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Abstract.—The growth and feed utilization of juvenile Nassau grouper Epinephelus striatus (mean
weight 5 2.12 g; N 5 9) were compared for 75 d in laboratory aquaria supplied with flow-through
seawater. Fish were fed four isonitrogenous (45% crude protein) diets differing in lipid content
(6, 9, 12, or 15% dry weight) and energy:protein (E:P) ratio (28.4, 31.0, 33.5, or 36.0 kJ/g protein)
at two temperatures (258C and 308C). Specific growth rates and final weights increased (P , 0.001)
with decreasing dietary lipid and E:P ratios, from a minimum of 1.20% of body weight (bw) per
day (5.21 g) for fish fed the 15% lipid diet to a maximum of 2.04% bw/d (9.31 g) for fish fed the
6% lipid diet. The specific growth rate was greater (P , 0.01) at 308C (1.38–2.09%/d) than at
258C (1.02–1.99%/d). Feed consumption (2.16–3.30% bw/d) was inversely correlated (P , 0.001)
to dietary lipid content and E:P ratio and was greater (P , 0.005) at 308C than at 258C. Feed
conversion ratio (1.91–2.74) was positively correlated and protein efficiency ratio (1.01–1.45)
negatively correlated with dietary lipid content and E:P ratio (P , 0.01). Thus, for diets consisting
of 45% protein, those with lipid contents of 6–9% produced greater feed consumption, efficiency,
and growth of juvenile Nassau grouper than those with 12–15% lipids. Feed consumption and
growth were greater at 308C than at 258C.

The Nassau grouper Epinephelus striatus is a
commercially important food fish found in association with coral reefs and grass beds in shallow
marine waters of the Caribbean, Bahamas, and
southeastern United States. Nassau grouper form
large aggregations during the annual spawning period at precise times and locations (Colin et al.
1987; Carter 1989; Colin 1992; Tucker et al. 1993),
a characteristic that has led to overfishing of this
species throughout the Caribbean region (Smith
1972; Olsen and LaPlace 1978; Colin 1992; Sadovy 1993).
High value and demand, along with declining
natural populations, have stimulated interest in the
Nassau grouper for aquaculture. Successful
spawning of captive broodstock (Tucker et al.
1991; Watanabe et al. 1995a; Head et al. 1996)
and culture of larvae through metamorphosis
(Tucker and Jory 1991; Watanabe et al. 1996) have
recently been achieved. The availability of
hatchery-reared postlarval Nassau grouper has
made possible the study of environmental (Ellis et
al. 1997) and nutritional (Ellis et al. 1996) requirements of juveniles.

Dietary lipids are the major source of energy
among many carnivorous fish species, several of
which have a limited ability to utilize highmolecular-weight carbohydrates (Watanabe 1981).
Deficiencies of dietary lipid result in the utilization
of protein, the single most costly ingredient in
feeds (NRC 1983), as an energy source. Increasing
the proportion of dietary lipids may allow protein
to be used more efficiently for growth by sparing
protein from use for energy (Cowey and Sargent
1979 ; NRC 1983; Tacon 1990; Tucker 1992), but
excessive dietary lipid can reduce feed intake (Ellis et al. 1996) and growth. Because excessive dietary lipid can lead to fatty livers and flesh, which
decreases palatability and dress-out percentage,
optimizing the dietary lipid content is also important for maximum product quality.
Besides serving as an energy source, dietary lipids serve as carriers of lipid-soluble vitamins and
provide essential fatty acids (EFAs), which play
an integral role in the structure of cell membranes
(NRC 1983). An EFA deficiency will therefore impair growth, feed conversion, and survival (Stickney 1979; Watanabe 1981; Tacon 1990).
Temperature is the most potent physical factor
influencing metabolism in fish (Stickney and Andrews 1971; Phillips 1972; Brett 1979). Recent
studies with Nassau grouper have shown that survival of yolk sac larvae (Watanabe et al. 1995b)
and growth of juveniles (Ellis et al. 1997) are
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TABLE 1.—Feed ingredients of four isonitrogenous, semipractical diets with different lipid levels and energy:protein
ratios that were fed to juvenile Nassau grouper for 75 d at 258C and 308C; CP stands for crude protein, CL for crude
lipids.
Diet (% lipid)
Ingredient

