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The identification of alternative protein sources for partial or whole replacement
of fishmeal (FM) is a priority in the development of suitable, low cost feed formulations
for the Florida pompano (7rachinotus carolinus). To evaluate alternative feed
ingredients for the potential replacement of FM in diets fed to juvenile pompano, a series
of four experiments were conducted.

The objectives of Experiments 1 and 2 were to determine the apparent
digestibility of crude protein (ADCP), energy (ADE), and apparent amino acid
availability (AAAA) of three plant based ingredients (soybean meal (SBM), soy protein
isolate (SPI), corn gluten meal (CGM)) and three by-product based ingredients (distillers’
dried grains (DDG), meat and bone meal (MBM), poultry by-product meal (PBM)) fed to
juvenile pompano held at 3 g/L and 28 g/L salinity. The objectives of Experiments 3 and
4 were to determine the maximum substitution of SBM or SPI in partial or whole
replacement for FM protein in diets fed to juvenile Florida pompano held at 3 g/L.

salinity.



For Experiments 1 and 2 a menhaden meal based formulation served as the
reference (REF) diet. The experimental diets each consisted of 70% REF diet and 30%
substituted ingredient. Apparent digestibility was determined with the use of yttrium
oxide (0.5%) as an inert marker. Pompano were fed 5%BW/day and fecal samples were
collected twice a week for 4 weeks. The ADCP for SBM and SPI was significantly
higher (>90%) than CGM (82%) at 3 g/L salinity. The ADE was highest for SPI (93%),
while SBM and CGM were significantly lower (71% - 77%) at 3 g/L salinity. No
significant differences were detected among the test ingredients DDG, MBM, or PBM
and ADCP values ranged from 54% - 72% in the 3 g/L system. The ADE values for
DDG, MBM, and PBM ranged from 64% - 76% at 3 g/L salinity.

The diets for Experiments 3 and 4 were all formulated to be isonitrogenous (44%
crude protein) and isoenergetic (22 MJ/kg gross energy). Diets with 20% - 100%
replacement represented the percentage of FM substituted by SBM or SPI. Diet 1 with
0% replacement served as the REF diet. Juvenile pompano (2.5g) were fed 5 -
7%BW/day and batch weighed biweekly for 8 weeks. At the end of the trial fish were
weighed and 10 fish were randomly selected for whole body proximate analysis. With
respect to performance, nutrient retention, efficiency, and survival no significant
differences were detected among fish fed the REF diet from those fed up to and including
80% FM replacement with SBM. With respect to the aforementioned parameters no
significant differences were detected among fish fed the REF diet from those fed up to

40% FM replacement with SPI.
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INTRODUCTION

The Florida pompano (Trachinotus carolinus) has long been considered a
potential species for aquaculture. Its consistently high market value and favorable rating
among consumers continues to attract interest in the commercial farming of this species.
Early failures of pompano culture are often attributed to a poor understanding of
pompano biology coupled with equally poor fish management practices (Cuevas 1978).
Additionally, a lack of information regarding the nutritional requirements and
digestibility of feedstuffs for pompano can more fully explain the poor growth, survival,
and food conversion associated with those early attempts (Cuevas 1978; Craig 2002;

Heilman and Spieler 1999; Watanabe 1995).

Biology of Florida Pompano

Florida pompano (Class Osteichthyes, Order Perciformes) are a highly prized,
warm water species found in waters near Cape Cod, Massachusetts to southeast Brazil
(Allen and Avault 1970; Gilbert 1986). A member of the Family Carangidae (Jacks),
pompano are especially common along the coast of Florida where they support an
important commercial and recreational fishery (Watanabe 1995). Two other species,

T. falcatus (permit) and 7. goodei (palometa) are similar to the pompano and are found in
the coastal waters of the western Atlantic, Gulf of Mexico and Caribbean

(Watanabe 1995).



Pompano are grayish blue on the dorsal region and silvery on either side
(Figure A1). The ventral region of the body is yellowish from the bottom of the jaw to
the anal fin. Pompano have a compressed body with the head profile sloping into a blunt
snout. The small conical teeth along the jaws and large, well-developed pharangeal
plates of pompano enable the crushing of shellfish (Bellinger and Avault 1971; Gilbert
1986). Pompano can reach 3.4 kg in size and have a well-defined stomach (Gilbert
1986). Pompano are considered to be continuous spawners and have been induced to
spawn in captivity (Weirich and Riley 2007). This is a highly desirable feature in
aquaculture as it allows for the controlled production of larvae, seedstock and eggs for
year-round grow-out (Craig 2002).

