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Maturation, Spawning and Fertility of Hybrid Striped Bass 

{(Morone chrysops x Morone saxatilis) Exposed to 

6- and 9-Month Photothermal Cycles 

by 

Andrew E. Tate 

Abstract 

This thesis is aimed at improving techniques for induced maturation 

and artificial fertilization of Morone. Chapter 1 is a study of hybrid bass 

(n= 73) exposed to 6- or 9-month photothermal cycles which were formed 

by excising summer or summer and fall photothermal conditions from an 

annual regime. Shortened cycles abbreviated the interval between spawning 

and recrudescence, and advanced maturation by five and four months, 

respectively. All females developed functionally mature oocytes and 

ovulated after hormone injection. Maximum testicular sizes were similar and 

occurred after similar periods (153-199 d). Milt was produced in most 

(>90%) males. Some milt characteristics differed among males in the three 

cycles, but fertility was similar. Findings suggest that excised cycles can 

advance maturation in hybrid bass, permitting off-season spawning. 

in Chapter 2, effects of stripping frequency (3 times in 7 days) on 

semen quality was determined by measuring concentration, motility, 

osmolality, pH and sugars of milt. Male and female effects on fertility 

variation were measured by crossing all males and females. Sperm 

concentration was estimated by spermatocrit, ultraviolet and fluorometric 

absorbance. Motility (58 sec) and milt pH (8.44) were lowest (p< 0.05) 

after the third stripping. Concentration (1.76 x 10° cells mL') and osmolality 

also decreased with stripping frequency, but inconsistently among



males. Fertility was highest during the second stripping and was correlated 

with milt pH (r=0O.762). Fertility variation was caused by females 

(p =0.001). Results provide the first characterization of Morone semen 

quality. They suggest that frequent stripping alters milt parameters, that 

females account for most fertility variation, and that sperm concentration 

can be estimated reliably by spermatocrit.
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Chapter 1 

Phase-shifted Photothermal Cycles 

Advance Sexual Maturation in F, Hybrid Striped 

Bass (Morone chrysops x Morone saxatilis) 

Abstract 

Hybrid striped bass (n= 73) were exposed to 6-, 9- or 12-month 

photothermal cycles. Shortened cycles shifted the seasonal phase to which 

fish were exposed by excising photothermal conditions corresponding to 

summer (9-month cycle) or summer and fall (6-month cycle) from a 12- 

month regime. Phase-shifted cycles abbreviated the interval between 

spawning and recrudescence, advanced maturation by five and four months 

(respectively), and permitted off-season (December and January) spawning. 

Recrudescence began in June, July and September, coincident with 

decreasing photoperiods and water temperatures for fish exposed to the 6-, 

9- and 12-month cycles, respectively. Maximum oocyte size was similar 

(p >0.05) among females on all cycles, but occurred after different 

(p<0.001) periods of photothermal exposure (200, 235, and 270d, 

respectively). All females matured and ovulated after hormone injection. 

Testicular recrudescence occurred simultaneously (June), but during 

different photothermal conditions on the three cycles. Maximum testicular 

sizes were similar and achieved after similar periods (153 - 199 d) on the 

three cycles. Most (>90%) males produced milt during the study. Certain 

semen measures differed among males on the three cycles, but were not 

reflected in fertility differences (p =0.479) among fish on the 6- (69%), 9- 

(59%) or 12-month (68%) cycles. All fish matured after exposure to a 

second, consecutive 6-month cycle. Good reproductive performance of fish



exposed to 6- and 9-month phase-shifted cycles suggests these cycles are 

effective in eliciting off-season maturation, providing culturists with a year- 

round supply of seed fish and improving the efficiency and profitability of 

hatchery and growout operations.



Introduction 

Growth of striped bass aquaculture is dependent on year-round 

production of fry, fingerlings and market-size fish (Parker 1988). Currently, 

most seed fish are produced from an unpredictable supply of wild 

broodstock spawned during a short, fixed time (April-June) (Rees and Harrell 

1990). Fish spawned in the spring reach market-size during a narrow period 

18 to 24 months after spawning, depending on culture system and growing 

conditions. Consequently, culturists are unable to provide reliable numbers 

of hybrid striped bass of uniform size and quality to commercial markets 

year-round. They are impeded from establishing selective breeding and 

genetic improvement programs, and restricted from optimal production 

efficiency and maximum profits (Blythe et al. 1994b). 

Manipulation of photoperiod and water temperature, the primary 

environmental factors regulating reproductive development in temperate 

fishes (Sumpter 1990), can advance (or delay) sexual maturation and 

spawning in commercially valuable fishes. European sea bass (Dicentrarchus 

labrax), a species closely related to Morone (Nelson 1994), spawned two 

months before or after fish on a reference cycle when exposed to four 

different photoperiodic cycles and ambient temperatures (Carillo et al. 

1989). Rainbow trout (Oncorhynchus mykiss) spawned in six months 

following exposure to long photoperiods (18 h light and 6 h dark; 18:6 LD) 

and constant, cool temperatures during winter months (Scott et al. 1984; 

Duston and Bromage 1986), or a continuous photophase (24 LL) year-round 

(Duston and Bromage 1986). Red drum (Cynoscion undulatus) spawned 

nearly year-round with exposure to constant photoperiod (12:12 LD) and 

warm temperatures (Arnold 1988). Exposure to uniformly-compressed



photothermal cycles induced orangemouth corvina (Cynoscion xanthalus) to 

mature in eight months (Thomas et al. 1994) and barbel (Barbus barbus) 

maturation in six to seven months (Poncin 1989). 

Photothermal manipulation has also been used to control Morone 

maturation. Uniformly-compressed photothermal regimes (9-month), 

produced by increasing the rate of change of photothermal conditions, 

advanced striped bass (Morone saxatilis), original-cross hybrid striped bass 

(M. saxatilis x M. chrysops) (Smith and Jenkins 1984, 1986), and white 

bass (M. chrysops) (Kohler et al. 1994) maturation three months ahead of 

the natural spawning time. Maturation and spawning were advanced three 

and five months for striped bass exposed to uniformly-compressed six and 

nine month regimes, respectively (Blythe et al. 1994a,b). However, the 

reproductive success (i.e. proportion maturing, ovulating and spermiating) of 

fish held on compressed cycles has been inconsistent and may limit its 

current and future commercial use. 

Consistent associations between stages of Morone maturation and the 

length of the photophase suggest that Morone gametogenesis is controlled, 

in part, by photothermal cues (landmarks) perceived and mediated through 

the brain-pituitary-gonadal axis (Sullivan et al. 1991). Specifically, the onset 

of vitellogenesis and spermatogenesis occurs consistently near the autumnal 

equinox in wild (Berlinsky and Specker 1991) and captive striped bass 

(Sullivan et al. 1991; Woods and Sullivan 1993; Blythe et al. 1994b) and 

final oocyte maturation (FOM) and spermiation generally coincide with the 

vernal equinox (Sullivan et al. 1991; Blythe et al. 1994b). These 

associations imply that the Morone reproductive system may be refractory to 

photothermal conditions normally encountered before late fall (autumnal



equinox) (Sullivan et al. 1991) and that exposure to these conditions may be 

reduced, or eliminated, thereby advancing maturation, and shortening the 

reproductive cycle to enable off-season spawning of Morone. 

The objective of this investigation was to evaluate the efficacy of 6- 

and 9-month photothermal cycles for advancing sexual maturity and 

inducing out-of-season spawning in F, hybrid striped bass. Shortened cycles 

were produced by excising summer or summer and fall photothermal 

conditions, respectively, from the annual cycle, thereby shifting the 

photothermal phase under which fish were exposed. Oocyte, ovarian and 

testicular growth were monitored to assess the pattern of maturation. The 

percentage of fish maturing, ovulating, and spermiating, latent period from 

gonadotropin injection to ovulation, seminal fluid characteristics, and fertility 

were used to measure the reproductive performance of conditioned fish.



Materials and Methods 

Experimental Fish 

Adult (age 4) F, hybrid striped bass (Morone chrysops x M. saxatilis, 

n=73) used in the study were obtained as fingerlings from a commercial 

hatchery in 1987. Fish were reared to reproductive maturity in an indoor, 

recirculating-water culture system while exposed to ambient photoperiod and 

water temperature. In May 1993, hybrids were transferred to the 

Aquaculture Research Facility, Virginia Polytechnic Institute and State 

University. They were weighed (males =2.0+0.35; females =2.3+0.42 

kg), individually marked for identification using subdermal T-bar tags, and 

induced to ovulate with administration of human chorionic gonadotropin 

(hCG) (330 IU Ib! body weight). Fish were randomly stocked in equal 

numbers (n=12 or 13) and sex ratios into six, 1.9-m circular tanks (2200 L) 

in six environmental control chambers. The Morone hybrids were acclimated 

for 28 d by exposure to constant water temperature (19°C) and photoperiod 

(12:12 LD). During the acclimation period, fish were treated for epizootics 

with NaCl (8-12 ppt) and weaned onto a diet of 3/8" floating hybrid bass 

pellets (Southern States, Farmville, N.C) fed daily at 1.0% wet body weight 

(adjusted monthly) rationed uniformly between morning and evening 

feedings. After 28 d, experimental photothermal cycles were initiated in 

each environmental chamber. Starting photoperiods and temperatures for 

fish in the 6-, 9- and 12-month cycles were 13:11h L:D and 21°C, 13:11h 

L:D and 21°C, and 11:13h L:D and 15°C, respectively. 

