
Hatchery and Grow-out Performance of Sunshine Bass 
and Backcross Hybrid Striped Bass in Recirculating 
Aquaculture Systems 

S.R. Lindell1•2, B. Delbos1, R. Perham1, J. Goldman1, E.M. 
Hallerman3*, T.O. Brenden3•4 

1 Fins Technology 
15 Industrial Road 
Turners Falls, MA 01376 USA 

2Current address: 
Marine Biological Laboratory 
Marine Resources Center 
7 MBL Street 
Woods Hole, MA 02543 USA 

3Department of Fisheries and Wildlife Sciences (0321) 
Virginia Polytechnic Institute and State University 
Blacksburg, VA 24061 USA 

4Current address: 
Institute of Fisheries Research 
University of Michigan 
1109 N. University Avenue 
Ann Arbor, MI 41809 USA 

*Corresponding author's e-mail: ehallerm@vt.edu 

Keywords: striped bass, performance, aquaculture, growth 

International Journal of Recirculating Aquaculture 5 (2004) 43-54. All Rights Reserved 
©Copyright 2004 by Virginia Tech and Virginia Sea Grant, Blacksburg, VA USA 

International Journal of Recirculating Aquaculture, Volume 5, June 2004 43 

mailto:ehallerm@vt.edu


Performance of Sunshine Bass and Backcross Hybrid Striped Bass 

ABSTRACT 
Previous research has suggested that backcross hybrid striped bass (BX: 
sunshine bass female x striped bass male) perform as well as F 1 hybrid 
striped bass (sunshine bass: white bass female x striped bass male) for 
many economically important traits. We conducted trials to compare 
rearing and growth traits of selected backcross hybrid striped bass with 
hybrid striped bass (HSB). We spawned and reared larval BX fry in two 
hatchery cycles, measured fry growth and performance, and compared 
them to past performance of HSB fry. We conducted a grow-out trial 
of commercially-available hybrid striped bass versus backcross hybrid 
striped bass in replicated tanks to phase II fingerling size (approximately 
lOOg). Compared to HSB, in the hatchery phase, backcross hybrid striped 
bass exhibited lower fertilization rate, comparable swimbladder inflation 
rate, shorter time-to-weaning, lower survival, comparable growth, and 
comparable condition factor. After 60 days, HSB exhibited significantly 
better growth, survival, and feed conversion efficiency than BX. However, 
BX may have better potential market acceptance by virtue of having a 
lower condition factor, appearing longer and less deep-bodied than HSB. 

INTRODUCTION 
Striped bass (Morone saxatilis) and its hybrids constitute a major sector 
of aquaculture in the United States, with production of 10.5 million 
pounds in 2002 (Carlberg and Van Olst 2003). Commercially significant 
quantities of Morone stocks also are produced in Taiwan, China, and 
Israel. Approximately 43% of Morone production occurs in tanks 
(Carlberg and Van Olst 2003), much of that in recirculating aquaculture 
systems (RAS). Private and government marketing experts estimate that 
U.S. production could increase to 50 million pounds and $100 million 
in annual farm-gate revenue if market prices could be decreased only 
moderately (Halbrendt et al. 1991). Production costs for HSB could be 
reduced by 12% if selective breeding can yield 20% faster growth rates 
(Losordo and Westerman 1994). 

The majority of Marone production is not of striped bass, but of its 
hybrids with white bass (M. chrysops) because of their hardiness, rapid 
growth rate, and limited availability of female striped bass broodstock 
(reviewed by Harrell 1997). Further, female WB are considered easier 
and more predictable to strip-spawn. Hence, most commercial production 
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is of sunshine bass, the progeny of the white bass female x striped bass 
male interspecific cross. Research has also been undertaken to evaluate 
the performance of second generation hybrids and backcrosses. Several 
studies have suggested that the progeny of F 1 hybrid striped bass females 
backcrossed to striped bass males have merit for commercial production. 
Jenkins et al. (1998) compared the performance of backcross hybrids to 
F1 hybrid striped bass and striped bass to market size in a recirculating 
system. At harvest, no differences in growth rate or feed conversion were 
detected; specific growth of BX was intermediate to those of the other 
stocks, with survival lower. Tomasso et al. (1999) compared performance 
of F 1 and backcross hybrids between 20 and 90 grams for 56 days in 
tanks (Tomasso et al. 1999), and observed similar survival, growth, and 
feed conversion rates among the hybrid types. Detailed comparison of 
the hatchery performance of sunshine and BX hybrids is lacking. We 
hypothesized that use of selected hybrid striped bass and striped bass 
for the backcross might yield a high-performance BX hybrid. Should 
high performance be realized, progressive fish farmers might utilize 
this approach by selecting the best F1 hybrid females from their own 
production stocks, making the backcross by strip-spawning them and 
fertilizing the eggs with purchased milt from selectively bred striped bass 
males (Kerby 1983), thereby obtaining a high-performance production 
stock that, because of selection on the maternal stock, is suited to their 
particular farm conditions. 

