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PROXIMATE COMPOSITION 
OF LAKE MICHIGAN ALEWIFE 

'(A/osa pseudoharengus) 
by 

Donald R. Travis 

ABSTRACT 

The concentration of nitrogen, oil , ash, and moisture in alewives caught in lake Michigan was 
determined on 6 bimonthly samples. The proximate composition and physical measurements are 
reported for the whole fish . 

INTRODUCTION 

The fresh -water a lewife is taken in commercial 
quantit ies, largely in the Great lakes. A marine 
form of alewife is found along the Atlantic Coast 
of the United States; however, the data reported 
here concern only the fresh -water form found in 
lake Michigan. A n average annual catch of about 
5,000,000 pounds of alewives constitutes about 9 
percent of the Un ited States catch of alewives 
(lyles, 1963). 

The alewife is one of severa'! species of fish in 
the Great lakes not fully utilized by sport and com 
mercial fishermen. Recent catches by exp loratory 
fishing operations reveal that commercially significant 
quantities of alewife are ava ilable in Green Bay and 
Northern lake Michigan (Commercial Fisheries Re
view, 196 1). Information on these catches should 
be of special interest to those segments of the fishing 
industry looking for new ways of increasing the sup-

ply of fish for the expanding animal-food and fish
mea.! markets. 

No data concerning the chemical composition of 
this species are found in the literature. Yet, a knowl
edge of the prox imate composition and its possible 
seasonal variation would be valuable to anyone using 
this resource or contemplating its use. Several work
ers have reported seasonal variations in proximate 
composition fo r various species of t he Clupeidea. 
The changes in oil and moisture content of these 
species have been related to the feeding and the 
spawning cycles (McBride, Macleod, and Idler, 1959). 
This report, as well as others, has been reviewed re
cently by Thompson (1966). The purposes of this 
paper therefore are : (1) to report the proximate 
composition of the alewife on a seasonal basis and 
(2) to consider possible causes of any seasonal va r
iation found in the proximate composition . 

I. PROXIMATE COMPOSITION 

A. PROCEDURE 

1. Sampling Method 

A lewives were obtained, on a bimonthly basis, 
using commercial methods, by members of the Bureau 
of Commercial Fisheries Technological laboratory, 
Ann Arbor, Michigan, in cooperation with the Bureau's 
Exploratory Fishing and Gear Research Base in Ann 

Arbor. The area of sampling was dictated in pa rt 
by cruise schedules, 3 samples were taken in the 
southern section of lake Michigan, 2 in the central 
section, and 1 in the northern section. The samples 
were frozen aboard the vessel and shipped in dry 
ice to the Bureau of Commercial Fisheries Techno
logical laboratory, Pascogoula, Mississippi . No sam
ples were obtained in January, February, and March 
because of ice on the lakes. 

Author, Donald R. Tra vis, Chlmi!!, Bureau of Commercial Fisheries Technological Laboratory, Pascagoula, M ississipp i. 



Table I .-Physical dimensions of the alewife (Alosa pseudoharengus) , Lake Michigan, 
1962·63. 

Physical dimens ions 
Fish 
In Length Width Depth Weight 

sample 
Date Range Average Ran ge Average Range Average Range Average 

No. em. em. em. em. em. em. Grams Grams 

4/ 11 /63 77 9.0·20.5 15. 1 2. 1-5.1 3.6 0.7-2.5 1.3 8.4-64.4 30.2 

6/5/63 57 14.7-20. 1 17.0 3. 1-4.2 3.7 1.0-1.5 1.3 24.0-54.5 35.2 

8/ 18/63 97 10.0- 17.5 14.4 2.0-3.7 3.0 0.6- 1.4 1.0 8.7-34. 1 21.5 

10/9/63 94 10.4-20. 1 15.3 1.9-4.3 3.3 0.8-1.7 1. 2 13.9-52. 1 29.4 

10/ 19/62 71 8. 1-21.2 15.5 1.8-4.9 3.5 0.5- 1.8 1.3 4 .1-82.3 32.9 

12/ 14/62 11 6 6.8-20.7 13.4 1.1 -4.7 3. 1 0.3- 1.7 1.2 3.6-60.2 23 .5 

Table 2.-Proximate composItIon of the alewife (Alosa pseudoharengus) as percent of 
total weight and as mg./mg. N , Lake Michigan, 1962·63. 

Fish 
In Protein l\1oislure 

Date sample content content 

No. Pacent PUct11.t 

4/ 11 /63 77 14 .1 

6/5/63 57 15.1 

8/18/63 97 14 .6 

10/9/63 94 13.9 

10/19/62 71 14.1 

12/14/62 11 6 13.2 

At the Laboratory, each samp le was div ided ran
domly into 2 groups. The we ight to the nearest 0.1 
gram and the overa ll length to the nearest 0 .1 centi
meter were determined for each fi sh. Each group 
of whole fish was then homogenized in a stoneware 
ball-mill grinder. Each sample was placed in a 
po lyethy lene bag, sea led, and put in a sea led glass 
container. To minimize d e hydration and other 
changes in the samp le during storage, we placed 
a cube of ice in each glass container. The samp le 
was held at 0 ° F. unti l analyzed . 

2. Chemical Methods 

The methods fo r determining nitrogen, oil, ash, 
and moisture were substantia lly those of the Associ
ation of Officia l Ag ricultura l Chemists (1960). The 
only deviation was the substitut ion of reagen t-grade 
ottawa sand in place of asbestos in the determi na
tion of moisture. Protein was calculated by mu lt i
p lying the total nitrogen conten t by 6.25. The data 
are reported as the average of 4 determ inations 
(duplicate determinations of duplicate sa mples). 

B. RESULTS 

The physica l measurements a nd prox imate compo
sition of the a lewives are repo rted in Tabl es 1 and 2. 
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73.6 

73.5 

74.6 

66.5 

70.9 

71.4 

Average proximate composition 

Oil Ash Moi stu re Oil Ash 
content content conte nt content content 

Pu(( nt PuCtnt Mg./mg. N Mg./mg. N Mg./111g. N 

10 .2 2.95 3~.6 4 .5 1. 31 

7.8 3.83 30.5 3.2 1.59 

7.5 3.38 3 1.9 3.2 1.44 

15.6 3.33 30.0 7.1 1.50 

13.0 2.46 31.5 5.8 1.09 

14.1 2.43 33.7 6.7 1.15 

The fish were quite small, weighing only about 
ounce each, and rang ing in length from 3 to 8 

inches. 

As Farragut (1965) found in his work, t he p roxi
mate data proved more meaningful on a per-m il li
gram-of-nitrogen basis than on a wet-weig ht basis. 
For convenience, however, the da.ta are listed on 
both bases. When the wet-weight basis is used in 
the discussions, it is so spec ified. Tab le 3 shows 
the standard deviation for each method of reporting. 

Table 3.-Standard deviation for proximate composition 
method as applied in analyses of the Lake Michigan 
alewife (Alo sa pseudoharengus) , 1962·63. 

Standa rd deviation on the: 

Component Wet-weight basis 

P ercent 

Nitrogen . . . . . . . . .03 5 

Oi l .. . ... . ... . . 

Ash . ....... . . . 

Moisture ... ... . 

.734 

.247 

.746 

Nitroge n-con tent basis 

Mg. / m g. N 

.339 

.115 

.684 

The concentrations of protein and oil in the alewife 
on a wet-weight basis are equal to, and in some 



cases higher than, that of menhaden and other 
species generally used for fish meal. Thompson 
(1966) reports that whole menhaden, analyzed 
over a I-year period, had a maximum protein 
concentration of 16.4 percent, oil concentration o f 
17.8 percent, ash concentration of 4.8 percent, and 

moisture cancen ra ion of 79.3 p rc 
present study, alewi e hod ma imum 
ash, and mois ure concen ro ions a 15.1, 15 , 
3.8, and 74.6 percen, respec ively. Th 
results indicate that Ish meal mode 
should compare favorably in 
the fish meal normally on the mar 

II. POSSIBLE CAUSES OF SEASONAL VARIATIONS 

Spawning occurs in June or July in Lakes Erie and 
Michigan (Trautman, 1957; Edsa ll , 1964) and prob
ably during the some months in the other lakes. 
Spawning in the different lakes, or in different areas 
within the same lake, may also occur at somewhat 
different times during the some year. Spawning 
may occur at somewhat different times from year 
to year although within the months of June, July, 
and August (Edsall, 1964). 

Oil concentration varied from a high of 7.1 milli
grams per milligram of nitrogen in October to a low 
of 3.2 milligrams per milligram of nitrogen in August 
(Figure 1). This decrease in the oil content in the 
summer coincided with the spawning season, as 
would be expected during a per iod of great activity . 
The oi l increased sharp ly during the fall to a record 
high for the year and remained high with only a 
sma ll decrease during the winter, a period of extreme 
co ld and low metabolism. 

During the period of the present study, the con
centration of moisture was fairly constant, except for 
a minor increase to a maximum value in December 
and minor decreases to minimum values in June and 
October (Figure 2). The slight vanation in the mois
ture content coincid<:ld with the spawning season. 

A statistically sign ificant inverse rela tion between 
moisture and oil did not appear when the data 
were calculated on a nitrogen-content basis, although 
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this relat ion was significant at the I-perc 
on a wet-weight basis. The oil conten did 
to increase (Figures 1 and 2), however, h n h 
moisture content decreased slightly, and vice v r a 
This lack of significant correlation on a nitrog n-
content basis is sometimes observed in oily S I 
in which fat is deposited in "poc ets," since th r 
is not necessarily an exchange of oil and mois ur 
as the fluid medium in the tissue. 

On a wet-weight basis, there was a carr lat lon 
at the I-percent level or better between protein and 
oil as well as between protein and ash The r . 
lation between protein and ash was positive, as would 
be expected with the simple growth of the an imal 
(weight and length are closely carrela ed in thl 
species). The protein-oil relation was indirect, agal" 
indicating the deposition of fatty layers in this Ish 

Changes in the proximate composition of va rra 
species of fish have been related to various a h r 
conditions (reviewed by Thompson, 1966, among 
them being the reproductive cycle. 

"Spawning alewives cOn be seen regularly dUring 
June and July from the dock of the Bureau of Co 
mercial Fisheries Research Vessel on the ' a iamazo< 
River in Saugatuck, about 2 miles above the rive 
mouth," according to Edsoll (1964. The pro 1('1 

content of this species reached a high of 15. I 
cent in June, the first month of the spawning s aso 
and dropped to a low of 13.2 percent in D c m 
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(Figure 3). The increase in protein during the first 
week in June may have been necessary for the in
crease of activity during spawning 

In October, the ash content reached a low of 
1.1 milligram per milligram of nitrogen (Figure 4). 
It is interesting to note that a sharp decrease occurred 
between t,e 2 samples obtained in October. This 
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decrease is not significan, however, at he 5 per
cen level. The di ference be ween hese 2 samples 
is not e plained by the do a on spa Nning habi s. 
I IS qUite pOSSible ha he lapse a 1 'lear be een 
the samples could be a factor in his discrepanc / . 
o her causes to be considered are change of em
pera ure, dlffere,., loco ion of co ch, and di erence 
in food due to fluc vations in eo her cond; ions. 

SUMMARY 

In 1962-63, the proximate composition of the La e 
Michigan alewife varied with the season. ThiS var
iation generally coincided with the spawning habits 
of the fish. The concentration of proteins increased 
during the summer and decreased during colder 
months. The concentration of oil decreased in June 

he first man h or spa ningl and Increased in 
October. The concen ra ion of mois ure increased 
to a ma imum value in December and a a minimum 
In June and Oc ober. The concen ra ion a ash in
creased a a maximum in June and decreased a 
a minimum in Oc ober. 
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ACCUMULATION OF ORGANIC ACIDS 
DURING COLD STORAGE OF SHUCKED 

SOFT CLAMS, Mya arenana (L.), 
IN RELATION TO QUALITY 

by 
Baruch Rosen 

ABSTRACT 

During the cold storage of soft clams in plug-top metal cans, the content of glycogen decreased; 
that of glucose at first increased and then stabilized; that of lact ic acid increased continuously; 
and that of acetic, propionic, and pyruvic acids increased at diminishing rates. The bacterial count 
increased at an exponential rate . Except in the cases of extreme freshness and extreme spoilage, 
organoleptic quality was related neither to the chemical changes nor to the bacterial count. 

INTRODUCTION 

Traditiona lly, the soft clam has been a local prod
uct in New England . In recent years, however, 
a decline in the production of soft clams in New 
England and the almost simultaneous deve lopment 
of this resource in Maryland have resulted in soft 
clams being transported from Mary land to New 
England . Soft clams with a dockside value ex
ceed ing $2,000,000 were produced in Maryland in 
1964. More than half of this production was shipped 
to New England . 

Bacteriological studies (Cox, 1965; Nickerson and 
Goldblith, 1964) indicate that the qua lity may de
cline during holding and transport. In 1961, Fieger 
and Novak reviewed the literature on the microbiol
ogy of shellfish deterioration and discussed in much 
detail the spoilage changes that occur in oysters. 
Investigations by Gardner and Watts (1957a), Piskur 
(1947), Pottinger (1951), and Simidu and Hibiki (1957) 
demonstrated that acids were produced during the 
storage and spoilage of bivalves. 