Juvenile pompano are opportunistic feeders that become more selective as adults
(Bellinger and Avault 1971). A myriad of organisms have been found in the stomachs of
pompano including: crustaceans, molluscs, gastropod larvae, amphipods, and crab larvae
(Bellinger and Avault 1971; Chervinski and Zorn 1977). Copepods, isopods, invertebrate
eggs, barnacles, and polychaetes have also been found in the gut of pompano (Fields
1962; Armitage and Alevizon 1980). The large variation in the pompano diet may be a
reason for their general acceptability of artificial feeds (Cuevas 1978).

The temperature and salinity preferences for adult pompano appear to be between
28 to 32°C and 28 to 37 g/L yet it is widely known that juvenile pompano can tolerate a
greater range in salinity (Watanabe 1995). Kumpf (1972) found juvenile pompano able
to tolerate saline conditions as low as 2 to 3 g/L and as high as 44 to 45 g/L. Pompano
will show signs of stress at dissolved oxygen levels at or below 3 ppm and have a pH

tolerance between 5 and 11 (Iversen and Berry 1969; Moe et al. 1968 in Watanabe 1995).



Weirich and Riche (2006) investigated the tolerance of juvenile pompano (weight 8g) to
elevated levels of ammonia and nitrite under three separate salinities (6.3, 12.5, and 25.0
g/L). In a 24, 48, and 96h exposure study, salinity did not affect pompano tolerance to
ammonia levels and the mean LCs levels ranged from 1.05 to 1.12 mg NH3/ L, 1.00 to
1.08 mg NHi/ L, and 0.95 to 1.01 mg NH3/ L for the 24, 48, and 96h exposure times
(28°C; pH= 8.2 - 8.4). The pompano appeared to show less tolerance for nitrite when

held at 6.3 g/L than at 12.5 g/L or 25 g/L salinity (Weirich and Riche 2006).

Previous Pompano Research

This section is not intended to be an exhaustive review of previous pompano
research. Cuevas (1978) and Watanabe (1995) provide a more detailed summary of
previous work.

In describing the culture projects for various Trachinotus sp. underway in
Martinique, Venezuela, and Miami, Jory et al. (1985) suggested that poor feed conversion
was the most important barrier to successful production. The fish in these studies were
fed a variety of items including: commercial trout and seabass diets, sardines, anchovies,
and fish scraps. The possibility that these earlier diets did not fully meet the nutritional
requirements of pompano led them to conclude that knowledge of those nutritional
requirements was of top priority for successful pompano culture (Jory et al. 1985).

In a study to determine growth, mortality and efficiency of 7. carolinus, wild-
caught juvenile pompano (initial wt. 4.0g) were stocked into suspended cages at a density
of 654 fish per cubic meter and weighed every 2 to 3 weeks (Tatum 1972). The fish

were fed either ground fish (70% by weight) mixed with soybean meal (SBM; 30% by



weight) or a commercial trout diet at 10% body weight/ day with an automatic feeder.
The results of the study indicated that the trout diet performed better than the ground fish/
SBM mix in terms of weight gain (66.2g versus 19.7g) and mortality (60.5% versus
94%). The overall feed conversion ratio (FCR; dry feed fed/ wet weight gain) for the
trout diet was 3.47. The FCR for the ground fish/ SBM mix was negative as the total
weight of the fish at the end of the experiment was less than the initial weight due to the
high mortality. Although the trout diet out-performed the ground fish/ SBM mix in this
study, Tatum (1972) acknowledged that a diet better utilized by pompano would have
been preferable.

To investigate the value of menhaden oil on weight gain (WG) and FCR, a 42%
crude protein (CP) diet supplemented with 0%, 4%, 8%, and 12% lipid was fed to wild-
caught pompano (initial wt. 0.5g) for 48 days (Williams et al. 1985). The WG (3.8g and
4.1g) was higher for fish fed those diets containing 4% and 8% lipid than for those fed
the 0% and 12% lipid diets (1.2 g and 3.3 g, respectively). No significant differences
were detected among the FCR for the 4%, 8%, or 12% fish oil diets. Survival was
significantly lower (37%) for fish fed the 0% lipid diet compared to 98% survival for all
other diets. It was suggested that fish fed the 12% lipid diet met their energy requirement
and consumed less thereby leading to the reduced WG observed in the 12% lipid diet.
Williams et al. (1985) concluded that those diets with a digestible energy (DE)/ digestible
protein (DP) ratio between 7.4 and 8.1 kcal/g (4% to 8% fish oil, respectively) was
optimal for juvenile pompano cultured under similar experimental conditions (28°C; 32

g/L).