In this study, we evaluated the production potential of backcross (BX) 
hybrid striped bass (female sunshine bass x male striped bass). We 
compared the hatchery and grow-out performance of BX spawned 
from select broodstock and sunshine bass (HSB) of common genetic 
background. Specifically, we evaluated spawning success, hatch rate, 
growth, survival, and feed conversion efficiency through the first six 
months of life. In order to benchmark our results, we ran a trial in 
replicated tanks with HSB supplied by the most widely-used commercial 
source of fingerlings (Keo Fish Farms, Keo, AR, USA) and compared 
their performance with our BX. All fish were cultured within intensive, 
controlled-environment, recirculating aquaculture systems. 
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MATERIALS AND METHODS 
In July 2001, we crossed 4 hybrid striped bass females to each of 4 striped 
bass males to produce 16 families of backcross hybrid striped bass. 
Poor fertilization rates resulted in a low yield of fry from this spawn. 
However, there were enough fry to pool and conduct a pilot commercial-
scale hatchery run. Randomly-chosen samples from the resulting 4,000 
fingerlings were used for the grow-out trial. 

In October 2001, we spawned 3 female HSB with 2 male SB and 
eventually produced 7,000 fingerlings. While this was not enough to grow 
in commercial-scale systems, we collected hatchery performance data to 
corroborate our July/August experience with BX. 

Fertilized eggs were incubated in McDonald jars. Upon hatch, the 
larvae swam out of the hatching jar and into a 1,900-L larval rearing 
tank. Replicate larval rearing tanks were stocked with approximately 
25 larvae per liter. Tanks were maintained with recirculating water 
and surface oil-skimming pads for the first 5 to 7 days post-hatch until 
swim-bladder inflation was completed. For the second week post-
hatch, larval rearing tanks were maintained static with gentle central 
aeration, except for an exchange of about 30% of the tank water over 
the course of two hours each day. During the second week post-hatch, 
larvae were fed rotifers enriched with Algamac (Aquafauna BioMarine 
Inc., Hawthorne, CA, USA) maintained at a density of 10/ml. By the 
end of the second week, larvae were weaned from rotifers to Artemia 
nauplii. By the end of the third week, the larvae were typically weaned 
from enriched Artemia to artificial feed (Biokyowa Inc. Girardeau, MO, 
USA). Weaned larvae were graded just once around 60 days post-hatch 
to remove the top 1 % to 2% of larger fish responsible for cannibalism. 

In November 2001, we purchased lOg fingerlings that represent typical, 
industry-standard HSB from Keo Fish Farms (Keo, AR, USA). These 
HSB closely matched the size and weight of our BX from the July 
spawn for the grow-out trial. BX and HSB fingerlings were each stocked 
separately in triplicate 1,900-L round tanks connected to the same 
recirculating system and reared at 23°C and a salinity of 1-3 ppt. All 
six tanks were similarly stocked initially (approximately 1 kg/m3). Fish 
were offered 80% of their expected ration via belt-feeders, and hand-
fed to satiation twice a day. Approximately every 3 weeks, length and 
weight samples were taken from a randomly-chosen 15% of each tank's 
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population. At the conclusion of the project, the tanks reached typical 
commercial densities of 5 to 9 kg/m3• 

We quantified reproductive and hatchery performance of the three groups, 
including fertilization rate, swimbladder inflation rate, days to weaning 
onto artificial feed (i.e., date of first ingestion to date that >90% ingested 
artificial feed), survival estimates to approximately 60 days after hatch 
and to the end of the study, feed conversion rate, and monthly average 
weight and length. The trial continued until mid-February 2002 when 
the HSB averaged approximately lOOg. Results from previous years' 
hatchery efforts with HSB using similar rearing protocols were used for 
comparative purposes. 