Photothermal Cycles 

During the 12-month study, photoperiod and water temperature in 

each environmental chamber were individually maintained using a computer-



datalogger monitoring and control system. Illumination in each chamber was 

provided by three incandescent lamps (75-W) mounted 2.5 m above tank 

tops. Rheostat control provided crepuscular light change (1 h) to avoid 

startling and physiological stress. Water temperature was maintained (+1°C 

of set value) by addition of cold or heated well water. 

Three photothermal treatments were used in the study. A 12-month 

reference cycle (Figure 1.0) simulated the annual light-dark sequence in the 

mid-Atlantic region (USA). Water temperature (14 to 24°C) was fit to a sine 

wave, synchronized so the longest and shortest photophases were paired 

with the warmest and coolest temperatures, respectively. A shortened 9- 

month experimental cycle (Figure 1.1) was formed by removing 

photothermal conditions from May 16 to August 16 (summer) from the 

reference cycle. A 6-month experimental cycle (Figure 1.2) was created by 

excising photothermal conditions from May 16 to November 16 (summer 

and fall) from the reference regime. All treatments were duplicated in 

separate environmental chambers. After completion of the 6-month cycle, 

fish from that treatment were exposed to a second 6-month photothermal 

sequence to evaluate the effectiveness of phase-shifted cycles for inducing 

biannual spawning. 

Water Quality 

A portable meter (Model 58, YSI Co., Yellow Springs, OH) was used 

to measure water temperature and dissolved oxygen (DQ) in each tank daily. 

Total ammonia nitrogen (TAN) and pH were measured daily, and nitrite
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(NO,-N), nitrate (NO,-N), alkalinity, and hardness were measured weekly. 

TAN, nitrite, and nitrate were measured with a spectrophotometer (HACH 

Co., Loveland, CO), pH with a HACH pH pen, and alkalinity and hardness by 

titration. 

Maturation and Induced Spawning 

Sexual maturation was assessed by monthly measurement of gonadal 

diameter using a real-time, B-mode, Aloka 500Z ultrasound unit (Aloka Co., 

Ltd., Japan) equipped with a 5.0 mHz linear array transducer. 

Ultrasonography was performed on anesthetized (75 mg L" tricaine 

methanesulfonate, MS-222) fish using mid-lateral scans of the entire gonad 

(Martin et al. 1983; Relmers et al. 1987; Bonar et al. 1989; Blythe et al. 

1994c). Growth and development of female germ cells was determined by 

examining and measuring oocytes collected by ovarian biopsy using a glass 

catheter (3 mm OD). Twenty of the largest oocytes were measured along 

their widest axis using a stereomicroscope fitted with a calibrated ocular 

micrometer (12 or 25 X magnification). 

Functionally mature females were injected intramuscularly with hCG 

(330 IU Ib'' wet body weight) to induce FOM and ovulation. Males were 

injected with hCG (120 IU Ib' wet body weight) to induce hydration of 

testes. Artificial spawning methods (Rees and Harrell 1990) were used to 

obtain oocytes and semen from four or five females and males in each 

photothermal! cycle. About 1000 ml of oocytes were strip-spawned from a 

female. Milt from one or two males was expressed directly onto the 

oocytes. The oocytes and semen were mixed (30 sec) with plastic 

inoculators and sperm were activated by addition of well water (19°C, 

pH =8.1; osmolality = 74 mOsmol kg’; hardness =430 mg/L). Oocytes were 

11



placed in vertical-flow hatching jars (5 L) containing water and tannic acid (5 

g), aerated vigorously (2 min), and flushed with fresh water (19°C) until 

tannic acid was removed. After incubation (2-4 h), the percentage of 

fertilized eggs was determined by counting the number of oocytes with two 

or more blastomeres (cleaved eggs) in a random sample (n= 100), with 

duplication. 

Semen Quality 

Semen quality was estimated by measuring sperm concentration (cell 

counts), spermatocrit (% packed cells), duration of motility, seminal fluid 

osmolality, pH, glucose and fructose. Sperm density (cells mL’' semen) was 

determined (duplicate measures) by diluting fresh semen (100 wL) with 

distilled water (4 mL), mixing by inversion, and counting the number of 

sperm cells in a Known hemacytometer volume (Bright-Line Model, American 

Opticals, Buffalo, N.Y.) when viewed with a light microscope (400 X 

magnification) (Daye and Glebe 1984). Spermatocrit (packed cell 

volume/total semen volume x 100) was determined by collecting milt in 

microhematocrit capillary tubes (77 mm long; 1.2 mm 1.D.), sealing with 

clay, centrifuging at 10,000 x g (10 min), and comparing the height of 

packed cells (white layer) to seminal plasma (clear layer) (Bouck and 

Jacobsen 1976; Suquet et al. 1992). 

The duration of sperm motility was estimated by placing fresh semen 

(5 wl) on a dry microscope slide, activating with the addition of an equal 

volume of water (19°C, pH=8.1, osmolality = 74 mOsmol kg", 

hardness = 430 mg L"'), mixing with a capillary tube, and recording the time 

until progressive motility ceased for all cells (triplicate measures) (Aas et al. 

1991). 

12



The pH of seminal fluid was measured (in triplicate) on freshly- 

collected semen using an ion analyzer (Accumet Model 95 pH/ion Meter, 

Fischer Scientific) with calibrated electrode. Osmolality was measured 

(duplicate measures) using a vapor pressure osmometer (Wescor Model 

5500) on semen stored at 4°C for 24-48 h. Glucose and fructose 

concentrations were determined for stored samples (-20°C) using 

commercially available enzymatic analyses kits (Boeringer-Mannheim 

Corporation, Indianapolis, IN) (Piironen and Hyvarinen 1983). 

Deproteinization of semen was performed prior to analyses using zinc sulfate 

and sodium hydroxide. Prepared samples were read using an ultraviolet 

spectrophotometer (Hach Model DR/2000, Loveland, CO) at 340 nm. Due 

to a limited volume of semen, sample volumes and analytical reagents used 

to prepare stock solutions were proportionally diluted (50%). 

Data Analyses 

One-way analysis of variance (ANOVA) was used to compare 

maximum growth measurements, time to maturation, fertility, and water 

quality values among treatments. Normality and homogeneity of variance 

tests were performed on raw data. Sample distributions violating 

assumptions were arcsine square root (fertility and spermatocrit), arcsine 

(UV spectroscopy), Square root (cell counts, osmolality), or log,, (pH, 

glucose, and fructose) transformed prior to analyses. Latent period was 

analyzed using the Kruskall-Wallis one-way ANOVA. Pairwise Multiple 

Comparisons of individual means were conducted using Fisher’s Least 

Significant Difference (LSD). A student’s t-test was used to compare 

maximum gonad and oocyte sizes between fish from the first and second 6- 

month cycles. A two-factor (cycle and time) mixed statistical design, with 

repeated measures on time, was used to test for differences in oocyte, 

1)



Ovarian and testicular size (ANOVA, GLM Procedure, SAS 1985). 

Orthogonal contrasts were used to compare individual treatment response 

curves. Least squares regressions were performed to test for covariance 

between weight and the dependent variables oocyte, ovarian or testicular 

diameter. The linear relation between oocyte and ovarian diameter was 

assessed by calculating Pearson product-moment coefficients of correlation. 

The significance level for all hypothesis tests was set at a = 0.05. 

Results 

Gonadal Growth and Maturation 

Fish exposed to the 6-, 9- or 12-month photothermal cycles required 

different (F=25, df=2/35, p<0.001) times (206, 240, and 268 d, 

respectively) to achieve maximum oocyte diameter (Table 1.0). However, 

peak oocyte sizes (855, 893, and 844 wm, respectively) did not differ 

(F=3.05, df=2/37, p=0.06) among females from the three photothermal 

regimes. From study initiation (May) to spawning of fish in the 6-month 

cycle (December), the average oocyte diameter of females in the three 

conditioning regimes differed (F= 23.64, df=2/26, p<0.001), suggesting 

different treatment effects for the three photothermal cycles. Moreover, the 

pattern of oocyte growth (Figure 1.3) differed among females exposed to 

the 6-month cycle, compared to those on the 9- (F=4.2, df =5, p=0.006) 

and 12-month cycles (F=9.27, df=5, p<Q.001) as indicated by significant 

effects for time (F=471.7, df=5, p<0.001) and a time by cycle interaction 

(F=5.27, df=10, p<0.001). 

