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Summary 

The growth energetics of postlarval lobsters (Homarus amer icanus) 

fed a brine shrimp diet (Artemia salina; 51% prot e in, prot e in:carbo

hydrate = 5.1) were compared with the energetics of l obsters fed 

three arti{icial diets. The artificial diets were pel letized shrimp 

meal diets, varying in both protein (16.65-23.30%) and carbohydrate 

content (22.85-31.27%) and the protein:carbohydrate ratio (0.5-1.0). 

The best growth was measured among lobsters fed the brine shrimp diet 

and the 23.30% protein diet, followed by the two lowe r protein diets. 

The protein efficiency ratios (g wet wt. gain/ g dry wt. prote i n fed) 

were inversely related to the protein level of each diet. 

All diets were assimilated at the same level (~ 9 0%) but there 

were significant differences in food consumption rates , respira tion 

rates and ammonia excretion rates among lobsters from the four exper i

mental groups. Although all lobsters were given equal rations in 

grams , the artificial diets were lower in caloric content than the 

brine shrimp and the pellets were fragmented by the lobsters during 

the feeding process, resulting in significantly ~r ( P <0.01) food 

consumption rates of the artificial diets. 

Respiration rates measured immediately after feeding were signi f

icantly lower among lobsters fed the three artificial diets th an 

those fed the brine shrimp diet; the increased respiration r a te of 

the latter group of lobsters reflects an increased calorigenic effe ct 
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due to the higher protein level of the brine shrimp diet. Ammonia 

exc re tion rates of lobsters from the four groups were significant ly 

different from one another ( P <0 . 01) and were directly correlated 

with the protein level of each diet. The O:N ratios (atomi c ratio 

+ of oxygen consumed to NH
4

-N excreted) measured in the four experi -

mental groups were inversely related to the protein level of the 

four diets, indicating an increased dependence on carbohydrate catab-

olism for energy production with low dietary protein levels . The 

reduced growth rates of lobsters fed the two lowe r protein diets were 

ap pare ntly a result of differences in the amounts of food co nsumed 

and not increased energy expenditures or reduced assimilation 

efficiencies. 
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Tntroduction 

Mass culture of counner.c ially important carnivorous species, such 

as the American lobster, will be facilitated by the use of compounded 

diets. The basic features of such diets would be: 

1) that t he animal's nutritional requirements are me t, result

ing in high growth r ates and no significant difference in biochemical 

composition from that of wild populations; 

2) that the diets are readily consumed and assimilated by th e 

animal; and 

3) tha t the diets are formulated from commercially available 

fe edstuffs , thus reducing the costs of producing t he diets and min

imizing the cost of feeding in aquaculture systems. 

For an adequate formulation of compounded diets, however, an under

standing of assimilation and utilization of various dietary components 

by an animal is needed. 

One of the most essential dietar y components is protein. Dietary 

protein is needed for tissue maintenance and growth, but may also be 

utili zed as an energy source by some organisms. The assimilation and 

utilization of protein by an animal is affected by t he amino a cid 

sequence and caloric content of the dietary protein source and the 

level of protein intake and physiological condition of th e organism 

(Cowey and Sargent, 1972) . Conklin and his co -worker s at the Univer

s i ty of California, Bodega Bay Laboratory (Conklin et al. , 1976, 1977) 

have conducted an extensive survey of the suitabil ity of various 
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commercially available protein sources for lobster diets . Artificial 

diets utilizing shrimp meal, egg albumin or casein as pr otein sources 

have been shown to be effective in providing the protein needs of 

the lobster. 

Ga l lagher et al. (1977) were unable to establish an optimum pro

tein level for artificial diets; although a protein level of 11% was 

shown to be inadequate, no significant differences in growth of post

larval lobsters could be detected on protein levels ranging from 20% 

to 60%. Castell and Budson (1974), however, concluded that fo r adult 

lobsters high protein levels (> 60%) were needed to prevent losses in 

weight and maintain body condition. In both studies lobsters were 

fed artificial diets ranging from 0 to 60% protein as casein and 

adjusted to the same caloric content by varying corn starch levels 

(4-657o ). Castell and Budson (1974) suggested that the high prote i n 

requirement observed in their study was due to either (1) limited 

levels of an essential amino acid , or (2) the dual role of pr ote in 

f or tissue formation and as an energy source in the d i et o f the lob

ster. They favored the latter suggestion, but the extent t o which 

protein was utilized as an energy source was not investigated. 

The · relationship of protein to other dietary componen t s and the 

resulting effects on energy partitioning by the lobster have no t 

previously been investigated. Metabolic responses of an organi sm t o 

various dietary components are important determinants of the physio

logical processing of calories and nutrients and may provide an index 
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of e ne rgy utilization of n specific diet . This study was undertak e n 

to identi fy any changes in energy partitioning in pos tlarval l ob 

sters associated with (1) an artifici al diet vs. a natural diet , and 

and (2) varying protein:carbohydrate ratios of an artificial diet. 

Materials and method s 

Stage I lar vae of the American lobster were hatched at 20°C 

from eggs held by female lobsters, transferred to fibreglass rear-

ing tanks, described by Hughes et al. (1974), and maintained in fl ow

ing seawater at 20-22°C on a diet of frozen brine shrimp Artemia 

salina. Before attaining the postlarval stage, stage IV lobster larvae 

were removed from the larval rearing tanks and placed i n compar t

mented polypropylene trays . Postlarval lobsters were divided into 

4 groups of 100 animals each and maintained in flowing seawater at 

20-22°C on one of three artificial diets or frozen brine shrimp . The 

composition of the four diets is presented in Table 1. The artificial 

diets wer e prepared according to the methods described by Conklin et 

al. (1976) . Diet A is the shrimp meal diet formulated by Conklin et 

al. (1976), modified by the addition of Bernhart-Tamarelli salt mix. 

Frozen brine shrimp was used instead of live brine shrimp because of 

the large numbers needed daily and because of the possible variation 

in composition of live brine shr imp with culture conditions. All 

lobsters were fed 5% (DW/ WW basis) of their body weight per day. 
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Table 1 . Composition o f test diets (%dry weight basis). 

Ingredient 

Herring meal 1 

Shrimp meal
2 

3 
Sweet whey 

4 
Soybean meal 

Rice bran5 

4 
Corn starch 

6 Brewer' s yeas t 

V . . i 4, 7 1tam1n m x 

. h' 4 Lec1t 1n 

Cod liver oi1
4 

Bernhart-Tomarelli
4 

Salt Mix 

Kelgin8 

9 Sodium metaphosphate 

b i h 
. 10 Frozen r ne s r 1mp 

1 James Farrell & Co., Seattle 

A B 

7. 77 7 . 77 

30 . 58 26.21 

4 . 85 4.85 

2.91 2.91 

19.42 19.42 

8. 74 13 . 11 

11.65 11.65 

1.94 1.94 

0.97 0.97 

4.85 4.85 

2.91 2.91 

1. 94 1.94 

1.46 1.46 

2 Southland Canning .-sc Packing Co. , New Orleans 
3
Kraft Foods, Chicago 

4
r cN Ph arma cnut ical , Inc., Cleveland 

5 Uncle Ben's, Inc., Houston 
6Mill:furew, Inc. , Juneau, Wisconsin 
7castell and Budson (1974) 
8Kelco Co. , San Diego 
9F . h S . . f ' 1s er c1ent1 1c 

