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Introduction

Hybrid striped bass is an aquaculture species of commercial importance in the
USA. In 1987, production of hybrid striped bass as a foodfish was 180,000 kg,
with a majority of the fish being grown by one producer in California. However,
by 1993, production was estimated at about 2.3 million kg with a projected
farm value of $11 million; total production for 1996 was 3.6 million kg and in
1999 an estimated 4.6 million kg were produced. These values do not include
propagation and growing of hybrid striped bass in state and federal hatcheries for
stocking in public lakes and rivers. There are five major growers of hybrid striped
bass in the USA and they produce approximately 70% of the product, while other
smaller companies and growers comprise the remaining 30%.

Hybrid striped bass are produced by crossing the striped bass (Morone
saxatilis) with white bass (Morone chrysops). Two crosses are most commonly
utilized by aquaculturists; one is called the ‘original cross’ (or palmetto bass),
which is produced by crossing a female striped bass with a male white bass. The
other cross is called the ‘reciprocal cross’ (or sunshine bass), which is produced by
crossing the female white bass with the male striped bass. The latter cross is used
by many producers due to the ease of obtaining suitable white bass females for
spawning and the difficulties in obtaining adequate numbers of brood-stock
female striped bass.

Hybrid striped bass require warm water temperatures to achieve optimal
growth (25–30°C). Most hybrid striped bass fingerlings for sale for grow-out
are grown in ponds, while many fish for sale as foodfish are produced in tanks;
however, they can be cultured using numerous means, including ponds,
raceways and cages. Hybrid striped bass culture is divided into four phases of
production: the hatchery phase; phase I culture, in which the fish are grown from
fry (0.5 cm) to fingerlings (1.5–2.0 cm); phase II culture, where the fish are
reared for 5–9 months and are grown to 10–14 cm in length; and phase III cul-
ture, in which the fish are grown out to market size (700–1200 g).
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Hybrid striped bass can be grown using intensive systems, such as raceways,
cages or indoor recirculating systems; however, extra care must be used when
growing fish by these methods. Circular tanks allow for water circulation to all
areas within the tank and water currents help to remove wastes. Rectangular
tanks (raceways) are also used to culture hybrid striped bass; however, corners
tend to accumulate waste and do not allow for a continuous swimming path for
the fish.

Cages have been used to grow hybrid striped bass for many years and provide
producers with a method for growing fish in ponds that may not be suitable for
conventional pond-culture methods; the pond may be irregularly shaped or
too deep to be seined. Thus, use of cages allows producers to grow fish in areas
that are more difficult to access and/or harvest. Recirculating systems require
biological and mechanical filtration so that solids and metabolites are removed
from the culture water. Mechanical filtration can be accomplished through the
use of sand filters, diatomaceous earth, coral, charcoal or various human-made
‘fabrics’ or plastic beads.

Nutrient Requirements

Nutrient requirements and practical diet formulations for hybrid striped bass
have only recently been investigated and additional research needs to be
conducted. It may be erroneous to assume that striped bass, palmetto bass and
sunshine bass require similar nutrients and diets. For example, there appear to be
many similarities in the requirements of the amino acids arginine, threonine and
the total sulphur amino acids between striped bass and the two hybrid striped
bass; however, lysine requirements appear to be different (Small and Soares,
1998).

Protein and amino acids

Dietary protein requirements can vary with the age of the fish, energy level of the
diet, amino acid balance and culture conditions. Percentage dietary protein for
striped bass and hybrid striped bass has ranged from 36% to 55%. Millikin (1983)
reported that a diet with 47% protein and 12% lipid produced optimal growth in
small (2.0 g) striped bass. Diets with higher amounts of protein (55%) did not
improve growth, while feeding a diet with 37% protein and 7% lipid resulted
in reduced growth. Optimal protein level has been reported to be 41% when
sunshine bass were fed diets containing menhaden fish-meal as the sole protein
source (Brown et al., 1992).

