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/ifJSTRACT Factors such as osmotic pres,ure, extender solution, add.ition of caffeine, and pH have hcen shown to affect sperm 
motility in aquatic species. We evaluated the effects or 18 osmotic pressures, two extender solutions, seven caffeine concentrations, 
am! a pH range of 3 10 14 on motility of sperm from tclraploid Pacific oysters, Cmssostrea gigas. Molility was highest at 1000 
mOsmol/kg (mean± SD: 83 ± 14r1c). Cakium-free Hanks' balanced sail solution yielded significantly higher sperm motility than did 
artificial seawater. Sperm motility increased with caffeine. concentrations to 20 mM (8 I ± 12%) and decreased when concentrations 
were higher than 50 rnM (55 ct 20% ). Highest motility was obtained at a pH range of from 4 to I 2; values outside this range yielded 
no motility. Addition of' IO mM caffeine to the different pH treatments also enhanced motility significantly. Overall, calcium-free 
Hanks' balanced salt solution at l,000 rnOsmol/kg, the addition of IO mM caffeine, and a pH of around 10 could be used to enhance 
sperm motility of tetraplnid Pacific oysters. Our findings would assist the use or motility assays to evaluate the effectiveness of various 
rel'rigeration or cryopreservatiou procedures. especially outside of the peak spawning season, when sperm motility can be low and 
variable. 
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[NTRODUCTTON 

Factors such as osmotic pressure (Bates el al. 1996), extender 

composition, pH. temperature (Lahnsteiner ct al. 1997. Sunitha 

and Jayaprakas 1997), and additives snch as caffeine ( Scheerer and 

Thorgaard I 989, Tierneh et al. 1998) have been shown to affect 

sperm motility in aquatic species. Most studies have been con­

ducted on teleosts (e.g .. \;forisawa el al. 1983a, Morisawa 1983h). 

and studies on invertebrates mainly focu� on �ea urchin (Morisawa 

et al. 1990). polychaetes (Pacey et al. 1994 ). and ascidians 

(Yoshida et al. 1992, Yoshida el al. l 994 ). Little is known about 

the ef
f

ects of these factors on oyster sperm, especially on sperm 

from tetraploid oysters, which possess four sets of chromosomes 

instead of the normal diploid two sets. 
Tetraploid oysters create opportunities for genetic improve­

ment, including direct production of triploid (sterile) seedstoeks by 

crossing with normal diploids. Refrigerated and frozen storage of 

tetraploid oyster sperm will be a critical tool for commercial-scale 

application of tetraploid �tocks and for developing tctraploid 

breeding programs. Although subjective, motility e�timation i� the 

technique used most commonly to assess sperm quality of fish and 

shellfish (Piironen 1993, Tiersch el al. 1994, Koupal et al. 1995). 

Motility has been used lo assess the sperm quality of oysters (Pa­

niagua-Chavez et al. 1998), but its application with tetraploid oys­

ter sperm is unexplored. The objective of this study was to develop 

procedures for evaluation of sperm quality to assist the overall goal 

of sperm storage for tetraploid Pacific oysters, Crassostrea gigas. 

Specifically, we evaluated the effects on sperm motility of: 

(I) osmotic pressure; (2) extender solution; (3) caffeine, and (4)

pH. Our findings indicate that these factors can alter the motility of

tetraploid oyster sperm collected late in the spawning season. To

our knowledge, this is the first study to systematically characterize

sperm motility of tetraploids of an aquatic species.
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MATERIALS AND METHODS 

Tetraploid oysters were obtained in September and October 

2001 from Whiskey Creek Shellfish Hatchery (WCSH) (Tilla­

mook, Oregon) and were shipped chilled by overnight delivery to 

the Louisiana State University Agricultural Center. Aquaculture 

Research Station (ARS). Water samples from WCSH had an os­

molality or 873 rnOsmol/kg as measured by vapor pressure os­

momctry (model 5500. Wescor lnc., Logan, UT) at the ARS. 

Spcnn were collected by dry stripping of the gonad (Allen & 

Bushek 1992). Undiluted nonmotile sperm were equilibrated in 30 

pL of test solutions al 23°C for 2 min before assessment of mo­

tility. Sperm motility was estimated at 200x magnification using 

darkfield microscopy (Optiphot 2, '\Jikon Inc., Garden City, NY) 

and was expressed as the percentage of cells actively moving in a 

forward direction. 

Throughout the experiments, two extender solutions were used: 

artificial sea water (ASW) (Fritz Super Salt, Fritz Industries. lnc. 

Dallas. TX) and calcium-free Hanks' balanced salt solution (C-F 

HBSS) (Paniagua-Chavez et al. 1998). All chemicals (except 

ASW) were of reagent grade (Sigma Chemical Corporation., St. 

Louis. MO). Osmolality was measured with a vapor pressure os­

mometer. 

In onr first study, the effect on sperm motility of ASW of 18 

different osmolalities ranging from 30 to 1400 mOsmol/kg was 

evaluated with a total of 20 oysters in four trials. for which oysters 

were received on August 24, August 30. September 19, and Sep­

tember 26. The second study compared ASW and C-F HBSS at l '.1 

different osmolalities with five oysters, which were received on 

October 16. [n the third study, the effect of caffeine was evaluated 

at seven concentrations (2 to 100 mM) with eight oysters from two 

shipments received on October l O and October 16. In the fourth 

study, a pH range of from 3 to 14, with and without caffeine, was 

evaluated with three oysters that were received on October 10. 

Sperm from individual oysters was used for all studies (samples 

were not pooled). Within this manuscript. extender solutions at 
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