10 Metaframe Co., Newark, California 

Diet 

c 

7. 77 

21.84 

4 .85 

2.91 

19.42 

17.48 

11.65 

1. 94 

0.97 

4.85 

2.91 

1. 94 

1.46 

D 

100.00 



Molting frequency and length and wet weight after each molt 

were monitored for the four groups of lobsters for the experimental 

period of 120 days. Assimilation efficiencies of the four groups 

of lobsters were measured using both a direct gravimetric method 

and the indirect cr 2o3 technique described by McGinnis and Kasting 

(1964a,b) and Forster and Gabbott (1971). For assimilation exper-

iments, eight lobsters of the same stage and weight from each group 

R 
were placed in compartmented trays with 3 mm Vexar mesh bottoms; 

the trays were then placed in 1.5 liter continuous flow assay cham-

bers, supplied with 1 ~ filtered seawater. Pre-weighed rations 

were given to each lobster and the animals were allowed to feed 

for 4 hours. Uneaten food was collected after the designated feed-

ing period and the seawater was replaced with new filtered seawater . 

Feces were collected 24 h later and analysed for dry weight and 

Cr 2o3 content. Per cent assimilation was determined using the 

foll owing equations: 

for direct gravimetric method, 

% assimilation = (1 - mg feces/mg food consumed) x 100; 

% assimilation (1- Cr 2o3 food ) x 100. 

Cr203 feces 

Respiration rates and ammonia excretion rates of lobsters from 

each group were measured at bi-weekly intervals during the experimen-

tal period. Respiration rates were measured immediately after feed-
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and 24 h later to approxima te the active and standard rates of res-

piration. Oxygen consumption r a tes of each postlarval stage were 

measured using a Gilson differential respirometer. I ndividual lob-

sters were placed in either 15 ml or 50 ml respirometer flasks with 

10 ml filtered seawater ; fluted filter paper s oaked with 10% KOH was 

used as the co
2 

absorbent. Oxygen uptake was measured for 90 min 

at 20-22°C and is reported as 1-11 0/h/ g wet weight, adjusted to 1-11 

of dry gas at s t andard temperature and pressure. At the end of each 

set of oxygen uptake measurements, the seawater in the respirometer 

flasks was analyzed for NH:-N by the method of Solor zano (1969) in 

order that an in situ estimate of ammonia excretion rates and the 

O:N ratio could be made; ammonia levels were compared with contro l 

blanks and excretion rates are reported as 1-1g NH:-N/h/g wet weight. 

~loric equivalents of oxygen consumed and ammonia excreted were 

-3 -3 
4.825 x 10 cal/1-11 (Brody, 1945) and 1.76 x 10 cal/ 1-1g (Rossini et al ., 

1952), respectively . 

Each diet was analyzed for total carbon and nitrogen, caloric 

content and the relative percentages of protein, lipid , carbohydra t e 

and ash . At the end of the 120 day experimental period , l obsters 

from each group wer e anlayzed for protein, lipid, carbohydrate , ash 

and chitin content. Total carbon and nitrogen were measured using a 

Perkin-Elmer CHN analyzer and caloric cont ent was measur ed using a 

Phillipson Oxygen Microbomb Calorimeter. Protein, carbohydrate , 

chitin and ash cont ent were determined according to the methods 
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described by Rayment et al. (1964); lipid content was ana l y zed 

according to the method described by Marsh and Weinstein (1966). 

Energy budgets were constructed for each of the four groups of 

lobsters, using the bioenergetics scheme devised by Warren and Davis 

(1967). Significant differences in the various components of the 

energy budget relative to diet were determined by analysis of 

variance (Sokal and Rohlf, 1969). The relationship of metabolic 

activity (oxygen consumption and ammonia excretion) to body size 

was assessed according to the principles of allometry as described 

by von Bertalanffy (1964); the allometric equation (y =a · xb) 

quantitatively describes this relationship and for these exper

iments, r = metabolic function (respiration rate or ammonia excre

tion rate) , ~ = wet weight in grams , and ~and £ = the regression 

coefficients for each set of experimental data. Significant dif

ferences between the regression equations for respiration rates and 

ammonia excretion rates from the four test groups were determined by 

analysis of covariance (Sakal and Rohlf , 1969). 

Results 

Nutrient analysis of the test diets is presented in Table 2. 

Lipid and ash content of the three artificial diets (A-C) were 

not significantly different from one another and were similar to 

the ash and lipid content of brine shrimp (diet D). Prote i n and 

carbohydrate content and the protein: carbohydrate ratio were 
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Table 2. Nutrient analysis of test di ets . 

Component Diet 

A B c D 

% Lipidl 7.75 7 . 75 7.75 8. 25 

(0. 25) (0. 25) (0.25) (0. 25) 

% Protein 
1 

23 . 30 19.97 16.65 51 . 00 

(0.50) (0.50) (0.30) (0.50) 

% Carbohydrate 1 22.85 27.47 31.27 9.98 

(0.50) (0.50) (0. 50) ( 0. 20) 

% Ash1 21.71 21.50 19.87 17.40 

(0.50) (0.50) (1.00) (1. 00) 

Protein: Carbohydrate 1.02 o. 73 0.53 5 . 11 

Calories/mg 2.75 2.75 2.75 3.12 

C:N 8.17 9.04 10.17 4.60 

1 All values are mean values of three replicate assays ( ± 1 standard error). 



-9-

significantly different in each of the four diets (P <0 . 0~. The 

artificial diets had a slightly lower caloric content than brine 

shrimp. 

Growth of postlarval lobsters from the four experimental groups 

is presented in Table 3 . There was no significant difference in 

molting frequency among the four groups. The best growth was meas 

ured among lobsters maintained on diets A and D, followed by die ts 

B and C; there was no significant difference between groups A and 

D or between groups B and C. The best fit slopes of wet >veight 

increases (weight increases/day) of each group are comparable to 

results obtained by Conklin et al. (1976) in a 90 day feeding trial 

of postlarval lobsters fed live brine shrimp (0.015 grams/day) but 

are higher than results obtained in the same experiment with lob

sters fed the shrimp meal diet (0.007 grams / day). Survival on the 

three artificial diets was greater than survival on diet D, pos 

s i bly due to initial problems with fouling of uneaten brine shrimp; 

rinsing of frozen brine shrimp with seawater prior to addition t o 

test chambers alleviated this problem and reduced mortality . 

The weigh t increases of each stage from the four experimental groups 

are presented in Fig. 1. 

Food consumption, fecal production and assimilation efficiencies 

of lobsters from the four groups are presented in Table 4 . Diffe r ences 

in growth rate among the four groups of lobsters might be explained 

by differences in food consumption rates (Table 4). The artificial 
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Table 3. Growth of post1arval lobsters fed the test diets for 120 days. 

