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Summary
A sperm cryopreservation method using different cryoprotectants
and sperm from different males was developed. Different percentages of pure cryoprotectants (methanol and DMSO) were added to
extender 1 or 2 (20 mM tris pH 8 + 30 mM sucrose + 0.5 mM KCl
or 20 mM tris pH 8 + 50 mM sucrose + 0.5 mM KCl, dilution 1:1)
or non-extended sperm and every 1 ml of mixture was transferred
to a 2-ml cryotube. The cryotubes were directly transferred to a
pre-programmed PLANER Kryo 10 series III freezer at 0 oC and
cooled from 0 oC to –5 oC at a rate of 3 oC.min-1, from –5 oC to –
15 oC at a rate of 5 oC.min-1, from –15 oC to –25 oC at a rate of 10
oC .min-1, from –25 oC to –80 oC at a rate of 20 oC .min-1. Thereafter the samples were held for 5 min at -80 oC and finally transferred into LN2 until next morning. The sperm was then thawed in
a water bath at 40 oC for 105 s. Fertilization rate of control sperm
was 81.5% (kept unfrozen; samples tested after 24-h storage at 3
oC), indicating that the gametes were of good quality. Percentage
and the velocity of motile sperm from were evaluated in fresh and
post-thawed sperm using video frames and subsequent image analysis. The results on hatching rates were significantly correlated
with post-thawed sperm motility (r=0.49, P=0.035) and velocity
(r=0.55, P=0.014) and not correlated with velocity of post-thawed
spermatozoa (r=0.32, P=0.177). The best fertilization rates were
obtained with 64-75 % in post-thawed sperm (3.6.105 spermatozoa
per egg) when sperm were treated either without any extender or
with both extenders with methanol concentrations of 8 or 10 %.
These results were not significantly different compared with those
obtained using fresh sperm control samples. Hatching rate was
very low, only 8-15 %, when sperm was frozen with 8 or 10 %
DMSO. ANOVA showed a significant effect of males on sperm
motility, velocity and fertilization rate in post-thawed sperm.

Introduction
The paddlefish Polyodon spathula Walbaum, 1792 is an important
species in the United States (Carlson and Bonislawsky, 1981;
Mims et al., 1993). The basic reproductive methods to reproduce
paddlefish have been developed by Needham (1965) and Graham

et al. (1986). Paddlefish females are highly valued for blackish roe,
which is processed into caviar. The cryopreservation study is part
of a series of detailed studies to develop a complete breeding programme for production of all-female paddlefish populations in
aquaculture. Two biotechnological methods to induce gynogenesis
and hormonal sex inversion, have already been developed (Mims
et al., 1997). Genome banking of frozen sperm from sex-inverted
gynogenetic males (neo-males) is one of the final steps in this
breeding programme..
Storage of fish sperm for aquaculture purposes and preservation
of biodiversity in fish steadily increases in importance. In recent
years extensive new data and knowledge on this topic has accumulated. Deep freezing of fish spermatozoa is a complex but frequently used method, the success of which depends on a number of
variables affecting the capacity of spermatozoa to fertilize an egg.
Cryopreservation techniques for spermatozoa in liquid nitrogen (196oC) are among the modern methods applied in aquaculture
(Stoss, 1983; Ranna, 1995; Gwo, 2000). It has been estimated that
sperm from 200 fish species are already successfully cryo-preserved (Billard et al., 1995), but for sturgeons and paddlefish species the optimization of this technology is still needed. The present
state of knowledge on cryopreservation of sturgeon sperm was
recently summarized by Billard et al. (2004). Unfortunately, only
limited hatching rate have been reported for sturgeons or paddlefish using cryopreserved sperm (Brown and Mims, 1999; Jahnichen et al., 1999; Mims et al., 2000; Glogowski et al., 2002).
DMSO, ethylene glycol or methanol were commonly used as cryoprotectants in these trials.
At the present time, several sperm banks were established in
Russia, Ukraine, Hungary and the Czech Republic to serve the
genetic conservation of sturgeon species (Billard et al., 2004; Flajshans et al., 1999).
Spermatozoa of chondrostean fishes (Chondrostei) are quite
different from teleostean fish (Teleostei). These differences concern (a) their morphology (in particular the presence of an
acrosome, Ginsburg et al., 1968; Dettlaff et al., 1993), (b) their
physiology exhibiting a relatively long duration of the sperm
motility (Cosson et al., 2000, Linhart et al., 2002; Allavi et al.,
2004) and finally (c) their biochemistry with the presence of acro-
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sin being involved in the acrosome reaction (Piros et al., 2002).
Spermatozoa of sturgeons and paddlefish are essentially immotile
in the seminal plasma (Linhart et al., 1995; Cosson and Linhart
1996; Cosson et al., 2000; Linhart et al., 2003; Alavi et al., 2004).
Ionic concentrations in seminal fluid of paddlefish and sturgeons
are lower than for teleosts (Linhart et al., 1991; Piros et al., 2002).
The level and ratio of ions in seminal fluid is very important for the
maintenance of energetic content. When the quantity or ratio
between Na+ and K+ change, the sperm motility can be initiated
(Cosson et al., 1999, Linhart et al., 2002, Alavi et al., 2004).
Osmolality of seminal fluid in paddlefish (33.0 - 62.7 mOsmol.kg1, Linhart et al., 2003) was higher than that for Siberian sturgeon
(33.0-46.3 mOsmol.kg-1, Gallis et al., 1991).
In this study, a sperm cryopreservation method using different
cryoprotectants and sperm from different normal males (not sexinverted males) was developed. Velocity, percentage of postthawed sperm motility and fertilization yield were used to evaluate
the success of each tested protocol.