Hybrid striped bass are presumed to require the same ten essential amino
acids as most fish and terrestrial animals: arginine, histidine, isoleucine, leucine,
lysine, methionine, phenylalanine, threonine, tryptophan and valine. However,
unlike some cultured species, the requirements for several of the amino acids
are not known for hybrid striped bass. Lysine and methionine are generally
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considered to be two of the first limiting amino acids in fish diets. The lysine
requirement has been estimated to be 1.4% of the diet (4.0% of dietary protein)
when sunshine bass have been fed either semipurified (Keembiyehetty and Gatlin,
1992) or purified (Griffin et al., 1992) diets. The total sulphur amino acid (TSAA)
requirement (methionine and cystine) of sunshine bass has been reported as
0.87% of the diet as methionine with 0.13% of the diet as cystine (Keembiyehetty
and Gatlin, 1993), resulting in a TSAA requirement of 1.0% of the diet (2.9% of
dietary protein). Keembiyehetty and Gatlin (1993) also found that cystine spared
less than 40% of the methionine. However, when using a broken-line analysis of
weight-gain data, Griffin et al. (1994a) reported a TSAA requirement of 0.73% of
the diet (2.1% of dietary protein) when palmetto bass were fed a purified diet.
This was verified when they analysed serum free methionine concentrations of
fish and reported that fish fed 0.6% TSAA had lower serum free methionine
concentrations than fish fed diets containing 0.8–1.8% TSAA. Griffin et al.
(1994a) also reported that cystine could comprise 40% of the TSAA requirement
in palmetto bass. The arginine requirement for sunshine bass using broken-
line analyses of weight-gain data was calculated to be 1.55% of the diet (4.4%
of dietary protein) when fed a purified diet containing 35% crude protein (Griffin
et al., 1994b). Keembiyehetty and Gatlin (1997a) reported that the dietary
threonine requirement of juvenile sunshine bass was 0.97% of the diet (2.6%
of the dietary protein) when fed a semipurified diet in aquariums. The values
for hybrid striped bass are compared with those for other fish species in
Table 23.1.

Apparent protein digestibility for practical feed ingredients for palmetto
bass ranges from 71% to 93% (Table 23.2). Wheat flour, wheat middlings,
menhaden fish-meal, maize grain, cottonseed meal and blood meal all had
protein digestibilities greater than 83% (Sullivan and Reigh, 1995). Rice bran
and meat-and-bone meal had the lowest protein digestibilities of 71% and
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Fish species

Amino acid HSTB
Channel
catfish

Rainbow
trout

Common
carp

Nile
tilapia

Red
drum

Gilt-head
sea bream

Atlantic
salmon

Arginine
Lysine

TSAA

Threonine

1.0(4.3)a

1.4(4.0)h, i

0.73n

1.0(2.9)s

0.97(2.6)t

1.0(4.4)b

1.2(5.0)j

0.5(2.3)o

0.5(2.2)u

1.2(3.1)c

1.9(4.7)k

0.8(2.3)p

(3.3)v

1.7(4.4)d

2.2(5.7)d

1.2(3.1)d

1.5(3.9)d

1.2(4.2)e

1.4(5.1)e

0.8(2.7)e

1.05(3.75)e

–
1.6–2.0

(4.6–5.7)m

1.1(3.0)q

(2.3)w

(2.6) f

(5.0)f

(4.0)f

–

1.6(4.1)g

1.8(4.0)l

1.1(2.4)r

–

aGriffin et al. (1994b); bRobinson et al. (1981); cKaushik et al. (1988); dNose (1979); eSantiago and Lovell
(1988); fKissil (1991); gLall et al. (1994); hGriffin et al. (1992); iKeembiyehetty and Gatlin (1992); jWilson
et al. (1977); kKim et al. (1992); lAnderson et al. (1993); mBrown et al. (1988); nGriffin et al. (1994a);
oHarding et al. (1977); pRumsey et al. (1983); qMoon and Gatlin (1991); rRollin et al. (1994);
sKeembiyehetty and Gatlin (1993); tKeembiyehetty and Gatlin (1997a); uWilson et al. (1978); vOgino
(1980); wBoren and Gatlin (1995).

Table 23.1. Arginine, lysine, total sulphur amino acids (methionine/cystine) and threonine
requirements of hybrid striped bass (HSTB) and several aquaculture species.
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73%, respectively. The high protein digestibility values of many plant-protein
ingredients for hybrid striped bass indicate that diets for these fish can be
formulated with high levels of plant-protein ingredients. This may reduce the cost
of diets used to feed hybrid striped bass.