Measureme nt Group 

A n c D 

Initial . h 1 we1g t 0.189 0.193 0.192 0 .195 

(grams) (0.005) (0.007) (0.009) (0.010) 

Final . h 1 we1g t 2. 57 2 2.002 1.977 2.487 

(grams) (0.075) (0 .110) (0 . 025) (0.113) 

Weight increase/day 0 . 020 0 . 015 0 . 015 0 . 019 

(grams/day) 

# Molts 6 6 6 6 

% Mortality 3.0 8.0 10 . 0 18.0 

1 Wet weight, me an of 20 animals ( ± 1 standard error) . 
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Table 4. Food consumpt ion, fe ca l production and ass imilat:Lon efficiencies 

of postlarval lobsters fed the test diets. 

Parameter Group 

A B c D 

Food given -
1 4.530 3 . 925 3.950 4. 78 5 grams 

- calories 1 12,450 10,800 10,850 14,950 

Food consumed - 2 2.030 1.750 1. 760 2.055 grams 

- calories 
2 

5,585 4,810 4,835 6,410 

2 
Fecal production - grams 0. 245 0.200 0 .180 0. 200 

2 
- calories 670 550 495 630 

Assimilation efficiency - %3 88.0 88.6 89.8 90.2 

(1.0) (0.4) (1 . 2) (1. 2) 

1 Total food given during 120 day period. 

2 Sum of average values for each postlarval stage (VI-XI) . 

3Mean values from direct gravimetric and Cr
2
o3 analyses for ea ch post

larval stage ( ± 1 standard error) . 
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diets were slightly lower in calor:lc content and were fr agmented by 

~~e lobsters during the feeding process, particularly pellets of diet s 

R and c , resulting in significantly lower (P <0.01) consump tion rates. 

Assimilation rates of the four diets, measured by both gravimetric 

and cr
2
0 3 techniques (McGinnis and Kasting, (1964a, b) , were not 

significantly different from one another. In all groups consumption 

rates were significantly less than the daily ration provided. 

The results of respiration rate measurements of lobsters from 

the four experimental groups are presented in Fig. 2; a summary of 

the regression statistics for each set of experimental data is pre

sented in Table 5. Weight specific respiration rates were negatively 

correlated with the wet weight of animals in all four groups. Res

piration rates measured immediately after feeding were highest among 

lobsters from group D and were ~37% higher than the standard res

piration rate measured 24 hours later. There was a ~ 17% increase 

in respiration rate associated with feeding measured among lobsters 

from groups A, B and C. Comparison of the regression equations 

for groups A and D by analysis of covariance indicated a significant 

difference in respiration rates measured after feeding between the 

two groups (F(l , 97 )= 64.4, P <0.01). No significant difference in 

standard respiration rates was detected among the four test groups. 

Ammonia excretion rates of lobsters from the four groups are 

presented in Fig. 3; a summary of the regression statistics fo r 

each set of experimental data is presented in Table 6. Weight 

specific ammonia excretion rate s were also negatively correlated with 
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Table 5. Regression statistics for respiration rates ( ~1 0
2
/hour /gr am wet 

weight) of postlar val lobsters fed the test diets. 

b 
Group y = a.x 

a b Sy.x r N 

After feeding: 

A 123.61 - 0.371 0.032 - 0. 931 64 

B 124.64 - 0 . 376 0 .034 -0.87 2 53 

c 122 . 51 -0.423 0.032 -0.914 50 

D 139.52 - 0.384 0.033 -0.899 47 

After 24 hours starvation: 

A 111.56 -0.293 0.032 -0.907 56 

B 106.75 - 0.371 0.035 -0 .869 51 

c 105.17 -0.407 0.033 -0.902 50 

D 104 .28 -0.336 0.035 -0.868 45 



Table 6. 
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+ Regression statistics for ammonia excretion rates (~ Lg Nl\ - N/ 

hour/gram wet weight) of postlarval lobsters fed the test diets. 

Group 
b 

y a.x 

a b Sy .x r N 

After f eeding: 

A 9.62 -0.432 0.033 -0.933 36 

B 8.63 -0.590 0.034 -0.9 20 32 

c 6.17 -0.651 0.033 -0.910 32 

D 13.41 - 0.362 0 . 032 -0.874 35 
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the wet weight of animals in the four test groups. Excretion rates 

o f lobsters from the four groups were significiantly different from 

one another (analysis of covariance: F( 3, 134) 94.5, P <0 . 01) and 

were directly correlated with the protein level of each diet. 

The values for the percentage increase in respiration rate 

or specific dynamic action (SDA), the O:N ratio (atomic ratio of 

oxygen consumed to NH:-N excreted) and the protein efficiency ratio 

(g wet wt. gain/g dry wt. protein fed) for each group of lobsters 

are presented in Table 7. The O:N ratios and the protein efficiency 

ratios measured in the four experimental groups were significantly 

different from one another (P <0.01) and were inversely related to 

the protein level of each diet. 

The calculated energy budgets of stage VI-stage XI lobsters 

from the four experimental groups are presented in Fig. 4. Because 

of the fragile nature of lobsters just prior to and following molt-

ing, no estimates of energy losses due to increased respiration 

and exuvia production were determined; the values estimated by Logan 

and Epifanio (1978) were used in the calculation of the energy budget 

and it is assumed that these losses would be consistent among the 

four groups. The values for gross (QG/QC) and net (QG/QA) conversion 

efficiencies of each postlarval stage from the four experimental 

groups are presented in Table 8 and the results of analysis of var 

iance of these measurements are presented in Table 9. The highest 

mean conversion efficiencies (both gross and net) were measured among 
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Table 7. Values for SDA, O:N ratio, food conversion ratio and protein 

efficiency ratio of postlarval lobsters fed the test diets1 . 

Measurement Group 

A B c D 

SDA - %2 
17.5 17.1 17.6 36 . 8 

(1.0) (0.6) (0. 5) (1. 5) 

O:N ratio 16.2 17.3 23.3 12.9 

(0.5) (1.4) (1. 7) (0 . 2) 

3 
FCR 1.9 2.2 2.2 2.1 

(0.1) (0. 1) (0 .1) (0.1) 

PER
4 

2. 2 2.3 2.7 0.9 

(0 .1) (0.1) (0 .1) (0.1) 

1 All values are mean values of stage VI through stage XI lobsters (± 1 
standard error). 

2specific dynamic action. 

3Food conversion ratio = total dry wt. of food fed (grams) 
total wet wt. gain (grams) 

4P • ff. . . rote~n e ~c~ency rat~o 
wet wt . gain (grams) . 

dry wt. protein fed (grams) 
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Table 8. Gross and net conver sion efficiencies of each postlarval stage from 

the four experimental groups of lobsters. 

Measurement Stage Group 

A B c D 

Gro ss conversion efficiency 1 VI 41.5 39.2 41.5 43.5 

COc10c %) VII 48.8 48 .1 47 . 6 45 . 6 

VIII 42.2 36.1 37 .5 39.0 

IX 37.7 36 .6 34 .3 32.7 

X 37 . 8 31.6 33.3 34.4 

XI 43.4 36.1 38 . 5 39.1 

Net conversion efficiency 1 VI 45.8 43.4 45.8 48.2 

(QG/QA %) VII 54.5 53 .3 52.6 50. 6 

VIII 46.9 40 .0 41.7 43.3 

IX 41.6 40.6 38 . 0 36.5 

X 42.0 35.2 37.0 38.3 

XI 48.1 40.2 42. 7 43.5 

1All values are mean values of 20 animals. 
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Table 9. Analysis of variance table for gross and net conversion efficiencies 

of lobsters from the four experimental group s . 

