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Abstract.—A practical procedure for cryopreserving
milt of paddlefish Polyodon spathula was developed
to obtain thawed spermatozoa that would fertilize eggs
and permit hatching of normal larvae. Milt was mixed
with a cryoprotectant medium containing DMSO (2.4
M) in a ratio of 3:1(milt:medium; final concentration
of DMSO 0.6 M), stored in 5.0-mL freezing straws,
and frozen in dry ice (15 min) and then in liquid ni-
trogen. A total of three replicates were made; the milt
of a different male was used in each replicate. Motility
of the thawed spermatozoa decreased to 50%-25% as
compared to 100% motility of the fresh (control) sper-
matozoa. Hatching of paddlefish (16.3 * 2.2%) from
eggs fertilized with thawed spermatozoa was signifi-
cantly lower (P < 0.01) than the hatch rate (90.8 *
2.5%) for the control. It was suggested that an increase
in viable motile spermatozoa to egg would result in
better fertilization and hatching of paddlefish.

Numerous studies have reported cryo-
preservation of spermatozoa from many tel-
eostean species, which provided thawed
spermatozoa capable of fertilizing eggs and
resulting in viable progeny (Stoss 1983;
McAndrew et al. 1993). On the contrary,
little information is available on the cryo-
preservation of chondrostean (i.e., stur-
geons and paddlefishes) spermatozoa. Only
a few studies on sperm cryopreservation of
sturgeons have been performed (Drokin et
al. 1991; Tsvetkova et al. 1996; Drokin and
Kopeika 1996). No published information
exists on the cryopreservation of paddlefish
Polyodon spathula spermatozoa.

Like sturgeon, the paddlefish is valued
for its boneless meat and roe processed into
caviar. Most paddlefish that are caught and
sold originate from wild populations. In re-
cent years, the paddlefish has been listed as
a special concern species, a Category II
species under the authority of the Endan-
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gered Species Act of 1973 (Allardyce
1992). In response to this special condition,
many federal and state agencies are devel-
oping mitigation and restoration programs
to rebuild the present populations. Further,
there is an increasing interest in commercial
production of paddlefish as a food fish
(Mims 1991; Mims et al. 1997).

Cryopreservation of paddlefish sperma-
tozoa is a critical biotechnology needed for
long-term preservation of valuable genetic
resources and for extending the use of gam-
etes from broodstock with superior genetic
potential (USDA 1988). Recent paddlefish
research using ploidy manipulation (Mims
et al. 1997) and sex-reversal (Mims et al.
1995) also could greatly benefit the aqua-
culture industry if commercial application
of cryopreservation could be developed.
For example, if sex-reversed gynogenetic
paddlefish are homogametic, a breeding
program should theoretically provide all-fe-
male progeny that could be raised for the
caviar industry. Cryopreservation of sper-
matozoa from sex-reversed gynogenetic
fish could provide a valuable genetic re-
source for all-female production.

The objective of this study was to devel-
op a practical cryopreservation technique
for paddlefish milt that would provide via-
ble spermatozoa for fertilization of the eggs
and hatching of normal larvae. The stur-
geon studies mentioned above used either
motility of thawed spermatozoa or fertiliza-
tion capacities (morula stage) but not hatch-
ing rate. To make our technique more prac-
tical, we chose hatching rate as the main
index for evaluation of cryopreservation re-
sults. We used dimethylsulfoxide (DMSO)
as the cryoprotectant which has been wide-

© Copyright by the World Aquaculture Society 1999

245



246

ly used for cryopreservation of sperm for
both teleostean (Stoss 1983; McAndrew et
al. 1993) and sturgeons (Drokin et al. 1991;
Tsvetkova et al. 1996; Drokin and Kopeika
1996).

Materials and Methods
Ovulation and Spermiation Induction

Brood paddlefish (5-14 kg) were cap-
tured below McAlpine Dam on the Ohio
River, transported to the Aquaculture Re-
search Center of Kentucky State University,
Frankfort, Kentucky, USA and held in
2.5-m diameter circular tanks. Each fish
was held in a separate tank, which was sup-
plied with dechlorinated water at a flow rate
of 12 L/min. Water temperature was main-
tained at 18.0 + 0.3 C. Paddlefish females
were given a total dose of luteinizing hor-
mone releasing hormone analog (LHRH,:
des-gly'°[D-ala®]-LHRH ethylamide; Sigma
Chemical Co., St. Louis, Missouri, USA) at
the rate of 100 pg/kg body weight (BW) in
two injections (10% and 90% of the total
dose) separated by 12 h. Ovulation occurred
within 12 to 16 h after the second injection.
Males were given an intraperitoneal injec-
tion of LHRH, at a single dose of 50 pg/
kg BW. Spermiation occurred within 12 to
18 h after the injection.