Energy

Since protein is the most expensive component in a diet, nutritionists need to
supply levels of protein sufficient to meet essential amino acid requirements, but
not in excess of requirements, because protein may be used for energy. Dietary
lipids and carbohydrates can spare protein; however, excessive amounts of
energy can lead to increased fat deposition and possibly reduced growth. Fish
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Ingredient Palmetto bass* Channel catfish†/‡ Rainbow trout

Protein
Fish-meal, menhaden
Blood meal
Meat-and-bone meal
Cottonseed meal
Wheat middlings
Wheat flour (grain)
Soybean meal
Rice bran
Maize grain

Energy
Fish-meal, menhaden
Blood meal
Meat-and-bone meal
Cottonseed meal
Wheat middlings
Wheat flour (grain)
Soybean meal
Rice bran
Maize grain

88
86
73
84
92
93
80
71
87

96
n/a
80
73
61
54
55
47
41

86/76
74/n/a
82/64
n/a/80
n/a/88
n/a
85/93
n/a/78
92/96

95
n/a
70
65
49
n/a
73
53
79

n/a
69§

82||

76§

76§

n/a
83§

n/a
95||

* Sullivan and Reigh (1995).
† Brown et al. (1985).
‡ Wilson and Poe (1985).
§ Smith et al. (1980).
|| NRC (1993).
n/a, not available.

Table 23.2. Average percentage apparent protein and energy digestibility
coefficients for various feed ingredients for palmetto bass, channel catfish, and
rainbow trout.
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have lower dietary energy requirements than terrestrial animals because they do
not need to expend as much energy to maintain their position in water, and they
excrete nitrogenous wastes as ammonia instead of urea or uric acid, both of
which require energy to form.

The level of energy in a diet affects the amount of diet consumed by fish, and
the protein-to-energy (P : E) ratio of the diet will influence growth response
and conversion efficiency. An excessively high ratio may cause fish to utilize
protein as an energy source, which is expensive, whereas fish fed a diet with a
low P : E ratio may increase fat deposition. Fattiness in cultured fish is generally
undesirable because consumers eat fish as part of a low-fat diet. Fat in fish
may not only reduce consumer acceptance, but may also reduce storage life and
decrease processed yield. There are several factors that affect the amount of fat
in fish, such as feeding rate, size of fish, culture conditions and the P : E ratio in
the diet. The optimal dietary E : P ratio for sunshine bass has been reported as
6–9 kcal available energy (AE) g−1 protein for a diet that contained 35–45%
crude protein (Nematipour et al., 1992a).

Composition of muscle from sunshine bass was not affected by dietary E : P
ratios; however, whole-body protein concentration decreased with increasing
E : P ratio, while whole-body lipid and dry matter increased. Increased lipid
deposition in sunshine bass fed a diet with an increasing E : P ratio was due to an
increase in abdominal fat. This is in agreement with Woods et al. (1995), who
reported that a diet with 7 kcal AE g−1 of protein was adequate for growth in
juvenile striped bass. Webster et al. (1995) fed practical diets to sunshine bass
grown in cages and reported that a diet with 40% protein and between 8 and
10 kcal AE g−1 of protein was found to be adequate for sunshine bass. If the AE : P
ratio was higher than 10 kcal AE g−1 of protein, an increase in lipid deposition
and a decrease in protein level in sunshine bass were reported. Keemibiyehetty
and Wilson (1998) reported that juvenile sunshine bass fed semipurified diets
containing 6, 7 and 9 kcal AE g−1 of protein had a significantly higher percentage
weight gain compared with fish fed 8, 10 and 11 kcal AE g−1 of protein. Diets that
supported the highest growth rates had protein levels of either 40% or 45% and
lipid levels of either 5% or 15%.

It appears that carbohydrate and lipid in practical diets may be utilized
equally well by sunshine bass as energy sources (Webster et al., 1995). However,
Gallagher (1999) reported that liver alanine aminotransferase activities of
sunshine bass fed diets with increased lipid levels indicated that there was a
substantial amount of deamination of amino acids for non-protein use. Therefore,
it was concluded that lipids may not spare protein as well as carbohydrates. Use of
higher levels of dietary carbohydrate, instead of lipid, may reduce storage and
spoilage concerns in practical hybrid striped-bass diets. Hybrid striped bass do not
utilize maize grain and rice bran well for energy needs (Table 23.2), but utilized
menhaden fish-meal (96%) and meat-and-bone meal (80%) efficiently as energy
sources (Sullivan and Reigh, 1995). Cottonseed meal, wheat middling, wheat
flour and soybean meal all had energy digestibility values between 55% and 73%
(Sullivan and Reigh, 1995).
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Lipids and fatty acids

Essential fatty acids (EFA) are important for membrane fluidity and proper
neurological and visual development and act as precursors for eicosanoids
and prostaglandins. Highly unsaturated fatty acids (HUFA) of the n-3 group are
essential for the proper growth and development of marine-fish larvae. This is
because most marine-fish larvae have a limited ability, if any, to elongate (add
carbon units) and desaturate (create molecular carbon-to-carbon double bonds)
shorter (18 carbons in length) fatty acid chains. Thus, marine-fish larvae must
rely on obtaining these EFA from their food. Like marine fish, striped-bass and
palmetto-bass larvae appear to have a limited ability to biosynthesize n-3 HUFA
and require a dietary source.