Oocyte diameter and ovarian size were positively correlated in the 6- 

(r=0.665, p<0.001), 9- (-=0.605, p<0.001) and 12-month cycles 
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{(r=0.902, p<0.001). The time to develop maximum ovarian size differed 

among fish exposed to the 6-, 9- or 12-month photothermal cycles 

(F=57.2, df=2/35, p<0.001), requiring 200, 240 and 283 d, respectively 

(Table 1.0). Ovaries from fish exposed to the 9-month treatment (28.3 mm) 

were smaller (F=3.42, df =2/38, p =0.044) than those of fish on the 6- 

(28.7 mm) and 12-month cycles (30.8 mm). From study initiation (May) to 

spawning of fish in the 6-month cycle (December), the average ovarian size 

of females in the three conditioning regimes differed (F=11.62, df=2/27, 

p<0.001), indicating different effects of photothermal treatments among 

fish from the three cycles. Moreover, the pattern of ovarian growth (Figure 

1.4) for females on the 12-month conditioning cycle differed from fish on 

the 9- (F=2.61, df=6, p=0.031) and 6-month cycles (F=8.28, df=6, 

p<0.001) as indicated by significant effects for time (F = 169.9, df=6, 

p<Q.001) and a time by cycle interaction (F=4.19, df=12, p<0.001). 

The time to maximum testicular size did not differ (F=2.59, df =2/26, 

p =0.096) among males from the 6-, 9- or 12-month cycles (153, 174, and 

199 d, respectively) (Table 1.0). The average testicular size from the start 

of the study (May) to spawning of the 6-month fish did not differ (F=0.91, 

df=2, p=0.416) among males on the three cycles. However, the pattern of 

change in testicular size (Figure 1.5) differed for fish on the 6-month cycle 

from that of 9-month conditioned fish (F=3.07, df =6, p=0.016), as 

indicated by significant effects for time (F=59.41, df=6, p<0.001) anda 

time by cycle interaction (F=2.04, df=12, p=0.042). 

Seminal fluid was first expressed on day 132, 196 and 165 for fish 

exposed to the 6-, 9- and 12-month cycles, respectively (Table 1.0). The 

spermiation period (i.e. duration of milt production) was longer (F =9.23, 

15



df= 2/26, p<0.001) for fish on the 12-month cycle (91 d) than for males 

exposed to the 6- (38 d) and 9-month (42 d) phase-shifted cycles (Table 

1.0). 

Spawning and Fertility 

Administration of hCG induced ovulation in all females (Table 1.1). 

The latent time from injection to ovulation (19°C) did not differ (y7=1.28, 

df=2, p=0.528) among fish from the 6- (34.5 h), 9- (31 h) or 12-month 

(34.2 h) photothermal cycles (Table 1.1). Milt was expressed from 92% of 

males on the 6-month cycle and all males on the 9- and 12-month cycles 

following hCG injection (Table 1.1). Fertility of fish from the 6- (69), 9- (59) 

and 12-month (68) cycles did not differ (F=0.765, df=2/21, p=0.479) 

(Table 1.1). 

All males and females (6-month cycle) matured and were spawned 

when exposed to a second 6-month photothermal sequence (Table 1.1). 

However, maximum oocyte (754 wm) and ovarian (25.2 mm) size were 

smaller (p =O.05) than peak sizes achieved during the first cycle. Testicular 

size did not differ significantly between the first (11.2 mm) and second 

(11.0 mm) spawnings. The latent time from hCG injection to ovulation (31 

h) did not differ from the latent time observed during the first spawning 

(t=2.14, df=12.96, p=0.52) whereas fertility (29%) was lower (t =-3.39, 

df=24, p=0.002) than when fish were spawned six months earlier. 

Semen Quality 

Sperm density estimated by cell counts was higher (F =4.67, 

df=2/100, p=0.011) for males in the 9-month cycle (2.31 x 10° sperm 
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mL') than for those in the 6- (0.963 x 10° sperm mL") or 12-month cycles 

(1.73 x 10° sperm mL") (Table 1.2). In contrast, spermatocrit did not differ 

(F=0.42, df=2/76, p=0.658) among males on the three photothermal 

cycles. The duration of sperm motility was shorter (F=4.92, df=2/89, 

p=0.01) for fish exposed to the 6-month cycle (68 sec) than for those on 

the 9- (84 sec) and 12-month cycles (79 sec). The pH was lower (F=15.5, 

df=2/77, p<0.001) for fish in the 6- (8.13) and 9-month cycles (8.3) than 

for those in the 12-month cycle (8.68). Osmolality (F=2.8, df=2/75, 

p=0.08), glucose (F=0.189, df=2/60, p=0.828) and fructose (F =0.388, 

df= 2/58, p=0.681) did not differ between fish in the three photothermal 

regimes. 

Water Quality 

All water quality parameters were within an acceptable range of 

values for Morone culture (Nicholson 1992) and did not significantly differ 

among tanks (Table 1.3). 
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Discussion 

In the current study, phase-shifted photothermal cycles advanced 

gonadal recrudescence, shortened the reproductive cycle, and permitted 

induced spawning of hybrid striped bass out-of-season, without 

compromising reproductive performance (i.e. fertility, semen quality, latent 

time). The results suggest that a lengthy refractory period between 

spawning and recrudescence is unnecessary in hybrid bass, and that 

photoperiod/temperature are strong maturational cues in hybrid striped bass, 

although other unconfirmed factors (e.g. endogenous rhythms) may modify 

sexual maturation rates. 

Maturation and Spawning 

The proportion of fish maturing (100%), ovulating (100%) and 

spermiating (>90%) was similar among fish in all treatments, and 

comparable (67 to 100%) to that reported using uniformiy-compressed 

cycles (9-month) on striped bass (Smith and Jenkins 1984; Blythe et al. 

1994a), hybrid striped bass (Smith and Jenkins 1986), and white bass 

(Kohler et al. 1994). The phase-shifted 6-month cycle used in the current 

investigation induced early maturation more consistently than a 6-month 

uniformly-compressed cycle (Blythe et al. 1994) which resulted in only 40% 

maturational success of striped bass females. Consequently, phase-shifted 

cycles may be more suitable for inducing lengthy advancements of 

maturation, but either phase-shifted or compressed methods produce 

equivalent results for short advances. The high proportion (>90%) of 

spermiating males was similar (>85%) to that reported for striped bass 

males on uniformly-compressed cycles (Blythe et al. 1994a), suggesting that 

spermatogenesis can be advanced similarly by either technique. 
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Phase-shifted cycles used in this study shortened the period between 

spawning and recrudescence, thereby accelerating the time to sexual 

maturity. For fish exposed to the 6- and 9-month cycles, rapid oocyte and 

ovarian growth (vitellogenic period) occurred one and two months after 

spawning (June and July, respectively), whereas maximum oocyte and 

ovarian diameter (maturity) occurred in December and January, respectively. 

Fish on the reference cycle (12-month) began to increase oocyte and ovarian 

diameter in September, and reached peak values for both measures in 

March. These findings suggest that hybrids do not experience a lengthy 

postspawning refractory period inhibiting recrudescence, that oocyte and 

ovarian growth, once initiated by the phase-shifted or reference cycles, 

requires approximately 6 to 7 months, and that recrudescence is not 

initiated by a consistent photothermal landmark (e.g. autumnal equinox), but 

instead may be influenced by an interaction between 

photoperiod/temperature, other exogenous factors and possibly an 

endogenous rhythm. 

These conclusions are consistent with results reported for striped bass 

exposed to uniformly-compressed cycles (6- and 9- months), which also 

shortened the interval between gonadal dormancy and the start of oogenesis 

and advanced maturation (Blythe et al. 1994a). In their investigation, 

oogenesis required 6 to 7 months and recrudescence did not coincide with a 

consistent photothermal landmark. White bass exposed to a compressed (9- 

month) photothermal cycle were induced to mature about three months 

before fish exposed to ambient conditions (Kohler et al. 1994). Estradiol- 

178 (E,) levels increased (indicating recrudescence) at about the time of the 

artificial autumnal equinox (September 21), and peak values of E, occurred 

about five months later. In contrast, both wild and captive white bass 

26



exposed to an ambient photothermal cycle (12-month) had decreasing E, 

levels, and unchanging gonadosomatic indices (GSI) through February, 

followed by increases in both measures until April, indicating that oogenesis 

was cued by different photothermal conditions in ambient and compressed 

cycles, and that the duration of oogenesis differed between the two 

conditioning cycles. 