Material and Methods
The experiments were conducted at the Aquaculture Research
Center, Kentucky State University (KSU), Frankfort, Kentucky,
USA. Paddlefish males from 4.0 to 8.0 kg were captured in Ohio
River, Kentucky. Broodfish were transported to the hatchery of the
Aquaculture Research Center at KSU. Males were selected for
good condition and held in circular metal tanks (1 000 l) with a
water flow rate of 12 l.min-1, dissolved oxygen of 9.0 mg 02.l-1 and
at water temperature between 15 and 190C. Maturity of males was
judged presence of milt after abdominal compression. The spermiation and ovulation were stimulated with LHRH analogue, desGly10 (D-Ala6) LHRH ethylamide (Sigma Chemical Company)
injected intramuscularly at the dose of 50 µg.kg-1 b.w. Sperm was
collected 24 h after stimulation. Ovulated oocytes were stripped
from individual females 30 hours post stimulation. Eggs from 3
females were then pooled, short-term stored at a temperature of
17oC and directly used for experiments.
Sperm Collection and Dilution

For stripping, males were fished out from the tank, fixed in dorsal
position and urogenital pore was wiped. A 10-mL plastic syringe
with 5 cm of Tygon tubing was used to collect sperm. The tube was
inserted into the urogenital pore to fill up with sperm, and then
sperm was transferred to 100 ml containers which were stored on
ice for 1.5 hour until examination. Quality of the extended sperm
was checked for the percentage of sperm motility from video
records. Only sperm with motility higher than 80% was used for
cryopreservation. Sperm concentration was counted in Thoma cell
haemocytometer under Nicon microscope (400x) and the value
was expressed as mean number of spermatozoa counted in 20
squares of the Thoma cell.
Cryopreservation and Thawing

Different percents of pure cryoprotectants (methanol and DMSO)
were added in extender 1 (20 mM tris pH 8 + 30 mM sucrose + 0.5
mM KCl, dilution 1:1), extender 2 (20 mM tris pH 8 + 50 mM
sucrose + 0.5 mM KCl, dilution 1:1) or non-extended sperm and
every 1 ml of mixture without equilibration time was transferred to
a 2-ml cryotube. The cryotubes were directly transferred to a preprogrammed PLANER Kryo 10 series III at 0 oC and cooled from
0 oC to –5 oC at a rate of 3 oC.min-1, from –5 oC to –15 oC at a rate
of 5 oC.min-1, from –15 oC to –25 oC at a rate of 10 oC .min-1,
from –25 oC to –80 oC at a rate of 20 oC .min-1, then held for 5 min
at -80 oC and finally transferred into LN2 until next morning. The
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sperm was thawed in a water bath at 40 oC for 105 s and used for
fertilization and video recording of sperm motility.
Experimental Design