The causative agents of the increase in acidity 
are endogenous enzymes and microorganisms. By 
irradiating oysters until the bacterial flora were de-

strayed, Gardner and Watts (1957b) showed that 
acid ity would increase even in the absence of bac
teria . The role of endogenous enzymes was also 
supported by the faet (Collip, 1920; Martin, 1961 
that, under anaerob ic conditions, living soft clams 
produced and excreted acids. Colwell and Liston 
(1960) have ca lied attention to the presence of a 
fermentative bacterial populat ion in living Japanese 
oysters, C1-assostrea gigas, and to t he possib le role 
of this population in commercia l handl ing. 

Studies of post mortem, specific, quantitative chem
ica l changes that are reloted to the present study 
of commercial bivalves have shown that glycogen 
in oysters (Ostrea sp .) and New England scallops 
(Placopecten magellanicus) is consumed at a slower 
rate th an it is in vertebrates (Humphrey, 1944, 1950; 
Power, Fraser, Neal, Dyer, Castell, Freeman, and 
Idler, 1964). The free amino acids that are con
tained within the tissues of marine bivalves (Allen, 
1961 ) are reduced during the cold storage of soft 
clams (Brooke, Ravesi , Gadbois, and Steinberg, 1964). 

Little else has been reported, however, on the 
chemical changes that occur during the commercial 
handling, storage, and spoilage of shucked soft clams. 

Author: Baruch Rosen, Faculty R ,uarch AHiItant, Natural Resources I nstitu te, University of Mary land , Crisfield, Maryland . 

Natural Resources Institute Contribution Number 295. 
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The purpose of this invest igation was to study the 
increase of acidity that occ urs during co ld storage 
of shucked soft cla ms-spec ifically, the re lat ion be-

tween qua lity and pH and the formation o f lact ic, 
acetic, propionic, and a -keto acids. Chemical, bac
terio log ica l, a nd organolept ic stud ies were mode. 

I. INITIAL PROCEDURE 

A. ACQUISITION 

Shucked clams harvested in the summer of 1964 
were obtained directly from the shucking tables of 
commercia l clam-pocking houses in Talbot County, 
Ma ryland. The clams were pocked in pint-size, plug
top cans (the can commonly used by commercial 
vendors of clams) and were transported in ice to the 
laboratory within 2 hours after being shucked. 

B. COLD STORAGE 

The pint cons were stored in melting crushed ice 
in a retrigerated room held at a temperature between 

10 a nd +3° C. The temperature o f 1 can, recorded 
doily, was found to vary between 0 0 C. a nd 1· C. 
during all experiments. 

C. SAMPLING 

The first sample was token on the day of collection, 
which was designated as Day 1. For each sample, 
the contents of 2 1-pint cons were combined, ground 
in a meat grinder (in the cold room), and well mi ed. 
Several 20-gram portions were weighed in 0 lam
inated plastic bags. The bogs were heat sealed, 
frozen, and held at -30· C. for chemical analysis. 

II. METHODS OF STUDY 

A. CHEMICAL STUDY 

Absorption spectra and optimal wove length for 
colorimetric analysis were obtained with a Beckman 
Model DB Spectrophotometer' . Colorimetric analyses 
were mode with a B&L Spectronic-20 colorimeter. All 
reagents were analytical reagent grade. 

pH was measured after the method of Gardner 
and Watts (19570) with a Beckman model H2 pH 
meter calibrated with standard buffer. The mea
surements were mode before the ground clams were 
frozen. 

Glycogen was estimated by the anthrone method. 
20 grams of frozen ground clams was blended in 
a Waring Blender with 80 milliliters of ice-cold dis
tilled water. 5 milliliters of the foamy slurry was 
pipetted into a preweighed centrifuge test tube con
taining 5 milliliters of 60-percen t KOH. The t issue 
was digested, and the process was fo llowed as de
scribed previously by Sei fter, Dayton, Novic, and 
M untwy ler (1950). Glucose was used as the standard . 

Protein-free extract was obtained by b lending a 
f rozen sa mp le of 20 grams w ith 20 millil iters of ice
co ld distil led water in a monel-meta.l Waring Bl endor. 
25 mil l iliters of 25-percent ZnS0 4 . 5H2 0 was added 

1 Use of tra de names is mere ly to faci lita te the d escr ipt ion o f 
the experimental equi pment and mater ial s; no endo rsement is 
impl ied . 
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during blendirtg . The slurry was then ti ra ed 0 

pH 7.5 with NaOH solution, the concen ra ion o f 
which hod been previously adjusted so tho about 
25 milliliters was required. The volume was hen 
brought up to 1 ()() millili ers wi h dis illed wa er, and 
the slurry was filtered or centrifuged. 

Basic zinc was used as a protein precipitan in 
preference to the common acidic protein precipi ants 
(perchloric acid and trichloroacetic acid) because 
these latter reagents extract much glycogen from the 
tissue. The g lycogen interferes with subsequent 
ana lyses. 

Alcohol -soluble carbohydrates were es imated on 
the protein-free extract. An aliquot of the protein
free ex tract was slurried in a beaker w ith a n excess 
(4-5 t imes the estimo ted total ionic st rength) o f ion
exchange resin. The ion-exchange resin was made 
from a mixture of equal volumes of previously water
washed Amberli te IR-4B and Amber lite CG-50. The 
mixture was stirred wi th a gloss rod a nd a llowed to 
settle, and the eff luent was decanted. The ion-ex
change resin was twice washed with equal vo lumes 
of d istil led water, a nd the wash water was combined 
w ith the effluent. The result ing solution was ad justed 
to 55-percent ethanol and centr ifuged, a nd the super
nata nt was dried under vacuum . The res idue was 
then d iluted to the desi red volume wi th d istilled water, 
and carbohydrates were est imated by the anthrone 
reagent with glucose as a standard (Seifter and as
sociates, 1950). Carbohydrates in the dried super
natant were identified by paper chromatography on 



Whatman No. 1 paper with the solvents system: 
butanol, water ethanol, and NH J (Block, Durrum, and 
Zweig, 1958). 

a-keto acids were determined and identified 
spectrophotometrically by the dinitrophenylhydrazone 
method (Koepsell and Sharpe, 1952). Redistilled 
pyruvic acid was used as a standard . 

lactic acid was determ ined by the method of Hullin 
and Noble (1953) except that the number of pre
cipitations with Ca (OH)2+CuS04 was reduced to 2. 
Twice-crystallized lithium lactate was used as a 
standard. 

Lactic acid was identified as fo llows: 10 grams 
of the frozen ground clams was ground with 25 
grams of celite acidified to a pH of 2 with a few 
drops of diluted (1: 1) reagent-grade sulfuric acid . 
The ground material was pocked as a column, and 
ethy l ether was passed under pressure until no acids 
could be detected by t it ra tion. The ether was evap
orated, and the ammonium sa lts of the acids were 
identified by paper chromatography with 2 solvent 
systems: n-butanol, NH 3 ; and ethano l, NH3 , water 
(Block and associates, 1958). 

Volatile acids were estimated by steam distillation 
of a 20-milliliter portion (acidified with H2S04; acid 
to congo red) of protein-free extract . An electrically 
heated Sellier still was used. Distillate (5 vo lumes 
of distilled solution were collected) was titrated with 
0.01 N NaOH in a C02-f~ee atmosphere and reported 
as milliequivalents of acids. The volatile acids were 
resol ved on a celite column with a gradient of butanol 

III. 

The results reported were derived from 3 sets of 
experiments. Information presented in the figures 
show mean and range of the results, except for bac
teria l counts, both within and between samples. 

A . CHEMICAL STUDY 

The rate of decrease of glycogen was slow (Figure 
1); yet almost 1 gram of glycogen per 100 grams 
of tissue was consumed in 17 days. No major change 
in the rate of consumption was noted. 

Alcohol-soluble carbohydrates (Figure 2) increased 
during the first 3-6 days and then remained a prac
tically the some level. The only alcohol-soluble 
carbohydrates identified 'as glucose. 0 her alcohol
soluble carbohydrates, if presen, were in lesser 
amounls than glucose. Ribose and maltose ere 
not detec ed by the method used. 

and chloroform by he m 
man and Irvin ( 1957, c p 
cator was used in he column lO-m,II,1 
of the eluote were collec ed and I ro 
NaOH in a CO -free a mo!>ph reo 

B. BACTERIOLOGICAL STUDY 

Bacteria were pia ed on tryplone gluco s 
extract agar (Co , 1965 . Af er he )ac 10 hod 
been incubated 72 hours a room emp ra ur 25-
c.), the colonies were counted . 

C. ORGANOLEPTIC STU DY 

Laboratory personnel made organalep IC d r-
minations. Clams were grouped into 3 c1os!>Cs. Cia 
I consisted of the strictly fresh clams, WI h s rong 
sea odor and taste. The free liquor in h can was 
cl ear with slight, white opalescence. This closs 0, 

clams exists for only about 3 days. I is rar Iy 
available to the consumer and, indeed, may 
treated suspiciously by him. Closs II conSIS d 0 

the common clams of commerce, With a tYPically 
sweet odor ond taste, sometime with a slight houg 
not obiectionable sourness. The free liquor wa 
somewha t off-white in color. Clams stay in I 

closs from the 3d day unlil about the 15th day 
storage. The clams of Class III were dar r a 
hod a definitely sour-rancid, unpleasant tasl on j 

odor. Slight slim ness and loss of rigidity of h 
ti ssues were noticed occasionolly. The ree Ilq 
in the can was definitely dar brown. 

RESULTS 

Production of a - eta acids Figure 3 first I 

creased and then decreased. The only a - e 0 o~ 
identified was pyruvic acid. 

lactic acid (Figure 4 , initially at a very low c 
centration, increased continuously. 

reac ion. 

The a erage pH (Figure 6 decree 
5 8 in he firs 5 doys. Then I d r 
ro e 0 5.2 a e 17 doys. 
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Figure 2.-Change in the concentration of alcohol- oluble 
carboh>drates in shucked clams during cold torage. 
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Figure 3.-Change in the concentration of IX -keto acids 
in shucked clams during cold storage. 
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B. BACTERIOLOGICAL STUDY 

The aerobic bacterial population (Figur 7) in 
creased exponentially during the whole storage per 
iod . 
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Figure 5.-Change in the concentration of volatile 
acids in shucked clams during cold storage. 



RnA OLEPTI RADI 0 
CLA II CLA UI 

(--

TIM 
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C. ORGANOLEPTIC STUDY 

The relation between organoleptic quality and 
measurable acids in shucked soft clams was definite 
only when the clams were strictly fresh or actually 
spoiled. Though the total storage time was 17 days, 
the clams were judged unfit for human consumption 
after 15 days. 

Bacteria l counts were not predictive of organo
lept ic quality. 

IUO· C---------------------------------~ 

lU0
7 

:s 
ei 
f-o 
U 
<~ 
al~ 
u" 
iii:! 
ei'O <a ,,-to 
0 .. 

ei~ 
lU0

6 
al 
~ 
::> z 

OR • OLEPTlC GRAOI. '1, 
CLA 0 LA III 

Figur 7.-Ch ang tn numb r ( pial c un!) (b 
teria ill hu k d lams d urin Id 

IV. DISCUSSION AND CONCLUSION 

Clams, as well as other commercial bivalves, are 
among the most chemically complex food consumed 
by Americans. As marketed, soft clams contain the 
whole animol, including muscle, glands, gills, and 
digestive tract with its content and accompanying 
bacteria . Accordingly, variations in the chemical 
ma eup should be e pected. As has been found 
in th is laboratory (Rosen, 1964'), season and geo
graph ical locations of catch will slightly al er the 
spoilage pattern described in this report. Yet the 
basic pattern remains essentiolly the same. 

The major source of the various acids is probably 
glycogen via ell-described me abolic pa hways. 

• Boruch osen. 196-4 . UnpublIShed do o. 

Glycogen seems to be split in 0 carbohydra es of 
low molecular weight, and hese appear 0 e ca
tabolized by well- nown po hways 0 loc ic, ac ' IC, 
and propion ic acids, wi h pyruvIc aCid as on in er
mediate Whi e, Handler, Smi h, and Seen, 195 . 
Free amino aCids may a lso con ribu e 0 he pool 
of acids. 

The signi icance of he vola ile aldehydes In 

10 ion to he degrada ion 0 carbohydra S IS 

clear. Bu produc ion 0 ace aide yde In place 
or concurren Iy wi h, lac ic acid under rm n a I 

condi ions has been sho n 0 e caused by c r am 
microorganisms Holzer and Beaucamp, 19 1 • 

This s udy does Impor-
once 0 bac eria 

causa i e agen s 



But the similari ty between the increase in acids and 
the increase in bacteria l population indicates a pos
sib le bacterial role . 

To delineate the quality of soft clams more pre-

cisely, we nee additional objectiv methods. The 
re lation of season and geographic location to quality 
requ ires investigation . Analysis of the microbial 
fl ora in fresh and stored clams should produce im
porta nt information . 