6

9

12

15

Herring meal (70% CP; 8% CL)
Wheat flour
Solka Floc-40
Soybean meal (48.5% CP)
Shrimp meal
Squid liver powder
Blood meal (85% CP)
Menhaden oil
Abernathy vitamin no. 2
Feather meal (80% CP; 8% CL)
Gluten (60% CP)
Brewer’s yeast
Lecithin
Monosodium phosphate
Choline
Stay-C dry (15%)
USFW a no. 3 minerals

40.0
20.0
9.00
5.00
5.00
5.00
3.50
0.00
3.00
3.00
2.50
1.00
1.00
1.00
0.40
0.40
0.20

40.0
20.0
6.00
5.00
5.00
5.00
3.50
3.00
3.00
3.00
2.50
1.00
1.00
1.00
0.40
0.40
0.20

40.0
20.0
3.00
5.00
5.00
5.00
3.50
6.00
3.00
3.00
2.50
1.00
1.00
1.00
0.40
0.40
0.20

40.0
20.0
0.00
5.00
5.00
5.00
3.50
9.00
3.00
3.00
2.50
1.00
1.00
1.00
0.40
0.40
0.20

a

U.S. Fish and Wildlife Service.

markedly influenced by temperature within an ecological range of 22–318C.
A preliminary study comparing growth of juvenile Nassau grouper on various practical diets
formulated for carnivorous finfish species (Ellis et
al. 1997) provided general indications of the protein requirements of this species. The objectives
of the present study were to determine the dietary
lipid and energy:protein (E:P) ratio requirements
of juvenile Nassau grouper fed an isonitrogenous
diet and how temperature influenced these requirements.
Methods
This experiment was conducted at the Caribbean
Marine Research Center (CMRC) on Lee Stocking
Island, Exuma Cays, Bahamas, during May
through August 1995. Hatchery-reared juvenile
Nassau grouper (;80 d after hatching) originated
from hormone-induced spawning of captive broodstock (Watanabe et al. 1995a, 1996). Fish were
reared in a flow-through system at ambient seawater temperature (25–288C) and fed a commercial
diet (Nippai; Dainichi Corp., Uwajima, Ehime, Japan) containing 45% crude protein and 10% crude
lipid before the study.
Experimental units consisted of twenty-four
145-L aquaria (1.2 m long 3 0.3 m wide 3 0.5m high) situated in a controlled-environment laboratory. Aquaria were supplied with flow-through
seawater (salinity 36–38 ppt) at a rate of 0.1 L/
min, providing approximately one complete ex-

change of water per day. Aeration to each tank was
supplied by a central blower through silica glass
diffusers. Three PVC pipe sections (20.3 cm long
3 7.6 cm in diameter) were placed in each tank
to provide shelter and to minimize aggression between the fish. A 12-h light : 12-h dark photoperiod
was maintained by using overhead fluorescent
lighting from 0630 to 1830 hours. Temperatures
were maintained at 258C and 308C by using 500W immersion heaters to heat water in the presence
of an ambient room temperature that was maintained at 218C.
A 4 3 2 factorial experiment was used to compare growth of juveniles fed four isonitrogenous
(45% crude protein) diets that differed in lipid content (6, 9, 12 and 15% dry weight) at temperatures
of 258C and 308C. A protein content of 45% was
selected as a minimum requirement for carnivorous finfish species, such as salmonids (Tacon
1990). Three replicate aquaria were maintained for
each treatment. Growth was monitored for 75 d.
Fish were fed semipractical pelleted diets formulated and prepared by a commercial supplier
(Zeigler Brothers Inc., Gardners, Pennsylvania);
the approximate compositions of the diets are given in Tables 1 and 2. Experimental diets were prepared with a blender, sieved to achieve appropriate
particle size (between 1.0 and 2.0 mm), and placed
into plastic bags. Diets were then stored frozen
until fed. The protein sources were herring meal,
shrimp meal, squid liver powder, soybean meal,
and blood meal. Animal protein made up 83.8%
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TABLE 2.—Proximate composition of four isonitrogenous, semipractical diets with different lipid levels and energy:
protein ratios that were fed to juvenile Nassau grouper for 75 d at 258C and 308C. The protein, lipid, ash, and fiber
values are for dry matter.
Ingredient
Moisture
Crude protein
Crude lipids
Crude ash
Crude fiber
Nitrogen-free extracta
Gross energy (kJ/g diet)b
Energy:protein ratio (kJ/g)
a
b