Pooled eggs (the same number of eggs per one gram of eggs) was
used for all experiments. For each treatment or different experimental conditions (different extenders, croprotectants and males),
six cryotubes with sperm were frozen and after thawing of the
sperm (next morning) the following parameters were evaluated for
each: velocity of sperm, % of sperm motility, % of fertility and %
of hatching. The same parameters were measured in the control
sample of unfrozen fresh sperm.
In the first series of experiment, effect of two different cryoprotectants of extended or non-extended sperm were studied. The cryoprotectants studied were DMSO at final concentrations of 8 and
10 and methanol at final concentration of 8 and 10 %. One ml of
extended or non-extended sperm with cryoprotectants were always
gently homogenized and transferred into cryotubes of 2 ml and frozen.
In the second series of experiment, methanol as cryoprotectant
was tested. Eight and 10 % of DMSO was added to the nonextended sperm and 8 % of extended sperm with extender 1 (20
mM tris pH 8 + 30 mM sucrose + 0.5 mM KCl, dilution 1:1), the
solution was gently homogenized. Latter, one ml of the solution
was transferred into cryotubes of 2 ml and frozen.
In the third series of experiment, three different males were
tested. Eight % of Me2SO was added to extended sperm with
extender 1 and 2, respectively. The mixture was gently homogenized and volumes of 1 ml were transferred into cryotubes and frozen. Unfortunately for last fertilization at male no. 3, extender 2
was not sufficient quantity of eggs. It was the reason why there is
no fertilization rate at male 3 in Fig. 3.
Fertilization and Hatching Trial

The suitability of different methodologies of cryopreservation was
assessed by fertilization and hatching rates (additionally to other
parameters of sperm quality as mentioned above). This was done
as followed: twenty grams of eggs (80 eggs per 1 g) were placed
into a 50 ml dish; an accurate volume of sperm (thawed or non-frozen as control) with 360,000 spermatozoa per one egg was dropped
on them from a micropipette. Twenty ml of hatchery water at 17 oC
was added. One minute later additional 20 ml water was added and
2 minutes later around 200 eggs were placed into a glass dish of
200 ml supplied with UV-treated recirculated tap water at 17 oC, 9
mg.l-1 O2. For each experiment, the procedure was replicated three
times. The fertilization was counted in each dish at embryogenesis
stage of 32 blastomers.
The percentage of fertilization rate (Fr) was calculated for each
dish from the total No. of eggs placed in the dish (Et) minus eggs
without cleavage (Ed) as followed:
Fr = [(Et - Ed)/Et]x100
Observation of sperm motility and velocity

Spermatozoa were evaluated by percentage of motility and by
velocity. Measurements used dark field microscopy and a Nikon
camera setup as described by Cosson et al. (2000) and Linhart et al.
(2002). Percentage motility and velocity was examined under 200x
magnification immediately after mixing 0.5 µl of sperm with 49.5
µl of swimming medium (SM = 20 mmol.l-1 NaCl + 20 mmol.l-1
TRIS-HCl, pH 8.2). The sample was chequed on a glass slide previously prepositioned on the microscope stage. The final dilution
was 1:100. Within 10 s after mixing, a video recording was started
for 1-min to be used in the evaluation of spermatozoa swimming
activity. The focal plane was always positioned near the glass slide
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surface. The movements of spermatozoa were recorded at 60
frames.s-1 using a 3CCD video camera (SONY DXC-970MD)
mounted on a dark-field microscope (NIKON Optiphot 2, Japan)
and visualized on a video monitor illuminated with stroboscopic
lamp of Strobex (Chadvick-Helmut, 9630, USA). The adjustable
frequency stroboscopic flash illumination was set in automatic register with video frames (60 Hz) for sperm velocity measurement.
Evaluation of the velocity and percentage of motility