Although discrimination between the relative importance of 

photoperiod and temperature to gametogenesis was not a goal of the current 

study, the inconsistent pattern of testicular growth among hybrids in the 

three cycles, and gonadal growth between males and females indicates that 

phase-shifted cycles modified spermatogenesis differently than oogenesis 

and implies that the maturational cues may differ between the sexes. Fish 

exposed to 9- and 12-month cycles showed a biphasic testicular growth 

pattern. The first testicular growth surge occurred simultaneously (June) 

among fish exposed to the three photothermal regimes, during decreasing 

conditions for the 6- (11:13 LD; 15 C) and 9-month (13:11 LD; 22 C) cycles 

and increasing conditions for the 12-month (13:11 LD; 22 C) cycle. 

However, testicular growth ceased for 9- and 12-month fish in July, then 

increased coincident with the artificial autumnal equinox in each cycle. 

Maturation (peak testicular size) among males on the three cycles was 

offset, occurring four (October) months after the initial growth surge in the 

6- and 9-month cycles, and after nine months in fish conditioned on the 12- 

month regimes. This unusual growth pattern has not been reported 

previously. However, male white bass (Worone chrysops) exposed to a 12 

month cycle of elevated water temperatures (15-25°C) and constant 

photoperiod (14:10 LD) spermiated nearly year-round (Kohler et al. 1994), 

suggesting that photoperiod may be the prominent environmental cue 

27



effecting white bass spermatogenesis. In contrast, white bass males kept in 

cool (< 16°C) temperatures and ambient photoperiod at the Virginia Tech 

Aquaculture Research Facility will spermiate through the spring and summer. 

In the current study, the spermiation period of hybrid striped bass was 

proportional to the cycle length. It is possible, however, that had 

spermiating males in the 6- and 9- month cycles been maintained in 

photothermal conditions corresponding to spawning, they would have 

produced semen for a longer period. No males were examined for milt 

during the early months of the study (May-Sept.), yet relatively large 

testicular sizes during part of that time indicated that 6- and 9-month fish 

may have been producing semen as early aS September. 

Reproductive Performance 

Fertility was similar (69, 59 and 58%) among fish exposed to the 6-, 

9- or 12-month cycles, respectively, and appeared to be consistently higher 

than reported for striped bass (32 to 48%) exposed to uniformly-compressed 

photothermal cycles (Blythe et al. 1994a), similar to original-cross hybrid 

striped bass (M. saxatilis x M. chrysops) (62 to 64%) conditioned on a 

natural photothermal cycle (Bosworth 1994), but lower (80 to 85%) than 

values reported for striped bass on simulated (12 month) photothermal 

conditions (Henderson-Arzapalo and Colura 1987). Direct comparison of 

fertilities reported in studies of fish are difficult to interpret because of 

confounding effects of variation in sperm concentration, egg numbers, 

number of fish, culturist experience, semen quality, and chemical properties 

of water used to activate and extend semen (Billard 1978; Goodall et al. 

1989; Gwo et al. 1991). White bass and white bass hybrids are batch 

spawners that produce several oocyte recruits during their spawning cycle. 
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Females often ovideposit a range of oocyte sizes and maturities, which may 

reduce fertility (Rees and Harrell 1990). Even with these limitations, results 

of the present investigation Suggest that hybrids exposed to phase-shifted 

photothermal cycles did not produce gametes any less fertile than wild fish 

exposed to ambient cycles, nor was fertility appreciably reduced compared 

to congenerics exposed to photothermal cycles produced artificially. Higher 

fertilities are possible, as suggested by fertilities (76+ 7%) of striped bass 

treated with time-release GnRHa implants (Woods and Sullivan 1993), and 

given the relatively low hatching percentage (3 to 30%) for Morone 

spawned artificially (Kohler et al. 1994), methods to improve fertility of 

artificially matured and strip-spawned fish may greatly increase survival. 

Monthly ultrasound images of ovaries and microscopic examination of 

oocyte diameter were similar among photothermal treatments at spawning. 

Blythe et al. (1994a) also reported no difference in fecundity among striped 

bass held on 6-, 9- or 12-month uniformly-compressed photothermal cycles, 

as did Carillo et al. (1989) for sea bass (Dicentrarchus labrax) exposed to 

ambient temperatures and phase-shifted or constant photoperiods. A 

rigorous examination of the ovarian diameter-fecundity relationship should be 

conducted to establish a mathematical model for accurately predicting 

fecundity from ultrasound measurements of ovarian diameter. Poor 

reproductive performance, especially fecundity, has been correlated with 

inadequate diet in other cultured fish (reviewed in Bromage et al. 1990, 

1992; Cerda et al. 1994). Reproductive performance may be improved by 

developing a species-specific diet for Morone broodstock to meet the 

increased energetic demands of accelerated reproductive cycles and frequent 

spawnings. 
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Other indirect measures of female reproductive performance, including 

the latent period from injection of hCG to spawning, and maximum oocyte 

diameter indicate that phase-shifted cycles did not impair the quality of 

female gametes. Fish from the 6-, 9- and 12-month cycles had similar peak 

oocyte diameters, indicating that fish on phase-shifted cycles were at the 

same stage of maturity as females on the reference cycle. Some female 

striped and white bass exposed to uniformly-compressed cycles failed to 

ovulate after hCG injection (Blythe et al. 1994; Kohler et al. 1994). Perhaps 

this was due to poor maturational competence of smaller oocytes that were 

undeveloped and unresponsive to the surge of gonadotropin from hCG 

(reviewed in Redding and Patino 1993). Oocytes of hybrids in the current 

study were functionally competent at about 750 wm diameter, but may or 

may not be receptive to hCG at smaller sizes. Future studies should better 

define the minimum size at which Morone oocytes are viable, and how 

oocyte size correlates with hatching percentage, larval survival and growth. 

Final oocyte maturation (FOM) was not adversely effected by the 

phase-shifted cycles used in this study. The latent period from hCG 

injection to ovulation, which is based primarily on temperature and pre- 

injection developmental stage (Watson 1992) was similar (33 to 34 h) to 

that reported for striped bass on 6-, 9- or 12-month photothermal cycles 

(35-38 h) (Blythe et al. 1994a), and striped bass or F, hybrid bass (MM. 

saxatilis x M. chrysops) exposed to 9-month compressed or 12-month 

(control) cycles (28-36 h) (Smith and Jenkins 1984, 1986). 

High correlations between oocyte and ovarian size (r =0.605 - 0.902) 

indicate that ultrasound imaging can be used to estimate maturational status 

for hybrid striped bass, as with striped bass (Blythe et al. 1994c). 
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Ultrasound is a non-invasive technique that can be used to monitor 

maturation and ovulation, as shown for Atlantic halibut (Hippog/ossus 

hippoglossus) (Shields et al. 1993) and striped bass (Blythe et al. 1993c). 

Milt Quality 

Some semen quality measures differed among males exposed to the 

photothermal treatments, but were not reflected in reproductive performance 

(i.e. fertility). Spermatocrit, seminal fluid osmolality, and semen sugar levels 

were similar (p >0.05) among males on all cycles. Sperm density measured 

by cell counts was significantly higher for males exposed to the phase- 

shifted 9-month cycle. In contrast, pH was statistically lower for fish on 9- 

month cycles, and the duration of sperm motility was shorter (p =0.01) for 

fish conditioned on the 6-month regime. Rainbow trout sperm activation is 

inhibited by water with a low pH (< 7.5) (Billard and Cosson 1992) and the 

duration of sperm motility was reduced with decreasing pH of activating 

water in northern pike (Esox /ucius) (Duplinsky 1982) and Atlantic salmon 

(Sa/mo salar) (Daye and Glebe 1984). Although reduced pH and sperm 

motility did not coincide with lower fertilities in this investigation, pH is 

clearly important in sperm motility, and should therefore be monitored in 

seminal fluid and activating water before artificial fertilization. Sperm and 

semen quality values of wild hybrids or congenerics have not been reported. 

Baseline milt characteristics for Morone spp. should be determined. Once 

established, culturists could test milt prior to its use on valuable oocytes or 

for cryopreservation. 

Biannual Spawning 

Phase-shifted photothermal cycles conditioned hybrid striped bass 

(100%) to mature and spawn (with hCG injection) during a second 6-month 
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photothermal sequence. All males and females developed functionally 

mature oocytes within six months of their previous (December) spawn, 

although peak oocyte and ovarian size were smaller than during the first 6- 

month cycle, and fertility was reduced to 29%. Insufficient time for growth 

and development (6 vs 7 months), or energetic constraints imposed by an 

inadequate diet may be responsible for these differences. Researchers 

should uncouple photoperiod and temperature possibly by increasing 

temperature faster than photoperiod during the artificial spring photoperiod. 

