
fertilizing potency viewpoint, was much lower and more

diverse. Significant differences (P < 0.05) were observed
between the groups (Table 1) and individual males of
the same breed (Tables 2—7). Their amount in the indi-
vidual ejaculates in northern ganders ranged from 29.7
to 83.7% (in Ka), 32.3—68.3% (Ry) and from 16.0% to
73.0% (in Su), while in southern Ki, Lu, and Pd, it
ranged between: 8.7—77.0%; 5.3—73.3% and 17.0
—79.7%, respectively.

Among the deformed forms, the bulb head sperm were
the most frequent, their percentage in the individual
ejaculates of northern ganders varied from 14.0 to 60.0
in Ka semen, 27.3.0—53.3 in Ry and 19.7%—68.3% in Su
ganders. In the ejaculates of southern goose breeds, these
values were from 19.3 to 67.3% bulb head sperm in Ki
ganders’ semen, 5.7%—80.7% in Lu and 17.0%—57.7% in
Pd breed. Differences between breeds and individuals
within the breed were significant (P < 0.05). Summing
up, all deformed sperm forms shows how large their
number is. In the semen of many males, their amount
was equal, or even exceeded the number of sperm with
normal structure, especially in Ki (Table 5) and Lu
(Table 6) males.

Although males of all breeds were sexually mature,
there was also a high participation of immature forms—
—spermatids. The highest (6.3%), average number of
this form was found in the semen of Ki and Pd ganders
(Tables 5 and 7), varying in individual male ejaculates
from 1.0 to 27.3% and 0.3—20.3%, respectively.

Semen Quality Factor

The value of semen quality factor depends on three
semen characteristics: ejaculate volume, sperm concen-
tration, and number of live normal cells. Due to the
insufficient number of positive males’ responds to semen
collection and repetitions of semen assessment (at least
5 analyzes of 3 traits for 1 ejaculate), the SQF could not
be calculated for all males. Out of 140 semen collection
attempts performed in each genetic group, the number
of complete semen analyzes allowing the calculation of
the SQF amounted only to 21 in Ry gander, and a maxi-
mum of 44 in Ki ganders. Statistical analysis showed
that the average values of SQF differed significantly (P
< 0.05) between Ka (31.2) and Ry (99.7) and Pd (89.0)
ganders (Table 1). SQF of individual ejaculates in the
northern group ranged from 1.9 to 141.1 (Ka), 5.1 to
345.5 (Ry) and 45.1 to 174.2 (Su), and in the group of
southern ganders: 2.6—295.6 (Ki), 2.2—313.6 (Lu), and
3.1-565.5 (Pd).

DISCUSSION
Reactions to Semen Collection Procedure

Presented results showed that despite the fact that
the analyzed ganders were of the same age and during
the study were kept in the same environmental condi-
tions, they differed in most of the assessed traits, both
within the groups of origin, breeds and individuals of the
same breed. Analyzed semen traits were at a much lower
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level, compared to other poultry species, which, in fact,
is characteristic for geese, especially these originated
from wild ancestor Anser anser, from which most of the
Polish goose breeds involved in the genetic resources
conservation protection are derived (Smalec and Maza-
nowski, 1980).