Nutritional composition (%)
8.77
44.9
6.13
8.00
10.3
30.6
15.2
33.9

8.65
44.9
9.13
7.99
7.53
30.5
16.3
36.3

8.53
44.9
12.1
7.98
4.72
30.3
17.4
38.8

8.41
44.9
15.1
7.97
1.91
30.1
18.5
41.2

Calculated as 100 minus the percentages for the previous four ingredients.
Calculated using physiological fuel values (Phillips 1972).

of the total protein in each diet. Lipid content was
increased by adjusting the ratios of menhaden oil
and a nonnutritive cellulose filler in each diet. The
E:P ratios (kilojoules of gross energy per gram of
crude protein; kJ/g protein) of the diets with lipid
contents of 6, 9, 12, and 15% were calculated and
were 28.4, 31.0, 33.5, and 36.0, respectively.
To begin the study, we stocked each of the 24
aquaria with nine juvenile Nassau grouper. The
initial weight (and standard length) of the juveniles
averaged 2.12 g (40.5 mm) and the coefficient of
variation (SD/mean) of the initial weights
(lengths) averaged 0.14 (0.4), with no significant
(P . 0.05) differences observed among treatment
groups (Table 3). Fish were stocked at 288C and
acclimated to the experimental temperatures at a
rate of 18C/d.
Fish were fed twice daily (at 0715 and 1515
hours) to apparent satiation. At each feeding, the
amount of feed provided was such that a slight
excess remained after 10 min but was all consumed
within 20 min. The feeding rate was adjusted daily
according to this observation. The tank ration was
increased by 0.5% of tank biomass if the entire
ration was consumed within 10 min at both daily
feedings; conversely, if excess feed was observed
at both daily feedings, tank ration was decreased
by 0.5% of the tank biomass. The tank ration was
not changed if excess feed was observed at only
one of the daily feedings. To monitor growth, we
weighed and measured the fish (standard length)
individually with the aid of an anesthetic (75 mg/
L MS-222) on day 0 (3 d after stocking) and on
day 75, when the experiment was terminated. Fish
from each replicate aquaria were weighed as a
group on days 15, 30, 45, and 60 to avoid excessive
handling stress, which can lead to increased mortality and reduced growth.
Water temperature, measured twice daily, averaged 25.0 6 0.28C and 30.0 6 0.38C for the two

treatments used. Salinity (36–38 ppt), dissolved
oxygen (5.7–6.3 mg/L) and pH (7.9–8.2) were
measured daily; total ammonia nitrogen (0–0.20
mg/L) was measured weekly. Each of the aquaria
was siphoned daily to remove fecal material and
uneaten feed.
Relative growth rate (RGR; percent increase in
weight) was calculated as [(wet final weight 2 wet
initial weight)/(wet initial weight)] 3 100. Specific
growth rate (SGR; percent increase in body weight
per day) was calculated as {[loge(wet final weight)
2 loge(wet initial weight)]time in days} 3 100.
Daily weight gain (DWG), in grams, was calculated as (wet final weight 2 wet initial weight)/
time in days.
Feed consumption (FC) for a sampling interval
(15 d) was calculated as a percentage of the average daily biomass during the interval; that is, FC
5 dry weight of feed eaten/average fish weight.
Consumption for the entire experiment was calculated as the average over all intervals. Feed conversion ratio (FCR) was calculated as dry weight
of feed/wet weight gain. Protein efficiency ratio
(PER) was calculated as wet weight gain/dry
weight protein fed.
Treatment means were compared by a two-way
analysis of covariance (ANCOVA), with survival as
a covariate, except for FC, which was analyzed using
a standard two-way analysis of variance (ANOVA;
Sokal and Rohlf 1995). When an ANOVA or ANCOVA result was significant, differences between
treatment means were analyzed for significance (P
, 0.05) by the Ryan2Einot2Gabriel2Welsch multiple range (Day and Quinn 1989). Regression equations were calculated to relate growth and feed utilization parameters to a diet’s lipid content and E:P
ratio.
Results
Growth rates were similar among treatments
through day 30 (Figure 1) but showed differential
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TABLE 3.—Initial and final weights, coefficient of variation (CV 5 SD/mean) of initial and final weights, relative
growth rates (RGR), specific growth rates (SGR), and survival of juvenile Nassau grouper fed four isonitrogenous (45%
protein) diets with different lipid levels and energy:protein ratios at 258C and 308C. Values are means 6 SDs (N 5 3).
Lipids (%) 1 energy:protein ratio
6.0% 1 28.4
Variable
Initial weight (g)
CV, initial weight
Final weight (g)
CV, final weight
RGR (%)
SGR (%)
Survival (%)