This may increase fish metabolism, especially the reaction rates critical to 

vitellogenesis, resulting in larger, more mature oocytes after the conditioning 

period. 

Biannual spawning has not been reported for Morone or its hybrids. 

Uniformly-compressed 9-month cycles induced two consecutive spawnings 

(9-month interval) in F, hybrid striped bass (Smith and Jenkins 1984), but no 

striped bass (n=8) conditioned on consecutive 6-month cycles matured 

during a second 6-month cycle (Blythe et al. 1994a). In contrast, uniformly 

compressed 6-month photoperiodic cycles induced consecutive six to seven 

month spawnings in barbel (Barbus barbus) (Poncin 1989), and rainbow 

trout (Oncorhynchus mykiss) were induced to spawn biannually by exposure 

to constant long photoperiods (Scott et al. 1984). Bromage et al. (1990) 

reported that some flatfish have been induced to spawn at 6-month 

intervals, while strains of rainbow trout spawn naturally every six months 

(Lou et al. 1984). Arnold (1988) demonstrated that a constant photoperiod 

and changing water temperature could be used to induce nearly continuous, 

year-round spawning of red drum (Sciaenops ocelfatus), which normally has 

a protracted, annual spawning cycle. Incorporation of germplasm from 

Morone spp. with different spawning times, or from white perch (Morone 
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americana), which are group-synchronous, batch spawners, into striped or 

white bass may be a potential method for expanding the spawning period for 

other Morone broodstock. 

Implications and Future Directions 

Reproductive development of wild and domestic striped bass is 

closely linked to photothermal conditions. Vitellogenesis and 

spermatogenesis coincide with the autumnal equinox; FOM and spermiation 

are associated with the vernal equinox (Sullivan et al. 1991; Woods and 

Sullivan 1993; Blythe et al. 1994a). In the current study, reproductive 

development, especially gonadal recrudescence, was altered by phase- 

shifted cycles, but was not closely synchronized with the phase of the 

artificial cycle, suggesting that other factors also may cue sexual maturation 

in Morone. Studies with sea bass (Dicentrarchus labrax) (Carillo et al. 1989, 

1991), barbel (Barbus barbus) (Poncin 1989), and rainbow trout 

(Oncorhynchus mykiss) (Duston and Bromage 1986) suggest that an 

endogenous rhythm, entrained and modified by temperature and 

photoperiod, may also cue maturation. Female white bass (M. chrysops) 

exposed to constant long light (14:10 LD) and ambient temperature were 

induced to spawn at about the same time as fish exposed to natural 

conditions (Kohler et al. 1994), indicating that white bass reproduction may 

be controlled by temperature, an unidentified factor, or an endogenous 

rhythm. 

Uniformly-compressed photothermal cycles, produced by increasing 

the rate of change of photoperiod and temperature to which fish are 

exposed, is an alternate technique for controlling Morone maturation. This 

technique utilizes the annual range of photoperiod and temperature 
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conditions to control maturation, while phase-shifted cycles use only limited 

segments of the annual photothermal cycle. Striped bass exposed to 6- or 

9- month cycles (uniformly compressed from a 12-month cycle), had 

proportionally smaller oocytes, ovaries, testes and steroid hormones than 

those on a 12-month cycle (Blythe et al. 1994a,b). Proportionally fewer fish 

matured and spawned on compressed cycles compared to phase-shifted 

cycles. Oocyte diameters, testicular size, and maturational rates of hybrid 

bass in the current study were similar among cycles. Phase-shifted cycles 

may be more effective than uniformly-compressed cycles for eliciting off- 

season maturation of Morone. Heterosis may permit increased adaptation 

and tolerance of artificial cycles. 

in the current study, light and temperature were controlled by a 

proprietary computer software program run by a relatively complex 

computer-datalogger system which may limit use by some culturists. 

Photothermal conditions controlled manually would provide less precise 

control and be more labor intensive than computerized systems. Studies of 

controlled maturation on other species indicate that these limitations can be 

easily reduced. Constant light (24 h LL) (Duston and Bromage 1986), or 

long periods of constant conditions interspersed with rapid photothermal 

changes (Scott et al. 1984) affected off-season maturation in rainbow trout 

(Oncorhynchus mykiss). Constant photoperiod at ambient temperatures 

produced nearly continuous spawning in male and female red drum (Arnold 

1988) and male white bass (Kohler et al. 1994). The use of time-release 

implants of gonadotropin releasing-hormone analogues (Woods and Sullivan 

1994) and the pineal hormone, melatonin (Bromage et al. 1990) offer 

alternative techniques for improving off-season maturation. 
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Summary 

The present study demonstrates that phase-shifted photothermal 

cycles can advance sexual maturation of hybrid striped bass up to five 

months. Phase-shifted cycles can be used to spawn hybrids more frequently 

(i.e twice per year), and can provide culturists with an option to compressed 

cycles, delayed spawning by holding photothermal conditions constant 

during final maturation (off-set cycles), or hormone treatment for producing 

fingerlings and market-size hybrid striped bass year-round. 
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Chapter 2 

Fertility and Semen Quality of Domestic Hybrid 

Striped Bass (Morone chrysops x M. saxatilis) 

Abstract 

Hybrid striped bass (n= 19) were exposed to a simulated photothermal 

cycle to induce sexual maturation. The effect of stripping frequency on milt 

quality was estimated by analyzing sperm concentration, duration of 

motility, pH, osmolality and simple sugars of semen collected from males 

three times over eight days. Milt collected from males was used to fertilize 

oocytes from females to determine if males, females or their interaction 

could account for the variation in fertility. Spermatocrit, UV absorbance and 

fluorometric absorbance of semen were measured and compared with cell 

counts to determine if these methods could reliably predict concentration. 

Milt characteristics were generally unchanged after two strippings, but were 

consistently altered by the third collection. The duration of motility (58 sec) 

and pH (8.44) of seminal fluid were significantly lower at the third stripping, 

while osmolality (257 mOsm kg"') and sperm concentration (2.97 x 10° cells 

ml') also declined, but inconsistently among males. Fertility was 49+29% 

among all crosses and was significantly correlated with pH (r=0.76, 

p=0.232). Differences in fertility were due largely to females (p =0.001). 

The spermatocrit technique could reliably predict sperm concentration 

(r=0.761) by: concentration = ((4.67 x 10*(arcsin Vx)) +1.5 x 105)?. UV 

and fluorometric absorbance could explain only a small proportion of sperm 

concentration variance. Results provide the first characterization of Morone 

semen quality. They suggest that frequent stripping of males can 

significantly alter milt parameters, that differences in fertility can be 
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attributed primarily to female quality, and that spermatocrit is a good 

predictor of sperm concentration. 

43



Introduction 

Culture of striped bass and its hybrids has rapidly developed into one 

of the fastest growing segments of commercial aquaculture. To sustain this 

growth, research has focused on domestication of Morone (Woods et al. 

1992; Hodson and Sullivan 1993) and development of practical methods for 

artificially maturing and spawning broodstock (Woods and Sullivan 1993; 

Blythe et al. 1994). These efforts have been aimed at reducing dependance 

on an unpredictable and inconsistent supply of wild broodstock producing 

gametes of varying quality during a seasonally-limited time (April-May) 

(Woods et al. 1992). 

Artificial spawning and fertilization techniques for wild striped bass 

and its hybrids have received considerable attention (Harrell et al. 1990), yet 

male and female gamete quality, and their association with fertility, have not 

been adequately examined. It is unknown what effects short-term, repeated 

stripping of milt from males may have on semen quality and fertility, and 

whether females, males, or an interaction between the sexes can explain the 

variability in fertility often observed in fish hatcheries. Anecdotal evidence 

has suggested that sperm concentration may contribute largely to fertility 

variation. {if correct, rapid, reliable sperm concentration estimates would be 

needed to optimize artificial fertilization. 

Semen characteristics, including sperm concentration, motility, 

percentage of dead sperm, osmolality, pH and seminal sugars vary between 

males in many commercially valuable species (Piironen and Hyvarinen 1983; 

Suquet et al. 1992; Trippel and Neilsen 1992) and among males during a 

Spawning season (Buyukhatipoglu and Holtz 1984; Piironen 1983; 

Munkittrick and Moccia 1987; Aas et al. 1991). However, it is unclear if 
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observed differences in semen quality among males, or during a spawning 

season affect fertilities. For example, males accounted for nearly 90% of 

variation in fertility among crosses of male and female Atlantic salmon 

(Sa/mo salar) (Aas et al. 1991) and fertility was positively correlated with 

sperm concentration, osmolality, glucose potassium and sodium. Rainbow 

trout (Oncorhynchus mykiss) fertility was significantly correlated with sperm 

concentration and percentage of motile sperm (Ciereszko and Dabrowski 

1994). Wild Atlantic cod (Gadus morhua) fertility was not associated with 

any measured milt characteristic, including spermatocrit (correlate of sperm 

concentration) and duration of motility (Trippel and Neilsen 1992). 