Sperm Collection and Cryopreservation
Technique

Spermiating paddlefish were blotted dry
around the genital opening. Tygon tubing
(4 mm inside diameter; 5-cm long) attached
to a 10-mL plastic syringe was inserted into
the urogenital pore. Using gentle suction of
the syringe, milt was collected and imme-
diately placed on the surface of wet ice
(surface temperature O to 1 C). Spermato-
zoa from each fish were tested for motility.
Sperm only with motility of 100% and for-
ward motion (not vibratory) were used for
cryopreservation study. Sperm concentra-
tion of each milt sample was measured us-
ing a hemacytometer and a corpuscle count-
ing chamber. For each measurement, 25uL
of sample was diluted with 25 mL of ex-
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tender. Sperm counts were made under a
light microscope (100X).

Milt from three males (6.63 * 0.88 Kg)
was placed into separate 100-mL culture
flasks; the volume of milt collected from
each male ranged from 20 to 30 mlL.
Twelve mL of the milt from each male were
mixed with 4.0 mL of a cryopreservation
medium. The medium was composed of 1.6
mL (1.76 g) of DMSO (99.9 % purity, Sig-
ma Chemical Co., St. Louis, Missouri
USA), 4.0 mL of trehalose (100 mg/1 mL
extender) and 4.4 mL of extender. The com-
position of the extender was 0.205 g CaCl,
H,0, 0.440 g MgCl, 6H,0, 0.470 g Na-
HCO,; 5.115 g KCl, 11.560 g NaCl, 20 g
glucose, 0.200 g citric acid, 4.760 g HE-
PES, 2,000 mL double distilled H,O, 20
mL (1.270 g/100 mL) KOH, 20 mL peni-
cillin-streptomycin (5,000 units of penicil-
lin and 5 mg streptomycin per mL of 154
mM saline (NaCl) solution), 300 mOsmol/
kg, pH 7.6. The DMSO concentration was
2.4 M in the cryopreservation medium and
the final DMSO concentration of the milt/
medium mixture was 0.6 M. The mixture
was allowed to equilibrate for at least 15
min on ice. The type of extender and the
dilution rate of the DMSO were determined
in preliminary laboratory experiments. The
remaining milt samples were placed on ice
and later used as the control to compare
with thawed sperm.

Large straws (5.0-mL clear, non-flexible
plastic drinking straws) were used for freez-
ing. One end of each straw was heat-sealed
using a hemostat (Halstead mosquito for-
ceps) heated on a hotplate. Approximately
3.5 mL of mixture was injected into each
freezing straw using a 5.0-mL syringe with
10 cm of polyethylene tube (1.0-mm inside
diameter) attached to an 18-gauge needle.
An air space was left at each end of the
straw to prevent rupture of the straws dur-
ing the freezing process. The open end was
then heat-sealed. One straw per male was
placed on ice and later checked for motility
after diffusion with medium, but before
freezing. The other straws (N = 9; three
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straws from each male) were covered in
crushed dry ice. After at least 15 min, the
straws were submerged into liquid nitrogen
and stored in a cryobiological storage con-
tainer. Two straws per male were used for
egg insemination experiments, and the oth-
er straw per male was used to check motil-
ity of thawed sperm.

Sperm Thawing and Examination of
Sperm Motility

To thaw the mixture, the straws were re-
moved from the storage container, imme-
diately immersed into a water bath at 20 C
for 15 s. Immediately after thawing, the
freezing straws were removed from the wa-
ter bath, wiped dry, and both ends were cut
with scissors. One pL of mixture was com-
bined with 40 pL of dechlorinated tap water
to activate the spermatozoa. Percentage of
motile spermatozoa was observed under a
light microscope (200X) and was recorded
based on a scale of 100-75%, 75-50%, 50—
25% and 25-0%.

Eggs Insemination and Incubation

Eggs were manually stripped (Graham et
al. 1986) from one female and collected in
a dry 18-cm diameter culture bowl. Ap-
proximately 3,500 eggs (64 mL of eggs/
replication; 55 * 3 eggs/mL) were trans-
ferred into each of several culture bowls,
and the thawed samples of two straws con-
taining milt from the same male (about 5.25
mL of pooled milt and 1.75 cryoprotectant
medium) per bowl were mixed with the
eggs. The control used 5.25 mL of fresh
milt from each male to fertilize a similar
number of eggs. For insemination, about
160 mL of dechlorinated tap water were
added to the eggs, stirred for 1 min, and a
suspended clay (Fuller’s earth) solution was
poured onto the eggs and stirred for 15 min
to prevent adhesiveness. The eggs were in-
cubated in separate 10-L McDonald jars for
6 d at 18 * 0.3 C. The number of hatched
larvae were counted and recorded. Larvae
from the thawed treatment and control were
held in separate net enclosures for 7 d (until
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transition to exogenous feeding) in order to
record any differences in deformities or
mortalities between the treatment and con-
trol. There were three replicates for the
thawed sperm treatment and for the corre-
sponding control, in which the milt of dif-
ferent males was evaluated in each repli-
cate.