SUMMARY 

The pattern and probob le ca uses of the increase 
in acid ity during cold storage of soft clams were 
studied. Conditions in the common, commercia l 
con tainer were fermentat ive. Glycogen, and possibly 
amino acids, contributed to an increasing acid pool. 
At early stages of storage, glycogen was consumed 
while glucose, pyruvic ocid, volatile acids, and lactic 
acid were accumuloted. A t loter stages of storage, 
glycogen was stdl being consumed, but the rate of 
accumulation of glucose, pyruvic acid, and volatile 
acids decreased, and the ra te of accumulation of 
lactic acid increased ra pidly. 

None of the chemical changes was explicitly re-

la ted to organoleptic qual i y excep in the cases of 
e treme freshness and e Ireme spoi lage In he 
former cese, the omoun of glycogen as a i 5 

highest level, the amount o f vola ile acids NOS ION, 

and both pyruvic and lac ic acid ere a he hresh
old of de ection. In he 10 er case, lactic acid 
hod become he single major aCid, g lycogen hod 
diminished to its lowes level, and vola lie acids in
creased but were practically a a s eady Ie el. 

Similarly, he bacterial coun was no rela ed a 
organolep ic quali y a her han ha he coun in
creased exponen ially WI h ime. The longer he 
clams were held, the poorer he quali y. 
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VALUE OF MENHADEN FISH MEAL 
AS A PROTEIN SUPPLEMENT TO 

COTTONSEED MEAL-CORN DIETS FED TO RATS 
by 

Robert R. Kifer, Edgar P. Young, and Kam C. Leong 

ABSTRACT 

Menhaden fi sh meal was evaluated as a protein supplement to cottonseed meal-corn di s by 
means of a rat-feeding study. Rats were random Iy allotted to 9 treatment groups and fed die s 
contain ing cottonseed meal -corn with 0-, 2-, or 4-percent levels of fish-meal protein, ot 16., 15·, or 
14-percent levels of total protein . A significant improvement in rates of gain and utilization of feed 
resulted from supp lementation by the menhaden f ish meal. These differences in growth response ond 
utilization of feed were not significantly related to the 16-, 15-, or 14-percent dietary levels of protein. 

INTRODUCTION 

Cottonseed meal-corn diets fed to rats have been 
shown to be deficient in the amino acid lysine. For 
instance, Cabell ond Earle [ quoted by Phelps (1962)J 
reported a marked increase in gains of weight when 
0.2 percent L-Iysine was added as a supplement 
to a cottonseed meal-corn diet. 

Fish meal has been reported to be an excellent 
source of lysine (Snyder, Ousterhout, Titus, Morga
reidge, and Kellenbarger, 1962; Ousterhout and 
Snyder, 1962). If fish meal is truly so, when used 

as a low-level supplement to cottonseed meal-corn 
diets, it should improve the protein quality . This 
hypothesis, however, can be verified only by ac ual 
animal-feeding experiments using cottonseed meol· 
corn diets supplemented with and w,thout fish meol 
ot low levels. 

The object of this study, therefore, wos to vertfy 
the value of fish meal as a source of lySine by con· 
ducting a rat study to test the value of low levels 
of protein from fish meal as supplements to diets 
formed from cottonseed meal-corn. 

I. PROCEDURE 

A. SAMPLES 

Menhaden (B1' oor·tia, tymnnus) fish meal (64.7 
percent protein) was obtained from a commercial 
source, and corn (7.8 percent protein) was obtained 
from a local feed mill. Cottonseed meal (41 .5 per
cent protein) also was obtained from a commerciol 
source. This sample of cottonseed meal was used 
because of its low levels of bound (0.91 percent) 
and free gossypol (0 .03 percent) and high content 
of lysine (3.5 grams per 16 grams of meal nitrogen) 

with free epsilon amino groups'. 

B. DIETS 

Total protein levels of 16, 15, and 14 perc nt 
were used beca use hese levels represen olu s 
near or just below those considered as being op 'mol 

I VernO/\ f . Fromplon of e Ol,eee! 
cultural eSlKlrch ServIce, U. S. De po' 
OrllKlns, l oui,iono, onolyzed 

Authors: Robert . iler, .f~i," ,,1 HUlluIfU/ "'U, and am C. l eong. Rou,,4 Cltt i,/. Bureau of Commerc 01 
orolory, College Par Maryland; a nd Edgar P. oung, J lltKUtU 1"0 tilOf', Depor men a Mlmol ScI nc • Un 
Par , Maryland. 
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with a good source of protein. Diets were formulated 
with these total protein levels from corn and cotton
seed meal with 0, 2, and 4 percent of protein from 
fish mea l to make a total of 9 dietary treatments 
(Table 1) . The remaining parts of the diets were 
formulated to be equivalent and to be nutritionally 
adequate in a ll other known nutrients (Table 2). 

C. RATS 

16 wea nling b lack-hooded rats, 8 males and 8 
fema les, weighing 55 -+- 5 grams, were randomly 
allotted to each of the 9 treatment groups for 4 
weeks. 

Each anima l was pl aced in an individual wire cage 
wit wire-screen floor. The cages were kept in a 
room he ld at a temperatu re of 80 0 -+- 2° F. a nd a 
rel at ive humidity of 50 -+- 5 percent. The anima ls 
were permitted water and feed ad libitum. Weights 

and food consumption of each animal were measured 
weekly. 

Table I.-Experimental dl;sign of a study to determine 
the value of menhaden fish meal (FM) as a 
protein supplement to cottonseed meal-corn 
diets (CC ) fed to rats 

Trea tment Rel a ti ve amoun t of protein supplied by : 

des igna ti on 
CC ' FM' Total 

Pu«nt PU« n/ Pu«nt 

CC I6-F MO 16 0 16 
CC I 5-FMO 15 0 15 
CC I4-FMO 14 0 14 

CC I 4-FM2 14 2 16 
CC I 3-F M 2 13 2 15 
CC I 2-FM2 12 2 14 

CC I 2-FM4 12 4 16 
CC II -FM4 II 4 15 
CC IO-FM4 10 4 14 

1 Amount of crud e protein derived (rom cottonseed mea l-corn . 
2 Amount of crude p rotei II deri ved from fi sh meat. 

Table 2.-Diet formulations in a study to detennine the value of menhaden fish meal (FM) as a protein supplement 
to cottonseed meal·corn diets (CC) fed to rats 

Co ncentra t ion o f th e ingred ien ts In : 

I ngredient CC I6-FMO CC I 5-FMO CC I4-FMO CC I4-FM2 CC I 3-F M2 CC I 2-FM2 CC I 2-FM4 CC II -FM 4 CCI0-FM4 

-- ------------ PartJ pu hundrtd - --- --- ---- ----
Corn (Yellow U. S. # 2) .. 69 .42 72 .3 7 75.52 72.28 75. 23 78 .28 74 .8 1 77 .77 81.03 
Cottonseed meal . . . . . . . . 25 .00 22 .00 I S.85 19. 50 16 .40 13 .45 14.25 I 1.25 8 .00 
Fish mea l (menhaden ) . . . - - - 3. I 2 3. I 2 3 . I 2 6 .24 6 .24 6.24 
Rock phosphate 

(deR uori nated» . . . . . . . I.5 S 1.50 1. 57 1.0 2 1. 20 1.37 .85 1.10 1.20 
L imeslone 2 .. . . . .. .. .. . .5 0 .63 .56 .58 .55 .28 35 . 14 .03 
Salt (t race 

m; neralized) 3 . . . . . . . . . .5 0 .50 .50 .50 . -0 .50 . '0 . -0 .50 
\itCtmin p remix'" . . . . . . . . 3.00 3.00 3.00 3.00 3.00 · 3.00 3.00 3.00 3.00 

1 Calcium, 3 I -H percent ; phosphoru s, 18 percent ( gua ranteed analysIs). 
2 Calciu m. 38 percent. 
3 The trace minera ls as percent of salt mixtu re were: Mn , 0 .600 as manga nese ox ide; S, 0 .250 . sodi um sulfate ; F e, 0 .200 , ferrous carbonate ; 

C u , 0.060, cu;:>ro us oxi de; I , 0 .0 16, calcium iod ide; Zn , 0 .0 10, zinc oxi de; an d Co, 0 .0 15. coba lt ca rbo nate . 
, The "itamins as grams/pound of vitam in mix were: ri boRav in, OA 5; calci um pan to thenate , 1. 36; niacin , 2 .05 ; choline chl oride, 34 . to ; 

thiami ne, 0.45: pyridoxine , 0.4 5 ; pa raminoben zoic acid , 2 .27 ; menadi one, 1.02 ; inositol. 2.2 7 ; ascorbic acid, 20 .5 ; alpha tocopherol, 2 .27 ; 
Vitami n D concent rate (400 ,000 u nit s pe r gram), 0 . 11 ; Vi tamin A ( 200,000 u nits per gram) , 2.05 grams ; mill igrams/pound : biotin , 9 .09; 
folic ac id, 40 .9; Vita min B12, 0 .6 1. 

II. 

A. EFFECT OF FISH-MEAL 
SUPPLEMENTATION ON GROWTH AND 

UTILIZATION OF FEED 

Results of the rat-feeding study are shown in 
Tab le 3. Stat istical analysis (t-test) of these data 
ind icate that dietary treatment differences exist at 
the 5-percent level of significance. 

Rats fed the diets with either 2 or 4 percent 
protein from fish meal gained weight at a greater 
rate than did those fed the cottonseed meal-corn 
control diets (CC16-FMO, CC 15-FMO, and CC14-
FMO). Greater rates of gain were obtained from 

14 

RESULTS 
Table 3.-Weight gain and feed utilization of rata fed 

cottonseed meal-corn basal diets with and 
without fish-meal supplementation 

Trea tment 
desig nation 

CC I6-FMO 
CC I 5-FMO 
CC I4-FM O 

CC I4 -FM2 
CC I 3-FM2 
CCI2-FM2 

CC I 2-FM4 
CC II -FM4 
CC I O-FM4 

1 t-test P < .0 1. 
2 Hest P < .05. 

A verage total gai n 
In weight ( 28 days) 

Gram! 

69 .25 
66. 18 
63 .56 

87 .25
' 86 .93
' S 1.43' 

103.752 
96.3 7' 

100.561 

Average 
feed / gain 

5 .34 
6 . 1 I 
5.72 

4.26
' 4 .53 ' 

4.45 ' 
3 .67' 
4.05 ' 4 .0 31 



rats fed the CC12-FM4 and CC10-FM4 diets when 
the level of fish-meal supplement was increased from 
2 to 4 percent. Also, the rats fed the diets with fish 
meal contributing 2 or 4 percent protein utilized the 
feed more efficiently than did those fed the 3 cotton
seed meal-corn control diets. Even more efficient 
utilization of feed was obtained from the rats fed 
the 16-percent-protein diet (CC 12-FM4) when the 

protein from fish meal was increased from 2 to 4 
percent. 

There were no significant differences in gain in 
weight or utilization of feed with respect to the 16-
percent vs. 15-percent vs. 14-percent-protein diets 
either with or without the 2 or 4 percent protein 
from fish meal . 

III. DISCUSSION 

The results indicate that fish-meal supplementa
tion improved the growth and the feed utilization 
of rats; hence the amino acid balance of the cotton
seed meal-corn diet doubtlessly was improved, prob
ably owing to the high content of lysine in the fish 
meal. 

Cottonseed meal , however, contains gossypol (a 
toxic substance) in various quantities. The possibility 
of gossypol toxicity therefore cannot be excluded, 
although no gross pathological symptoms were ob
served in this experiment. Nevertheless, it could be 
that the lower ga in in weight and poorer utilization 
of feed by the rats fed the cottonseed meal-corn con
trol d iets are caused by a nonapparent pathological 

gossypol toxicity. 

It has been shown with swine that the quantity 
of good-quality protein in the diet alters the toxic 
effects of gossypol and that fish meal is particula rly 
effective in this function (Lyman and Hale, 1963). 
The mechanism is postulated to be the reaction of 
the gossypol with an amino group of the protein 
and the formation of an insoluble indigestible com
plex (Baliga and Lyman, 1957). The increased rates 
of gain and utilization of feed indicate that in ad
dition to the postulation of a better amino acid 
balance, fish meal could also have functioned, in 
this experiment, to block the deletrious effects of 
gossypol. 

SUMMARY 

A rat-feeding study was conducted to determine 
the supplementary value of 2 and 4 percent protein 
from fish meal to cottonseed meal-corn diets at total 
protein levels of 16, 15, and 14 percent. 

This study indicates that significantly increased 
rates of gain and better utilization of feed resulted 
when 2 percent protein from fish meal was added 

to the cottonseed mea l-corn diets and that, in general, 
a furthe'r improvement was obtained when the level 
of protein was increased from 2 to 4 percent. There 
were no significant differences in rates of gain or 
utilization of feed that were related to the 16-, 15-, 
and 14-percent dietary levels of tota l protein either 
with or without the 2 or 4 percent protein from fish 
meal. 
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VALUE OF MENHADEN FISH MEAL AS A 
PROTEIN SUPPLEMENT TO 

MEAT-AND-BONE MEAL-CORN DIETS 
FED TO RATS 

by 

Robert R. Kifer, Edgar P. Young, and Kam C. Leong 

ABSTRACT 

To evaluate menhaden fish meal as a protein supplement to meat-and-bone meal-corn diets, 
we allotted rats randomly to 9 treatment groups and fed them diets containing meat-and-bone meal
corn, with 0, 2, and 4 percent fish meal protein, at 16-, 15-, and 14-percent leve ls of total protein. 
Rates of gain and utilization of feed were significantly improved by adding fish mea l. The rates of 
gain and utilization of feed decreased, however, as the dietary levels of protein were lowered, whether 
fish meal was used as a supplement or not. 