Both the hatchery and grow-out systems employed water recirculation 
technology including drum-filters, fluidized-bed biofilters, oxygenation/ 
ozonation, and automated pH and temperature control that maintained 
high water-quality standards throughout the trials. 

Differences in fish weight between the hybrid types were analyzed as 
a repeated-measures general linear mixed model. Residual (restricted) 
maximum likelihood was used to estimate the model parameters. Initial 
fish biomass in each of the tanks and the amount of feed provided to 
each of the tanks were included in the model as covariates to assess the 
influence of these concomitant variables on differences in weight. A first-
order autoregressive covariance structure was assumed for the repeated-
measurements of fish weight. 

Differences in fish survival at the end of the grow-out trial were analyzed 
as a general linear model with tanks serving as a blocking factor. Because 
fish survival/mortality is a binary response and thus will violate an 
assumption of normality, the significance of the test comparing survival 
between the hybrid types was obtained by randomization (number of 
randomizations= 1,000), whereby the F-statistic of the original test was 
compared to F-statistics obtained by randomly allocating the survival/ 
mortality data to the different hybrid types. The Type-I error rate for all 
statistical tests was set equal to 0.05. 
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Table 1. Comparison of hatchery traits of backcross (BX) and Fl hybrid 
(HSB) striped bass for traits of economic interest. 

Traits of interest BX-HSB BX-HSB HSB HSB HSB 

Female parent strain1 AR AR/MD AR AR AR 

Male parent strain1 MD, FL MD, FL MD MD, FL MD, 
Canada 

Spawn date Oct-01 Jul-01 Mar-01 Oct-00 Jan-99 

% Fertilization 32% 22% 53% 57% 

% Swimbladder inflation 90% 50% 98% 95% 

Weaning start (DAH)2•3 24 21 17 22 

Weaning end (DAH}4 33 32 37 38 

Mean wt. (g) at 60 DAH 0.42 0.52 0.42 0.5 

% Survival to 60 DAH 7% 7.40% 10.4% 

Mean L. (mm) at 30 DAH 13.3 11 12.25 

Mean L. (mm) at 36 DAH 13.9 16.7 

Mean L. (mm) at 75 DAH 36.7 40.4 45.2 

Mean Wt. (g) at 75 DAH 0.74 0.81 1.2 0.825 1.1 

Condition factor at 1g. 1.23E-05 1.18E-05 
1Strain abbreviations: AR=Arkansas R., MD=Maryland, FL=Florida. 
2DAH=Days after Hatch 
3Weaning start marks the first introduction and ingestion of dry feed to replace live feeds. 
4Weaning end denotes the time when the transition to dry feeds is complete, and live feeds are no 
longer utilized. 

RESULTS 

Hatchery Trial Results 
A summary of performance for hatchery traits of production interest for 
BX and HSB is presented in Table 1. 

The fertilization rate for the BX eggs was lower than that which we 
typically found with HSB (22-32% vs. 55%) and considerably lower than 
our experience in 2000 when we conducted fertilization trials with BX 
(80%). 

Swimbladder inflation rate ranged from 50% in the first hatchery run 
to 90% in the second run. We attribute the low rate in the first run to 
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surface-film and system management problems. We showed in the second 
run that swimbladder inflation in BX was comparable to that typically 
attainable (>90%) for Morone fry. 

Time-to-weaning onto dry diets was shorter (10 days versus 18 days) and 
earlier (day 33 versus day 38) for BX than for HSB. Survival of BX to 60 
days after hatch (7%) was lower than expected on the basis of previous 
experience with HSB (>10%). Mean weights for BX at 60 days after hatch 
in two hatchery runs (0.52 and 0.42g) was similar to those for HSB (0.42 
and 0.5g). However, HSB exhibited greater mean weight than BX at 75 
days after hatch (l.04 vs. 0.77g). 

Condition factor (K) of BX (1.23 + 0.09) was not significantly different 
from those of HSB (1.19 + 0.05) or striped bass (l.13 + 0.03) at 1 gram 
mean weight. 