Source of variation df MS ss F-ratio 1 

Gross conversion efficiency: 

among groups 3 17.7 53.1 

within groups 20 25. 0 499.8 

total 23 552.9 0. 71 

Net conversion efficiency: 

among groups 3 21. 7 65.2 

within groups 20 30 .4 607.8 

total 23 673.0 0. 7 2 

1N • . f . ot s1.gn1. 1.cant. 
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group A lobsters (41.9% and 46.4%, respectively); however , there 

was more variation within the various groups. 

The biochemical composit ion of lobsters from each group is pre

sented in Table 10. There was no significant difference in lipid 

or carbohydrate content of lobsters from the four groups; however, 

lobsters from group A had a slightly higher protein content and 

lower chitin content than lobsters from the other three groups. 

Discussion 

To maximize both growth and protein effic iency ratios in the 

AmeriC'an lobster, artificial diets with energy sourC'es i_n addition 

to protein mu st be utilized. Energy production from protein oxidation 

is both nutritionally and economically wasteful and the protein spar

ing action of other dietary components must be fully investigated. 

In several rerent studies the role of dietary carbohydrate and lipid 

in providing the energy reauirements of an organism has been explored. 

Page and Andrews (1973) in their study of the channel catfish found 

t hat increasing energy levels (by adding more lipid or carbohydrate) 

with a constant dietary protein level resulted in improved protein 

utilization. Adron et al. (1976) obtained similar results with 

turbot. Clifford and Brick (1978) observed the metabolic respon ses 

of the freshwater shrimp Macrobrachium rosenbergii to various levels 

o f dietary protein, lipid and carbohydrate and concluded that higher 

carbohydrate levels resulted in a greater efficiency of protein 

utilization. The results of the present study are indicative that 
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Table 10. Biochemical composition of postlarval lobsters fed the test diets 

1 for 120 days 

Component 

3 % ash 

4 
% protein 

4 to carbohydrate 

% lipid4 

% chitin 
4 

A 

73.8 

(1. 6) 

33.9 

(2.5) 

84.1 

(2 . 8) 

1.2 

(0.1) 

4.9 

(0. 2) 

10.3 

(0. 5) 

B 

74.5 

(1. 6) 

33.0 

(2.1) 

78.2 

(1. 5) 

1.3 

(0.1) 

5.4 

(0. 2) 

15.1 

(1. 0) 

Group 

c D 

70.5 74 .7 

(0. 5) (1. 9) 

36.7 37.8 

(1. 5) (1. 5) 

79.6 80.2 

(2.6) (1. 0) 

1.5 1.5 

(0. 2) (0. 2) 

4.9 5.0 

(0. 2) (0. 3) 

14.4 13 . 4 

(0. 3) (0.5) 

1 All values are mean values of 6 determinations from stage XII lobsters (± 1 
standard error). 

~ live wt. basis. 

3% dry wt. basis. 

4% ash-free dry wt. basis. 
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dietary carboh ydrat e levels may induce a protein spar ing a c tion i n 

t he American lob~ter as well. 

The metabol ic response~ of an organi sm to a speci fic di e t and 

its various components may provide valuable informat ion on t he 

utili zation o f dietary components. The increase in respiration 

rate Associat ed with feeding is termed the specifi c dynamic action 

and reflects the calorigenic effect of protein catabolism (Krebs , 

1964). The highest value fo r SDA was measured among lobsters fed 

brine shrimp, presumably due to the high protein level of this diet. 

No correlation of SDA with dietary protein level was detected, how

ever, among the other three groups of lobsters; equivalent values 

o f SDA were measured from each group. It is apparent that stimula

tion of SDA in the lobster is a more complex phenomenon than can 

be described by a simple linear relationship between protein intake 

and increased metabolism; similar inconsistencies were ob served by 

Nelson et al. (1977) and Clifford and Brick (1978) in experiments 

with Macrobrachium. A conse~uence of high protein diets , such a s Diet D, 

resulting in increased values of SDA is the higher energy expenditures 

associated with respiratory activity and the reduction in conversion 

efficiency in comparison with the lower protein diets. 

The O:N r at io is the atomic ratio of oxygen consumed to ammania- N 

excreted and reflects the catabolic balance of ca rbohydrates , lipids 

a nd proteins in the organism (Corner and Cowey , 1968). A low O:N 

r atio is indicative of high protein catabolism, whereas a high O:N 
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ratio reflects high lipid or carbohydrate catabolism. The O:N r at io s 

measured in the four experimental groups of this study were inversely 

related to the protein level of the four diets. The theoretical 

minimum for the O:N ratio is approximately 8.0 (Conover and Corner , 

1968) , indicative that an organism is deriving all of its energy from 

protein catabolism. With a ratio of 12.9 measured among lobsters 

fed diet D, there is an indication that although protein is the princi

pal energy source, some lipid or carbohydrate may also be utilized 

for energy. The increased O:N ratios measured among lobsters fed the 

three artificial diets are suggestive of increased dependence on 

lipid or carbohydrate catabolism for energy production. Since the 

lipid level of the three artificial diets was maintained at a constant 

level, the change in the O:N ratios was apparently due to the sparing 

action of carbohydrate. 

Food conversion ratios and protein efficiency ratios of culti

vated organisms are generally based on the increase in weight per 

amount of food given not the amount of food consumed . If signifi-

cant differences in the latter two values exist, energetic efficiencies 

of an organism will be underestimated. In this study consumption 

rates of postlarval lobsters were ~45% of the daily ration provided. 

PAllet instability of artificial diets and fragmenting whole brine 

shrimp by the lobster resulted in some unrecoverable loss of all of 

the diets. Improved stability of the pelletized diets might result 

in reduced losses and improved growth rates. 
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Although there were only slight differences in f ood conversion 

r a tios a nd conversion efficiencies of the four groups of lobsters , 

the protein efficiency ratios mea sured in the four groups were in

ver sely related to the protein level of each diet , providing further 

evidence for the sparing action of increased carbohydrate levels in 

the three artifical diets. 

Further identification of the responses of the lobster to dietary 

carbohydrate levels and sources is needed before diets with optimum 

protein:carbohydrate ratios and protein:energy ratios can be formulated. 

The ~reported in this study are a preliminary framework from 

which this problem can be further explored. 

Re f erences 

Adron, J. w., A. Blair, C. B. Cowey and A. M. Shanks. 1976. Effects 

of dietary energy level and dietary energy source on growth , 

feed conver sion and body composition of turbot. Aauaculture 7 : 

125-132. 

Berta lanffy, L . von. 1964. Basic concepts in quantitative biology 

of metabolism. Helgolander wiss. Meeresunters. 9: 5-37. 

Brody, S. 1945. Bioenergetics and growth. Reinhold Publishing 

Corp . , New York, 1023 pp. 

Ca stell , J . D. and s. D. Budson. 1974. Lobster nutrition: The 

effect on Homarus americanus of dietary protein levels. J. 

Fish . Res . Board Can. 31: 1363-1370. 