INTRODUCTION 

Methionine, tryptophan, or a combination of these 
amino acids are indicated to be limiting for rats fed 
meat-and-bone meal-corn diets at a 15-percent level 
of protein (Krayb ill and Wilder, 1947; March, Stupick, 
and Biely, 1949). 

Fish meal is a good source of methionine (Ouster
hout and Snyder, 1962) and, according to chemical 
analysis, usually contains a greater content of tryp
tophan than does meat-and-bone meal. If this finding 
by chemical analysis is valid, a diet containing meat
and-bone meal-corn with low levels of fish meal 

should be better balanced and have a more fa
vorable level of am ino acids than does meat-and
bone meal-corn alone. 

Testing this hypothetically better ba lance of meat
and-bone meal-corn diets supplemented by fish meal, 
however, requires biological evidence. The object 
of this study, therefore, was to verify this balanCing 
effect of fish meal by conducting a rat-feeding study 
that would reveal the supplemental value of low levels 
of protein derived from fish meal and added to 
meat-and-bone meal-corn diets. 

I. PROCEDURE 

The meat-and-bone meal-corn diets were supple
mented with menhaden (Brevoortia tyrannus) fish 
meal-the fish meal produced in largest quantity in 
the United States. They then were evaluated by 
means of a rat-feeding study that provided data 
on rates of gain and utilization of feed. The amino 
acid content of the diets was compared with the 
amino acid requirements of the rat. 

A. SAMPLES 

The menhaden fish meal and the meat-and-bone 
meal used were from commercial sources. Corn was 
purchased from a local feed mill and subsequently 
ground and added to the meat-and-bone mea l in 
a manner that would g ive a homogeneous product. 

Authors, Robert R. Kifer, Animal H usbandman, and Kam C. Leong, R eseaTch Chemist, Bureau of Commerc ial Fisher ies Technological Lab
oratory, Co llege Park, Mary land; and Edgar P. Young , Assaciat( PTO/(SSOT, Department of Animal Science, Un iversity of Maryland, College 
Park, Maryland . 
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B. ANALYSES 

All feedstuff samp les were analyzed for protein 
by the Kjeldahl method (Assoc iation of Off icial Ag
ricultura l Chemists, 1955), and the amino acid con
tent was determined by the method of Spackman, 
Stein, and Moore (1958). The analysis for t ryptopha n 
was by the Spies and Chambers method (1949). 
The analysis of the fish meal and the meat-and-bone 
meal for calc ium and phosphorus content was by 
the AOAC method (1955). 

Table I.-Experimental design of the rat study to de
-tennine the value of fish meal as a protein 
supplement to meat-and-bone meal-corn diets 

Protei n concentration 

Meat-and-bone 
Diet mea l-co rn Fish meal T otal 

Perctn! Pacent Ptrctnt 

MBI6-FMOl 16 0 16 
MB I5 -FMO IS 0 I S 
MB I4-Fl\1O 14 0 14 

MBI4-Fl\12 14 2 16 
MB I3-F:\12 13 2 IS 
l\1B 12-FM2 12 2 14 

l\lB 12-Fl\ 1+ 12 4 16 
MBII-FM4 II 4 I S 
MBI0-FM4 1~ 4 14 

1 MB-·abbreviat ion for meat-a nd-bone meal-corn; FM-abbrev .. t lon 
for fish meal. 

The numerical su ffixes indicate the percent p.rotein of the diet 
supplied by the MB mixture and the FM mixture . 

The dietary variab les tested were total protein 
levels at, or just be low, optimum levels for rats (16, 
15, and 14 percent) with different low levels of pro
tein derived from fish meal (0, 2, and 4 percent; 
Table 1). The diets used were formulated on a crude
protein basis and were balanced to be nutritionally 
equal and adequate in all other known nutrients 
(Table 2); however, as a result of the diets being 
fo rmulated for protein content and owing to the high 
content of calcium and phosphorus in meat-and-bone 
meals, the levels of calcium and phosphorus in some 
of the diets were above the rats' requirement. There
fore, the dietary levels of calcium and phosphorus 
were increased to a standard level in all d iets to 
eq ual ize a possible growth depression that might 
occur as the result of an excess or imbalance of 
these minerals (National Research Council , 1962). 

C. RATS 

10 weanling albino male rats weighing 55 -+- 5 
grams were randomly allotted to each of 9 dietary 
treatments fo r an experimenta l period of 4 weeks. 

Each anima l was housed in an individual wire cage 
with a wire-screen floor. The room was maintained 
at 80 0 -+- 2 ° F., and the relative humidity was main
tained at 50 -+- 5 percent. The animals were per
mitted water and were fed ad libitum. Individual 
weights of animals and the consumption of food 
were measured weekly. 

Table 2.-Ingredients of diets used in evaluation of menhaden fish meal as a protein supplement to meat-and
bone meal-corn diets 

Relative amounts of the various ingredients In : 

Ingredients ~BI6-FMO MB I 5-FMO MBI4-FMO MBI4-FM2 MBI3 -FM2 MBI2-FM2 MBI2-FM4 MB II-FM4 MBI0-FM4 

Paunt Pucent P ercent Percent Perctn! Pucent Pucc'nl Perclnt Ptrctn! 

Corn (yellow U. S. #2) .. 79.50 81.2 1 82.75 79.87 81.59 83. 17 80.06 81 .86 83 .6 1 
M<at-and -bone meal .... 17.00 14 .70 12.40 12 .8 5 10.60 8.35 8.80 6 .45 4. 10 
Fi sh meal (men haden) -- -- -- 3.07 3.07 3.07 6. 14 6.14 6 . 14 
Defl uori nated rock phos-

phate' . . .. . . .... . . . . -- 059 1.3 5 0.71 1.24 1.9 1 1.50 2.05 2.65 
Salt trace mineralized 2 ... 0.50 0:50 0 .5 0 0 .5 0 0_50 0 .50 0 .50 0 .50 0.50 
N. B. C. vitamin mix3 . . 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 

1 Calcium, 31-34 percent; phosphorus, 18 percent (guaranteed analySis). 

2 The trace minerals as percent of salt mixture were : Mn , 0 .600 as manganese oxide; Na, 0 .250 sodium .ulfate; Fe, 0 .200, ferrou s carbonate; 
Cu, 0 .060, cu prous ox ide; I , 0.0 16, calci um iodide; Zn , 0 .010, zinc oxide; and Co., 0 ,.0 15, cobalt carbonate. 

3 The vitamins as grams/pound of vit ami n mix were: riboflavin, 0.45; calcium pantothenate, 1. 36; niacin, 2.05; choline chloride, 34. 10 ; 
t hiamine, 0.45 ; pyridoxine , 0.45; paramin obenzoic acid , 2.27; menadione, 1.02 ; inositol , 2.27; ascorbic acid , 20.5; alpha tocopherol , 2.27; 
vi tamin D concen trate (400,000 units per gram), 0 . 11 ; vitamin A (200,000 units per gra m), 2.05 grams; milligrams/pound: bioti n, 9 .09; 
foli c acid , 40.9; vitamin B12, 0 .6 1. N .B.C. N utritional Biochemical Corporation . ( se of trade names does not imply endorsement of com
mercial products.) 

Note: MB is meat-and-bone meal-corn ; FM is fi sh meal; t he numerical suffixes indicate the percent protein supplied to the diet by the 
mixture. 
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II. RESULTS 

A. CHEMICAL ANALYSIS 

Data from a chemical analysis of the feedstuffs 
used are shown in Table 3. Results of the calcu
lation of the amino acid content of the diets on the 
basis of analyses of individual components are shown 
in Tables 4 and 5. Prof ile diagrams graphica l ly in
dicating the dietary amino acid content in relation 
to the requirement of the rat are shown in Figures 1-9. 

Table 3.-Analysis of feedstuffs 

Feedstuffs Prote in Calcium Phosphorus 

Percent P ercent Percen t 

Fish meal (menhaden) • • 0. 65.32 4.94 2.86 
Meat-and-bone meal . .. .. . 49.75 8.50 4.27 
Corn •••••••• 0. 0 •••• •• • 9.49 0.01 0.25 

spective of the total dietary protein levels. The ex
ception was the 16-percent-protein d iet with O-per
cent level of protein from fish meal (MBI6-FMO). 
Even though the gain in weight by anima ls fed the 
MB 16-FMO diet was numerically poorer than that 
of those fed the fish-meal diets, it was onl y signif
icantly poorer than the other 16-percent-protein d iets 
with fish-meal components (MB 14-FM2 and MB 12-
FM4). 

No statistically significa'nt differences were ob
served among protein levels without fish mea l, a l
though marked numerical differences existed. Rates 
of gain of the animals in relation to tota l protein 
and fish-meal substitutions varied within the fish-meal 
protein groups. When 2 percent protein from fish 

Table 4.-Calculated amino acid content of the experimental diets 

Amount recommended Amount of amino ac id cont ributed by : 

Amino acid by National MBI6- MBI5- MBI4- MB I4- MBI 3- MB I 2- MB I2- MB II - MB IO· Research Counci l FMO FMO FMO FM2 FM2 FM2 FM4 FM4 FM4 

------- -------- - Percent 0/ d iet - -- - - --- - - ---- --
T ryptophan1 . . .15 .17 .16 .15 .17 . I 5 .14 . 16 .15 . I 3 
Methionine . .. .60 . 37 .35 .32 . 38 .36 .3 3 .39 .36 .3 4 
Lysine ..•. . . .90 .62 .57 .5 I .67 .62 .56 .72 .66 .61 
Leucine ...... . ~O 1.48 1.43 1.38 1.50 1.46 1.41 1.5 3 1.48 1.43 
Isoleucine .50 .58 .55 .52 .60 .57 .53 .62 .59 .5 6 
Phenylalani~~ .. .90 .64 .6 1 .57 .65 .6 1 .58 .65 .63 .58 
Histidine .... .30 .31 .29 .27 .32 .3 1 .29 .34 .33 .3 1 
Threonine .. .. .50 .53 49 .46 .54 . 5 I .46 .55 . 52 .48 
Valine . . . ... .70 .75 :71 .66 .76 .71 .67 .76 .72 .67 
Arginine ..... .20 .90 .83 .75 .88 .81 .77 .8 8 .79 .7 1 
Cystine2 . . . . . -- .19 .18 .17 .18 .17 .1 6 .17. .15 

I 
.14 

Tyrosine' ... . - - .62 .59 .56 .63 .60 .57 .60 .58 .53 

1 Calcula t ion based on analysis of feedstuffs by the method of Spackman, Stei n, and Moo re, except crysti ne, which was analyzed by 
microbiological procedure, and tryptophan, which was analyzed by a modilication of Spies and Chambers method. 

• Cystine can supply up to 1/ 3 of the methionine ,equirement. 

• Tyrosine can supply up to 1/3 of the phenylalanine requirement. 

Note: MB is meat-and-hone meal-<1orn; FM is fi sh meal; the numerical suffixes indicate t he percent protein supplied to the di et 
by the mixture. 

B. EFFECT OF FISH-MEAL 
SUPPLEMENTATION ON RATE OF GAIN 

AND UTILIZATION OF FEED 

Statistical analyses (t-test) indicate that certain 
differences in dietary treatment exist at the 5-per
cent level of sign ificance (Table 6). In general, 
rates of gain and utilization of feed improved with 
the inclusion of fish meal. 

1. Rate of Gain 

Rats fed diets with 2 or 4 percent of protein from 
fish meal, with 1 exception, gained weight at a sig
nificantly greater rate than did those fed the meat
and-bone meal-corn diets without fish meal, irre-

Table 5.-Relation of the amino acid lysine and of the 
methionine plus cystin e dietary content to the 
average total gain 

Amount of amino acid in t he diet : 

Methionine 
Diet Lysine plus cystine Total gai n 

Puce" tage 0/ requirement GramJ 

MBI6·FMO 69 93 116.8 
MBI5-FMO 63 88 98 .9 
MBI4-FMO 57 82 88 .5 

MBI4-FM2 74 93 149.5 
MBI3-FM2 69 88 131.7 
MBI2-FM2 62 82 124.9 

MBI2-FM4 80 93 166 .8 
MBII-FM4 73 85 137.5 
MBI0-FM4 68 80 132. 1 

Note : MB is meat-and-bone meal-corn ; FM is fish meal; the 
numerical suffixes indicate the percent protein suppl ied to the diet 
by the mixture. 
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T able 6.-Weigh t gajn and utilization ('Of feed by rat. 
fed meat-and-bone meal-corn d iets with and 
without fish-meal supplementation 
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mea l was substituted in the diets, the rate of gain 
was greater than the 16-percent-protein diet (MB 14-
FM2) than with the 14-percent-protein diet (MB 12-
FM2). 

Increasing the fish-meal protein protein in the diets 
from 2 to 4 percent resulted in a rate of gain sig
nificantly greater in animals fed the 16-percent-pro
tein diet (MBI2-FM4) than in those fed the 15- ond 
14-percent-protein diets (MB 13-FM2 and MB 12-FM2). 