Frequencies of deformities for BX (<2%) were lower than those in earlier 
reports. Bosworth et al. (1997) reported deformities in 8% of BX and 4% 
ofHSB. 

Grow-out Trial Results 
Overall, there was not a significant difference in weight between the 
hybrid types (F = 6.06, df = 1,3, P = 0.0907); however, as evidenced in 
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Figure 1. Mean.fish weight(± 2 SE) at each time period for backcross hybrid striped bass (BX) 
and hybrid striped bass (HSB). Also shown is mean.fish weight at each time period/or groups in 
individual tanks. 
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Figure 1, there was a significant interaction on fish weight by hybrid type 
and time (F = 51.57, df = 1,587, P < 0.0001). Using the "slicing" option 
available in SAS (SAS Institute 1999), we tested for differences in weight 
between the hybrid types for each time period and found that, although 
weights of HSB and BX were not significantly different during the first 
two measurement periods (Time 1: F = 0.27, df = 1,587, P = 0.6032; 
Time 2: F = 0.36, df = 1,587, P = 0.5496), the hybrid types did differ 
in weight during the last measurement periods. Specifically, HSB were 
significantly heavier than BX on the 24th of January 2002 (F = 10.61, 
df = 1, 587, P = 0.0032) and the 12th of February 2002 (F = 37.88, df = 
1,587, P < 0.0001). Overall, HSB had a specific growth rate of 2.68% per 

Table 2. Mean weights of backcross hybrid striped bass (BX) and hybrid 
striped bass (HSB) over the course of a 3-month growth trial. 

Date 
BXTank5 

Wt.(g) SE 

11/21/01 12.28 

BXTank6 
Wt.(g) SE 

12.01 

BX Tank 12 
Wt.(g) SE 

12.74 

HSB Tank 13 HSB Tank14 HSB Tank 15 
Wt.(g) SE Wt.(g) SE Wt.(g) SE 

11.80 10.16 10.88 

12112/01 17.44 1.02 17.78 0.95 16.58 0.96 17.98 1.09 17.52 1.18 17.04 1.09 

1 /3/02 27 .60 1 .38 28. 76 1.55 27 .04 1.54 33.06 1.57 34.24 1.49 34.14 2.11 

1 /24/02 41.96 2.52 44.24 2.07 48.82 2.99 63.44 2.63 61.92 3.26 64.32 3.62 

2/12102 63.32 3.17 67.63 3.34 69.12 2.99 94.74 4.73 95.53 4.52 105.00 3.88 

Table 3. Comparison of survival.feed conversion ratio (FCR) and condition 
factor at 60 grams for backcross hybrid striped bass (BX) and hybrid striped 
bass (HSB). 

Cross Tank 

Starting# 

Ending# 

% Survival 

BXS 

160 

136 

85% 

BX 6 BX 12 HSB 13 HSB 14 HSB 15 

160 

138 

86% 

161 

137 

85% 

178 

177 

99% 

179 

173 

97% 

180 

179 

99% 

Starting Biomass (g) 1964 1922 2051 2100 1819 1958 

Ending Biomass (g) 8612 9334 9469 16770 16526 18795 

Feed Fed(g) 12106 12135 11447 18041 17805 20463 

FCR 1.82 1.64 1.54 1.23 1.21 1.22 

Condition Factor 1.68E-05 1.66E-05 1.69E-05 1.94E-05 1.93E-05 2.08E-05 

SE 3.53E-07 3.37E-07 4.24E-07 2.55E-07 3.27E-07 8.45E-07 
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day, while BX had a specific growth rate of 2.05% per day. Neither of the 
covariates included in the model were found to have a significant effect on 
weight differences (initial tank biomass: F = 1.42, df = 1,587, P = 0.2332; 
amount of feed: F = 0.05, df = 1,587, P = 0.8165). 

Performance regarding key economic traits-survival, feed conversion 
efficiency and condition factor-are summarized in Table 3. At the end 
of the grow-out trial, survival of HSB was significantly greater than that 
of BX (F = 62.16, df = 1, 1014, P < 0.0001). Feed conversion ratio was 
better for HSB (1.22) than for BX (1.66). Condition factors for BX were 
lower than those for HSB (l.68 vs. 1.98), meaning that BX appeared 
longer and less deep-bodied than HSB. 