In a 7-week study to evaluate the effects of dietary protein level on growth, feed
utilization, and survival, in Florida pompano juveniles (initial wt. 4.5g) Lazo et al. (1998)
reported excellent survival (100%) in fish fed the experimental diets with 30% to 45%
CP. The diets were formulated to be isoenergetic with 8% lipid, corresponding to
4 kcal/g of protein based on estimated physiological fuel values (4 kcal/g protein and
carbohydrate sources; 9 kcal/g lipid sources). Growth and feed efficiency (FE; wet
weight gain/ dry feed fed) increased with dietary protein level and were highest with fish
fed 45% CP. While it was concluded from the study that juvenile pompano have a CP
requirement no less than 45% for maximum growth and FE, this was the highest percent
CP tested (Lazo et al. 1998). The high metabolic demand and/ or poor digestibility of the
experimental diets may account for the relatively poor feed efficiency (0.3 - 0.5) reported
in the study (Lazo et al. 1998). Additionally the DE and DP values reported in the study
were not experimentally determined. In particular, the digestible energy (DE) in the diets
may have been insufficient to support the relatively high metabolic and growth demands
of pompano (Riche 2008, in press).

A recent 10-week trial was conducted to determine the optimal DP/ DE ratio and
minimum DP level for maximal growth and nitrogen retention in juvenile pompano
(initial wt. 6.3g) held in recirculating aquaculture systems (30 g/L salinity; Riche 2008, in
press). The estimated DP/ DE ratios of the twelve experimental diets ranged from 19 to
27 mg/kJ. The study reported an optimal DP/ DE ratio of 24 mg/kJ and a minimum DP
level of 360 g/kg dry matter for maximum growth and nitrogen retention (Riche 2008, in

press).



Weirich et al. (2006) found significantly higher mean final weight for juvenile
Florida pompano (initial wt. 17g) fed 2, 3, or 6 times a day compared to those fed only
once daily. In a separate growth trial the mean final WG of juvenile pompano fed two
times a day to apparent satiation were significantly larger than those fed a fixed ration
twice daily. The feed rate and frequency of feedings had no effect on feed conversion

efficiency or body composition (Groat 2002; Weirich et al. 2006).

Importance of Nutrition for Successful Pompano Aquaculture

Florida pompano possess several qualities that make them an attractive species for
aquaculture. Pompano are a highly prized, valuable food fish that bring in one of the
highest prices per pound ($3.5 - $5.5 per Ib round wt.) of any marine finfish in the United
States (McMaster et al. 2003). In a consumer study, Iversen and Berry (1969) found
pompano to rate highest in texture, flavor, appearance, and aroma. Research has shown
the Florida pompano to be extremely resilient, tolerating a range of saline and dissolved
oxygen levels (Allen and Avault 1970; Gilbert 1986; Jory et al. 1985; Kumpf 1972;
Watanabe 1995). The Florida pompano is also known for its relatively fast growth,
acceptance of pelleted diets, and its ability to spawn in captivity (Cuevas 1978; Jory et al.
1985; Lazo et al. 1998). Arguably, a major constraint to the economically viable and
environmentally sustainable culture of this species is nutritionally based. The low growth
rates, low survival, and high feed conversion cited in much of the aforementioned works
all relate to a lack of knowledge surrounding the nutritional requirements of pompano
(Craig 2002; Heilman and Spieler 1999; Lazo et al. 1998).

All fish require a balance of protein, lipid, energy, vitamins and minerals for

maintenance, reproduction, and growth (NRC, 1993). A diet deficient in any one of these



components can lead to poor health, reduced weight gain, and depending on the duration
and severity of the deficiency, death to the cultured species. In closed, recirculating
aquaculture systems it is important that diets are nutritionally balanced for the cultured
species as the only food source comes from the diet being fed. Diets that are nutritionally
imbalanced or otherwise indigestible by the cultured fish are not fully utilized and
represent losses to the culturist in the form of lower feed efficiency and large amounts of
fecal and nitrogenous wastes (Baruah et al. 2007; Cho and Bureau 2001). Such losses
equate to longer production cycles and an overall increase in the cost of production.
Poorly utilized diets also have negative impacts on the environment as uneaten feed
increases the nutrient component of effluent water from aquaculture systems (Cho and
Bureau 1997; Hardy 1999). Specially formulated diets meeting the nutritional
requirements of pompano have yet to be developed. Such diets would likely improve
feed conversion and nutrient utilization in pompano, thereby making the commercial
culture of this species more profitable (Cole et al. 1997; Lazo et al. 1998; Tatum 1972;
Watanabe 1995; Williams et al. 1985).