2. Uti lization of Feed 

Rots fed diet MB 14-FM2 and die s MB 12-FM4 and 
MB ll-FM4 utilized their food more efficien Iy than 
did the rots fed the 3 mea -and-bone meal-corn die s 
(MB 16-FMO, MB 15-FMO, and MB 14-FMO). Utiliza
tion of feed was improved when he fish-meal pro
tein was increased from 2 to 4 percent-that is, MB 12-
FM4 was utilized more efficlen Iy han was MB 12-FM2. 

In the utilization of feed, differences ha are re
lated to the 3 total dietary levels of pro ein, ei her 
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with or without 2 or 4 percent protein from fish meal , 
were not uniform . At the O-percent level of protein 
from fish meal, more efficient uti l ization of feed 
was obtained at the 16-percent-protein level (MB 16-
FMO) than at the 15- and 14-percent levels (MB 15-
FMO and MB14-FMO). Similarly, when the percent 
protein from fish meal was increased from 0 to 2, 

the rats utilized the feed more efficiently when fed 
at the 16-percent-protein level (MB 14-FM2) than when 
fed at the 15- and 14-percent levels (MB 13-FM2 
and MB 12-FM2). No difference in utilization of feed 
was observed among the protein levels when the per
cent protein from fish meal was increased to 4 per
cent. 

III. DISCUSSION 

The results of the fish-mea I-eva luation experiment 
suggest that a fish-meal supplement will improve the 
amino acid balance of meat-and-bone meal -corn 
diets. Calculated values of the amino acid content 
of the experimental diets indicate that each diet is 
deficient in 1 or more of the amino acids required 
for optimum growth (Tables 4 and 5). These calcu
lations and the amino acid profiles (Figures 1-9) 
suggest that lysine and methionine are the first and 
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second limiting amino ac ids in all the diets. Further, 
the data indicate that a direct relation exists be
tween the lysine content of the diets (as a percent 
of the requirement) and the rates of gain. However, 
1 exception was noted in that diets MB 15-FMO and 
MB 12-FM2 both contained the same content of lysine 
but d id not support the same ga in in weight. No 
relation was indicated between the percent meth
ion ine p lus cystine and the rates of gain. 
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SUMMARY 

Statistical analyses of the data obtained from a 
study of the value of supplementing meat-and-bone 
meal -corn diets with menhaden fish meal indicated 
that certain d ietary treatments w ill promote differ
ence at the 5-percent leve l of significance in the 
growth of rats. 

Rates of gai n increased and utilization of feed 
was more efficient when 2 and 4 percent protein 
obtained f rom f ish mea l was added to the meat
and-bone mea l-corn diets. 

Differences in rates of gain and utilization of 
feed - both of which are related to the 3 dietary 
leve ls of protein, either with or without 2 or 4 per
cent protein from fish meal-were variable. 

The calculated ratios of dietary amino acid indi
cate that lysine was the limiting amino acid in all 
the diets fed . 

Rates of ga in, w ith 1 exception, were directly re
lated to the ca lculated d ietary lysine content (ex
pressed as percent of requ irement). 
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VALUE OF MENHADEN FISH MEAL 
AS A PROTEIN SUPPLEMENT IN 

SOYBEAN MEAL-CORN DIETS FED TO RATS 
by 

Robert R. Kifer, Edgar P. Young, and Karn C. Leong 

ABSTRACT 

2 consecutive rat-feeding studies were conducted so that menhaden fish meal could be eval
uated as a protei" supp lement in soybean meal-corn diets. Animals weighing 50 -+- 5 grams were 
randomly allotted to 5 treatment groups in Experiment I and to 9 treatment groups in Experiment 
II and fed diets containing soybean meal-corn, with and without fish meal, at various levels of total 
protein (16 and 14 percent in Experiment I and 16, 15, and 14 percent in Experiment II ). 

In both experiments, response to fish-meal supplementation varied somewhat, as indicated by 
rates of gain and utilization of feed. It was indicated, however, that fish-meal supplementations in 
general did not improve the amino acid balance of the soybean meal -corn diets. 

INTRODUCTION 

Throughout the world, soybean meal is one of 
the most extensively used sources of protein supple
mentation for both animcl and human diets. Its 
protein quality apparently is not adequate, however, 
for maximum rate of growth of certain animals. Based 
on a calculation of average amino acid values (Block 
and Weiss, 1956) and on experimenta l evidence 
(Jones and Pond, 1963; Borchers, 1962; Barnes, 
Fiala, and Kwong, 1962; Hayward a'nd Hafner, 1941), 
soybean meal-corn diets, for example, are deficient 
in the amount of methionine and lysine required by 
rats (National Research Council, 1962). In contrast, 
fish meal is an exce llent source of lysine (Snyder, 
Ousterhout, Titus, Morgareidge, and Kellenbarger, 
1962) and a good source of methionine (Snyder 
and associates, 1962). 

It thus should follow that a d iet of soybean-corn 
in which fish meal rep laces some of the soybean 
meal should conta in a better balance a d level of 
amino acids, owing to the high content of lysine 
and methionine in the f is~ meal. Because of this 
better content of amino acids, an increased rate of 
gain and more eff icient ut ilization of feed should be 
obtained. We therefore cond ucted rat-feeding ex
periments to see if, by add ing the protein from fish 
meal to soybea n meal-corn, we could obtain in prac
tice this ba lanCing effect . 

The results of ou r fi rst experiment were not what 
we expected . Accordingl y, we made a second ex
periment to verify our in itia l findings. 

I. EXPERIMENT I 

Soybean meal-corn diets supplemented by various 
amounts of menhaden fish meal were evaluated by 

rat-feed ing experiments. Data collected were on 
rates of gain, both in weight and in utilization of feed. 

Au thors: Robert R. Kifer, Animal Hu.rband man, and Kom C. Leong, R tuarch BiocAtm ill , Bureau of Commercial Fisheries Techologica l 
Labora tory, Co ll ege Po rk, Ma ryland; and Edgar P. You ng , AHocialt Pro/tHor, Deportmen t of Animal Science, Un iversity of Maryl a nd, Col
leg e Pork, Ma ry land . 
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A. EXPERIMENTAL PROCEDURE 

1. SAMPLES 
The men haden (Brevoortia tyrannus) fish mea I 

used was of commercia l production . The soybean 
meal and corn were purchased from a local feed 
store. All samples were analyzed for protein by the 
Kje ldah l method (Association of Officia l Agricultural 
Chemists, 1955). 

2. Diets 
The dietary variables (Table 1) were total protein 

levels (16 and 14 percent) and different protein 
levels from fish meal (0, 2, and 4 percent). The 
diets were formulated on a protein (N x 6.25) basis 
and ere calcu lated to be nutritionally adeq uate in 
all other nutrients (Table 2). 

3. Rats 
4 weanling black-hooded rats, 2 males and 2 fe-

T able I.-Experimental design o f rat study to determine 
·the value of menhaden fish meal as a protein 
,supplement in soybean meal-corn diets (Ex
periment I) 

Relative amount of protein co ntributed by: T otal 
Treatment protei n 

Corn and soybea n meal Fish mea l 

PUClni Pucln l Puctnt 

CS I6-FMOI 16 0 16 

CS I4-FM2 14 2 16 
CSI2-FM2 12 2 14 

CSI2-FM4 12 4 16 
CSI0-FM4 10 4 14 

1 CS is the symbol for corn and ,o)'bean meal; F,\I, for fish mea l ; 
numerical values indicate percent protein co ntribut ed by the ingredient. 

males, weighing 50 -+- 2 grams each were randomly 
allotted to each of 5 dietary treatments for an ex
perimenta l period of 4 weeks. 

A ll animals were housed in a room maintained at 
80 -+- 2 ° F., and the relative humidity was maintained 
at 50 -+- 5 percent. The animals were permitted 
water and feed ad libitum. Individual animal 
weight and feed consumption were measured weekly. 

B. RESULTS 

1. Chemical Analyses 

Chemica l analyses of the feedstuffs are given in 
Table 3. 

2. Effect of Fish-Meal Supplementation 
on Growth and Utilizatian of Feed 

Results of the study on growth and feed utilization 
ore given in Table 4. Statistical analysis (t-test) of 
the data obtained for rates of gain and utilization 
of feed indicates tha t differences exist (at the 5-
percent level of significance) between certain of the 
dietary treatments. 

Similar rates of gain were obta ined only with rats 
fed diets CS 16-FMO' and CS 14-FM2. The rats fed 
diet CS 14-FM2 utilized the feed more efficiently, how
ever, than did those anima ls fed the control diet 
CS 16-FMO. Reducing the total prote in level, irre
spective of fish -meal level or amount of protein in 
the diets (for example, CS 12-FM2 and CS 1O-FM4), 
resulted in poorer rates of ga in and utilization of 

2 CS is the sy mbol for corn and soybean meal; FM, for fish meal ; 
numerical values indicate percent protein contr ibuted by the in
gredient. 

Table 2.-Diet formulations for a rat-feeding study to determine the value of 
·menhaden fish meal as a protein supplement to soybean meal-corn 
diets (Experiment I) 
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Ingredie nt 
Relative amounts of the various ing redients in: 

CSI6-FMO CSI4-FM2 CSI2-FM2 CS I2-FM4 CSI0-FM4 

PaCtnt PaCtn/ PaCtn/ PaCtn/ PaCtn/ 

Corn (yellow, 
U. S. # 2) ....... 75.63 76.46 81.27 78.3 4 83.15 

Soybean meal 18.55 14 .60 9.80 10. 30 5.50 
M enhaden meal . .. .. - 3.12 3. 12 6.24 6.24 
Rock phosphate 

(defluorinated) 1 .. , . 2.34 2.32 2.31 1.62 1.6 1 
Salt (trace 

mineralized)' .. ... 0 .50 0 .50 0 .50 0 .50 0.50 
Vitamin premix (NBC)" 3.00 3.00 3.00 3.00 3.00 

T otal . . ....... .. 100.00 100.00 100.00 100.00 100_00 

1 Calcium, 3 1-34 percent ; phosphorus, 18 percent (guaranteed analysis). 
2 The t race minerals as percent of sa lt mixture were: M n, 0 .600 as manganese oxide; S, 0.250 

sodiu m su lfate; Fe, 0 .200 ferrous carbonate; Cu, 0.060 cuprous oxide; 1, 0 .01 6 calcium idoide; 
Zn, 0 .10 zinc oxide; and Co, 0 .015 cobalt carbonate. 

3 The vitamins as grams/pound of vilamin mix were: riboflavin, 0.45; calciu m pantothenate, 
1.36; niacin, 2.05; chol ine chl oride, 34 .10 ; thiamine, 0.45; pyridoxine, 0.45 ; paraminobenzoic 
acid, 2.27; menadione, 1.02; inositol , 2.27; ascorbic aci d, 20. 5 ; alpha tocopherol, 2.27; Vitamin 
D concentrate (400,000 units per gra m), 0 . 11 ; Vitamin A (200,000 uni ts per gram), 2.05 grams; 
as milligrams/pound: biotin , 9.09; fo lic acid , 40.9; Vitamin B12, 0 .6 1. BC- utritional Bio
chemical Corporation. (Use of trade names does not imply endorsemen t of commercial products.) 



Table 3.-Protein analyses of feedstuffs used in Exper. 
iment I 

Ingredient 

Fish meal I (menhaden) .. .. . . 
Corn I (yellow, U . S. #2) ... . 
Soybean meal I . . . •. .... .. ... 

Concentration of 
protein 

Ptrctnt 

64.0 8 
8 .49 

50.08 

feed. The rats fed diets with 4 percent fish meal 
(eS 12·FM4 and es 1 O·FM4) utilized the feed less ef· 
ficiently than did those rats fed either the control 
diet (eS 16·FMO) or diet es 14-FM2. 

Table 4.-Weight gain and utilization of feed of rats 
fed soybean meal-corn diets with and without 
fish meal supplementation ' (Exp eriment I) 

T reatment 
Average total 
weight gain l Feed/gain

' 
Grams 

CSI 6-FM02 15 1.0 a 2.97 b 
CSI4-FM2 152.0 a 2.71 a 
CSI 2-FM2 122 .5 b 3. 11 e 
CS I 2-FM4 130 .0 b 3. 13 e 
CSI0-FM4 101.3 b 3.50 e 

1 T reatments with a common lett er a re not significantly different from 
each other . Trea.t men ts without a common letter are signifi cantl y 
different (t-test P .= < .05 ). 

2 CS is the symbol for co rn and soybea n meal ; FM, fo r fi sh meal; 
numerical values ind icate percen t protein contributed by the ingred ient. 

II. EXPERIMENT II 
Experiment II had different menhaden fish meal, 

corn, and soybean meal from those used in Exper
iment I and includes 4 more treatments than in Ex· 
periment I-that is, 2 additional controls and 2 ad
ditional diets containing fish meal were used. 

A. EXPERIMENTAL PROCEDURE 

1. Samples 

The samples were obtained from the same sources 
and analyzed in the same way as in Experiment I. 

2. Diets 

The dietary variables (Table 5) were total protein 
level (16, 15, and 14 percent) and the proportion 
of protein from fish meal (0, 2, and 4 percent). 
Formulations of the diets are shown in Table 6 . 