Two of these HUFA are eicosapentaenoic acid (EPA), 20:5n-3, and
docosahexaenoic acid (DHA), 22:6n-3. It appears that EPA levels higher than
5% of the total fatty acids are required for good growth and survival of striped-
bass larvae (Webster and Lovell, 1990). Palmetto-bass larvae appear to be
more susceptible to HUFA deficiency than striped-bass larvae during meta-
morphosis (Tuncer and Harrell, 1992). Since HUFA are important components
of phospholipids, which in turn are important constituents of biomembranes,
during metamorphosis there is extensive tissue development and reorganization
by the larvae. Phospholipids containing HUFA fatty acids appear to be vital for
these tissue changes. High mortality rates occur if adequate levels of EPA or DHA
are not present in the food of hybrid striped-bass larvae at metamorphosis.

As fish grow, their EFA requirement may change. Sunshine bass (13 g) fed
diets with 1.1% n-3 HUFA had higher weight gains and protein efficiency ratios
than fish fed diets with less than 1.1% or greater than 3.2% n-3 HUFA
(Nematipour and Gatlin, 1993). However, palmetto bass (72 g) fed practical diets
containing 40% crude protein, approximately 30% menhaden fish meal, and
with either 0% or 4% menhaden oil did not show differences in growth when
grown in ponds (Zhang et al., 1994). This is in agreement with Robinette et al.
(1997), who reported that large (> 60 g) juvenile palmetto bass grown in ponds
had similar total weight, mean weight gain, percentage weight gain, fillet
dress-out percentage, proximate composition of whole-body and fillet tissue, and
abdominal fat when fed diets containing 30% menhaden fish-meal and either
2.5% catfish oil or 2.5% menhaden oil. They concluded that the addition of 30%
menhaden fish-meal to a diet provided greater than the 1% n-3 EFA required by
hybrid striped bass and that the use of marine fish-oils for hybrid striped bass
grown in ponds may be unnecessary when 30% menhaden fish-meal is added to a
diet. However, if marine fish-meal is not added, marine fish-oils may need to be
added to ensure that the n-3 HUFA requirement is met.

Carbohydrates

Since protein is the most expensive energy source and lipid sources, especially
marine fish-oils, may be expensive or difficult to obtain, utilization of
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carbohydrate as an inexpensive energy source in diets of aquaculture species
would be advantageous. Nematipour et al. (1992b) fed four isocaloric (3.4 kcal)
and isonitrogenous (35% protein) semipurified diets to juvenile sunshine bass
with differing carbohydrate-to-lipid ratios (CHO : L), ranging from 25 : 10 to
42 : 2.5. Percentage weight gain, feed efficiency, protein efficiency ratio,
hepatosomatic index and muscle ratio were not different (P > 0.05) in sunshine
bass fed any of the diets. However, abdominal fat levels increased as dietary
CHO : L decreased. These data indicate that sunshine bass can utilize both
carbohydrate and lipid as energy sources. A similar conclusion was reached by
Webster et al. (1995), who fed sunshine bass practical diets with differing levels of
protein, lipid and carbohydrate.

In a later study, Hutchins et al. (1998) stated that weight gain, protein
efficiency and feed efficiency were highest in sunshine bass fed a diet containing
20% carbohydrate compared with fish fed diets containing 40% or 0%
carbohydrate. They reported that the type of carbohydrate (glucose, maltose or
dextrin) had no significant (P > 0.05) effect on growth or body composition
parameters, except that lipid levels in muscle tissue of fish fed diets with dextrin
and maltose were higher than those in fish fed diets containing glucose. This is
in agreement with Rawles and Gatlin (1998), who reported that carbohydrate
type had little effect on growth of sunshine bass when fed diets containing 25%
carbohydrate as either glucose, maltose or dextrin. However, the authors stated
that sunshine bass had higher growth rates than striped bass fed the same diets.
Thus, sunshine bass may have a lower metabolic rate than striped bass, which
would result in more energy being available for growth.