258C
1.96
0.19
8.85
0.65
351.0
1.99
55.6

6
6
6
6
6
6
6

0.10
0.03
2.02
0.07
93.8
0.28
7

9.0% 1 31.0

308C
2.04
0.12
9.76
0.61
392.4
2.09
77.8

6
6
6
6
6
6
6

0.39
0.01
1.76
0.10
134.9
0.41
11

258C
2.10
0.13
6.90
0.58
228.9
1.58
82.0

growth trends thereafter. Significant differences in
body weight among treatments were evident from
day 45. By day 75, final weights ranged from 5.05
to 10.32 g, and standard lengths ranged from 53.7
to 65.0 mm among treatments (Table 2) and generally increased with decreasing dietary lipid content and E:P ratios and with increasing temperature. On day 75, significant effects of dietary lipid
(P , 0.01) and temperature (P , 0.05) on body
weight and length were also observed, but there
was no significant interaction between these effects.
The RGR increased with decreasing dietary lipid content and E:P ratio and with increasing temperature from a minimum of 115.5% in fish fed
the 15% lipid diet at 258C to a maximum of 392.4%
in fish fed the 6% lipid diet at 308C (Table 3).
Significant effects of both dietary lipid (P , 0.005)
and temperature (P , 0.05) on RGR were observed, but there was no significant interaction between these effects.
The SGR increased with decreasing dietary lipid
content and E:P ratio and with increasing temperature from a minimum of 1.02% bw/d in fish fed
the 15% lipid diet at 258C to a maximum of 2.09%
bw/d in fish fed the 6% lipid diet at 308C (Table
3). Significant effects of both dietary lipid (P ,
0.001) and temperature (P , 0.01) on SGR were
observed, but there was no interaction between
these effects. Growth rates (RGR, SGR, DWG)
were negatively correlated (P , 0.001) to dietary
lipid content and to E:P ratio (Table 4).
Survival of fish in all treatments averaged 74%
and did not differ significantly among treatments
(Table 3). Cannibalism was observed in all treatments and probably accounted for approximately
70% of all mortalities, given that escape was prevented by a tank lid and screened drain and that
the fish appeared to be in robust health throughout
the study.

6
6
6
6
6
6
6

0.12
0.01
0.67
0.26
32.7
0.13
3

12.0% 1 33.5

308C
2.31
0.14
10.32
0.74
349.0
1.96
59.3

6
6
6
6
6
6
6

0.21
0.04
2.90
0.04
134.7
0.43
21

258C
2.05
0.12
5.15
0.54
151.1
1.23
82.0

6
6
6
6
6
6
6

0.24
0.05
0.58
0.02
3.9
0.02
3

308C
2.26
0.12
7.48
0.51
219.2
1.46
67.7

6
6
6
6
6
6
6

0.60
0.04
4.73
0.19
146.6
0.57
17

The consumption of feed (FC) generally increased with decreasing dietary lipid content and
increasing temperature from a minimum of
2.16% bw/d in fish fed the 15% lipid diet at 258 C
to a maximum of 3.30% bw/d in fish fed the 6%
lipid diet at 30 8 C (Table 5). Highly significant
effects of both dietary lipid (P , 0.001) and
temperature (P , 0.005) on FC were observed,
but there was no interaction between these effects. At both temperatures, FC was negatively
correlated (P , 0.05) with dietary lipid content
and E:P ratios.
The FCR decreased with decreasing dietary lipid and E:P ratio from a maximum of 2.97 in fish
fed the 15% lipid diet at 258 C to a minimum of
1.82 in fish fed the 6% lipid diet at 308 C (Table
5). No significant effects of dietary lipid or temperature on FCR were observed, and there was
no interaction between these effects. At 258 C,
FCR was positively correlated (P , 0.05) with
dietary lipid content and E:P ratios, whereas at
30 8C, no significant correlation was evident (Table 4).
The PER generally increased with decreasing
dietary lipid content and E:P ratio and ranged from
0.99 in fish fed the 15% lipid diet at 258C to 1.45
in fish fed the 9% lipid diet at 308C (Table 4). A
significant (P , 0.01) effect of dietary lipid on
PER was observed, but the effect of temperature
was not significant, and there was no interaction
between these effects. At both temperatures, PER
was negatively correlated (P , 0.005) with dietary
lipid and E:P ratios (Table 4).
Discussion
Growth rates of juvenile Nassau grouper fed
isonitrogenous (45% protein) diets were markedly
affected by dietary lipid contents within the range
of 6–15% (E:P ratios 28.4–36.0 kJ/g), the greatest
growth being observed at the lower lipid values
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TABLE 3.—Extended.