Velocity and motility were assessed at 20 s after activation: the
successive positions of the video - recorded sperm heads (thawed
or non frozen as control) were analyzed from video frames by
means of Olympus MicroImage software (Version 4.0.1. for Windows with a special macro by Olympus C&S). The velocity and
percentage of motility were measured by evaluating spermatozoa
head positions on five successive frames with three different
colours (frame 1 - blue, frames 2 - 4 - green and frame 5 - red). The
analyses were repeated 3 times from 3 records at 20-second intervals, i.e. frames 1-5. Thirty to forty spermatozoa were evaluated
from each frame. Motile spermatozoa were visible in three colours,
while non-moving spermatozoa were white. Percentage of motile
spermatozoa was easily calculated from white versus red cells.
Velocity of spermatozoa was calculated as µm.s-1 based on length
traces of spermatozoa from blue to green and red heads, calibrated
for magnification. Excel 97 automatically calculated both values.
Data analysis

Average values of the acquired parameters and standard deviations
(SD) were determined from 3 replicates for each fertilization trial,
including the velocity and percentage of sperm motility. Statistical
significance was assessed using multiple analysis of variance
(ANOVA, Statgraphics version 5), followed by Tukey HSD multiple range test comparisons. Correlations were evaluated from the
nine average values of the following parameters: velocity of postthawed sperm, percentage of post-thawed sperm motility and percentage of fertility assessed with Microsoft Excel 97. Probability
values at < 0.05 were considered as significant.

Results
Fertilization rates of control sperm (unfrozen) samples after 24-h
storage at 3 oC ranged from 65 to 90%, indicating that the gametes
were of good quality. The best cryoprotectant for having live postthawed sperm (3.6.105 spermatozoa per egg) was methanol (8%)
resulting in fertilization rates ranging from 61 to 76%. ANOVA
showed a significant effect of males on post-thawed sperm velocity
and fertilization rate.
Effect of extender and cryoprotectant

The results of individual parameters (percentage of motile sperm
and average velocity of spermatozoa at 20 s after activation as well
fertilization rates) in extended or non extended frozen/thawed
sperm with using two different cryoprotectants (either the product
or concentration) are shown in Figures 1-2 with comparison to the
control sperm (non frozen). Fertilization rate of control sperm
(unfrozen) samples after 24-h storage at 3 oC was 81.5 % (Figs 13).
The excellent fertilization rates 64-75 % were obtained on postthawed sperm when sperm was either without dilution or diluted
with extender 1 and treated by methanol in concentrations 8 or 10
% (Fig. 1). These results were not significantly different compared
with the fresh sperm control sample. Hatching rate was very low,
only 8-15 %, when sperm was frozen with 8 or 10 % DMSO (Fig.
1). At second test, 8 % of methanol with Extender 1 was the best
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combination for storage fertilization rate in thawed sperm. That
combination was slightly but not significantly different with nonextended fresh sperm (Figure 2). ANOVA showed a significant
influence of males on fertilization rate oscillating from 38 to 64 %,
when fertilization rate of thawed sperm in all males were not statistically different from the fresh sperm.
No significant difference were found in terms of percentages of
motility (70-86 %) at 20 sec after activation of frozen/thawed
sperm, when sperm was treated with DMSO or methanol (Figure
1) and also when different sperm samples from three males were
tested (Figure 3). The average value in fresh sperm (control) was
98%. A solution of 8% methanol used as the cryoprotectant combined with the extender 1 yielded the highest percentage of motility in post-thawed sperm (82%, Figure 2). ANOVA showed no
influence of post-thawed sperm derived from different males on
sperm motility. The results of post-thawed sperm motility (without
fresh sperm) were significantly correlated with the hatching rate of
eggs obtained from post-thawed sperm (r=0.49, P=0.035) and did
not correlate with the velocity determined in post-thawed spermatozoa (r = 0.32, P = 0.177).
Velocity of post-thawed spermatozoa ranged from 118 to 157
µm.s-1 and these were considered to be high for the trials using
sperm frozen in methanol of 8 or 10% (Figures 1 and 2). Methanol
of 8 % with extender 1 was the best cryoprotectant for saving the
high velocity (157 µm.s-1) in post-thawed sperm. Also when sperm
was stored only without extender with 8-10 % of methanol, the
velocity of post-thawed spermatozoa was on the level 118-135
µm.s-1 (Figure 2). Similar insignificant velocity of spermatozoa
was found between the fresh none extended sperm and thawed
sperm extended with methanol (Figures 1 and 2). ANOVA showed
a significant influence of males on sperm velocity of post-thawed
sperm. Post-thawed sperm velocity correlated with hatching rate
(r=0.55, P=0.014).
Regarding all parameters it can be concluded that methanol of 8
or 10 % with extenders 1 or 2 are useful for keeping of good quality of frozen/thawed sperm.