Inclusion of 25% soluble carbohydrate in a diet for sunshine bass had some
effect on nutrient digestibility (Rawles and Gatlin, 1998). Protein digestibility
was significantly (P < 0.05) reduced when glucose was added to the diet;
however, no statistical differences were reported when maltose or dextrin was
added. Apparent digestibility coefficients (ADC) of both lipid and dietary energy
were not different (P > 0.05) among the three carbohydrate sources. However,
carbohydrate ADC was lower (P < 0.05) in sunshine bass fed a diet containing
dextrin as the carbohydrate source compared with fish fed diets with glucose or
maltose. Based upon these reports, it appears that sunshine bass can effectively
utilize diets with 25% dietary carbohydrate.

Vitamins and minerals

Very little information is available on vitamin requirements of hybrid striped bass.
One reason is that until recently, hybrid striped bass were fed commercial
salmonid diets, which have high levels of vitamins. Research needs to be
conducted into the quantitative vitamin requirements of the fish. Sealey and
Gatlin (1999) fed semipurified diets with graded levels of a stable form of vitamin
C (ascorbyl-2-polyphosphate, 25% ascorbic acid activity) to juvenile sunshine
bass in aquariums. Diets were supplemented with either 0, 10, 20, 30, 45, 60,
75 or 150 mg vitamin C kg−1. Non-linear least-squares regression analysis of
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weight-gain data indicated that the dietary vitamin C requirement was 22 (± 6)
mg vitamin C kg−1 of diet.

Choline has been found to be essential for sunshine bass. Using purified diets,
Griffin et al. (1994c) showed that the choline requirement for juvenile sunshine
bass, based on weight gain and feed efficiency data, was 500 mg kg−1 of diet.

Lipid-soluble vitamins are also essential to fish. Feeding semipurified diets
to juvenile sunshine bass with graded levels of vitamin E, Kocabos and Gatlin
(1999) reported that the dietary vitamin E requirement for sunshine bass was
28 (± 3) mg kg−1 of diet based on weight-gain data and 26 (± 3) mg kg−1 of diet
based on feed efficiency data. In view of the scarcity of information on vitamin
requirements of hybrid striped bass, the vitamin allowances presented in
Table 23.3 are recommended. The amounts of each vitamin listed, which
allow for processing and storage losses, are based primarily on the requirements
of salmonids and some warm-water species. These levels have been used
successfully in commercial and experimental diets.

Hybrid striped bass probably require the same minerals as other fish for
proper tissue and bone formation and metabolic activities and to maintain the
osmotic balance between their body fluids and the surrounding water. Fish can
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Dietary level

Vitamins
A
D
E
K
Niacin
Pantothenic acid
Thiamine
Riboflavin
Pyridoxine
Folic acid
B12

Biotin
C
Choline

Minerals
Phosphorus
Manganese
Copper
Cobalt
Iron
Zinc
Iodine
Selenium

6000 IU
2200 IU

28 mg (100–150 IU)
10 mg

200 mg
60 mg
30 mg
20 mg
20 mg
5 mg
0.1 mg
2 mg

22 mg (22–100 mg)
500 mg

540 mg
180 mg

8 mg
1.5 mg

66 mg
150 mg

6 mg
0.3 mg

Table 23.3. Recommended vitamin and mineral levels
for a practical hybrid striped bass diet (per kg of diet).
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derive a large proportion of certain minerals, such as calcium, from the water;
however, many minerals must be supplied in the diet since water is not the
major source. Since there is a lack of data on the mineral requirements for
hybrid striped bass, the levels presented in Table 23.3 can be used. In a feeding
study using semipurified diets, sunshine bass were reported to require 0.54%
phosphorus in a diet for proper growth and bone and scale mineralization (Brown
et al., 1993a).