Lipids (%) 1 energy:protein ratio
15.0% 1 36.0
Variable
Initial weight (g)
CV, initial weight
Final weight (g)
CV, final weight
RGR (%)
SGR (%)
Survival (%)

258C
2.35
0.16
5.05
0.47
115.5
1.02
88.9

6
6
6
6
6
6
6

308C

0.18
0.00
0.51
0.06
15.8
0.10
6

1.91
0.13
5.38
0.48
182.0
1.38
77.8

6
6
6
6
6
6
6

0.09
0.02
0.52
0.06
32.0
0.15
6

(6–9%) and E:P ratios (28.4–31.0 kJ/g). These results support a preliminary study (Ellis et al. 1996)
with juvenile Nassau grouper in which practical
diets with E:P ratios of 28.3–28.9 kJ/g protein were
found superior to diets containing 32.0–35.3 kJ/g
protein. The results are also similar to those reported for the estuary grouper E. salmoides, in
which E:P ratios of 27.3–29.3 kJ/g were optimal
(Lim 1985).
The FC decreased with increasing dietary lipid
content and E:P ratio. This suppression of appetite
by high dietary lipid has also been demonstrated
in other marine finfish, including sea bass Dicentrarchus labrax (Hidalgo and Alliot 1988), red
drum Sciaenops ocellatus (Williams and Robinson
1988), and Nassau grouper (Ellis et al. 1996).
Lower FC by fish fed the higher lipid content (12%
and 15%) diets resulted in slower growth, probably
related to an insufficient ingestion of protein and
a decreased efficiency of protein use, consistent
with the trend toward lower PER with increasing
lipid content. High amounts of dietary lipid and

FIGURE 1.—Growth of juvenile Nassau grouper fed
four isonitrogenous (45% crude protein), semipractical
diets with different crude lipid content (6, 9, 12, or 15%)
and E:P ratio (28.4, 31.0, 33.5, or 36.0 kJ/g protein) at
258C and 308C. Panel (a) shows growth at different lipid
values averaged across both temperatures, panel (b)
growth at both temperatures averaged across the four
dietary lipid values. Plotted symbols represent means (n
5 6 in panel [a] and n 5 12 in panel [b]).

energy are apparently unnecessary for the Nassau
grouper, which is a sedentary species.
Although not statistically significant, FCR appeared to decrease with dietary lipid content and
E:P ratios, the best conversion ratios (1.91–1.94)

TABLE 4.—Linear regressions of dietary lipids as a percentage of diet and energy:protein ratios (E:P; kJ/g protein)
on relative growth rate (RGR), specific growth rate (SGR), feed conversion ratio (FCR), protein efficiency ratio (PER),
and feed consumption (FC; % body weight per day). For RGR, SGR, and FC, regression analyses were performed
separately for each temperature (258C and 308C); those for FCR and PER were based on data for both temperatures
combined. Each regression was based on 12 observations except FCR and PER, which were based on 24 observations;
P , 0.05*, P , 0.005**, P , 0.001***, P , 0.0001****.
Dependent
variable
RGR (258C)
RGR (308C)
SGR (258C)
SGR (308C)
FC (258C)
FC (308C)
FCR
PER

E:P ratio

Dietary lipid
Equation
226.15L
225.37L
20.109L
20.088L
20.113L
20.052L
0.094L
20.045L

1
1
1
1
1
1
1
1

486.20
552.03
2.596
2.641
3.758
3.487
1.235
1.708

r2
0.76***
0.36*
0.85***
0.35*
0.79****
0.32*
0.29****
0.29**

Equation
231.11(E:P)
230.14(E:P)
20.129(E:P)
20.104(E:P)
20.134(E:P)
20.623(E:P)
0.112(E:P)
20.053(E:P)

1
1
1
1
1
1
2
1

1,213.87
1,256.73
5.616
5.075
6.894
4.94
1.389
2.949

r2
0.76****
0.36*
0.85***
0.35*
0.79****
0.33*
0.29**
0.29**
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TABLE 5.—Feed consumption (FC), feed conversion ratios (FCR), and protein efficiency ratios (PER) of juvenile
Nassau grouper fed four isonitrogenous (45% protein) diets with varying lipid levels and energy:protein ratios at 258C
and 308C. Values are means 6 SEs (N 5 3). Diet costs ($/kg of feed) and feed costs per unit fish weight are also
shown.
Lipids (%) 1 energy:protein ratio
6.0% 1 28.4
Variable
FC (% body weight/d)
FCR
PER
Diet cost
Cost per unit fish weighta
a

