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Abstract.-The
effect of different gaseous environments on the motility of spermatozoa from striped bass
Morone saxatilis after 2 and 48 h of storage at 3 + l'C
was examined. Storage in a 1.5-mL polypropylene snapcap vial versus a 50-mL polystyrene tissue culture flask
was also examined for any influence on motility. Motility declined with time within each treatment group
and in comparison with the motility of freshly collected
undiluted semen. After 2 h, there was no significant
difference in the motility of sperm stored under ambient
air or oxygen. After 48 h, however, semen stored under
an oxygen atmosphere had a significantly (P < 0.0444)
greater percentage of motile sperm (13 + 2.4Vo) than
did semen stored under ambient air (9 + 1.9Vo) or nitrogen (4 + l-7Vo). These results suggest the importance
of oxygen to the motility of striped bass sperm stored
for short periods. After both 2 and 48 h of storage, the
percentage of motile sperm obtained from semen stored
in the 1.5-mL snap-cap vials was higher than that of
sperm obtained from semen stored in the 50-mL tissue
cu lt ure f las ks i n t h e s a m e g a se o u se n vir o n m e n t.

The demand

for

striped

bass Morone

saxatilis

and its hybrids

has made it one of the fastestsegments of finfish aquaculture in the

growing

States (Striped Bass Growers Association
1998). One of the main problems faced by pro-

United

ducers

of

spawning
Morone
leviate

hybrid

striped

bass is

the

different

times and g'eographical locations

of the
species used to create the hybrids. To althis problem, researchers have examined

Procedures such as cryopreservation
1984), domestication of broodstock

(Kerby

1983,

(Leffler

1999;

Methods

Woods et al. I 999), and control of the reproductive
cycle (Woods and Sullivan
1993; Sullivan et al.
1997). Another

potential

solution is short-term
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frigerated storage of striped bass semen. Although
no articles have been published on the short-term
storage of striped bass semen, there is evidence of
this technique being used by striped bass culturists
(Harrell 1997; Brown and Brown 2000). Techniques for the short-term refrigerated storage of
semen have been developed for several teleosts,
such as walleye Stizostedion viteum (Moore
1987), red drum Sciaenops ocellatus (Wayman et
al. 1998), Atlantic sturgeon Acipenser oryrinchus
(Dilauro et al. 1994), milkfish Chanos chanos
(Hara et al. 1982), tilapia Tilapia mossambicws
(Harvey and Kelley 1984), paddlefish Polyodon
spathula (Brown and Mims 1995), and several salmonids (Scott and Baynes 1980; Billard 1981; Erdahl et al. 1984; Jensen and Alderdice 1984; Erdahl and Graham 1987; McNiven et al. 1993;
Christensen and Tiersch 1996). Investigators
found that to obtain optimal sperm motility and
viability, salmonid semen must have adequate exposure to air or oxygen (Scott and Baynes 1980;
Billard 1981; Stoss etal.1987:' Bencic et al. 2000).
However, exposure to oxygen has been shown to
be detrimental to human spennatozoa (de Lamirande and Gagnon 1992a, 1992b; Aitken et al.
1998). This study investigates the effect ofoxygen
on the motility of striped bass spermatozoa after
2 and 48 h of storage at 3 :1 1'C.