Discussion
A complete freezing procedure to preserve the sperm of paddlefish
consisted of four different cooling rates, four steps during cooling
and the temperature at which the super-cooled sperm were plunged
into LN2 (see figure 4). This methodology was highly modified
from cryopreservation studies on common carp (Linhart et al.,
2000) and European catfish (Linhart et al., 2006). The first step of
the freezing program was a slow cooling from 0 oC to –5 oC at a
rate of 3 oC.min-1. When ice started to form in the external
medium, the program was accelerated at the rate of 5oC .min-1
from –5 oC to –15 oC, then at rate of 10 oC from –15 oC to –25 oC
and finally at the rate of 20 oC .min-1 from –25 oC to –80 oC. The
sperm was at the temperature of -80°C held for 6 min and then
transferred into LN2. In programmable freezer Jahnichen et al.
(1999) used a two step freezing regime at the rate of 3.5- 5oC .min1 from +2 oC to –14 oC, then at rate of 10-20 oC from –14 oC to –
70 oC and direct transfer to liquid nitrogen. The freezing rate was
also controlled according to different size of straws by the height
above the surface of liquid nitrogen at the level 3-5 cm (Horvath
and Urbanyi, 2000; Glogowski et al., 2002).
When experiments with hatching rate in post-thawed sperm are
conducted to detect the optimal freezing protocol, it is necessary to
use low or medium number of spermatozoa per egg. Number of
fresh spermatozoa ranging from 10,000 to 100,000 per egg is
required for artificial insemination in sturgeon’s species (Ginsburg,
1968; Dettlaff et al., 1993). If high number of spermatozoa per egg
(millions) is used, low viability and bad quality of post-thawed

392

O. Linhart et al.

180
160
140

CDE

AB

DEF

EF

BC

F

CD

AB
A

120
100

a

80

ab

a

b

ab

ab

ab

b

a

b

b

ab

b

60
40
a

a

20

a

a

0
DMSO 8%

DMSO 8%
EXT 1

MET 8%

velocity ( µm . s -1)

MET 8%
EXT 1

motility (%)

200

CONTROL

Fig. 1. Effect of 2 different types of
cryoprotectants was evaluated. The
columns express average values of
data found in post-thawed sperm and
all different concentration for DMSO
and methanol (8 and 10 %) with or
without extender 1 in fertilization
rates, percentage of sperm motility at
20 s after activation and velocity of
spermatozoa at 20 s after activation.
Fresh non-extended sperm was used
as control. Groups with a common
superscript for each parameter do not
differ significantly (P<0.05).

fertility (%)

C

180

B

160

C

A

140
120
d

c

100

c

Fig 2. Effect of methanol as
cryoprotectant was evaluated. The
columns express average values of
data found in post-thawed sperm and
all different concentration for
methanol (8 and 10 %) with or without
extender 1 in fertilization rates,
percentage of sperm motility at 20 s
after activation and velocity of
spermatozoa at 20 s after activation.
Fresh non-extended sperm was used
as control. Groups with a common
superscript for each parameter do not
differ significantly (P<0.05).