Fishmeal (FM) is the most commonly utilized protein source in aquaculture feeds.
It is typically rendered from pelagic fishes such as menhaden, anchovy, and herring.
Fishmeal is readily digested by many fish species and has an amino acid profile that
meets the requirements of most fish. However, recent concerns regarding the
sustainability of commercial fisheries, fluctuating costs and the potential concentration of
harmful contaminants in FM has prompted much research in evaluating alternative feed
ingredients to replace FM. In order for a feed ingredient to be a potential candidate for

aquaculture diets it must have wide availability, a competitive price, and demonstrate



ease in handling, shipping, storage and use in feed production (Gatlin et al. 2007;
Glencross et al. 2007). From a nutritional standpoint it should also be low in fiber,
starch, and anti-nutritional factors (ANF) as these components lower the nutritional value
of feed ingredients. High protein content, favorable amino acid profile, high digestibility,
and palatability are also ideal in a potential feed ingredient (Gatlin et al. 2007; Glencross
et al. 2007).

The interest in rearing Florida pompano in low saline, inland waters comes from a
desire to reduce some of the environmental, legal, and economic factors that continue to
constrain coastal marine finfish aquaculture development in the U.S. (NRC, 1993). The
technical feasibility of rearing Florida pompano for monoculture or polyculture systems
has been previously demonstrated (Tatum and Trimble 1978) and juvenile pompano have
been successfully stocked into waters with salinities ranging from 1 - 3.5 g/L (Allen and
Avault 1970). It has been hypothesized that salinity may effect the osmotic environment
in the intestine of fish, hence, affecting the nutrient digestibility of the diet being fed
(Storebakken et al. 1998). Others have suggested that fish species adapted to reduced
salinities might have a lower metabolic requirement that would result in increased growth
due to the reduced amount of energy required for osmoregulation (Febry and Lutz 1987).
The effect of salinity on digestibility and/ or growth responses has been investigated for
several species including black sea bream, Acanthopagrus butcheri, rainbow trout,
Oncorhynchus mykiss, red drum, Sciaenops ocellatus, and sea bream, Sparus sarba
(Partridge and Jenkins 2002; Storebakken et al. 1998; Forsberg and Neill 1997; Woo and

Kelly 1995). Studies to determine the effects of low salinity on nutrient digestibility and



subsequent growth and nutrient utilization have remained largely unexplored for Florida
pompano.

In order for the culture of Florida pompano to be commercially profitable,
specially formulated and nutritionally balanced, diets must be developed. These diets
must not only be nutritionally complete but biologically available, growth-promoting, and
cost-effective.

The objectives for Experiments 1 and 2 were to determine the apparent nutrient
digestibility and apparent amino acid availability of six feed ingredients fed to juvenile
Florida pompano held at 3 g/L and 28 g/L salinity. The tested ingredients were: soybean
meal (SBM), soy protein isolate (SPI), corn gluten meal (CGM), distillers dried grains
(DDG), meat and bone meal (MBM), and poultry by-product meal (PBM). The
objectives of Experiments 3 and 4 were to determine the maximum substitution of SBM
or SPI in partial or whole replacement for FM in diets fed to juvenile Florida pompano
held at 3 g/L salinity. Whole body composition, performance, nutrient utilization, and
efficiency were also evaluated.

The information from these experiments will aid researchers and feed
manufacturers in the formulation of nutritionally balanced, biologically available diets for
Florida pompano and other related species. The apparent nutrient digestibility and
nutrient utilization information with respect to low saline conditions will aid in

quantifying the potential for commercial pompano culture in low saline inland waters.



HYPOTHESIS STATEMENTS

Experiment 1: Evaluation of Plant Protein Feed Ingredients

Fishmeal (FM) possesses several nutritional attributes that make it an ideal source
of protein in aquafeeds. Fishmeal has a high protein content ranging from 51- 72%
depending on the source (NRC 1993). It is also known to have high nutrient digestibility,
an excellent amino acid profile, and an overall lack of anti-nutrients (Gatlin et al. 2007).
The wide availability and relatively low cost made FM a highly attractive protein source.
Yet recent concerns about the increased cost of FM, the sustainability of the fishery
industry and the potential for contaminants to be present in FM has prompted the
evaluation of alternative feed ingredients as replacements for dietary FM protein (NRC
1993; Hardy 1999; Francis et al. 2001; Gatlin et al. 2007; Glencross et al. 2007).

Soybean meal is a plant based feed ingredient commonly utilized as a protein
source in aquafeeds. Its amino acid profile meets most of the indispensable amino acid
(IAA) requirements for fish and the CP content ranges from 44% - 49% (NRC 1993).
Soybean meal is relatively high in cystine (Cys) though lysine (Lys), methionine (Met),
and threonine (Thr) may be limiting in some SBM based diets (Gatlin et al. 2007). Anti-
nutritional factors (ANF) such as trypsin inhibitors and phy