Information on Morone semen quality, its association with fertility, 

and changes in both variables with frequent stripping of milt would improve 

management and operating efficiency of hatcheries. If semen quality is 

related to fertility, males predisposed to poor semen quality could be culled 

from breeding populations before investing significant resources to their 

upkeep. Efficiency of in vitro fertilization could be improved by maintaining 

fewer, but more fertile males, and timing their stripping so they could be 

used several times during a breeding season while maintaining consistently 

high semen quality and fertility (Garcia 1993). Genetic diversity of wild, 

hatchery-produced stocks could be managed more effectively by assessing 

the quality (i.e. potency) of individual males before their gametes are pooled 

and used to fertilize eggs (Gharrett and Shirley 1985). Moreover, as 

cryopreservation of semen becomes more important in fish culture (Saad et 

al. 1988; Cloud et al. 1990; Wheeler and Thorgaard 1991), information on 

the quality and concentration of semen will be essential for selecting the 

best candidates for semen donation, for determining semen dilution rates, 
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and to test the effects of freezing before semen is combined with valuable 

eggs. 

This study provides the first characterization of hybrid striped bass 

milt quality and its associated fertilities. Specific objectives were to: (1) 

quantify changes in milt quality of F, hybrid striped bass stripped frequently 

(three times in eight days); (2) determine if maternal, paternal, or interaction 

effects were associated with variations in fertility among fish; and (3) 

evaluate the effectiveness of spermatocrit (ratio of cells to seminal plasma), 

ultraviolet (uv) absorbance, and fluorometric absorbance for estimating 

sperm concentration of hybrid striped bass. 
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Methods and Materials 

Broodstock Maturation 

Age 4 hybrid striped bass (Morone chrysops x M. saxatilis, n= 19) 

used in this study were obtained as fingerlings from a commercial Arkansas 

hatchery in 1989. Fish were reared to reproductive maturity in an indoor, 

recirculating-water culture system while exposed to ambient photoperiods 

and temperatures (mid-Atlantic USA). In May 1993 hybrids were transferred 

to the Aquaculture Research Facility, Virginia Polytechnic Institute and State 

University, weighed (males = 2.1+0.34 and females =2.2+0.33 kg), 

individually marked using subdermal T-bar tags, and randomly stocked into 

two 1.9-m circular tanks (2200 L) in separate environmental control 

chambers. Fish were fed 3/8" floating hybrid bass pellets (Southern States, 

Inc., Farmville, NC) daily at 1.0% wet body weight (adjusted monthly), 

rationed evenly between morning and evening feedings. 

Photothermal Cycle 

Hybrids were exposed to a 12-month photothermal cycle simulating 

conditions in the mid-Atlantic region (USA) (Figure 2.0). Water temperature 

cycled from 14 to 24°C and was synchronized with photoperiod so that the 

longest and shortest photophases were coupled with the warmest and 

coolest water temperatures, respectively. Photothermal conditions in the 

environmental chambers were maintained using a computer-datalogger 

monitoring and control system. Illumination in each chamber was provided 

by three 75-W incandescent lamps mounted 2.5 m above tank tops. 

Simulation of crepuscular conditions using rheostat control reduced startling 

and physiological stress to fish. Water temperature was maintained (+1°C 

of the set value) by addition of cold or heated well water. 
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Water Quality 

A portable meter (Model 58, YSI Co., Yellow Springs, OH) was used 

to measure water temperature and dissolved oxygen (DO) in each tank daily. 

Total ammonia nitrogen (TAN) and pH were measured daily, and nitrite (NO.- 

N), nitrate (NO,-N), alkalinity, and hardness were measured weekly. TAN, 

nitrite, and nitrate were measured with a spectrophotometer (HACH Co., 

Loveland, CO), pH with a HACH pH pen, and alkalinity and hardness by 

titration. 

Gamete Collection 

In March 1994 females had developed functionally mature oocytes 

(844+ 16 wm) and all males were spermiating. Final oocyte maturation 

(FOM) and ovulation were induced by intramuscular injection of hCG (330 

|.U. Ib’? wet body weight). Concurrently, each male was injected with hCG 

(120 I.U. Ib’ wet body weight) to induce testicular hydration. After 30-34 

h, ovulated females and spermiating males were tranquilized (75 mg L' 

tricaine methanesulfonate), strip-spawned into dry, polyethylene containers 

(oocytes) or plastic petri dishes on ice (milt). 

Fertility Trials 

A 6 x 7 factorial design (with replication) was used to test if males, 

females, or their interaction could account for differences in fertility 

observed during the study. Semen from six males fertilized oocytes form 

each of thirteen females. Oocytes from each female were divided into 

twelve, 2 mL aliquots and placed in plastic petri dishes (237 mL). Undiluted 

milt (100 wL) from each of six males was combined with each egg aliquot, in 

duplicate. Preliminary fertility studies with hybrid striped bass indicated that 

a 1:20 sperm volume to egg volume ratio would provide a maximum fertility 
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of less than 100%, a necessity for observing differences among fish. 

Oocytes and semen were mixed (10 s) using plastic inoculators. Sperm in 

each dish were activated with addition of 100 wL well water (19°C; 

pH =8.1; osmolality = 74 mOsm kg’ ; hardness = 340 mg/L ). The mixture 

was swirled (30 s), stored (3-5 min) at ambient temperature and humidity, 

and transferred to plastic dishes (1 L) with aerated water. After incubation 

(2-4 h), the proportion of fertilized oocytes was estimated by counting 

(stereomicroscope;12 X magnification) the number of oocytes with two or 

more blastomeres (cleaved eggs) in a random sample (n= 100), in duplicate. 

Semen Evaluation 

The effects of stripping frequency on fertility were estimated by 

collecting milt from the six males used in the fertility trials on March 15, 17 

and 22, 1993. Milt collection procedures were identical to those 

summarized above. Sperm concentration was estimated by cell counts, 

spermatocrit, UV spectroscopy, and fluorometry. Cell counts (cells mL"! 

semen) were made by diluting fresh semen (100 wL) with distilled water (4 

mL), mixing by inversion, and counting the number of sperm cells in a 

known hemacytometer volume (Bright-Line Model, American Opticals, 

Buffalo, N,Y,) when viewed with a light microscope (400 X magnification) 

(Daye and Glebe 1984). Spermatocrit (packed cell volume/total semen 

volume x 100) was measured by collecting milt in microhematocrit capillary 

tubes (77 mm long; 1.2 mm 1.D.), sealing with clay, centrifuging at 10,000 

x g (10 min), and comparing the height of packed cells (white layer) to 

seminal plasma (clear layer) (Bouck and Jacobsen 1976; Suquet et al. 

1992). Sperm concentration was estimated using UV spectroscopy 

following methods described in Suquet et al. (1992). The peak absorbance 

(test absorbance) was determined by diluting (1:200) freshly collected 
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semen in Triton-X (25%) and water. Absorbance of three samples from 

different males was measured at stepwise intervals from 300 to 500 nm 

wavelength. Maximum absorbance was 420 nm and all remaining samples 

were analyzed, in triplicate, at this wavelength. Finally, sperm concentration 

was estimated by measuring the fluorescence emitted by sperm after cell 

membranes were denatured (25% Triton-X) and made permeable to ethidium 

bromide (EtBr), a fluorescent dye specific to double-stranded nucleic acids 

(Bilgili and Renden 1974; McNiven et al.1993). 

The duration of sperm motility was determined by placing fresh semen 

(5 wL) onto a dry microscope slide, activating with addition of an equal 

volume of well water (19°C; pH=8.1, osmolality = 74 mOsmol kg', 

hardness = 430 mg L"'), mixing with a capillary tube, and recording the time 

until progressive motility ceased for all cells (triplicate measures) (Aas et al. 

1991). 

Chemical measures of semen quality included pH, osmolality, and 

seminal sugars (glucose and fructose). An ion analyzer (Accumet Model 95, 

Fischer Scientific) with calibrated electrode was used to measure pH 

(triplicate measures) of newly collected seminal fluid. Osmolality was 

measured (duplicate measures) using a vapor pressure osmometer (Wescor 

Model 5500) on semen stored at 4°C for 24-48 h. Glucose and fructose 

concentrations of seminal fluid stored (4-7 months) at -20°C were 

determined using commercially available enzymatic analyses kits (Boeringer- 

Mannheim Corporation, Indianapolis, IN) (Piironen and Hyvarinen 1983). 