re-

Semen was collected from six male striped bass
early in the spawning season. The fish were randomly selected from a population of captive and
domesticated striped bass produced and maintained at the University of Maryland's Crane
Aquaculture Facility in Baltimore. Each fish was
anesthetized with quinaldine at a concentration of
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10 mglL (Woods et al. 1992). Urine in the bladder
was expressedand the urogenital vent was wiped
clean and dry to prevent contamination by water,
urine, and feces. Semen was expressed directly
into sterile 50-mL conical tubes by applying gentle
abdominal pressure.All samples were kept at approximately 2 + l"C in an ice water bath until
analysis could be performed. All fish appeared
healthy before and after semen collection.
A portion of the freshly collected semen from
each fish was activated upon initial collection by
using Fisher's deionized ultra-filtered water
(DIUF). Each fish's semen was subjectedto three
activations, from which we determined the average
percentage of motile sperm. The activations were
recorded on videotape with a Hitachi model KP140 video camera attached to a Zeiss model D7082 compound microscope at a magnification of
400X. The percentage of motile sperm was determined later from the video tapes. The remaining
semen from each fish was diluted to an extender:
semen ratio of 2:1 . The extender was a simple
solution of 8.6 g of NaCl per liter of DIUF (Brown
and Brown 2000). Only extendedsemen was used
for this experiment because previous investigations (Jenkins 1999) had shown that striped bass
semen stored undiluted exhibited no motility after
24 h of refrigeration, whereas semen diluted with
the 8.6 g/L salt solution maintained as much as
25Vo of its original motility under the same conditions.
The extended semen from each fish was divided
into six treatment groups. In the first four treatments, 0.5 mL of extended semen was placed in
each offour 1.5-mL polypropylene snap-capvials'
The first vial was stored open, exposed to ambient
air. The second vial was stored closed, 'exposed

snap-cap vials. For the fifth treatment, 3 mL of
extended semen from each fish was placed in a
tissue culture flask and closed, the semen being
exposed only to the ambient air enclosed within
the flask. For the sixth treatment,3 mL of extended
semenfrom each fish was placed in a tissueculture
flask, purged with nitrogen as in the third treatment, and closed to examine the effects of the
absenceof oxygen on the motility of striped bass
sperm. The tissue culture flasks were stored horizontally to expose the maximum surface area of
semen to air or nitrogen. All flasks were stored at
3 + 1oC until tested for motility.
Sperm from each treatment from each fish was
activated after 2 and 48 h of storage in replicate
samples of three, using the same procedures described for the activation of the undiluted semen.
Each vial and tissue culture flask was purged again
with the appropriate gas immediately after its 2-h
activations were completed. The percentage of motile sperm was visually estimated for all samples
by the same observer. Spermatozoa that simply
vibrated or did not show progressive forward
movement were not considered motile.
An SAS (SAS Institute 1996) mixed-model
analysis of variance (ANOVA) was used to identify significant differences in the percentage ofmotile sperm between treatment groups. Because not
all gaseousenvironmentscould be tested by using
the tissue culture flasks, the closed tissue culture
flasks with ambient air and the closed tissue culture
flasks purged with nitrogen were compared only
with the snap-cap vials of the same gaseous environments to determine container effects. Pairwise contrasts of means were performed with differences considered significant at P < 0.05- Results are reported as means +- SEs.

only to the limited quantity of ambient air enclosed
within the vial. The third vial was purged with dry
nitrogen gas and closed, and the fourth vial was
purged with dry oxygen gas and closed. The snapcap vials were stored at 3 :t l'C in their normal
vertical position in a vial rack until tested for motility. Although most aquaculture facilities would
use larger containers such as tissue culture flasks
to store extended semen, the total volume of semen
collected for this experiment was limited, and
therefore 1.5-mL snap-cap vials were used.
After the appropriate volume of extended semen
from each fish was divided among the four prev i o usly describe dtrea tmen t s ,at leas t 6 m L of ex tended semenfor each fish was left. This remaining
semen was used to evaluate storage in 50-mL polystyrene tissue cultuie flasks instead of 1.5-mL