80
60
40

bc

ab

b

a
a

20
0
8% MET

10% MET

8% MET + EXT1

velocity ( µm . s -1)

motility (%)

CONTROL

fertility (%)

200
180
160

C

AB

A

AB

C

BC

A

140
120
100
80

a
a

a

a

a
ab

60
40

a

a
bc

c

bc
ab

a

20
0
EXTENDOR 1 EXTENDOR 1 EXTENDOR 1 EXTENDOR 2 EXTENDOR 2 EXTENDOR 2
MALE 1
MALE 2
MALE 3
MALE 1
MALE 2
MALE 3

velocity ( µm . s -1)

motility (%)

fertility (%)

CONTROL

Fig. 3. Effect of 3 different males on
cryopreservation success of sperm
was evaluated. The columns express
average values of data found in postthawed sperm of three different males
with extenders 1 and 2, and methanol
(8 %) in fertilization rates, percentage
of sperm motility at 20 s after
activation and velocity of spermatozoa
at 20 s after activation. As control was
used fresh not extended sperm.
Groups with a common superscript for
each parameter do not differ
significantly (P<0.05).

Effect of cryprotectants on motilitiy in paddlefish spermatozoa

393

sperm could be masked
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mal reaction with dramatic shock process according to rapid pene- Cosson, J.; Billard, R.; Cibert, C.; Dréanno, C.; Suquet, M., 1999:
tration of acrosomal membrane with releasing of acrosin enzyme
Ionic factors regulating the motility of fish sperm In: From
(Ciereszko et al., 1996a, b, 2000). As DMSO can interact with the
Basic Science the Male Gamete to Clinical Application. C.
phospholipids membranes (Anchordoguy et al., 1991), a change in
Gagnon (Ed). Cache River Press Vienna IL USA, pp.161Minimum
80 % with DMSO remains possible.
the lipid bi-layer
structure
186.
of spermatozoa
Spermatozoa
of
sturgeons
and
paddlefish
are
essentially
immoCosson,
J.; Linhart, O.; Mims, S. D.; Shelton, W. L.; Rodina, M.,
motility
2000: Analysis of motility parameters from paddlefish (Polytile in the seminal plasma (Linhart et al., 1995; Cosson and LinMethanol (8%)sturgeon
was added in
extender
odon spathula) and shovelnose
(Scaphirhynchus
hart, 1996; Cosson et al., 2000; Linhart et al., 2003; Alavi et al.,
1 (20 mMJournal
tris pH 8 +of30Fish
mM sucrose
platorynchus) spermatozoa.
Biology 56,
2004). Sperm is immediately activated when transferred into a
+ 0.5 mM KCl, dilution 1:1) or
1348-1367.
swimming medium, usually fresh water or low salt concentrations
extender 2 (20 mM tris pH 8 + 50
S.;sucrose
Schmalhausen,
O. dilution
I., 1993: Stur(Drabkina, 1961), similar to freshwater teleosts. Motility is the Dettlaff, T. A.; Ginsburg, A.mM
+ 0.5 mM KCl,
1:1) and
every and
1 ml
of mixture Berlin:
geon fishes developmental
biology
aquaculture.
greatest immediately after activation. All sperm motility paramewithout equilibration time was
Springer-Verlag. 300 pp.
ters decrease rapidly during the post-activation period and the pertransferred to a 2-ml cryotube
centage of motile cells also gradually decreases (Cosson et al., Drabkina, B. M., 1961: Effect of different water salinities on the