Deproteinization of semen was performed prior to analyses using zinc sulfate 

and sodium hydroxide. Prepared samples were read using an ultraviolet 

spectrophotometer (340 nm). Due to a limited volume of semen, sample 
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volumes and analytical reagents used to prepare stock solutions were 

proportionally diluted (50%). 

Data Analyses 

Fertility among fishes was analyzed using a two-way factorial analysis 

of variance (ANOVA) with males as one factor and females as the second 

factor. Two-way ANOVA (stripping and male factors) was also used to test 

for changes in milt parameters with repeated strippings. Normality and 

homogeneity of variance tests were performed on raw data. Sample 

distributions violating assumptions were arcsine square root (fertility and 

spermatocrit), arcsine (UV spectroscopy), square root (cell counts, 

osmolality), or log,, (pH, glucose, and fructose) transformed prior to 

analyses. Pairwise multiple comparisons of individual means were made 

using Duncan’s New Multiple Range Test. Pearson product-moment 

coefficients of correlation were calculated to assess the strength of the 

linear association between fertility and each semen parameter, and to 

evaluate the relation between sperm cell counts and the other sperm 

concentration estimators. Significantly correlated variables were entered 

(step-wise) into a linear regression model to produce an equation for 

predicting sperm concentration based on the measured parameters. The 

significance level for all statistical tests was set at a = 0.05. 
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Results 

Semen Quality 

Means (SE) for fertility and semen parameters during the three 

sequential strippings are summarized in Table 2.0. A significant interaction 

(F=4.36, df=2, p =0.018) between stripping frequency and males, and 

significant difference between strippings (F=3.32, df=9, p=0.003), 

suggested that sperm concentration increased at the third stripping, but not 

uniformly among males. Spermatocrit declined (F=7.2, df=2, p=0.003) 

from the first (62%) to second stripping (28%), but returned to original 

levels (70%) by the third stripping. Averaged over the three sampling days, 

spermatocrit (52%) did not differ (F=0.57, df=5, p=O.725) among males, 

and no significant interaction (F=1.72, df=9, p=0.138) between male and 

sampling days was found. UV absorbance did not change (F=1.07, df=2, 

p =0.359) with the frequency of stripping, but the average for each male 

differed (F=8.81, df=5, p=0.001} over the study, suggesting that 

differences in absorbance among males at the first stripping were maintained 

through the two successive strippings. Fluorometric absorbance did not 

differ significantly among males (F=1.68, df=5, p=0.179), with stripping 

frequency (F=1.31, df=2, p=0.288), or among males when stripped 

frequently (F=0.57, df=10, p=0.825). 

The duration of sperm motility was unchanged from the first (82 s) to 

second (87 s) strippings, but declined (F= 7.27, df=2, p=0.002) at the 

third (58 s) collection. Overall, the motility for each male averaged over the 

three strippings did not differ among males (F=1.25, df=5, p=0.317) and 

no male by stripping frequency interaction (F=0.53, df=9, p=0.837) was 

observed. Osmolality also remained unchanged from the first (340 mOsm 
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kg') to second (326 mOsm kg) strippings, but declined (F=7.51, df=2, 

p =0.003) by the third (257 mOsm kg’') stripping. Osmolality changes were 

inconsistent among males as indicated by significant (F=3.27, df=5, 

p =0.023) effects for males, and no male by stripping frequency interaction 

(F=0.65, df=10, p=0.755), again indicating that differences in osmolality 

at the first stripping were maintained through subsequent strippings. The 

mean pH increased (F=3.87, df=2, p=0.038) from the first (8.67) to 

second (8.96) strippings, then declined to a low at the third (8.44) milt 

collection. No male (F=0.64, df=4, p =0.637) or male by stripping 

frequency interaction (F=0.4, df=7, p=0.894) indicated that pH changed 

consistently for all males during the three strippings. Glucose and fructose 

averaged 4 and 3.7 mg L", respectively, during the three strippings. Neither 

parameter differed significantly among the strippings, males, or among males 

with repeated strippings. 

The mean (SD) proportion of fertilized oocytes was 49 (29%) during 

the study. Fertility was consistently higher (F=0.47, df=2, p<0.011) 

among all males (F=1.6, df=5, p=0.177) at the second (60%) stripping 

than on the first (34%) or third (51%) strippings. Fertility was significantly 

correlated with seminal fluid pH (r=0.762, p=0.023), indicating that 58% 

of the variability in fertility could be explained by differences in pH. No 

other milt parameter could account for a significant proportion of the fertility 

variation. 
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Fertility Trials 

A 6 x 7 factorial design (with replication) was used to test if males, 

females, or an interaction between the two sexes could account for 

differences in fertility observed during the study. Six males fertilized each of 

thirteen females. Mean (SD) fertilities for male and female hybrids are 

summarized in Figure 2.1 and 2.2, respectively. Fertility was 49+ 29% for 

all fertility crosses and varied from 23+26% to 55+31% for each male 

crossed with all females. Female fertility varied more than for males. Each 

female crossed with all males produced fertilities from 11+2% to 83+6%. 

Differences in fertility were due largely to differences among the females as 

indicated by significant effects for females (F=18.9, df=12, p=0.0001) 

and no male (F=1.06, df=5, p=0.391) or interaction effects (F=1.44, 

df=52, p=0.082). Stepwise linear regression of mean fertility for each 

female crossed with all males as a function of female weight, oocyte 

diameter, and ovarian size at spawning was insignificant, indicating that 

these variables could not explain a significant proportion of the variation in 

fertility among females. 
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Figure 2.1 Mean fertilities (SE) from matings of thirteen females with 
each of six males. Fertilities did not differ (p<0.05) among males. 
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Figure 2.2 Mean fertilities (SE) from matings of thirteen females with 
each of six males. Different letters above bars represent significantly 

different (p<0.05) means. 
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Sperm Concentration Estimation 

Cell counts, spermatocrit, UV spectroscopy, and fluorometry were 

used to estimate sperm concentration. Sperm concentration was highly 

correlated with spermatocrit (r=0.761, p<0.001, CV =49%) indicating that 

58% of the variability in sperm cell counts could be explained by differences 

in the proportion of packed cells (spermatocrit). UV spectroscopy (r=0.443, 

p<0.011) and fluorometric absorbance (r=0.373, p<0.025) were also 

positively correlated with sperm concentration, but could explain only 20 

and 14% of the sperm cell count variation, respectively. Linear regression 

of sperm concentration and spermatocrit (Figure 2.3) produced the following 

equation to predict the number of sperm in one milliter of hybrid bass 

semen: 

sperm concentration = ((4.67 x 10*(arcsin Vx)) + 1.5 x 10%)”, where x = 

spermatocrit (packed cell volume/total volume x 100). 
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Discussion 

-The present investigation provides the most extensive characterization 

of milt parameters, and first description of fertility as a function of milt 

quality for Morone or its hybrids. Results suggest that milt parameters may 

vary considerably with serial strippings over short periods, but that individual 

males are not effected uniformly. Furthermore, despite changes in semen 

parameters among males and among males over time, only pH could explain 

a significant proportion of the variation in fertility. Instead, females 

accounted for the majority of fertility variation. Weight, oocyte diameter and 

ovarian size at maturation could not explain a significant proportion of the 

fertility variation, suggesting other factors may influence female quality. 

Finally, it was shown that sperm concentration can be rapidly estimated by 

measuring the spermatocrit, or ratio of packed cells to plasma volume, using 

a microcentrifuge. This can be expected to improve estimation of sperm 

concentration, a necessity when preparing semen diluents for artificial 

fertilization and cryopreservation. 

Fertility 

The large variation in fertility observed in this investigation (SD =29%) 

parallels that reported in other studies of Morone or its hybrids (Smith and 

Jenkins 1984, 1986; Woods and Sullivan 1993; Blythe et al. 1994; 

Bosworth 1994). High variation in striped bass fertility has been generally 

attributed to under or over-ripened oocytes resulting from premature or 

delayed stripping of females, respectively (Rees and Harrell 1990). In other 

commercially valuable fishes, variability in fertility has been linked with 

properties of females (Baynes and Scott 1987), including broodstock 

nutrition, egg size and egg composition (reviewed in Bromage et al. 1992), 
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male characteristics such as biochemical constituents of sperm and seminal 

fluid (Ciereszko and Dabrowski 1994), and ionic properties of diluent and 

activating water (Billard 1978, 1983; Westin and Nissling 1991). In the 

present study, crosses of each male with each female showed that 

differences in the proportion of fertilized oocytes were due largely to the 

quality of females. For example, any female produced approximately the | 

same fertility regardless of the male with which she was crossed, and any 

male fertilized a different number of oocytes depending on the female to 

whom he was crossed. This implies that improvements in reproductive 

success, especially fertilization, can be made by improving the quality of 

females. Female weight, oocyte diameter and ovarian size do not appear to 

be the primary factors controlling fertility, as they could not explain a 

significant proportion of the observed variation. One step that may improve 

fertility is improved prediction and detection of ovulation. Morone oocytes, 

once ovulated, are separated from the ovarian tissue and its vascular 

connection to the maternal blood supply, remaining viable for only thirty to 

sixty minutes (Rees and Harrell 1990). Beyond this narrow window of 

opportunity, oocyte quality is lost due too overripening of eggs. Watson 

(1992) developed a model for predicting ovulation based on stage of oocyte 

development and water temperature. However, inherent variation among 

females and the short /n vivo lifespan of oocytes makes estimation of 

ovulation inconsistent. Future studies should investigate methods for 

improving the prediction and detection of ovulation. Alternately, culture 

water could be cooled following hCG injection, thereby taking advantage of 

the reduced rate of biochemical reactions with cooler temperatures. 