Hatching percentage was determined
from the number of hatched larvae in re-
lation to the total number of eggs. Percent-
age data were subjected to angular trans-
formation. Data were analyzed by Student
t-test (Steel and Torrie 1980) at a probabil-
ity level of P < 0.05 using SAS Version
6.1 software (SAS Institute, Inc. Cary,
North Carolina, USA).

Results

The concentration of spermatozoa from
the milt of the three males was 1.1 £ 0.4
X 10%mL. During the experiment, the fresh
sperm (control) maintained motility of
100%. For the experimental treatment, the
sperm that was diluted with cryoprotectant
medium before freezing had motility of
100%-75%; thawed samples had motility
of 50%—25%.

The yield of hatched larvae after egg in-
semination with thawed sperm was 16.3 *
2.2% (range 466—648 larvae) and was sig-
nificantly less (P < (.01) than that of the
control of 90.8 = 2.5% (3,080-3,294). No
differences in deformities and post-hatch
mortalities were observed at transition to
exogenous feeding.

Discussion

The yield of hatched larvae after egg in-
semination with thawed sperm was about
16% as compared to 91% in the control.
This technique appears to be reliable and
useful for mass production of paddlefish. It
minimized further dilution of the milt by
adding a concentrated DMSO (2.4 M) cryo-
protectant medium to naturally dilute milt
and permitted storage of milt using 5.0-mL
straws. Further, the large volume of thawed
milt allowed insemination of relatively
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large quantities of eggs which could be
treated using standard fertilization (coating
of adhesive eggs) and incubation (upwell-
ing incubators) techniques to provide prop-
er conditions for hatching paddlefish. This
production procedure with large straws (5.0
mL) of thawed milt is useful because males
release large volumes of milt and females
are highly fecund.

Sturgeon species are known to produce
large volumes of milt with low sperm con-
centrations (1-10 X 10° spermatozoa/mL)
as compared to the milt of teleostean fishes
that produce smaller volumes of concen-
trated sperm (Ginzburg 1972). Therefore,
the ratio of milt to cryoprotectant (DMSO)
medium for sturgeon (Drokin et al. 1991;
Drokin and Kopeika 1996; Tsvetkova et al.
1996) is usually 1:1 (sperm:medium) as
compared to ratios of 1:3 to 1:9 for teleosts
(Stoss 1983; McAndrew et al. 1996). Since
the concentration of paddlefish milt was 1.1
* 0.4 X 10° spermatozoa/mL and was less
concentrated than most sturgeon milt, we
reduced the dilution of milt to medium to a
ratio of 3:1 to provide more concentrated
sperm for egg insemination.

Dimethylsulfoxide has most often been
used for sperm cryopreservation of several
sturgeon species (Drokin et al. 1991; Dro-
kin and Kopeika 1996; Tsvetkova et al.
1996). Dimethylsulfoxide, used as the cryo-
protectant for freezing paddlefish sperm in
this study, had a final concentration of 0.6
M (about 4%) when mixed with the milt.
Thawed paddlefish sperm resulted in a re-
duction in percentage of motility from
100% (fresh) to <50%-25% which appar-
ently decreased fertilization rate as well as
the yield of hatched larvae. Tsvetkova et al.
(1996) also reported significant decline in
sperm motility after freezing of sperm in
medium with a final DMSO concentration
of 7.5%. Though sperm motility is often
used to initially evaluate the success of
thawed sperm from teleosts, it is probably
less dependable for evaluation of chondros-
tean spermatozoa with acrosomes. In Tsvet-
kova et al. (1996) and our studies, thawed,
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motile spermatozoa were considered viable;
however, it is known that motile sperma-
tozoa with damaged acrosomes can render
them unable to fertilize eggs (Dan 1956).
Fertilization capacity or percentage of hatch
should be the main criteria for evaluation
of cryopreservation success.

Several studies have indicated the neces-
sity of increasing the spermatozoa to egg
ratio when using thawed spermatozoa be-
cause morphological, physiological or bio-
chemical alternations resulting from cryo-
preservation procedures may affect the
sperm capability to fertilize eggs (Jamieson
1991; Lahnsteiner et al. 1996). In this study,
the ratio of motile, thawed spermatozoa to
egg for paddlefish was estimated to be 6.17
X 10° motile spermatozoa/egg. For paddle-
fish the minimum ratio of motile sperma-
tozoa per egg for successful fertilization of
eggs is not known. However, it is possible
that an increase in number of viable motile
spermatozoa per egg would result in better
fertilization and hatching of paddlefish.
Further research should be continued to im-
prove effectiveness of cryopreservation
techniques for large-scale application.
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