In our previous experiments on ganders and drakes, we
observed that if the ejaculation does not occur within 60
to 240 s after starting semen collection procedure, it is
unlikely that semen will be collected at all, regardless of
the method used, abdominal massage (Lukaszewicz and
Kruszynski, 2003) or male stimulation by the female
(Eukaszewicz et al., 2020a ). Therefore, in the discussed
study, the time of one male massage was limited to 120 s.
Ganders of the northern breeds were less responsive to
manual semen collection, several individuals did not pro-
duce a single ejaculate throughout the duration of the
experiment, while all males in the southern group
responded with semen ejaculation, and in one case the
ejaculate was collected in each trial. The observed differ-
ences may result from the fact that northern goose varie-
ties, unlike the southern breeds, are considered to be later
maturing breeds and perhaps the males of these breeds
have not reached full sexual maturity at the time of the
study. However, in northern breeds there were also some
males with 90 to 70% of positive reactions. Our earlier
research and data described in the literature showed that
the ability of males to produce semen depends on their ori-
gin (species, breed), is variable and not all males can ejacu-
late at a constant, even level. Within one uniform
population, there are always males with very high sexual
libido as well as those with very low or even zero suscepti-
bility to the manual stimulation procedure
(Kontecka et al., 1981; Gerzilov, 2004; Kowalczyk and
Lukaszewicz, 2012; Kowalczyk et al., 2012; Liu et al.,
2014; Zawadzka et al., 2015). Liu et al. (2008) reported
that prior to the onset of the regular semen collection, gan-
ders (semen donors) should be assessed based on their
response to dorsoabdominal massage and only individuals
producing ejaculates regularly should be left. Moreover,
the results of Lukaszewicz et al. (2002) indicated that
proper selection and training of ganders were essential for
obtaining good quality semen. In our study, we inten-
tionally selected males randomly from particular regional
groups without former evaluation, so that the assessment
of the evaluated traits was as objective as possible. The
percentages of positively responding males varying from
36.4 to 57.1 (northern breeds) and 57.1 to 58.6 (southern
breeds) seems to be low, but they were higher than in the
studies by Liu et al. (2014), in which about 30% of Zi gan-
ders (Anser cygnoides) and 46% of Rhin breed (Anser
anser) ganders showed stable positive reactions, or
Varga et al. (2003) who found that 30% of Hungarian gan-
ders kept in the gene bank responded positively to the
massage.

Semen Characteristics

Ejaculate Volume We documented that the quantita-
tive and qualitative traits of gander semen are diversified

and the vast majority of them depend on male origin and
their individual characteristics. The ejaculate volume
ranged from 0.01 mL to 0.61 mL and was similar as in
the other studies conducted on ganders covered by the
genetic resources protection program.
Chetmonska et al. (1984) obtained from 0.25 mL to
0.30 mL ejaculate on average from Kuban ganders
(descended from Anser cygnoides) in 2 consecutive
reproductive seasons, while Opatka et al. (2008), when
assessing the reproductive features of Bilgorajska gan-
ders (Polish southern breed), collected 0.31 mL of semen
volume, on average. Gumutka and Rozenboim (2015)
found that the average volume of semen obtained from
2-yr-old Zatorska goose (Polish southern breed), during
the following months of the reproductive season ranged
from 0.17 to 0.26 mL, however, in the same experimental
period as ours (February—April), ejaculate volumes
were smaller, ranging from 0.21 mL to 0.24 mL. The
semen volume of 1-yr-old ganders from the commercial
line White Koluda amounted 0.32 mL on average, rang-
ing from 0.15 to 0.63 mL, while in their wild ancestors
Greylag (Anser anser) Lukaszewicz et al. (2004)
obtained only 0.07 mL of semen on average (from 30 to
140 uL). A slightly higher volume, 0.21 mL on average,
was obtained from Canadian goose (Branta cannaden-
sis) (Kowalezyk and Lukaszewicz, 2012). Similarly, low
semen volumes were described by other researchers, for
example, Liu et al. (2014) obtained 0.42 mL and
0.31 mL from Zi and Rhin ganders, respectively, and
Liu et al. (2008) — 0.41 mL from Yangzhou ganders.
Svoradova et al. (2019) were able to collect from 0.16 to
0.31 mL from Slovak White Goose, while
Varga et al. (2003) from 14 Hungarian gooses obtained
258 L on average.