survival rate of spermatozoa, eggs and larvae of sturgeon.
2000). During the earliest period of motility, spermatozoa of sturDoklady AN SSSR 138, 492-495. (in Russian).
geons and paddlefish move in fresh sperm at velocities of 175-250
µm.s-1 (Cosson et al., 2000, Linhart et al., 2002). Also in the Flajshans, M.; Linhart, O.; Slechtova, V.; Slechta V., 1999: Genetic
thawed sperm, similar velocity around 140-160 µm.s-1 with 70-90
resources of commercially important fish species in the
Freezing
in the PLANER
III at 0 °C
to –5 °C atPresent
a rate of state
3 °C and future strategy. Aquacul% of motile spermatozoa was found when optimal
freezing
proce- KRYO 10Czech
Republic.
.min-1, from –5 °C to –15 °C at a rate of 5 °C .min-1, from –15 °C to –25
dure was applied.
ture 173, 471-483.
°C at a rate of 10 °C .min-1, from –25 °C to –80 °C at a rate of 20 °C
.min-1, then held for 5 min atGallies,
-80 °C J. L.; Fedrigo, E.; Jatteau, P.; Bonpunt, E.; Billard, R.,
1991: Siberian sturgeon (Acipenser baeri) spermatozoa:
Acknowledgements
effects of dilution, pH, osmotisc pressure, sodium and pottaThanks are expressed to Martin Kocour for critical evaluation of
sium ions motility. In: Acipenser. P. Wiliot (Ed). Cemagref
manuscript, to USB RIFCH no. MSM6007665809, GACR no.
Publication, pp. 143-151.
524/03/0178, GACAS no. S5045314 with USDA National Ginsburg, A. S., 1968: Fertilization in fishes and the problem of
Research Grant Program to KSU, Frankfort, KY
polyspermy. Moscow: Nauka, (in Russian).
Glogowski, J.; Kolman, R.; Szczepkowski, M.; Horvath, A.; Urbanyi, B.; Sieczynski, P.; Rzemieniecki, A.; Domagala, J.;
Finally, transfer to
References
liquid nitrogen (LN2)
Demianowicz, W.; Kowalski, R.; Ciereszko, A., 2002: FertilAlavi, S. M. H.; Cosson, J.; Karami, M.; Amiri, B. M.;
ization rate of Siberian sturgeon (Acipenser baeri B.) milt
Akhoundzadeh, M. A., 2004: Spermatozoa motility in the
cryopreserved with methanol. Aquaculture 211, 367-373.
Persian sturgeon, Acipenser persicus: effects of pH, dilution Graham, L. K.; Hamilton, E. J.; Russell, T. R.; Hicks, C. E., 1986:
rate, ions and osmolality. Reproduction 128, 819-828.
The culture of paddlefish: A Review of methods. American
C for
105 s.
Frozen sperm
were thawed
in a Publication
water bath 40 o7,
Anchordoguy, T. J.; Cecchini, C. A.; Crowe, J. H.; Crowe, L. M.,
Fisheries
Society,
Special
74-78.
1991: Insights into the cryoprotective mechanism of dimethyl Gwo, J. C., 2000: Cryopreservation of aquatic invertebrate semen a
phospholipid
bilayers.sperm
Cryobiology
review.
Aquaculture
Research
31, 259-271.
Fig. 4. sulfoxide
Procedure forfor
cryopreservation
of paddlefish
after strapping28,
from467hormonally treated
broodstock,
identifying
indiviual steps
in terms of media application and
473. exposures during the freezing and thawing process.
temperature