-16-

Cl i fford, H. C. and R. w. Brick. 1978 . Protein uti lization in the 

freshwater shrimp Macrobrachium rosenbergii . Proceedmgs 9th 

Annual Meeting, World Mariculture Society, Atlanta, Georgia . 

Conklin, D. E., K. Devers and R. A. Shleser . 1976. Initial develop

ment of artificial diets for the lobster, Homarus americanus. 

Proceedings, 6th Annual Meeting, World Mariculture Society, 

Seattle, Washington. 

Conklin, D. E., K. Devers and C. Bordner. 1977. Development of 

artificial diets for the lobster, Homa~ ameri~anus. Proceed

ing, 8th Annual Meet i ng, World Mariculture Society, Costa Rica. 

Conover , R. J. and E.D.S. Corner. 1968. Respiration and nitrogen 

excretion by some marine zooplankton in relation to their life 

cycles. J. mar. biol. Ass. U.K. 48: 49 - 75. 

Corner, E.D.S . and C. B. Cowey. 1968. Biochemical studies on the 

production of marine zooplankton. Biol. Rev. Cambridge Philos. 

Soc. 43: 393-426. 

Cowey, C. B. a nd J . R. Sargent . 1972. Fish nutrition . Adv. mar . 

Biol . 10: 383-492. 

Forster, J.A.M. and P. A. Gabbott. 1971. The assimilation of 

nutrients from compounded diets by the prawns Palaemon serratus 

and Pandalus platyceras. J. mar . biol . Ass . U. K. 51: 943-961 . 

Gallagher, M. L., D. E. Conklin and w. Duane Brown. 1977. The 

effects of pelletized protein diets on gr owth, molting and 

survival of juvenile lobsters. Proceedings, 8th Annual Meeting 



-17-

Hughes , J. T., R. A. Shleser and G. Tchobanoglous . 1974. A rearing 

tank for lobster larvae and other aquatic species . Progressive 

Fish Culturist 36: 129 -1 33. 

Krebs, H. A. 1964. The metabolic fate of amino acids. In: H. N. 

Munro and J. B. Allison (editors), Mammalian Protein Metabolism. 

Academic Press , New York. pp. 125-176. 

Logan, D. T. and C. E. Epifanio. 1978. A laboratory energy balance 

for the larvae and juveniles of the American lobster Homarus 

americanus. Mar. Biol. 47: 381-389. 

Marsh , J. B. and D. B. Weinstein . 1966. Simple charring method 

for determination of lipids. J. Agric . Food Chern. 12: 259-262. 

McGinnis, A. J. and R. Kasting. 1964a. Colorimetric analysis of 

chromic oxide used to study food utilization and consumption 

of food by phytophagous insects. J. Insect. Physiol. 10: 989-995 

McGinnis, A. J. and R. Kasting. 1964b. Comparison of gravimetric 

and chromic oxide methods for measuring percentage utilization 

and consumption of food by phytophagous insects. J. Insect. 

Physiol. 10: 989-995 . 

Nelson, s. G. , A. W. Knight and H. W. Li. 1977. The metabolic cost 

of food utilization and ammonia production by juvenile 

Macrobrachium rosenbergii (Crustacea:Palaemonidae). Com

parative Biochemistry and Physiology 57A: 67-72. 

Page, J. W. and J. W. Andrews. 1973. Interactions of dietary 

levels of protein and energy on channel catfish Ictalurus 

punctatus . J. Nutr. 103: 1339-1346. 



-18-

Rayment , .J .LG ., J . Austin and E. Linford . 1964. Bi ochemical 

studies on marine zooplankton. I. The biochemical composition 

of Neo~sis integ~~- J . Cons. perm. int. Explor. Me r . 28: 

354 - 363. 

Rossini , F. D. , D. D. Wagman, W. H. Evans, s. Levine and I. Jaffe. 

1952. Sel ected values of chemical thermodynamic properties. 

Natl. Bur. Standards Circ. 500, U. S. Government Printing Office, 

Washington, D.C. 

Sokal, R. R. and F. J. Rohlf. 1969. Biometry. w. H. Freeman and Co. , 

San Fr ancisco, 776 pp. 

Solorzano, L. 1969. Determination of ammonia in natural waters by 

the phenolhypochlorite method. Limnol. Oceanogr. 14: 799-801. 

Warren, c. E. and G. E. Davis. 1967. Laboratory studies on the feed

ing, bioenergetics, and growth of fish. In: s. D. Gerking 

(editor) , The Biological Basis of Freshwater Fish Production. 

Wiley ~ Sons , Inc. 













No. of Copies 

3 

1 

5 

25 

March 1979 

DISTRIBUTION FOR SEA GRANT REPORTS 

Address 

National Sea Grant Depository 
Pell Marine Science Library 
University of Rhode Island 
Kingston, RI 02881 

Ms. Mary Holliman 
Sea Grant 70's 
Food Science Department 
V. P. I. and S. U. 
Blacksburg, VA 24060 

Office of Sea Grant 
6010 Executive Boulevard 
Rockville, Maryland 20852 
ATTN: Dr. Naida Yolen 

Mrs. E. Downs 
Acquisitions Section, IRDB-D823 
Lib. & Info. Serv. Div., NOAA 
6009 Executive Blvd. 
Rockville, Md. 20852 



l.,.
.:::

~s 
Po~O

c!:
ano

c;r
aph

1c 
'"

rO
I-

79
-5

5 
In

st
it

u
ti

o
n

 

I I 
TH

E 
EF

FE
CT

S 
OF

 
D

IE
T 

ON
 

TH
E 

GR
O

io.
'TH

 
EN

ER
G

ET
IC

S 
OF

 
PO

ST
LA

RV
AL

 
LG

oS
TE

RS
 

(r
C

"A
R

US
 

AM
ER

IC
Ai

iU
S

) 
by

 
Ju

d
it

h
 M

. 
C

ap
uz

zo
 

an
d 

B
ru

ce
 A

. 
L

an
ca

st
er

. ~
p
a
g
e
s

. 
Ju

n
e 

B
7

9
. 

P
re

pa
re

d 
fo

r 
th

e 
D

ep
ar

tm
en

t 
o

f 
C

om
.e

rc
e

, 
!;9

1-.
A 

O
ff

ic
e 

o
f 

Se
a 

G
ra

nt
 

un
de

r 
G

ra
nt

 
#0

4-
7-

15
8-

44
10

4.
 