Practical Diet Formulation

When formulating diets for any fish species, careful consideration must be given
to ingredient selection. Not only must the diets meet the protein (amino acid),
essential fatty acid, vitamin and mineral requirements of the fish, but the diets
must be palatable so that the fish will eat them. Further, ingredients must be
relatively digestible so that the nutrients can be utilized. During the early 1990s,
hybrid striped-bass producers would feed either modified catfish or salmonid diets
because little research had been conducted on the nutrient requirements of the
fish or on formulating economical, nutritious, practical diets. Hybrid striped bass
consume either a floating or sinking pellet; however, use of a floating pellet allows
the producer to observe the feeding activity of the fish. This is advantageous for
determining how much diet to feed to the fish, as well as the feeding activity of the
fish. The physical properties of the diet are important, especially water stability
and pellet size. Since hybrid striped bass are generally aggressive in their eating
habits, water stability of the diet is not as important as it would be for crustacean
diets; however, the diet must remain intact for a period of at least several minutes
to allow the fish time to eat.

Hybrid striped bass have an ability to digest carbohydrates in some plant
ingredients, such as soybean meal and cottonseed meal (Zhang et al., 1994;
Sullivan and Reigh, 1995; Webster et al., 1995). This may allow nutritionists to
formulate diets with higher levels of these plant ingredients and lower levels of
fish-meal for hybrid striped bass compared with those for salmonids. Sunshine
bass (1.5 g) are able to utilize carbohydrate and lipid for energy and for sparing
protein, which can be utilized to meet essential amino acid requirements. Feeding
diets having CHO : L of between 25 : 10 and 42 : 2.5 resulted in similar growth;
however, whole-body lipid (as abdominal fat) increased as lipid increased
(Nematipour et al., 1992b).

Likewise, it appears that hybrid striped bass can digest protein from plant
and animal sources similarly to channel catfish (Ictalurus punctatus) but not as
effectively as rainbow trout (Oncorhynchus mykiss). They can digest dietary starch
more effectively than rainbow trout, but not as well as channel catfish. Thus,
digestibility coefficients for hybrid striped bass appear to be somewhere between
those for an omnivorous species, such as the channel catfish, and those for a
carnivorous species, such as rainbow trout.

Fish-meal is an important ingredient in aquaculture diets because of its high
protein quality and palatability. However, the long-term availability of fish-meal
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may be uncertain. Further, fish-meal is the most expensive ingredient in fish diets.
Recently, nutritionists have begun to determine the minimum level of fish-meal
in diets for hybrid striped bass. Small palmetto bass (5 g) appear to require
between 17 and 36% fish-meal in a diet, while larger fish (> 150 g) may need a
diet in which soybean meal can replace 75% of the fish-meal (17% fish-meal in
the diet) when the diet contains 35% protein (Gallagher, 1994). Brown et al.
(1997) stated that palmetto bass fed a diet with 23% fish-meal and 40% soybean
meal had similar growth to that of fish fed a diet with 46% fish-meal and
0% soybean meal. Keembiyehetty and Gatlin (1997b) stated that a diet with
14% fish-meal, 56% soybean meal and either 0.3% D,L-methionine, 0.3%
D,L-methionine or 0.3% acetylmethionine gave similar weight gain, feed
efficiency and whole-body composition for sunshine bass compared with fish fed a
diet containing 57% fish-meal. However, fish fed a diet without supplemental
methionine had significantly (P < 0.05) reduced growth, as had been reported in
a previous study by Keembiyehetty and Gatlin (1995).

Fish-oil is often added to hybrid striped-bass diets not only as a source of
EFA but also to improve the palatability of aquaculture diets. When a diet is
unpalatable, hybrid striped bass take the pellet into the mouth and then quickly
eject it back into the water. This action might be repeated several times before
the fish either rejects or accepts the diet. Hybrid striped bass do not find a purified
diet (Table 23.4) palatable and feeding stimulants have to be added to the diet.
However, menhaden fish-oil has not been found to be an effective attractant for
sunshine bass (5–10 g), but fish-meal was found to be an attractant at a level of
10% (Brown et al., 1993b). The use of lyophilized fish flesh (red-drum muscle) has
been successful in formulating a semipurified diet that is consumed by hybrid
striped bass (Table 23.4). While fish-oil may not be a strong attractant, it does
provide essential n-3 fatty acids. However, the use of marine fish-oils, especially at
high percentages, may affect the flavour of the fish.