9.0% 1 31.0

12.0% 1 33.5

258C

308C

258C

308C

258C

308C

3.18 6 0.24
2.01 6 0.48
1.31 6 0.23
1.75
3.52

3.30 6 0.38
1.82 6 0.20
1.39 6 0.20
1.75
3.19

2.63 6 0.22
1.86 6 0.29
1.32 6 0.22
1.70
3.16

2.82 6 0.10
2.02 6 0.43
1.58 6 0.31
1.70
3.43

2.32 6 0.03
2.16 6 0.24
1.21 6 0.13
1.66
3.59

2.88 6 0.11
2.43 6 0.69
1.06 6 0.35
1.66
4.03

Computed as diet cost 3 feed conversion ratio.

occurring in fish fed the 6% and 9% lipid diets.
The FCRs in the present study are greater than that
(FCR 5 0.94) reported earlier for juvenile Nassau
grouper fed a commercially available diet containing 8% lipid and 55.6% protein (Ellis et al.
1996). The 45% dietary protein level used in this
study may therefore have been suboptimal.
Growth rates for juvenile Nassau grouper were
greater at 308C than at 258C, probably as a result
of the increased FC at 308C, because neither FCR
nor PER values differed significantly between temperatures. These results are consistent with an earlier study in which increased growth rates were
observed with increasing temperature over a range
of 22–318C (Ellis et al. 1997).
In the present study, FC was greater at 308 C
than at 258 C, probably reflecting an increased
metabolic rate at the higher temperature, a phenomenon reported in many carnivorous fish species (Hidalgo et al. 1987; Woiwode and Adelman
1991; Ellis et al. 1997). However, temperature
had no significant effect on either FCR or PER.
This is in agreement with results of the earlier
study of juvenile Nassau grouper (Ellis et al.
1997) in which temperatures within the range of
22–31 8C did not affect FCR.
In this study, mortalities were caused primarily
by cannibalism, a phenomenon well documented
in serranid fishes, including estuary grouper (Chua
and Teng 1980), black-spotted grouper (Chen and
Tsai 1994), and greasy grouper (Chen 1979). Because cannibalism mortalities primarily removes
the smaller individuals, the result is an artificial
increase in the average weight (within an aquarium
or within a treatment group). In addition, cannibalism effectively adds high-quality protein to the
diet of the surviving individuals. Cannibalism was
probably promoted in this study by large size var-

iation (Hecht and Pienaar 1993) within replicate
tanks at the time of stocking (Table 2).
Costs of the semipractical diets used in this
study increased with decreases in the dietary lipid
content from $1.62 for the 15% lipid diet to $1.75
for the 6% lipid diet (Table 5). Despite this trend,
however, feed costs per kilogram of fish produced
were generally lower for the 6% and 9% lipid diets
(range 5 $3.16 to $3.52/kg) than for the 12% and
15% lipid diets ($3.59 to $4.81/kg; Table 5). Costs
of low-lipid diets will probably be less than this
in practical diets, which would omit expensive,
nonnutritive fillers. However, these values must be
interpreted with caution because we did not analyze body composition of the fish, and their visceral weight is unknown.
In conclusion, feed conversion and growth of
juvenile Nassau grouper fed a diet containing
45% protein and 6% to 15% lipid (E:P ratios of
28.4–36.0 kJ/g) were greater at the lower dietary
lipid values (6–9%; E:P ratios of 28.4–31.0 kJ/
g). Feed costs per kilogram of fish produced were
also lowest for the 6% and 9% lipid diets. Growth
rates and FC were greater at 308 C than at 25 8C,
but no differences in food efficiency were observed. To further improve growth and feed costs,
studies are needed to determine the optimal protein proportion at a constant E:P ratio of 28.4–
31.0 kJ/g.
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TABLE 5.—Extended.

Lipids (%) 1 energy:protein ratio
15.0% 1 36.0
Variable
FC (% body weight/d)
FCR
PER
Diet cost
Cost per unit fish weighta

258C

308C

2.16 6 0.20
2.97 6 0.87
0.99 6 0.14
1.62
4.81

2.75 6 0.20
2.51 6 0.50
1.03 6 0.08
1.62
4.07
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