T
he

 
gr
o~
·t
h 

e
n

e
rg

e
ti

c
s 

o
f 

p
o

st
la

rv
a

l 
lo

b
st

e
rs

 
(H

om
ar

u
s 

am
er

ic
an

u
s)

 
fe

d 
a 

br
1r

.e
 

sh
ri

r.p
 

d
ie

t 
w

er
e 

co
rr

p
ar

e
d 

w
it

h
 

th
e 

en
er

ge
ti

"'
C

'S
of

 
lo

b
st

e
rs

 
fe

d 
th

re
e 

a
rt

if
ic

i
al

 
d

ie
ts

; 
th

e 
a
rt

if
ic

ia
l 

d
ie

ts
 

w
er

e 
p

e
ll

e
ti

z
e
d

 s
hr

im
p 

ie
a
l 

d
ie

ts
, 

v
ar

y
in

g
 

in
 

b
o

th
 
p

ro
te

in
 a

nd
 

ca
rb

o
n

y
d

ra
te

 
co

n
te

n
t 

an
d 

th
E:

 
p

ro
te

in
:c

ar
b

o
h

y
d

ra
te

 
ra

ti
o

. 
T

he
 

b
e
st

 9
ro

w
th

 
w

as
 

m
ea

su
re

d
 

am
on

g 
lo

b
st

e
rs

 
fe

d 
th

e 
b

ri
n

e 
sh

ri
m

p 
d

ie
t 

(
5
1
~
 
p

ro
te

in
) 

an
d 

th
e 

a
rt

if
ic

ia
l 

d
ie

t 
w

it
h

 
th

e 
h

ig
h

e
st

 
p

ro
te

in
 

le
v

el
 

(2
3

.3
1

),
 

fo
ll

o
w

ed
 

by
 

th
e 

tw
o 

lo
w

er
 
p

ro
te

in
 
d

ie
ts

 
{2

0
.0

1
 a

nd
 

16
.7

%
).

 
T

he
 

p
ro

te
in

 e
ff

ic
ie

n
c
y

 
ra

ti
o

s 
w

er
e 

in
v

e
rs

e
ly

 
re

la
te

d
 

to
 

th
e 

p
ro

te
in

 l
ev

e
l 

o
f 

ea
ch

 d
ie

t.
 

A
ll

 
d

ie
ts

 w
er

e 
as

si
m

11
at

ed
 a

t 
th

e 
sa

m
e 

le
v

el
 
N
O
~
)
 

b
u

t 
th

er
e 

w
er

e 
si

g
n

if
ic

a
n

t 
d

if
fe

re
n

ce
s 

in
 

fo
od

 
co

n
su

m
p

ti
o

n
 
ra

te
s,

 
re

sp
ir

a
ti

o
n

 
ra

te
s 

an
d 

ar
.r

or
.i

a 
e
x

c
re

ti
o

n
 

ra
te

s 
ar

oo
ng

 
lo

b
st

e
rs

 
fr

om
 

th
e 

fo
:J

r 
ex

p
er

im
en

ta
l 

g
ro

u
p

s.
 

Lo
b

st
e
rs

 
fe

d
 

lo
w

 
p

ro
te

in
 d

ie
ts

 
d

em
o

n
st

ra
te

d
 

an
 

in
cr

ea
se

d 
d

ep
en

d
en

ce
 

on
 

ca
rb

o
hy

d
ra

te
 

c
a
ta

b
o

li
sm

 f
o

r 
en

e
rg

y
 

p
ro

d
u

ct
io

n
. 

T
he

 
re

d
u

ce
d 

g
ro

w
th

 
ra

te
s 

o
f 

lo
o

st
e
rs

 
fe

d
 

th
e 

tw
o 

lo
w

e
r 

p
ro

te
in

 d
ie

ts
 w

er
e 

a 
re

su
lt

 o
f 

d
if

fe
re

n
c
e
s 

in
 

th
e 

an
o

u
n

ts
 
o

f 
fo

od
 

co
ns

um
ed

 
an

d 
n

o
t 

in
cr

ea
se

d
 e

n
er

g
y

 e
x

p
en

d
it

u
re

s 
o

r 
re

du
ce

d 
as

si
m

il
at

io
n

 e
ff

ic
ie

n
c
ie

s.
 

L I 
~o

od
s 

Ho
le

 O
ce

an
og

ra
ph

ic
 

In
st

1
tu

t1
o

n
 

w
i()

I-
7

g-
5

5 

TH
E 

EF
FE

CT
S 

OF
 

D
IE

T 
ON

 
TH

E 
GR

OI
(T

H
 E

N
ER

G
ET

IC
S 

OF
 

PO
ST

LA
RV

AL
 

LO
BS

TE
RS

 
(H

O"
.A

RU
S 

A
M

ER
IC

A
N

U
S)

 
by

 
Ju

d
it

h
 M

. 
C

ap
uz

zo
 

an
d 

B
ru

ce
 A

. 
la

n
c
a
st

e
r.

 -
--

n
--

p
a
g

e
s

. 
Ju

n
e 

19
7

9
. 

P
re

p
ar

ed
 

fo
r 

th
e 

D
ep

ar
tm

en
t 

o
f 

C
on

tn
er

ce
, 

hO
AA

 
O

ff
ic

e 
o

f 
Se

a 
G

ra
nt

 
un

de
r 

G
ra

nt
 

#0
4-

7
-1

58
-4

41
04

. 

T
he

 
gr

ow
th

 
en

er
g

et
ic

s 
o

f 
p

o
st

la
rv

a
l 

lo
b

st
e
rs

 
(H

om
ar

us
 

am
er

ic
an

u
s)

 
fe

d
 

a 
b

ri
n

e 
sh

ri
m

p 
d

ie
t 

w
er

e 
co

m
pa

re
d 

w
it

h
 

th
e 

en
er

g
et

i"
'C

'S
o

t 
lo

b
st

e
rs

 
fe

d 
th

re
e 

o
rt

if
ic

ia
l 

d
ie

ts
; 

th
e 

a
rt

if
ic

ia
l 

d
ie

ts
 w

er
e 

p
e
ll

e
ti

z
e
d

 s
hr

im
p 

re
a

l 
d

ie
ts

, 
v

ar
y

in
g

 
1n

 
b

o
th

 
p

ro
te

in
 a

nd
 

ca
rb

o
h

y
d

ra
te

 
co

n
te

n
t 

an
d 

th
e 

p
ro

te
in

: 
ca

rb
o

h
y

d
ra

te
 
ra

ti
o

. 
T

he
 

b
e
st

 9
ro

w
th

 w
as

 
m

ea
su

re
d

 
am

on
g 

lo
b

st
e
rs

 
f•

d
 

th
e 

b
ri

ne
 

sh
ri

m
p 

d
ie

t 
(5

11
 p

ro
te

in
) 

an
d 

th
e 

a
rt

if
ic

ia
l 

d
ie

t 
w

it
h 

th
e 

h
ig

h
es

t 
p

ro
te

in
 

le
v

el
 

(2
3.

3
t)

, 
fo

ll
ow

ed
 

by
 

th
e 

tw
o 

lo
w

er
 p

ro
te

in
 d

ie
ts

 
(2

0
.0

: 
an

d 
16

.7
~)

. 
T

he
 

p
ro

te
in

 e
ff

ic
ie

n
cy

 
ra

ti
o

s 
w

er
e 

in
v

er
se

ly
 

re
la

te
d

 
to

 
th

e 
p

ro
te

in
 

le
v

e
l 

o
f 

ea
ch

 d
ie

t.
 