DISCUSSION 
Our data showed that F1 HSB performed as well or better than BX for a 
range of hatchery- and grow-out-related traits. 

Hatchery traits 
Fertilization rates for backcross lots were approximately half that for HSB. 
There was a wide variance for fertilization and hatch rates of eggs from 
HSB females. Some of this variance may be due to differences in hatchery 
protocols (different hormone injections used, strip vs. tank spawning) at 
the commercial hatcheries where the data were collected (T.I.J. Smith, 
personal communication). Poor hatch rates also may be attributable in part 
to hybrid breakdown, that is, to developmental incompatibilities among 
the genomes of the respective species when coadapted gene complexes are 
broken up at meiosis in the F1 (Hallerman 2003). 

In the hatchery trial, we hypothesize that the low swimbladder inflation 
rate for our J~ly fry resulted from offering first feed to the BX too early. 
When rearing HSB and SB fry, we typically wait until the yolk sac has 
been largely resorbed and the fry mostly have inflated their swimbladders 
before we introduce live feed. This is because live feed can cause an oily 
film on the water surface that interferes with a fry's successful ingestion 
of air bubbles necessary to inflate the swimbladder (Chapman et al. 
1988). The timing of swimbladder inflation varies with fry type and 
temperature, with HSB typically inflating between 3 and 6 days after 
hatch, and SB 6 to 9 days after hatch. BX fry inflate their swimbladder 
at an intermediate time, 5 to 8 days after hatch (DAH). Since, for the July 
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spawn, we introduced feed into their tanks at the time prescribed for HSB 
(at 5 DAH), BX fry may have had a reduced opportunity to inflate their 
swimbladders because of interference by a surface film with air contact. 
In the October spawn, we monitored swimbladder inflation more carefully 
and introduced live feed on day 7, after almost 90% of swimbladders 
were inflated. The low swimbladder inflation rate in the July hatchery run 
of BX may have had a direct impact on survival. Larvae without inflated 
swimbladders expend more energy swimming, exhibit reduced growth 
rates, are less tolerant of stress, and often sink to the tank bottom and die 
(Van Heukelem et al. 2000). 

BX were weaned more quickly and earlier onto dry diets than HSB, 
which may have helped contribute to their ability to match the size and 
weight of HSB at 60 DAH. Earlier weaning has economic merit, since dry 
diets are generally cheaper and easier to feed than brine shrimp. 

Grow-out traits 
After 60 days post-hatch, the growth and other performance differences 
between BX and HSB became more evident. HSB exhibited significantly 
better growth, survival, and feed conversion ratios. 

We hypothesized that backcross hybrid striped bass might grow as fast 
or faster than the standard, commercially-available F 1 hybrid striped 
bass if high-performance HSB females were selected as broodstock. Our 
data regarding performance in intensive tank systems did not support 
this hypothesis. Rather, our observations accord with the classical view 
that the high performance of some interspecific hybrids is largely due 
to heterosis, and that because the heterosis shown by an F 2 or backcross 
hybrid is only half that shown in an F1 (Falconer and Mackay 1996, p. 
257), that advanced generation hybrids would not perform as well as F1 

hybrids. Indeed, F 2 HSB previously showed low hatch rates, low larval 
survival, and high variability of growth rate (Smith and Jenkins 1984, 
Smith et al. 1985). Our results suggest that the heterosis expressed in 
HSB for growth and performance was greater than the selective breeding 
advantage we employed by crossing high performance HSB females with 
male striped bass. Apparently, the additive genetic variance contributed 
by the HSB and striped bass selected for size-at-age could not make up 
for the loss of dominance variance. 

BX may have better potential market acceptance by virtue of having a lower 
condition factor, appearing longer and less deep-bodied than HSB, more 
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like striped bass that are more familiar in many markets. Fins Technology's 
market experience has shown that the premium-priced live markets 
prefer longer, leaner fish such as the backcross. There is the possibility 
that because of later maturity, backcross hybrid striped bass may grow 
to larger sizes than hybrid striped bass. This is attractive because there 
is an unserviced demand for larger (1 kg+) fish that can provide portion-
controlled 7-9 ounce fillets for the restaurant and retail markets. 
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