3. Rats 

10 weanling male albino rats weighing 55 -+- 5 

grams were randomly a llotted to each of 9 treatments 
for an experimenta l period of 4 weeks. Feeding 
procedure, housin g, and weigh ing were the same as 
for Experiment I. 

Table 5.-Experimental design of rat study to determine 
the value of menhaden -fish meal as a protein 
.supplement in soybean meal-corn diets (Exper
·iment II) 

Relative amount of protein contributed by: 
T otal T rea t ment 

Corn and soybean meal Fi sh meal protein 

Percent PtrClnt PtrClnt 

CS I6-FMOl 16 0 16 
CS I5-FMO IS 0 IS 
CS I4-FMO 14 0 14 

CS I4-FM2 14 2 16 
CS I 3-FM2 13 2 IS 
CSI2-FM2 12 2 14 

CS I 2-FM4 12 4 

I 
16 

CS II -FM4 II 4 IS 
CS IO-FM4 10 4 14 

1 CS is the sy mbol for corn and soy bea n meal ; FM , for fi sh me al; 
numeri cal values indicate percent contributed by th e in gredient. 

Table 6.-Diet formulations for rat Experiment II to determine the value of menhaden fi sh meal as a protein 
-supplement in soybean meal-corn diets 

Ingred ient 

Corn (yellow, 
U. S. # 2) ... ... . 

Soybean meal .. •• . .. 
M enh aden mea.! .... . 
Rock phosphate 

(deflu orinated) 1 •. • 

Salt ( trace 
mi ne rali zed ) 2 •••• • • 

Vi t amin premix (NBC)S 

T ot al . .• ... ... .. 

CS I6-
FMO 

PtrCtnt 

76 .37 
18.23 

1.90 

0 .50 
3.00 

100 .00 

CSI 5-
FMO 

Ptrctnt 

78 .75 
15.85 

1.90 

0 .50 
3.00 

100.00 

Relative amounts of the vanous ingredients In : 

CSI4-
FMO 

PUCe"t 

8 1.13 
13.47 

1.90 

0 .50 
3.00 

100 .00 

CS I4-
FM2 

Puctnt 

77.95 
14 .03 

3.07 

1.4 5 

0 .50 
3.00 

100.00 

CS I 3-
FM2 

PtrClnt 

80 .33 
11 .65 
3.07 

1.45 

0 .50 
3.00 

100.00 

CS I 2-
FM2 

Puct n t 

82.7 1 
9.27 
3.07 

1.45 

0 .50 
3.00 

100.00 

1 Calc iu m, 31-3 4 percent, phosphoru s, 18 percent (guaranteed analysis) . 

CS I 2-
FM4 

Percent 

79.59 
9 .77 
6. 14 

1.00 

0 .50 
3.00 

100.00 

CSII 
FM4 

PtrClnt 

8 1.99 
7.37 
6 . 14 

1.00 

0.50 
3.00 

100.00 

CSI O
FM4 

Puc(nt 

84.37 
4 .99 
6. 14 

1.00 

0.50 
3.00 

100.00 

2 The trace mine rals as percent of salt mixture we re : Mn, 0.600 ., ma nganese ox ide ; S. 0 .250 sodium sulfate; Fe, 0.200 ferrou s carbonate; 
Cu , 0 .060 cu prous oxide; I , 0.0 16 calciu m iod ide; Zn , 0 .010 zinc oxide; and Co, 0 .015 cobal t carbonate . 

3 The vita mi ns as grams/pound of vita min mix we re: ribofl avin , 0 .45 ; calc ium pantothenate, 1. 36; niacin, 2.05; choline chloride, 34. 10 
th ia mine, 0.45; py ridoxine. 0.45; paraminobenzoic acid, 2.27 ; menadione. 1.02 ; inositol, 2.27; ascorbi c ac id, 20 .5 ; alpha tocopherol , 227; 
Vitami n D concentrate ( 400 ,000 units per gram), 0 . 11 ; Vitamin A (200,000 units per gram), 2.05 grams ; as mill igrams/ pound; biotin, 9 .09' 
folic ac id, 40.9; Vita min B12, 0 .6 1. N BC-Nutritional Biochemical Corpora.tion. (Use of trade names does not impl y endorsement of com
mercial products.) 
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B. RESULTS 

1. Chemical Analyses 

Chemical analyses of the feedstuffs a re g iven in 
Table 7. 

Table 7.-Protein concentration and feedstuffs used in 
Experiment II 

I ngredient 

Menhaden meal II ...... . . . . . . 
eorn II (yellow, U. S. #2) .. . . 
Soybean meal II .. . ......... . 

Conce ntration 
of pro tein 

Pa((nt 

64 .24 
8.76 

50.74 
~--------------------

2. Effect of Fish-Mea l Supplementation on 
Growth and Uti lization of Feed 

Rates of gain were not significantly improved by 
the inclusion of 2-percent or 4-percent protei n from 
fish meal in the soybean meal-.(orn diets at all 3 levels 
(16, 15, or 14 percent) of total protein (Table 8). 
The animals fed diet CS12-FM4 utilized the feed sig
nif icantly better, however, than did those animals fed 
diets CS 16-FMO, CS 14-FMO, CS 14-FM2, CS 12-FM2, 

CS 11 -FM4, and CS 1 O-FM4. 

In diets containing 4-percent protein from fish meal, 
a greater rate of gain and uti lization of feed were 
obtained from anima ls fed t he 16-percent-protein 
d iet (CS 12-FM4). than f rom those fed the diets con
tain ing 15- and 14-percent protein (CS 11-FM4 .and 
CSlO-FM4). 

Table B.-Weight gain and utilization of feed of rats 
·f ed soybean meal-corn diets with and with· 
out fish meal supplementation (Experiment II) 

Treatment Average total Feed/gain1 
weight gainl 

Gram! 

eS I6-FMOl 185.4 ab 2.44 ab 
eSI5-FMO 196.2 ab 2.34 ab 
eS I4-FMO 195.6 ab 2.42 ab 

eS I4-FM2 187.0 ab 2.56 c 
eS I3-FM2 189.4 ab 2.38 ab 
eS I2-FM2 189.2 ab 2.55 ab 

eSI2-FM4 203 .5 a 2.24 ah 
e II -FM4 181.1 b 2.49 b 
eS IO-FM4 180.5 b 2.68 c 

1 Treat ments with a common leller arc not significantly different 
from each other Treat ments without a common letter are significan tly 
different (t-test 'p = < .0 ). 

2 es is the symbol for corn and soybean meal; FM, for fish meal; 
numerical values indica te percent protein contributed by tbe ingredient. 

III . CONCLUSIONS 
Contrary to our premise, the results obtained indi

cate that fish-meal supplementaiion in general did 
not improve the amino-acid balance of the soybean 
meal-corn diets. However, 1 exception was noted 
in that the rats fed diet CS 12-FM4 in Experiment II , 
although gaining weight at a similar rate, utilized 
the feed more efficiently than did those receiving 6 

other treatments. Possibly, at this level of tota l pro
tein (16 percent), the amino acid requirements of 
the rats were met quantitatively, whereas the de
creases obtained from fish-meal supplementation at 
the lower protein levels (15 and 14 percent) may 
have been due to an amino acid imba lance. 
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PROXIMATE COMPOSITION OF 
GULF OF MEXICO INDUSTRIAL FISH 

by 

Mary H. Thompson 

ABSTRACT 

Variations in physical measurements and proximate composition of 17 Gulf of Mexico industria l 
fish over several years are delineated on a monthly basis. Scattered data for severa l other species 
are also presented. Analys is of variation in prox imate composi t ion and the influence of (1) geographic 
location of catch, (2) yearly variation, (3) reproductive cycle, (4) sex, (5) fo :)d , (6) size, (7) a.ct ivi ty, 
and (8) species are discussed. The fishery is described, and data are give n on fluctuations in bottom 
temperature and types of bottom encountered . Changes in moisture and oil content are shown, and 
an equat ion for estimating the oil content of a lot, composed of mi xed species, from its known mois
ture content is presented . The equation (Y = 65.3 - 0 .8X) can be used to predict the oi l content with 
a statistica lly estimated error of -+- 0.6 percent oi l. A series of actual samples showed the average 
deviation to be - 0 .1 percent . 
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INTRODUCTION 

Much has been written about the prox imate com
position of var ious species of fish, particularly those 
species used for human food. Several recent books 

have included reviews of the subject (Vinogra dov. 
1953; Heen and Kreuzer, 1962; and Stansby, 1963); 
they may be consu Ited for fu rther information, in-

Author: Mory H. Thompson, Supervisory R t uarch Ch t mist , Bureau o f Commercia l Fisheri es Techno log ica l l aboratory, Pa scagoula, Mississippi. 
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cluding partial bibliographies. In considera tion of 
the large amount of published research, it would 
seem that the subject of variations in composi tion 
would have been exhaustively trea ted . This, however, 
is far from the case. 

Certain of the commercia lly important species -
particularly those species whose oil content is valued 
commercially - have been studied on a seasona l 
basis (Hart, Tester, Beall, and Tull y, 1940; Black 
and Schwartz, 1950; Venkataraman and Chari, 195 1; 
Chidambaram, Krishnamurthy, Venkataraman, and 
Chari, 1952; Brasmaes, Mogensen, and Birno, 1954; 
Flood, 1958; McBride, Macleod, and Idler, 1959; 
Sohn, Carver, and Mangan, 196 1). Seasona l changes 
in the proximate composition of fish have been att ri b
uted to: ( 1) differences in the amount of food or 
the type of food available, or to both the amount 
and the type (Ven kataraman and Chari, 1953; Stans
by, 1963); (2) feeding habits of the species in re
lation to the reproductive cycle (Chidambaram and 
associates, 1952); (3) size and maturity of the fish 
(Chidambaram and associates, 1952; Flood, 1958); 
(4) geographic location of catch (Venkataraman and 
Chari, 1951); (5) reproductive cyc le of the spec ies 
(Hart and associa tes, 1940; Venka taraman and Chari, 
1951 ); and (6) sex (Chidambaram and associa tes, 
1952). On the other hand, certain investigators fi nd 
so much var iation from 1 fi sh to another that the 
seasonal variation becomes meaning less (Stansby, 
1953), and othe rs find neither seasona l nor species 
variation (Thurston, 1961). 

of the fastest growing fisheries in the wor ld is 
the relat ively new Gulf of Mexico industrial fishery . 

The fishery has grown from a production of 3,000 
tons in 1952 to 41,000 tons in 1962. The catch is 
uti lized in the production of pet food and fish meal 
and as mink food . Over 170 species have been re
corded in the catch, although of these 170 only 18 
species comprise ove r 1 percent of the catch through
out the year (Haske ll , 196 1). To date, only a lim
ited study of these 18 species has been made (Thomp
son, 1959a, 1959b, 1959c), and no interpretation of 
changes occurring with respect to seasonal variations 
in prox imate composition has been attempted. The 
part icu lar purposes fo r wh ich these spec ies are uti
lized render such composition data not only desirable, 
but mandatory. In the manufacture of pet foods, 
a certain leve l of oi l and protei n must be present in 
the finished product ·to meet the requirements of 
var ious Sta te codes. In the production of fish meal 
in wh ich o il is not removed during manufacture, the 
production of a desirab le meal necessitates regulation 
of the oi l ·conten t of the incom ing raw material. The 
d ietary requirements of mink during the reproductive 
cyc le, as we ll as during the pelt-produc ing season, 
are qu ite we ll defined as to high o il and low o il 
requirements. 

The purpose of this paper, therefore, is to report 
on the proximate composition of the co mmon Gulf 
of Mex ico industria l fi sh wi th particular emphasis on 
var iations to be expected thro ughout a single year, 
and also from year to year. In order that a frame 
of reference be prOVided, the fishery wi ll be de
scribed; then with that background to provide 
insight, the prox imate composi tion w ill be reported. 

I. THE GULF OF MEXICO INDUSTRIAL FISHERY 

A. PRODUCTION 

The fishery was started in 1952 to use the " trash" 
fish recovered during shrimping operations. In that 
year, a plant was estab lished in Pascagoula, Missis
sippi, to process these species into a pet food . Dur
ing its first year, the fishery produced 3,000 tons. 
In 1954, a fleet of vesse ls devoted to fishing for 
industrial species was established (Illustration 1). 
By 1962, the catch had increased to 4 1,000 tons, and 
the fish mea I and mink food had been added to 
the products being marketed. 

Although the industrial fish are not intended for 
use in human nutrition, they are t reated with care. 
In general, the fishing vessel remains at sea for only 
2 to 3 days; none of the landing sites is more than 
1-1 / 2 days running time from the farthest fishing 
point. The fish are caught in a flat shrimp trawl, 
usually 65 feet in Width, and are brought onto deck, 
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where unusab le items are culled and the rest of 
the catch is iced. The catch is kept well iced for 
the remainder of the cruise, as any deleterious chang e 
in the fish makes them unusable in the production of 
pet food or mink food. At dock-site, the fish are 
unloaded with a " fish pump". This pump has attached 
to it a fle xible hose of large diameter to which a 
slight vacuum is supplied (Illustration 2). The fish 
are directed to it by means of 2 high-pressu re water 
streams and are then further carried with their ac
companying stream of water through the suction 
pumps into a large washing tank. During this proc
ess, the catch is cleaned of any adhering ice and 
bits of extraneous material. From the washing tank, 
the fish are spread onto a continuous conveyor and 
carried past inspectors who cull the unutilizab le spe
cies. 