A
ll

 
d

ie
ts

 w
er

e 
as

si
m

11
at

ed
 
a
t 

th
e 

sa
m

e 
le

v
el

 
f-

J)
O

t)
 

b
u

t 
t~

er
e 

w
er

e 
si

g
n

if
ic

a
n

t 
d

if
fe

re
n

c
e
s 

in
 

fo
od

 
co

n
su

m
p

ti
o

n
 

ra
te

s
, 

re
sp

ir
a
ti

o
n

 
ra

te
s 

an
d 

ar
.n

or
.i

a 
e
x

c
re

ti
o

n
 

ra
te

s 
al

ll:
Jn

g 
lo

b
st

e
rs

 
fr

o
m

 t
h

e 
fo

u
r 

ex
p

er
im

en
ta

l 
g

ro
u

p
s.

 
lo

b
st

e
rs

 
fe

d
 

lo
w

 
p

ro
te

in
 d

ie
ts

 
d

em
o

n
st

ra
te

d
 

an
 

in
cr

ea
se

d
 d

ep
en

de
nc

e 
on

 
ca

rb
o

h
y

d
ra

te
 

c
a
ta

b
o

li
s

m
 f

o
r 

en
er

g
y

 
p

ro
d

u
ct

io
n

. 
T

he
 

re
d

u
ce

d
 g

ro
w

th
 

ra
te

s 
o

f 
lG

b
st

er
s 

fe
d

 
th

e 
tw

o 
lo

w
er

 p
ro

te
in

 d
ie

ts
 

w
er

e 
a 

re
su

lt
 

o
f 

d
if

fe
re

n
c
e
s 

in
 

th
e 

ar
oo

un
ts

 
o

f 
fo

od
 

co
ns

um
ed

 
an

d 
n

o
t 

1 n
cr

ea
se

d
 

en
e

rg
y 

ex
p

en
d

it
u

re
s 

o
r 

re
d

u
ce

d
 a

ss
im

il
a

ti
o

n
 
e
ff

ic
ie

n
c
ie

s.
 

L 

• 
• 

1.
 

l
~
b
s
 t

e
rs

 

2.
 

A
q

u
ac

u
lt

u
re

 

3.
 

A
rt

if
ic

ia
l 

d
ie

ts
 

I.
 

C
ap

uz
zo

, 
Ju

d
it

h
 M

. 

II
. 

L
an

ca
st

e
r,

 
B

ru
ce

 A
. 

! I
I.

 
04

-7
-1

58
-4

41
04

 

T
hi

s 
ca

rd
 
is

 
UN

C
LA

SS
IF

IE
D

 

l 
1

-:
o

=
 Ho~

Oc.c
u:-

-;ra
ohl

c I
n

st
it

u
ti

o
n

 
'•H

O
I-

7
9

-5
5

 

I I 
TH

E 
EF

FE
C

Ts
 

c
F 

O
IE

T 
cs

 
TH

E 
GR

O
I(T

H
 o

;E
R

G
ET

ic
s 

o
F 

PO
ST

LA
RV

AL
 

LO
BS

TE
RS

 
(H

0°
;R

•,s
 .

;.
v

:-
!U

.'l
U

S)
 

by
 

Ju
d

it
h

 M
. 

C
ap

uz
zo

 
an

d 
B

ru
ce

 A
. 

la
nc
.a

st
er

.
J
3
:
~
c
e
s

. 
Ju

ne
 

1g
7g

. 
P

re
pa

re
d 

fo
r 

th
e 

D
ep

a
rt

m
en

t 
Jl 

o
f 

Co
rm

er
ce

, 
•m

;..,
; 

O
ff

ic
e 

o
f 

Se
a 

G
ra

n
t 

un
de

r 
G

ra
n

t 
10

4~
7-

15
8-

44
10

4
. 

T
he

 
gr

ow
th

 
e
n

e
rg

e
ti

c
s 

o
f 

p
o

st
la

rv
al

 
lo

b
st

e
rs

 
(H

om
a

ru
s 

am
er

ic
an

u
s}

 
fe

d
 

a 
b

ri
ne

 
sh

ri
rp

 
d

ie
t 

w
e

re
 

co
m

pa
re

d 
w

it
h

 
th

e 
en

er
g

en
c-

s-
o

t 
lo

b
st

e
rs

 
fe

d
 

th
re

e
 
a
rt

if
ic

ia
l 

d
i
e
t
s
~
 

th
e 

a
rt

if
ic

ia
l 

a
ie

ts
 

w
er

e 
p

e
ll

e
ti

z
e
d

 
sh

ri
m

p 
m

e"
l 

d
ie

ts
, 

v
ar

ti
r.

g
 

in
 

b
o

th
 

p
ro

te
in

 a
nd

 
ca

rb
o

h
y

d
ra

te
 

co
n

te
n

t 
an

d 
th

e 
il 

p
ro

te
in

:c
a
rb

o
h

y
d

ra
te

 
ra

ti
o

. 
T

he
 

b
e
st

 9
ro

w
th

 w
as

 
m

u
s

u
re

d
 

am
on

g 
lo

b
st

e
rs

 
fe

d
 

th
e 

b
ri

ne
 

sh
ri

r.:
o 

a
ie

t 
(5

11
 
p

ro
te

in
) 

an
d 

th
e 

a
rt

if
i

c
ia

l 
d

ie
t 

w
it

h
 

th
e 

h
ig

h
e
st

 
p

ro
te

in
 

le
·,

.e
l 

{2
3

.3
1.

),
 

fo
ll

o\
<

:e
d 

by
 

th
e 

tw
o 

lo
w

er
 
p

ro
te

in
 
d

ie
ts

 
{2

0
.0

: 
an

d 
16

.7
'!)

. 
T

he
 

p
ro

te
in

 
e
ff

ic
ie

n
c
y

 
ra

ti
o

s 
w

er
e 

in
v

e
rs

e
ly

 
re

la
te

d
 

to
 

th
e 

p
ro

te
in

 
le

v
el

 
o

f 
ea

ch
 
d

ie
t.

 

A
ll

 
d

ie
ts

 
w

er
e 

as
si

m
il

a
te

d
 a

t 
th

e 
sa

M
e 

le
ve

l 
N

O
%

) 
b

u
t 

th
er

e 
w

er
e 

si
g

n
if

ic
a
n

t 
d

if
fe

re
n

c
e
s 

in
 

fo
od

 
co

ns
um

p
ti

o
n

 
ra

te
s

, 
re

sp
ir

a
ti

on
 

ra
te

s 
an

d 
ar

rm
on

ia
 

eT
.c

re
ti

o
n

 
ra

te
s 

am
on

g 
lo

b
st

e
rs

 
fr

o
m

 t
h

e 
fo

u
r 

ex
p

er
im

en
ta

l 
g

ro
u

p
s

. 
L

o
b

st
er

s 
fe

d
 

lo
w

 
p

ro
te

in
 
d

iH
s 

d
em

o
n

st
ra

te
d

 
an

 
in

cr
ea

se
d

 d
ep

en
de

nc
e 

on
 

ca
rb

o
hy

d
ra

te
 

c
a
ta

:o
li

sm
 

fo
r 

en
er

g
y

 
p

ro
d

u
ct

io
n

. 
T

he
 

re
d

u
ce

d
 g

ro
w

th
 

ra
te

s 
o

f 
lo

b
st

e
rs

 
fe

d
 

th
e 

tw
o 

lo
w

er
 p

ro
te

in
 
d~

et
s 

w
er

e 
a 

re
s
u

lt
 o

f 
d

if
fe

re
n

c
e
s 

in
 

th
e 

am
ou

nt
s 

o
f 

fo
od

 
co

ns
um

ed
 

an
d 

n
o

t 
in

cr
ea

se
d

 e
n

er
g

y
 

ex
p

en
d

1
tu

re
s 

o
r 

re
d

u
ce

d
 
a
ss

im
il

a
ti

o
n

 
e
ff

ic
ie

n
c
ie

s.
 