Although fertility variation was attributed primarily to female quality, 

pH could explain 58% of the variation in fertility, suggesting that it may 
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influence fertility, or other parameters which in turn affect fertility. Several 

studies have shown that exposure to low extracellular pH reduces the 

duration of motility, and possibly reduces fertility in some salmonids 

(Duplinsky 1982; Daye and Glebe 1984). In contrast, changes in 

intracellular pH did not regulate rainbow trout sperm motility (Boitano and 

Omoto 1991), suggesting that the effects of pH on fertility may not be 

mediated through sperm motility. Other milt parameters have been 

correlated with fertility in commercial species. Atlantic salmon (Sa/mo salar) 

fertility was associated with sperm concentration measured by cell counts or 

spermatocrit (-=0.52 and 0.40, respectively), osmolality (r=0.57), sodium 

(r=0.60) and glucose (r=0.42) (Aas et al. 1991). Similarly, rainbow trout 

(Oncorhynchus mykiss) fertility (% eyed-stage) was highly correlated with 

sperm concentration measured by spermatocrit (r =-0.914) and optical 

concentration (i.e. UV spectroscopy) (r =-0.842) and sperm motility 

(r=0.953) (Ciereszko and Dabrowski 1994). However, Atlantic cod (Gadus 

morhua) fertility showed no association with the percentage of motile sperm, 

or with spermatocrit at any of three semen dilution ratios (Trippel and 

Neilsen 1992). The poor association between fertility and the measured milt 

characteristics may reflect the narrow range of values for milt parameters 

observed during the study. This investigation was limited by a small number 

of males (n=6) of about equal weight who were reared in the same culture 

system for four years, were about the same weight at spawning, were from 

the same year-class and may have been closely related. Consequently, their 

semen quality did not vary to the extent that it may in distantly-related, wild 

fish. 
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Techniques for Estimating Sperm Concentration 

In the current study, sperm concentration estimated by cell counts 

and spermatocrit were highly correlated (r=0.761). This association has 

been reported for other fishes including rainbow trout (Oncorhynchus 

mykiss) (r=0.857), yellow perch (Perca fluviatalis) (fr =0O.585), brown trout 

(Sa/mo trutta) (r=0.883), Atlantic salmon (Sa/mo salar) (r =0.798-0.92), 

coho salmon (Oncorhynchus kisutch) (r =0.76), whitefish (Coregonus 

commersoni) (r=0.857) and burbot (Lota /ota) (r=0.918) (Bouck and 

Jacobsen 1976; Piironen and Hyvarinen 1983; Munkittrick and Moccia 

1987; Aas et al. 1991). In contrast, Suquet et al. (1992) found no 

correlation between cell counts and spermatocrit (r=0.07), but found UV 

absorbance (optical density) was highly associated with cell counts (r=0.97) 

in rainbow trout. In the current study, neither UV spectroscopy, nor 

fluorometric absorbance provided good estimation of sperm concentration. 

The low average (1.76 x 10° cells mL"'), and narrow range of sperm 

densities (6.16 x 10° to 2.5 x 10° cells mL") may have limited the detection 

sensitivity. For example, in testing the efficacy of UV spectroscopy for 

sperm concentration estimation, Suquet et al. (1992) reported rainbow trout 

with sperm densities ranging from about 5 to 80 billion cells in one milliter of 

semen. The range in the current investigation was only about 2.5 billion 

cells mL. The dilution (1:200) may also have been too high for the 

concentration of sperm in this study. The common occurrence of UV 

spectrophotometers in hatcheries, and its ease of its use, make this tool an 

attractive estimator of sperm concentration. Future studies should test UV 

spectroscopy over a wider range of sperm concentrations and at dilutions 

(water and Triton-X) less than 1:200. Moreover, a standard curve made by 

serial dilutions of semen should be developed to provide greater analytical 

sensitivity. 
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Low sperm densities in this study relative to males in other 

investigations (see Appendix A) may result from seminal fluid hydration in 

response to hCG administration. This progonadotropic hormone is often 

used on captive Morone males to increase the volume of seminal fluid, 

especially late in the breeding season when natural sperm production may be 

low (Rees and Harrell 1990). Other luteal-like hormones, including 

luteinizing hormone releasing hormone analogue (LHRHa) and carp pituitary 

have decreased spermatocrit and sperm concentration of rabbitfish (Siganus 

guttatus) and carp (Carpus carpio) (Saad et al. 1988; Zohar 1988; Garcia 

1993). The fertilizing ability of carp induced to spermiate with hormones, or 

in semen diluted to extend its use, was similar to that of wild carp 

(Redondo-Muller et al. 1991). This implies that reduced sperm concentration 

may not limit fertility in carp, and possibly other commercial species. 

Results of the current study support this idea, as concentrations in the range 

encountered did not significantly explain the observed differences in fertility. 

Extension of Morone semen to more efficiently manage selected males will 

necessitate knowledge of sperm concentration. Use of cryopreserved sperm 

for hybrid striped bass (Kerby et al. 1983) and other species such as Atlantic 

halibut (Hippog/ossus hippoglossus) (Bolla et al. 1987), rainbow trout 

(Oncorhynchus mykiss) (Wheeler and Thorgaard 1991), carp (Cyprinus 

carpio) (Saad et al. 1988) and Tilapia spp. (Chao et al. 1987) is increasing in 

importance. UV spectroscopy and fluorometry, which were successfully 

used to estimate sperm concentration on other species (Suquet et al. 1992; 

McNiven et al. 1993), should be evaluated more fully, over a wider range of 

Morone sperm concentrations, and at different dilutions. 
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Implications and Future Directions 

Efficient fish hatchery production cannot occur without a thorough 

understanding of broodstock quality (Geffen and Frayer 1993). To achieve 

this goal, hatchery personnel must be able to identify high quality gametes 

and have an effective technique to assay seminal fluid and oocyte quality 

rapidly and inexpensively. As Morone hatcheries reduce dependence on wild 

broodstock by domesticating (Woods et al. 1992; Hodson and Sullivan 

1993), and as new methods of artificial maturation, spawning and sperm 

preservation are developed, assessment of gamete quality will assume 

greater importance. 

Information generated from this study is expected to aid hatcheries in 

optimizing the selection of high quality male broodstock. These findings 

provide standards with which to evaluate Morone semen quality. Males 

producing sperm and seminal plasma near levels reported in this study can 

be reasonably expected to produce high fertility when combined with quality 

females. To further improve hatchery efficiency, baseline semen 

characteristics of other Morone broodstock (e.g. striped, white and original 

cross hybrid bass) should be determined. Future investigations should 

include a large sample size of fish from different stocks, of different ages, 

and over a full spawning season. 

In addition, studies should examine the effects of different diluents or 

activating water on sperm and oocyte quality. Research with rainbow trout, 

sea bass (Dicentrarchus labrax), sea bream (Sparus auratus), and northern 

pike (Esox /ucius) (Billard 1978; Westin and Nissling 1991) has shown that 

salinity (and therefore osmolality), significantly influences sperm quality and 

fertility. Morone sperm is generally activated with fresh water, which is 
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hypotonic to the internal salt concentration of this anadromous fish. The 

hypoosmotic medium of the diluent may cause damage to sperm membranes 

(Billiard 1988) and may ultimately reduce the potential fertility of the sperm. 

Furthermore, studies should be conducted to determine the optimal sperm to 

oocyte ratio so that males can be more efficiently utilized in hatcheries. 

Variation in the quality of females is also a concern. Among the 

factors needing investigation are temperature and its affects on post- 

ovulatory oocyte survival, broodstock nutrition and its relation to fertility, 

hatching, and larval survival, and the effects of inducing ovulation in 

functionally mature, but incompletely grown oocytes. 

Finally, results show that spermatocrit (% packed cells) is a good 

predictor of sperm concentration, and can be used to rapidly estimate sperm 

concentration for selecting donor males, in preparing semen diluents and in 

extending semen for cryopreservation. 
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