It is at this point that the catch was sampled. 



Illustration I.-Vessels typical of those used in the fishery for industrial 
·species in the Gulf of Mexico. 

Illustration 2.~Removal of catch from vessel hold to plant sorting line 
·by m eans of a " fish pump". 
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B. FISHING GROUNDS 

The definition of this particular fi shing ground 
as an environment is of sign if icance to the inten t 
of this study. At the present time few, if any, other 
fishing grounds are so well-defined geographically 
and are as productive both in terms of quantity of 
fish landed and in terms of diversity of species. A 
study of the composition and variations in compo
sition of the separate species is, therefore, a worth
while and informative project. 

The geographic range of the fishery extends from 
Ship Shoal or Vermillion Bay, Louisiana, on the west 
to Cape St. George, Florida, on the east (Figure 1). 
The greatest portion of the catc h is ta ken between 
2 a nd 20 fathoms, but occasiona l fishing is done 
as deep as 30 fathoms. Although the fi shery does 
extend some 7 degrees of longitude, or about 420 
miles, it does not exceed 2 degrees of latitude and 
is seldom farther than 30 mil es from the nearest 
coastal point. The shallow shelf extends along the 
coast for mallY miles and outward to the 100-fathom 
curve some 60 miles offshore, forming an environ
ment with many common characteristics. 

Figure 2 shows the changes in bottom temperature 
for 4 longitudinal sections of the area throughout 
the year as recorded by personnel of the research 
vesse l OJ" {) Cr! over a 5-year period. Although there 
is a variation of 20 to 30 degrees in bottom tem
perature throughout the year, there appears to be 
no great change in temperatures from east to west, 
nor is there an apparent difference due to dppth 
within the range considered. The summer fishing 
grol1nds are inshore (Figure 1) in depths of 2 to 7 
fathoms, whereas the winter grounds are farther off
shore in depths of 8 to 20 or, occasionally, 30 
fathoms. 

With in the area fished, the bottom has been found 
to be almost entirely mud, sand, or mixtures of both, 
and the organisms associated with it are thus apt to 
be uniform as to type and distribution. There appar
ently is an abundance of food during the entire year 
in these shallow-water areas (Coker, 1949). The 
species of fish normally obtained in this fishery 
throughout the year in greatest abundance are 
bottom fish . For the most part, they ingest various 
worms and shrimps and other small crustaceans, all 
of which are numerous. 

28·t--------1>--------+--------+--------+--------I 

2S·t--------1--------+--------+-------....L--------I 

»:'". Summer fishjng grounds 

Wint.r fithing ground. 

Figure I.-The summer and winter industrial fishing grounds in the Northern Gulf of Mexico. 
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When taken together, the character istics of the 
envi ronment ava ilable to the fishery seem remarkab ly 
stab le and uniform throughout the geog raph ic area 
fished (even in their var iations). The possibi lity 
therefore exists that the numerous spec ies taken here 
might have some com mon characteristi cs as to com
position and, further, that a unique opportunity pre
sents itsel f to study the influence o f the environment 
upon composit ion. 

C. SPECIES 

Over 170 species o f fish be longing to 65 famil ies 
have been recorded as present in the fishery (Haske ll, 
1961). Of these, only a small number are present 
th roug hout the year in a proportion greater than 
1 percent of the total cat:h. A few add itiona l species 
enter t :le ca tch in measurable amounts dur ing a 
few-months period (Tab le 1). According to the an
nua l report of the Burea u of Commercial Fisher ies 
Bio logical Laboratory, Ga lveston, Texas, fi scal year 
1963 (1964), croaker (Mic 1opogan undulatus) ac
counted for 58 percent of the total production in 
1962. In the same year, spots (L eios tomus xanth
ul'us), sand and w hite sea trouts (Cynoscion arenarius 
and C. 11 0thlls), and silver ee ls (T1'ichiurus leptU1'"Us) 
accounted col lecti ve ly for 23 percent of the catch. 
The remaining 19 perce nt was made up of relatively 
few of the rema ining species-part icu larly those in
cluded in this study. 

The menhaden (BTevoo l t1'a patronus) included in 
this study cannot be considered as representative 
of the fish norma ll y associated with that fishery. 
The samp les taken were caught in bottom trawls 
(probab ly as the trawls were let out and retrieved) 

and were not sc hooling as do the menhaden of the 
norma l fishery . For the most part, these menhaden 
ore sma ll er and are peculiar to the industrial fishery . 

To avo id con fusion, it shou Id be clear that the 
common names of the species used frequently in this 
report are not t he on ly ones applied to particular 
species. For instance, sil ver eels are also known 
as A tl antic cutlassf ish, white trout are perhaps more 
common ly ca ll ed si lver trou t, and hardheads are 
a lso known as sea ca tfish. The sc ientific names, 
howeve r, can be used to find a more familiar com
mon name in such publications as Check List of the 
FloTida Game and Commercial Marine Fishes (Robins, 
1958), or Fo od and Game Fishes of the T exas Coast 
(Pew, 1954). 

The 3 most common fishes-croaker, spot, and 
whi te trout-together with severa l others that appear 
more or less regularly in the catch (banded croaker, 
silver perch, and star drum), belong to tfre sa me 
family (Sciaenidae) . The fourth common fish, the 
silver eel, belongs to family Trichiuridae . These 
species are all bottomfish and feed commonly on 
small er crustaceans and worms. Other species be
longing to this group are hard head (fami ly Ariidae), 
threadfin (family Polynemidc~e), porgy (family Spa-
1'idae), and grunt and pigfish (family Pomadasyidae) . 

The most common pelagic (o r mid-water) species 
taken beiong to family Clupeidae and include men
haden, razorbelly, and thread herring. These species 
are p lankton ea ters and for the most part do not 
congregate on the bottom. Other pelagic fishes 
frequently found in the catch are anchovy (fami ly 
E ngraulidae) , bumper (fam ily CamngidM ), harvest
fish, and butterfish (fami ly Stromateidae). 

Table l.-Species composition of Gulf of M exico industrial trawl fishery catches by weight, 1959 

Species Concentrations during: 

Common name Scie ntifi c name J an. Feb. M ar. Apr. May June Jul y Aug. Sept. I oCL I Nov. I Dec. 

- _ . - - - - - - _. - - Peru nt by weight - - - - - - - - - - - -

Anchovy ...... .• . Anchoa sp. (2 species) ... ... . 
Butterfi sh . .. ... .. Poront'UJ trioca nthuJ .... . . . . 
Cat fi sh, sea Galficlithys jt/is ..... . . .. . . 2.4 1 
Croaker . ........ . Micro pogoll u"dulatus ....... 4 1.41 
Croake r, banded Lari m us jasciatus . .. .... . ... 2. 19 
Flounder ........ . Paralichthys sp. (2 <pecies) .. , 
Li za rdfi sh ........ Synodus joetens . . . . .. .. . . . . 
Menhaden ........ Brcv oort ia sp. (3 species) .. , 3.28 
Porgy ....... . . . . St l.' ltolomuJ sp . .......... . . . 
Razo rbelly ..... . .. Harmgr"a pensacolae .. . . ... . 
Sea robi n ...... .. . Priono!us sp . (2 spec ies) .... . 
Si lve r eel ... ...... T,ieh iurltJ Iepturus . . ...... . 
Spot . . .. ... . .... Leiosto mus xanthu ru s . . ..... 29.34 
Sta r drum ....•... Stellij" lanClolatuJ . .. . . . .. . 
Threadfin .. . ...... Polydacty lus octonemus .. ... . 
Trout. silver .. . . .. CY l1 oJCion n ol huJ ... . ... .. . I :!.45 
Whiting .... ...• .. Mmticirrhus sp. (2 species) .. . 1.65 
Miscellaneous 

(l ess than I perce nt 
each) . ..... .... ......... . ....•...... . . .. 7.27 

Source: H askell (1 961) 
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II. PROXIMATE COMPOSITION 

In this section, variation in proximate composition 
is considered first, and predictability of the compo
sitional factors is considered 'second . 

A. VARIATION 

1. Procedure 

a. Samples.-Samples of the species of industrial 
fish that could be obtained throughout the year on 
a more-or-Iess reg ular basis were taken a't random 
from the sorting belt of a production line. Species 
falling into this category were: anchovy, A nchoa 
hepsetus; bumper, Chloroscombruschrysurus ; but
terfish ; croaker; banded croaker; hard head, Gal
eichthys f elis; harvestfish, P eprilus alepidotus; men
haden, Brevoortia patronus ; pigfish, .o.1-thopristis 
chrysopterus; porgy, Stenotomus cap1-inus; razor
belly; silver eel ; spot; threadfin ; thread herring , 
Opisthonema oglinum; and wh ite trout, Cynoscion 
nothus. In addition, samples of the following species 
were obtained at irregular interva ls: grunt, Haemulon 
sp .; scad, Trachurus lathami; silver perch, Bairdiella 
chrysura; silverside, Menidia sp .; and star drum, 
Stellifer lanceolatus. These samples were identified 
and then placed in a polyethylene bag, frozen, and 
held at 0 ° F. until prepared for analysis. Detai led 
histories of prior handling procedures were recorded. 
No specimen was held over 4 days in ice prior to 
its being obtained from the sorting l ine; for the 
most part, the fish were only 2 days old. The samp les 
were taken, identified, and frozen with in 3 hours. 
Addition a l samples of mixed fish were taken from the 
ex it line of an industrial food chopper located at 
a pet-food plant. These additional samples were 
used for analysis in a second exper iment to determine 
the correctness of fit of an equation for the pre
diction of oil content. 

The samples were identified by personnel of the 
Exp loratory Fishing and Gear Research Base at 
Pascagoula, Mississipp i. The sex and the reproductive 
state of later collections of spot and croaker were 
identified by personnel of the Biological Field Station 
at the Bureau of Commercia l Fisheries laboratory in 
Pascagoula . 

b. Physical measurements.-Prior to preparation 
of the sample for analys is, the fish were thawed and 
drained thoroughly. Each fish was measured to the 
nearest millimeter with a meter stick and weig hed 
to the nearest 0 .1 gram on a direct-reading pan 
balance or on a double-beam balance. For very 
small fish, such as anchovy, a random sample was 
used as the cr iterion of the whole lot. " Fo rktail" 
length measurements were taken fo r those species 
having well-defined fo rked tails, and "overall " length 

measurements were ta ken for those spec ies having 
more-or-Iess blunt ta il s. The forktail measurement 
is from the tip of the mouth to the apex of the ang le 
formed by the 2 sides of the ta il. The overa ll mea
surement is from the tip of the mouth to the farthest 
end of the ta il. 

c. Proximate-composition analysis.- After the phys
ical measurements were taken, the lot of fish was 
divided into 4 subsamples contain ing, if possible, not 
less than 4 fish each. Each subsample was ground 
3 t imes in a food grinder having 3/ 16-inch p lates 
and was placed in a g lass conta ine r. The samples 
were then frozen an d held at 0 ° F, until analyzed. 
This procedure afforded a spread of va lues for each 
spec ies, giv ing an approx imation o f the var iation to 
be expected at any given t ime of the year, The 
mea n of the 4 samp les prepared in this manner 
is equiva lent to the mean obtained from a single 
large samp le (Thompson, 1959c). 

The methods of ana lys is used were tho~ of the 
Assoc iation of Official Agricultural Chemists (1955) 
modified as fo llows: 

1. M o isture: 20 grams of whi te sand was mea
su red into a luminum dishes, rep lacing asbestos 
fiber in gooch crucibles. 

2. Ash: Vycor' crucibles rep laced p latinum ones; 
moisl ening the ash wi th water and re-ash ing 
was not necessa ry. 

3. Protein: Selenium granu les replaced HgO or 
meta llic Hg as the catalyst; therefore, sulfide 
or thiosu lfate so lution was not needed to pre
cipitate the Hg. 

Sa mpl es we re ana lyzed as single determinations; 
however, determi nations seemingly questionable be
cause of large va riations from the mean were rerun 
to check the accuracy of the data, Thus, va lues 
reported that vary widely from the expected norm 
are averages of duplicate analyses. 

2. Results 

Variations in the environment, the fish, and the 
season are examined in the following discussion of 
the results: 

a . Variations in the environment. - the following 
fa.ctors are considered : (1) geog raphical and annual 
variations, (2) wa ter temperature, and (3) food . 

(1) Geogra1Jhical and annual variations.-Sev
era l authors {for example, Venkataraman and Chari , 

1 Trade names referred to i n thi s publ icat ion do no t imply en· 
d or sement of commercial products . 
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1951; Stansby, 1953; and Karrick, Clegg, and Stans
by, 1956) have commented on the changes in com
position for a given species caught at different lo
calities at the same time and during different years 
in the same locality. In general, some a utho rs have 
suggested that such variations are so great that com
parisons are invalidated. It thus is necessary first to 
consider the possibility of variation in compos ition 
(a ) fram one end of the geographic area sampled 
to the other and (b) from year to year. Only then 
can the data gathered be evaluated in a va lid 
manner. 