Results
.
The percentage of motile sperm in the freshly
collected striped bass semen was 36'9 + 16-9Vo,
an unusually low value for fresh semen. All fish
appeared healthy both before and after semen collection. The poor semen quality may be due to the
collection datels being early in the spawning season. For the sperm that were active, movement was
fast and vigorous.
Compared with the results for freshly collected
semen, the percentage of motile sperm decreased
significantly (P < 0.0001) in all treatments after
both 2 and 48 h of storage. The percentage of
motile sperm also decreased significantly (P <
0.0001) between 2 and 48 h of storage. As the
storage time of extended semen samples increased'
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men stored in the snap-cap vials and that stored
in the tissue culture flasks under ambient air. When
the semen was stored under an atmosphere of pure
nitrogen, however, the percentageof motile sperm
in the snap-cap vials was significantly (P <
0.0112) greater than in the tissue culture flasks.
After 48 h of storage under ambient air, the percentage of motile sperm obtained from the semen
stored in the closed snap-cap vials was significantty (P < 0.0033) greater than that from the
tissue culture flasks. Also, although the difference
was not significant, the semen stored in the closed
snap-cap vials purged with nitrogen had a higher
average percentage of motile sperm than did the
semen stored in the tissue culture flasks purged
with nitrogen.
Discussion

The results of this experiment clearly demonstrate
that the presence of oxygen is beneficial to
6
striped bass sperm motility. Although human spermatozoa are highly susceptible to oxidative damage (de Lamirande and Gagnon 1992a, 1992b; Aitken et al. 1998), the results of this experiment
support the results of previous investigations, in
which the motility and viability of fish sperm were
FIcunp 1.-Striped basssemenmotility in an opened prolonged by the presence of oxygen (Scott and
snap-capvial (treatment1), a closedsnap*capvial (treat- Baynes 1980; Billard 1981; Bencic et al. 2000).
ment 2), a closed snap-capvial purged with nitrogen
These data also support the theory that the sperm
(treatment3), a closedsnap-capvial purgedwith oxygen
(treatment4), a closedtissuecultureflask (treatment5), of animals that fertilize externally rely on an aerand a closed tissueculture flask purged with nitrogen obic type of metabolism rather than a glycolytic
(treatment6). PanelA showsmotility after2h andpanel type of metabolism (Mann 1964).
B motility after 48 h. Data are means+ SE; treatments
This study also suggests that the type of conwith different letters are significantly different from each tainer used to store striped bass semen may affect
other.
semen quality. Under the conditions of our study,
the 1.5-mL polypropylene snap-capvial is the best
storage container for small quantities of striped
the vigorous activity associated with the motility
bass semen (3 mL or less), possibly because the
of freshly collected spermatozoa decreased in all
vials.have a lower ratio of surface area to volume
samples. Figure I shows the percentage of motile
for storing the semen than the tissue culture flasks
sperm obtained from the different treatments after
provide. Given the greater volume of ambient air
2 and 48 h of refrigerated storage. After 2 h of
storage, no significant differences in the percent- in the tissue culture flask than in the snap-cap vial,
age of motile sperm were evident between semen the sperm in the closed'tissue culture flask are
samples stored under oxygen or in ambient air, unlikely to have used up the oxygen reserve faster
than the sperm in the closed snap-cap vial. ThereHowever, the motility of the sperm treated with
pure oxygen was statistically better than for those fore, the smaller percentage of motile sperm obstored under a nitrogen atmosphere (P < 0.0112). served in the tissue culture flask should be due to
something other than a lack of oxygen. Although
After 48 h of storage, the percentage of motile
the extent of evaporation was not measured in any
sperm in semen samples stored in a snap-cap vial
of the samples, an increase in semen viscosity was
under an oxygen atmosphere was significantly
observed in both the opened snap-cap vials and
higher than that of any other 48-h treatment group
the tissue culture flasks after 48 h of storage. ClearG < 0.4444)..
ly, oxygen is necessary to maintain optimal striped
After 2 h of storage, there was no difference in
the percentage of motile sperm obtained from se- bass sperm motility during short-term storage, but
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further

research is needed to determine

the benefit of using pure oxygen
bient air is commercially justified.

rather than amIn addition, fur-

ther research is needed to determine
of semen surface

area to volume

whether

the best ratio
for storage in

both air and pure oxygen as well as the most appropriate storage container for larger volumes of
striped bass semen.
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