While diets with low (15%) fish-meal and supplemental methionine appear
to provide for good growth, the use of a proper combination of plant- and
animal-protein sources may allow nutritionists to formulate diets that do not
require supplemental crystalline amino acids. When small (20 g) palmetto bass
were fed diets containing 40% protein, it was found that diets with 15, 30 and
45% fish-meal resulted in similar growth, but a diet with 0% fish-meal resulted
in reduced growth, possibly due to reduced palatability (Webster et al., 1997).
However, in a subsequent study, Webster et al. (1999) reported that sunshine
bass fed diets containing 32% soybean meal, 28% poultry by-product meal and
0% fish-meal had similar percentage weight gain, specific growth rate, feed
conversion ratio and carcass proximate composition to those of fish fed a diet
with 30% menhaden fish-meal. This is in agreement with Webster et al.
(2000), who reported that sunshine bass fed a diet containing 35% soybean
meal, 35% meat-and-bone meal and 0% fish-meal or one containing 27%
soybean meal, 27% meat-and-bone meal, 20% hempseed meal and 0% fish-
meal had similar growth and body composition to those of fish fed a diet with
30% menhaden fish-meal. Practical diet formulations that have totally replaced
fish-meal with a combination of plant- and animal-protein ingredients,
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which appear to provide adequate growth in sunshine bass are presented in
Table 23.4.

Commercial diets may have an effect on the flavour of the fish. While grains
and many plant-protein and animal by-product meals do not usually impart
flavour to cultured fish, some ingredients, such as oils/fats and fish-meals, can
affect the flavour, appearance, composition and storage quality of fish. Bett et al.
(1998) stated that it was the marine fish-oil added to diets for sunshine bass that
caused the fillets to taste ‘fishy’, not the fish-meal. A diet with 30% anchovy
fish-meal and 10% menhaden oil had a stronger ‘fishy’ taste than fillets of fish
that were fed a diet with 40% anchovy meal and 0% menhaden oil. This indicates
that it is the oil that contributes to the fishy flavour, while the fish-meal may not
impart that strong a flavour.

Replacement of fish-meal with oilseed meals can also affect the flavour of
the fish. When soybean meal was added to diets for palmetto bass, the flavour and
texture were affected compared with fillets of fish fed a diet with a high percentage
(47%) of fish (herring) meal and 0% soybean meal (Postel et al., 1996). While the
taste differences between fish fed a diet with fish-meal and no soybean meal from
those fed diets that contained soybean meal could be detected, all fillets were
judged to be acceptable in terms of flavour quality.
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Purified diet
Casein
Dextrin
Menhaden oil
Cellulose
Other ingredients

Semipurified diet
Red-drum muscle
Amino acid premix
Dextrin
Menhaden oil
Cellulose
Other ingredients

Practical diets
Menhaden fish-meal
Soybean meal
Meat-and-bone meal
Poultry by-product meal
Wheat middlings
Maize meal
Menhaden oil
Other ingredients

43.4
20.0
12.0
14.1
10.5

19.6
23.0
17.5
7.9

22.0
10.0

Diet 1

0.0
32.0
32.0
0.0

15.0
15.0
4.5
1.5

Diet 2

0.0
32.0
0.0

28.0
15.0
16.4
4.5
4.1

Diet 3

30.0
25.5
0.0
0.0

15.0
24.2
2.0
3.3

Table 23.4. Formulations for a purified diet (adapted from Brown et al., 1993b),
a semipurified diet (adapted from Sealey and Gatlin, 1999) and practical diets
(adapted from Webster et al., 1999) that have been fed to hybrid striped bass.
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Feeding Practices

Larval

Selection of a brine-shrimp strain with the proper fatty acid composition (high
levels of n-3 HUFA) is necessary to ensure the proper growth, development and
survival of larval palmetto bass (Clawson and Lovell, 1992). However, it has been
found that enrichment of brine-shrimp nauplii with marine fish-oils is a method
to add n-3 HUFA to brine-shrimp nauplii that may have originally been deficient
in EPA and/or DHA (Clawson and Lovell, 1992; Tuncer and Harrell, 1992). Fatty
acid enrichment is accomplished by allowing newly hatched brine-shrimp nauplii
to grow to the third nauplii stage (24 h after hatching) and then place them into a
container with the fatty acid emulsion. This emulsion can be made by mixing the
n-3 HUFA lipid, salt (sea) water and gum xanthum. Baker’s yeast can also be
added to the mixture. Strong aeration is provided to keep the nauplii suspended in
the emulsion for up to 24 h, allowing the nauplii to consume the yeast or the lipid
droplets.