394

Horvath, A.; Urbanyi, B., 2000: Cryopreservation of sterlet (Acipenser ruthenus) sperm. In: 6th International Symposium on
Reproductive Physiology of Fish, Bergen, Norvégia, 1999,
július 4-9. Proceedings P. 441, B. Norberg, O. S. Kjesbu, G.
L. Taranger, E. Andersson and S. O. Stefansson (Eds).Bergen.
Jähnichen, H.; Warnecke, W.; Trölsch, E.; Kohlmann, K.; Bergler,
H.; Pluta, H. J., 1999: Motility and fertilizing capability of
cryopreserved Acipenser ruthenis L. sperm. J. Appl. Ichtyol.
15, 204-206.
Linhart, O.; Slechta, V.; Slavik, T., 1991: Fish sperm composition
and biochemistry. Bulletin Institute Zoologie Academia Sinica, Monograph 16, 285-311.
Linhart, O.; Mims, S. D.; Shelton, W. L., 1995: Motility of spermatozoa from shovelnose sturgeon (Scaphirhynchus platorynchus R.) and paddlefish (Polyodon spathula W.). Journal of
Fish Biology 47, 902-909.
Linhart, O.; Rodina, M.; Cosson, J., 2000: Cryopreservation of
sperm in common carp Cyprinus carpio: Sperm motility and
hatching success of embryos. Cryobiology 41, 241-250.
Linhart, O.; Cosson, J.; Mims, S. D.; Shelton, W. L.; Rodina, M.,
2002: Effects of ions on the motility of fresh and demembranated paddlefish (Polyodon spathula) spermatozoa. Reproduction 124, 713-719.
Linhart, O.; Mims, S. D.; Gomelsky, B.; Hiott, A. E.; Shelton, W.
L.; Cosson, J.; Rodina, M.; Gela, D.; Bastl, J., 2003: Ionic
and osmolality of paddlefish (Polyodon spathula A.) seminal
fluid with motility parameters. Aquaculture International 11,
357-368.
Linhart, O.; Rodina, M.; Flajshans, M.; Gela, D., Kocour, M.,
2006: Cryopreservation of European Catfish Silurus glanis
Sperm: Sperm Motility, Viability and Hatching Success of
Embryos. Cryobiology, in press.
Mims, S. D.; Clark, J. A.; Williams, J. C.; Rouse, D. B., 1993:
Comparisons of two by-products and a prepared diet as
organic fertilizers on growth and survival of larval paddlefish, Polyodon spathula, in earthen ponds. Journal of Applied
Aquaculture 2, 171-187.
Mims, S. D.; Shelton, W. L.; Linhart, O.; Wang, C.; 1997: Induced
meiotic gynogenesis of paddlefish Polyodon spathula. J.
World Aqua. Soc. 28, 334-343.
Mims, S. D.; Tsvetkova, L. I.; Brown, G. G.; Gomelski, B. I., 2000:
Cryopreservation of sperm of sturgeon and paddlefish. In:
Cryopreservation in Aquatic Species. Adv. World Aquacult.,
vol. 7. T. T. Tiersch and P. M. Mazik (Eds). The World
Aquaculture Society, Baton Rouge, pp. 123-129.
Needham, R. G., 1965: Spawning of paddlefish induced by means
of pituitary material. Progresse Fish-Culture 27, 13-19.
Piros, B.; Glogowski, J.; Kolman, R.; Rzemieniecki, A.; Domagala, J.; Horvath, A.; Urbanyi, B.; Ciereszko, A., 2002: Biochemical characterization of Siberian sturgeon Acipenser
baeri and sterlet Acipenser ruthenus milt plasma and spermatozoa. Fish Physiology and Biochemistry 26, 289-295.
Rana, J. K., 1995: Cryopreservation of fish spermatozoa. In: Cryopreservation and Freeze-Drying Protocols. J. G. Day and M.
R. Lellan (Eds). Humanna Press, Totowa, New Jersey, pp.
151-166.
Stoss, J., 1983: Fish gamete preservation and spermatozoan physiology. In: Fish Physiology New York, London. W. S. Hoar,
D. J. Randall and Donaldson E. M. (Eds). Academic Press
pp. 305-350.
Tsvetkova, L. I.; Cosson, J.; Linhart, O.; Billard, R., 1996: Motility
and fertilizing capacity of fresh and frozen-thawed spermato-

O. Linhart et al.

zoa in sturgeons (Acipenser baeri A. Ruthenus). Journal of
Applied Ichthyology 12, 107-112.
Urbányi, B.; Horváth, Á.; Bercsényi, M., 2000: Androgenesis on
sterlet (Acipenser ruthenus) using fresh and cryopreserved
sperm. In: 6th International Symposium on Reproductive
Physiology of Fish, Bergen, Norvégia, 1999, July 4-9. (Proceedings P. 440, B. Norberg, O. S. Kjesbu, G. L. Taranger, E.
Andersson and S. O. Stefanson (Eds). Bergen.
Author’s address: Otomar Linhart
Joint Laboratory of Genetics
Physiology and Reproduction of Fish
University of South Bohemia
Research Institute of Fish Culture
and Hydrobiology
38925 Vodnany
Czech Republic
E-mail: linhart@vurh.jcu.cz