_
L

 
1.

 
L

o
b

st
er

s 

2.
 

A
q

u
ac

u
lt

u
re

 

3.
 

A
rt

if
ic

ia
l 

d
1

et
s 

I.
 

C
ap

uz
zo

, 
Ju

d
it

h
 M

. 

II
. 

la
n

c
a
st

e
r,

 
B

ru
ce

 A
. 

Il
l.

 
04

-7
-1

58
-4

41
04

 

T
hi

s 
ca

rd
 
is

 
U

N
C

LA
SS

IF
IE

D
 

I 
W

oo
ds

 
H

ol
e 

Oc
ea

no
gr

ap
hi

c 
In

st
it

u
ti

o
n

 
W

HO
I-

7g
-5

5 

TH
E 

EF
FE

CT
S 

O
F 

D
IE

T 
ON

 
TH

E 
GR

OI
(T

H 
EN

ER
G

ET
IC

S 
O

F 
PO

ST
LA

RV
AL

 
LO

BS
TE

RS
 

(H
OM

AR
US

 A
ME

RI
CA

~U
S)

 
by

 
Ju

d
it

h
 M

. 
C

ao
uz

zo
 

an
d 

B
ru

ce
 

A
. 

la
n

c
a
s
te

r.
J
3

p
a
c
;e

s
. 

Ju
n

e 
19

79
. 

P
re

p
ar

ed
 

fo
r 

th
e 

D
ep

ar
tm

en
t 

o
f 

C
on

tn
er

ce
, 

NO
AA

 O
ff

ic
e 

c
f 

Se
a 

G
ra

nt
 

un
de

r 
G

ra
nt

 
10

4-
7-

15
8

-4
41

04
. 

T
he

 
gr

ow
th

 
e
n

e
rg

e
ti

c
s 

o
f 

p
o

st
la

rv
al

 
lo

b
st

e
rs

 
(H

om
ar

us
 

am
er

1
ca

n
u

s)
 

fe
d

 
a 

b
ri

n
e 

sh
ri

ro
 d

ie
t 

w
er

e 
co

m
pa

re
d

 w
it

h
 

th
e 
e
n
e
r
~
o
f
 

lo
b

st
e
rs

 
fe

d
 

th
re

e
 
a
rt

if
ic

ia
l 

d
ie

ts
; 

th
e 

a
rt

if
ic

i
al

 
d

ie
ts

 
w

er
e 

p
e
ll

e
ti

ze
d 

sh
ri

m
p 

me
al

 
d

ie
ts

, 
va

ry
in

g
 

in
 

b
o

th
 

p
ro

te
in

 
an

d 
ca

rb
oh

yd
ra

te
 

co
n

te
n

t 
an

d 
th

e 
p

ro
te

in
: c

ar
b

o
h

y
d

ra
te

 
ra

ti
o

. 
T

he
 

be
s

t 
9r

ow
th

 w
as

 
m

ea
su

re
d 

am
on

g 
lo

b
st

e
rs

 
fe

d 
th

e 
b

ri
n

e 
sh

ri
cp

 
d

ie
t 

(5
U

 p
ro

te
in

) 
an

d 
th

e 
a
rt

if
ic

ia
l 

d
ie

t 
w

it
h

 
th

e 
h

ig
h

es
t 

p
ro

te
in

 
le

v
el

 
(2

3
.3
~

).
 

fo
ll

ow
ed

 
by

 
th

e 
tw

o 
lo

w
er

 p
ro

te
in

 
d

ie
ts

 
(2

0
.0

: 
an

d 
1

6
.7

1
}.

 
T

he
 

p
ro

te
in

 e
ff

ic
ie

nc
y 

ra
ti

os
 

w
er

e 
in

v
e
rs

e
ly

 
re

la
te

d
 

to
 

th
e 

p
ro

te
in

 
le

v
el

 
o

f 
ea

ch
 d

ie
t.

 

A
ll

 
d

ie
ts

 w
er

e 
as

si
m
il

at
ed

 
at

 
th

e 
sa

rr
"' 

le
v

el
 

f-J
)O

%
) 

b
u

t 
th

er
e 

w
er

e 
s
1
g
n
1
f
i
c
a
n
~
 

d
if

fe
re

n
c
e
s 

in
 

fo
od

 
co

ns
u

m
pt

io
n

 
ra

te
s,

 
re

sp
ir

a
ti

o
n

 
ra

te
s 

an
d 

an
m

on
ia

 
ex

c
re

ti
o

n 
ra

te
s 

am
on

g 
lo

b
st

e
rs

 
fr

o
m

 t
n

e 
fo

u
r 

ex
p

er
im

en
ta

l 
g

ro
u

p
s.

 
lo

b
st

e
rs

 
fe

d
 

lo
w

 
p

ro
te

in
 
d

ie
ts

 
d

em
o

n
st

ra
te

d
 

an
 

in
cr

ea
se

d
 d

ep
en

de
nc

e 
on

 
ca

rb
o

h
y

a
ra

te
 

c
a
ta

to
li

sm
 f

o
r 

en
er

g
y

 
p

ro
d

u
ct

io
n

. 
T

he
 

re
d

u
ce

d
 

gr
ow

th
 

ra
te

s 
o

f 
lo

b
st

e
rs

 
fe

d
 

t!
le

 
tw

o 
lo

w
e

r 
p

ro
te

in
 
d

ie
ts

 1
1e

re
 

a 
re

su
lt

 o
f 

~
1
f
f
e
r
e
n
c
e
s
 

in
 

th
e 

am
ou

nt
s 

o
f 

fo
od

 
co

n
su

me
d 

an
d 

n
o

t 
in

cr
ea

se
d

 e
n

er
g

y
 

ex
p

en
d

it
u

re
s 

o
r 

re
d

u
ce

d
 
a
ss

im
il

a
ti

o
n

 
e
ff

ic
ie

n
c
ie

s.
 

_
L

 

• 
• 

1
. 

L
o

b
st

er
s 

2
. 

1-
.q

ua
cu

l t
u

re
 

3.
 

A
rt

if
ic

ia
l 

d
ie

ts
 

-
l
 I I 

I.
 

C
ap

uz
zo

, 
Ju

d
it

h
 M

. 

11
. 

la
n

ca
s

te
r,

 
er

u
ce

 
A

. 
I 

Il
l.

 
04

-7
-1

5B
-4

41
04

 

I 
T

hi
s 

ca
rd

 
is

 
U'

iC
LA

SS
IF

IE
O

 
I 

1.
 

L
o

b
st

er
s 

2.
 

A
q

u
ac

u
lt

u
re

 

3.
 

A
rt

if
ic

ia
l 

d
ie

ts
 

I.
 

C
ap

uz
zo

, 
Ju

d
it

h
 M

. 

II
. 

L
an

ca
st

er
. 

B
ru

ce
 A

. 

Il
l.

 
04

-7
-1

5B
-4

41
04

 

I I 

_
j I 

T
hi

s 
ca

rd
 
is

 
U

N
C

LA
SS

IF
IE

D
 _
j 