Larval hybrid striped bass do not utilize prepared diets as well as live foods.
There have been numerous attempts to feed hybrid striped-bass larvae prepared
diets but all have resulted in poor growth and survival. It has been thought that
the inability of larval fish to utilize prepared diets was due to a lack of digestive
enzymes. However, larval striped bass appear to have the necessary enzymes
(trypsin, chymotrypsin, pepsin, carboxypeptidase A and α-amylase) to digest food
(Baraji and Lovell, 1986). Tuncer et al. (1990) recommended that brine-shrimp
nauplii be fed for 21 days and then gradually change to a prepared diet after
that time period. For sunshine bass larvae, rotifer culture is required for feeding
because of the smaller mouth of the sunshine bass, which prohibits the eating of
brine-shrimp nauplii until the larva is larger.

Juvenile

Feeding small palmetto-bass juveniles all they will eat produces larger fish
than feeding a restricted diet (2.5% and 5.0% of body weight) (Tuncer et al.,
1990). Diets used to feed phase II (juvenile) fish are generally high in protein
(38–50% protein) and, while hatcheries tended to use a sinking diet in the past,
floating pellets can be used equally well. As the fish grows, pellet size needs to be
increased. Some producers feed smaller fish up to six times per day. However,
more frequent feedings are labour-intensive. On large farms, it may be practical to
feed only once per day. Recently, Thompson et al. (2000) fed sunshine bass once
a day, twice a day, once every other day or twice every other day in aquariums
and reported that sunshine bass fed to satiation twice a day had significantly
(P < 0.05) higher final weight and percentage weight gain compared with fish fed
once a day, once every other day and twice every other day, while percentages of
abdominal fat and fillet were not different (P > 0.05) compared with fish fed once
a day and twice every other day. Fillet proximate composition (wet-weight basis)
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was not different among treatments. Sunshine bass fed twice a day did have a
higher feed conversion ratio (FCR) compared with fish fed once a day and once
every other day. This is in agreement with the results of our laboratory, which
show that sunshine bass fed twice a day had higher (P < 0.05) final weight,
percentage weight gain, specific growth rate (SGR) and FCR compared with fish
fed once a day, once every other day and twice every other day, when grown in
cages.

No information is available on which time of day may be more advantageous
to feed (e.g. dawn, midday or dusk). Optimal temperature for growth has been
reported to be 27°C when palmetto bass was fed to satiation (Woiwode and
Adelman, 1991), while maximum food consumption occurred when water
temperatures were 28°C. Keembiyehetty and Wilson (1998) found that sunshine
bass grown at 26°C had higher growth rates and appetite compared with fish
grown at 32°C.

Fish can be fed by various methods, including feeding by hand, use of
blowers, feeding by use of automatic feeders and use of demand feeders. Each
method of feeding has advantages and disadvantages. The advantage of feeding
by hand or by blower is that the person feeding can observe feeding activity and
assess fish health. Use of a blower allows the diet to be spread over a larger area of
the pond and can be used when feeding fish stocked in large ponds. Automatic
feeders are connected to timers and can distribute diet at a predetermined time
of day as frequently as needed. Demand feeders drop diet into the water when
the fish activates the dispensing mechanism of the unit. Both automatic and
demand feeders can be used effectively to feed fish growing in tanks, cages or
raceways.

While a feeding chart can be used to feed hybrid striped bass, feeding all the
diet the fish will consume is most often used. Use of a floating diet allows the feeder
to observe feeding activity and determine the amount of diet to be fed. While use
of feeding charts is an acceptable method of feeding fish, if fish do not consume
all the diet fed or would consume more diet than fed, waste of diet or less than
optimal growth of fish could result.

Broodfish

There has been little research conducted on the nutritional requirements of
striped-bass and/or white-bass brood-stock. Most brood-stock used to produce
hybrid striped bass are captured from the wild. If brood-stock are reared in
captivity, diets that supply all essential fatty acids, amino acids and vitamins
and minerals are generally fed. Some nutrient requirements of striped-bass
brood-stock are being, or have been, investigated (L.C. Woods, University of
Maryland, personal communication). Small et al. (1999) reported that mature
striped bass required the same levels of the ten essential amino acids as juvenile
fish (% of diet): arginine, 1.4; histidine, 0.6; isoleucine, 0.9; leucine, 1.9; lysine,
2.2; TSAA, 1.0; phenylalanine/tyrosine, 1.7; threonine, 1.1; tryptophan, 0.3;
and valine, 1.0. Lopez and Woods (1999) suggested that, based upon the fatty
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acid composition of striped bass eggs, females require dietary sources of EPA, DHA
and possibly arachidonic acid (20:4n-6).
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