Sperm Concentration The small volumes of goose
ejaculates were not compensated by sperm concentration,
which was also low, compared to other poultry species,
and depending on breed ranged from 107.0 x 10° mL ™!
to 1576.7 x 10° mL~'. The previously cited authors who
conducted research on other goose breeds covered by the
protection program in Poland also noted low concentra-
tion values. In semen of Kubariska goose (Anser cyg-
noides), it averaged to 670.0 10°mL ™' in the first
breeding season and 580.0 x 10°mL ™" in the second one
(Chetmonska et al., 1984), in Zatorska from
37.6 x 10°mL~" to 331.2 x 10°mL~"' (Gumutka and
Rozenboim, 2015) and in Bilgorajska breed -
190.0 x 10°mL~"' (Opatka et al., 2008). The concentra-
tion of sperm in the entire reproductive season of 1-yr-old
White Koluda goose was 444.0 x 10°mL™" on average,
ranging in the single male ejaculates from
35.0 x 10°mL ™" to 1186 x 10°mL™" (Lukaszewicz and
Kruszynski, 2003). In our later studies on the same age
group, the average concentration was 307.0 x 10°mL ™!
(Eukaszewicz, 2006) and 600.0 x 10°mL~" (Jerysz and
Eukaszewicz, 2013). In wild goose, the sperm concentra-
tion is even lower and in Anser anser species it averaged
to 35.36 x 10°mL~" (Lukaszewicz et al., 2004) and
213.4 x 10°mL ™" in Branta canadensis (Kowalczyk and
Pukaszewicz, 2012). Different authors also confirmed the
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diversified concentration of sperm. Varga et al. (2003)
indicated from 0.26 to 2.25 x 10°/uL (260.0 — 2250.0 x
10°mL ™" in units used in our experiment) in 2-yr-old friz-
zled Hungarian ganders. Values similar to ours were
described by Liu et al. (2014) for Zi goose (617.2 x
10°mL™") and Rhin goose (377.0 x 10°mL™') and
Liu et al. (2008) for Yangzhou ganders (701 x 10°mL™1).
Svoradova et al. (2019) reported that in the semen of Slo-
vak White Goose, the average sperm concentration was
at the level of 0.96 — 1.762 x 10°, but the authors did
not specify the units or number of repetitions, the mean
was calculated, and the research was carried out on three
ganders aged 1 to 11 yr and “fed with wheat and oats”
during the reproductive period, which could have signifi-
cantly influenced the correctness of collected data.
Sperm Morphology The obtained results confirmed
the essence and necessity of determining the number of
live properly (normal) sperm, not only live sperm in
total (including these with various deformations and
damages), especially for species producing low-quality
sperm, such as goose. The amount of total live sperm
was at a similar level in all evaluated breeds (89.6
—97.7%), while the live normal form was much lower,
depending on the breed and individual characteristics, it
ranged between 15.2 and 67.9% in individual ejaculates.
Similarly, Gumutka and Rozenboim (2015) found 89.4
to 94.3% of live sperm in the semen of Zatorska goose,
including 41.9 to 50.0% of properly built sperm and 14.3
to 20.0% of sperm with distended heads, while
Opalka et al. (2008) observed 91.17% of live sperm,
69.17% of normal sperm and 6.24% of bulb-head sperm
in semen of Bitgorajska goose. The cited authors showed
that, similarly to our experiment, bulb-head sperm con-
stituted the highest percentage among the abnormal
forms. In addition, in our research on ducks
(Eukaszewicz et al., 2020a,c¢), capercaillie
(Kowalezyk et al., 2012), pigeons (Klimowicz et al.,
2005), and chicken broiler breeders (Lukaszewicz et al.,
2020b), bulb-head sperm were observed the most fre-
quently. Chelmonska et al. (1984) found less live sperm
in total (86.2—89.0%) in Kubanska goose semen in rela-
tion to both, the northern and southern regional group,
but significantly more properly formed sperm (55.7%),
especially compared to Rypinska, Kielecka, and Lubel-
ska breeds. In White Koluda gander semen,
Lukaszewicz et al. (2000) observed 91.4% of live sperm
including 42.9% normal and 26.5% bulb-head, similar to
Jerysz and Lukaszewicz (2013). As previously men-
tioned, the percentage of total live sperm in semen of
almost all poultry species and breeds we examined till
now is high, but the amount of the most valuable—live,
normal sperm is definitely smaller.

In Greylag goose ganders semen, the average propor-
tion of total live, normal, and bulb-head sperm was
91.26, 31.17, and 35.60%, respectively
(Eukaszewicz et al. 2004), and in Canada goose it was
83.2, 46.3, and 26.3%, respectively (Kowalczyk and
Lukaszewicz, 2012). Compared to our data,
Liu et al. (2008) stated lower (33.9%) average values of
normal sperm in Yangzhou goose, the same as

Liu et al. (2014) for Zi goose (40.8%) and Rhin goose
(37.4%), as well as Varga et al. (2003) in Hungarian gan-
ders.

Sperm Quality Factor The great variety of techniques
for semen quality evaluation and very large diversity in
individual male characteristics, not only between species
and breeds, but also between individuals of the same
genetic group, make their assessment and comparison
difficult. The SQF proposed by the author of this experi-
ment (Lukaszewicz and Kruszyriski, 2003), covering 3
basic (and easy to assess) semen characteristics seems to
be a good semen quality indicator, allowing for a reliable
assessment of male suitability for artificial insemination,
and has already been successfully applied by other
researchers (Liu et al, 2008; Kowalczyk and
Lukaszewicz, 2012; Gumutka and Rozenboim, 2015). In
the presented study, in all assessed breeds, slightly more
than half of the collected ejaculates were suitable for
determining the SQF, which indicates a very low per-
centage of positive reaction to semen collection proce-
dure, followed by ejaculation of good quality semen. In
the available articles, only Gumulka and Rozen-
boim (2015) assessed the SQF of gander semen covered
by the genetic resources protection program——Zatorska
geese, and showed that in May this factor amounted
37.3 per one male, while in June it dropped to 6.4. A
comparable SQF value (39.6) was characteristic for
White Koluda ganders (line selected from White Italian
goose) in the first year of reproduction (Lukaszewicz and
Kruszynski, 2003). Compared to the presented results,
similar or higher average SQF values were found for
Yangzhou goose (84.0; Liu et al., 2008), Zi and Rhin
goose (130.4 and 51.3, respectively, Liu et al., 2014). Sig-
nificantly lower SQF was found for Greylag — 1.06
(Eukaszewicz et al., 2004) and for Canada ganders (20.3,
Kowalczyk and Lukaszewicz, 2012). It can be assumed
that in wild geese characterized by monogamy, the num-
ber of sperm necessary for ovum fertilization is lower
than in the domesticated geese who lays more eggs and
for a longer period, therefore such a low SQF could be
observed.

The SQF determines the number of live normal sperm
in one ejaculate, and assuming that the reproductive
ability of males depends on the amount of this cell, and
their number necessary for successful fertilization
depends on the particular species (Lukaszewicz, 2002;
Kowalczyk and Lukaszewicz, 2012), this indicator shows
how many insemination doses can be created from one
ejaculate. In the discussed study, the highest index
among the northern ganders (139.6) was recorded for
the Rypinska gander with 92.9% of positive reactions,
and the lowest (10.1) for the gander with 64.3% positive
reactions. Among the southern varieties, the highest
SQF value (253.6; 92.9% of reactions) was observed in
Podkarpacka gander, and the lowest (25.2 and 50.0%
positive reactions) in Kielecka. Analyzing the average
values for northern and southern breeds, in the former
one 45.9% of positive responses and SQF at the level of
61.9 were obtained, while in the southern breeds——>57.6
and 72.7%, respectively. This suggests that if a male
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responds poorly to dorsoabdominal massage, and within
120 s ejaculation will not occur, it is very likely that the
quality of the semen will also not be high and such male
should not be left as a semen donor.

Creating the genetic reserves ex situ in vivo is cer-
tainly a valuable form of species protection and preser-
vation of valuable genes of species and breeds not
changed by strictly directed genetic selection, however,
attention should be paid to the quality of semen and to
elimination of males that are poor in this respect, in
order not to lead to an excessive weakening of the repro-
ductive capacity of the flocks covered by the genetic
resources protection program.
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