Table 2 shows the average measurements and 
average proximate composition of vario us sample 
pairs taken f rom different localities at the same t ime 
of the yeor. A test of significance of the difference 
between the means applied to these samp le pa irs 
snould show whether the means actually represent 
means from 2 different populations or 2 different 
means from the sa me popu lation . There is no sig
nificant difference in the protein con tent of the 
va ri ous pairs. With the exception of the porgy 
sample, the ash content does not differ significantly 
in any of the samp le pairs. 

The same type of data but for pairs associated 
by dates of catch is shown in Table 3. These samp les 
are paired to each other as representative of the 
same time if they were obtained within 7 days of 
each other, although 1 or more calendar years apart . 
3 of the 25 pairs show significant differences between 
the means of the protein pairs as do 2 of the ash
cont-ent pairs. In a group of pairs of this size, this 
number o f significant differences does not assume 
a large proportion. It can then be said that the pro
te in and ash content of these spec ies does not vary 
significantly from year to year. When a variation 
in t ime of more than 7 days between samples, 
whether in the same year or different years, has 
e la psed, th ere are sign ificant differences between 
sample pairs. Perhaps this has contributed to the 
statements that such extreme variations exist that no 
prediction can be made from year to year, since 
samp les have se ldom been taken within ~; uch a short 
time- lapse in previous studies. 

7 o f the 13 geographic pairs show a significant 
difference in o il content, as do 5 of the moisture
content pa irs (Table 2). 11 of the year pairs vary 

Table 2.-Comparison of physical measurements and proximate composition of samples of industrial fish ob tained 
from different parts of the sampling area 

Location l Date o[ A \'erage size Protein co ntent Oil co ntent Ash content IVloisture content 

Species o[ catch catch Length Weight Average De Average De Ave rage 0 2 Av erage De 

em. Gram P ercen t Puctll t PUCfnt Perce'nt 

Ancho\y 18 2/15159 I 1.1 II .5 18 .9 None 3.8 None 3.27 None 74.2 None 9 2/ 15 /uO II .9 16.9 18. 7 4 .6 2.6 1 74.3 

Croaker 20 1/ 10/5 17. 1 ~9 .8 17 .0 None 2 .6 * 4.53 None 76.0 
6 1/ 1+159 19. 1 65. 2 16 .4 1.4 5.74 76.9 one 

7 417159 18.9 65.6 15.9 one 1.6 * 6.4 1 76.3 * 9 ~ / 1 2I60 IS. I 64.4 16 .4 3.2 5.42 one 74.9 

10 6/30/60 13.9 30 . S 16. 7 Tone 4 .6 · 4.29 None 74 .4 . 
9 7/6160 17.9 69.8 16.3 7.4 4 .73 72 .1 

7 8/19/\9 15.2 36.5 17.5 Tone 4 .3 · 4.58 74.5 
6 SI 19159 15.3 36.9 17.4 2.6 5. 18 one 75.4 one 

(, 9/ 22159 15.1 36. 1 17 .2 None 3.0 None 4.80 None 75 .0 None 7 912+/58 20.7 9.\ .7 16.5 3.6 3.96 76.0 

Croake r, banded 8 11 / 22158 19.5 103.1 17 .8 None 2.3 None 4 .03 Tone 75 .6 Tone 9 I 1/3 0/uO 17.7 88 .0 17. 1 3.3 3. 12 76.2 

llardhtad 8 8/ 12 / 59 15.4 43.3 17 .3 To ne 4.2 · 6 .65 No ne 72 . 1 
9 8/ 16/60 20.6 106.0 15.2 8.7 5.68 70.9 one 

7 10/ 7/60 15.6 52 .5 15 .2 None 7.5 · 5.26 'one 72.0 . 
IS 10/ 13/ 59 12 .9 3 1.1 14 .7 5.0 4.05 75.9 

Por~r 7 +/ 7/ 59 13.7 58 . 1 17.4 Tone 3.0 8.49 * 71.1 * 17 +/ 12160 11 .6 + 1.2 17 .0 3.5 one 5.67 73 .6 

Silver cd 5 1/ 1+ 159 H .9 38 .8 17.2 None 3.2 None 2.77 77.0 
9 1121 /60 45 .7 39.7 17.2 3.9 2.27 one 76.4 one 

12 4/6/5 9 45.3 43.4 17.0 None 3. 1 * 2.62 77.2 No ne 9 +! 12/60 43.5 43. 2 15.9 4.9 2.00 one 76.7 

Srot 7 21 16/60 13.3 3 1.9 15.9 None 4 .3 None 3.55 76.0 * 9 21 16/00 17. 7 72 .8 16.2 2.2 3.87 one 78.5 

1 Sce .\ prcndlX A, T able IA and F. 'ure lA, [or numerica l identification. 
[) = SI~nlfit:Jnl d,fferclll c : :\onc not s ignifi ca ntly different. 

'It = sisniflGJ,nLiy different at the 99.i-perce nt level. 
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significantly in oil can en I and 7 in mois ute con en 
(Tabl 3). The number of airs varying signJl ican Iy 
from one another represen S obav 1/ 2 of h g 0-

graphic pairs and 1 , 2 of he year pa irs. Thus, 

Tabl 3.- o mpari m nt a nd pc im 
durin g Ih In diff r nt 

ale or 
p i. ca tch 

e ... . Crn ... 

Ancho\y 21 15/59 11 . 1 I I.> 
2/ 1 /6 11 .9 10.9 

10 
1 J 0 

l3ump<r 9/2 11 192 
9/22/60 I . 

I 1 19/59 I 
10/ 12/60 120 

Bultedl,h 10/ 13/9 13. 1 
10/ 12/60 12.9 

11 / 121 13 0 76.4 16 .6 
11 1 11 /59 13 9 5 17 .. 

ro.k. r 1/ 10/ 58 17. 1 49 170 
1/ 14 /59 19 I 6 2 16 .4 

4/7/59 I 'I 6 6 ,- 9 
4112/60 I I 6 4 164 

9/2415 ZO 7 94. 16 I 
9/ 22/59 I 3 36.1 172 

10/ 191"9 
10/11/6 1 

II :udhrad 6/9/58 
6/ 10/60 

1 12159 
1 16/6 

1/3,, < .fish 
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9 matching geographic pairs (that is, 9 pairs alto
gether from the East, the East and the W est, and 
the W est) tha t do not differ sig nif icantl y in o il or 
moisture co ntent in different years and 3 East-and
West pa irs that do not differ sign if icantly. Of those 
pairs that do differ significant ly in o il content in dif
ferent years, 7 are matching geographic pairs, a nd 
4 are not . Of those pairs that di ffer sig nifican tly 
in mo isture con tent in different years, 4 are matching 
pairs, and 2 are not . Apparent ly then, one must 
look to other factors contributing heavily to variation 
in sa mple compos ition. Should this factor not be 
readi ly explainable in terms of environment, then it 
can be assumed that the variation does occur due 
to chance-indeed, that it is intrinsic to the study. 

That there are variotions in both oil and moisture 
conlent-with oil content having the greater degree 
of varia tion-is not surprising. As will be shown 
later, oil and moisture are strongly correlated in an 
inverse manner. Thus, if by some means the oi l 
con tent of a sample is increased to a great degree, 
the moisture content will be decreased proportion
ately. These 2 factors can be changed without af
fecting the protein and ash content to any great 
degree, t~us account ing for the relative constancy 
of the protein and ash factors th roughou t the sampling 
area. 

In summary, ash and protein content seem to be 
little affected from year to year or by geographic 
influences within the area studied; however, oil and 
moisture content do vary in a random manner, in
dicating the influence of another factor or factors. 
Although these variations do exist, a thorough sam
pling of the species should provide data indicative 
of yearly trends and also data that are useful to 
study third-factor influences. 

(2) Water tI'IHpe ratllre.-An examination of Fig
ure 2 shows that the bottom tempera ture does not 
fluctuate throughout the year from the eastern end 
to the western end of the area studied. Surpris ingly, 
depth up to 30 fathoms does not seem to play an 
extremely important part in the temperature var ia t ion. 
The scatter of temperatures at any 1 time is as great 
as any difference apparent between figures fo r any 
given range in depth. The genera l trend seems, 
however, to be toward warme r temperatures starti ng 
in June and continuing through November. Figures 
2A through 17 A revea l that 4 species have o il-con
tent peaks during winter (December, Ja nuary, a nd 
February), 7 during sp ring (M arch, Ap ril , and May), 
3 during summer (June, Jul y, and A ugust), and 4 dur
ing fa l l (September, O ctober, a nd N ovember) . The 
g reater number of species tend to pea k in the spring, 
a time w hen the bottom temperatures seem to change 
very li ttl e. Thus the temperature of the env ironment 
cannot be sa id to play a primary role in conditioning 
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all of the species, although it may well "trigger" the 
event in combination with o ther factors. 

( 3) F ood.-Anothe r cond itioning factor may be 
the q uant ity a nd type o f food available to eacn 
spec ies. The spec ies assoc ia ted with the industrial 
fishery are a ll inhabi tants o f the " litto ral " zone about 
w hich Coker (1949) says: 

Rich est in num be r o f indi vi du a l a nimal s visible 

to the n aked eye, a nd in d iversity o f kinds, is th e 

littoral zon e, wh ich , as prev io usly d efin ed extends 

from the upper tide line co a depth o f so m e 100-

ZOO fathoms- or as far out as th ere is light enou g h 

at the bottom to pe rmit the growth o f benthon ic 

plants. There are several reason s for th e rela tive 

populousness of th is region. The sha ll own ess and 

the illumin ation of th e bottom favor th e growth 

of photosynthetic organ isms, th e "prod ucers", f rom 

top to bottom. M ixi n g by waves a n d tides is here 

more active and complete. Better vertical circ u

lation promotes turnover of the n utritive su bstan ces, 
bringing them back from the less well lighted bo ttom 

into the uppermost and better illuminated waters, 

where they are most effectively used. D rain age 

from land comes first into the littoral region . 

That there is a great abundance of food for both 
the benthic and pelagic species of industrial f ish in 
the Northern Gulf of Mexico seems to be a point 
all can agree on. Therefore, cyclical changes in oil 
and moisture, as wel l as paired differences, ca n 
hardly be due to lack of available food. That the 
type of food available may vary from the eastern 
end of the study zone to the western end is possib le, 
although not extremely likely. The bottom conditions 
are the same throughout the region-sand, mud, or 
both. Other environmental factors-temperature, 
amount of light, etc.-are much the same. The who le 
region is one of excellen t land drainage, there being 
a number of large river systems emptying into the 
Northern Gul f of Mex ico. It is p robable, therefore, 
that the same types o f organisms are d ist ri buted 
throughout t he study area, a lthoug h not necessarily 
the same species. It seems un like ly then that types 
o f avai la b le food have any grea t inf luence on the 
d ifferences in paired oi l and moisture content. 

Thus, of the 6 possi ble con tributo ry factors, only 
1- the reproduct ive cyc le-seems likely to influence 
d ifference between the means of oil and moisture 
content. The influence of the changes occurring in 
the population at the inception of the reproductive 
cycle is a difficult one to assess as being wholly the 
cause. The chance nature of the incidence of sig
nificant differences of the means of the paired values, 
as we ll as the lack of information about the repro
ductive-cycle periods of most of the species, makes 
it impossible to arrive at a final conclusion. For 
the purposes of this paper, however, one may con-



elude that (1) the populations have the same compo
sitional characteristics within certain li mits, (2) the 
significant increases in oil content wil l take place at 
about the same time from year to year, and (3) the 
study area can be treated as a geographic unit. 

b. Variations in the fish.-The fo ll owing factors 
are considered here: (1) size, (2) maturity, (3) sex, 
and (4) reproductive cycle. 

(1) Size.-Taking only the variat ions in oi l and 
moisture into account in Tables 2 and 3, we see 
that the size of the fish in the paired samples has 
little to do with significant differences in composition. 
Of those samples that do vary significantly, there 
are 3 pairs of the same size and 6 of different sizes 
listed in Table 2; and 6 and 8 of each, respective ly, 
in Table 3 . Of those samples that do not vary sig
nificantly, there is 1 pair of the same size and 3 of 
different sizes listed in Table 2, with 3 and 8 of each 
respectively enumerated in Tabl e 3. A more graphic 
example may be had by comparing the sample pair 
of April croaker (average weight difference of 1.2 
grams) with the sample pair of Ssptember croaker 
(the 1959 sample being about 1/ 3 the weight of the 
1958 sample). The former pair differs significantly 
in oil and moisture content; whereas the latter pair 
does not differ significant ly. A further comparison 
of the samples of January and April si lver eel in the 
same table shows the variation present in the April 
oil content and not in the January, although in this 
case, the sample pairs are all of the same size. Appar
ently, size of the fish has little to do with the proba
bility of variation in either oil or moisture content. 

(2) MaturitY.-Although no planned study was 
made on the influence of degree of maturity on 
proximate compositiorl, severa l samp le pairs that 
might indicate a trend, if any, can be found in 
Table 3 . The samp le of bumper obtained on October 
19, 1959, is almost certainly juvenile, yet it does 
not differ significantly in composition from the adults 
caught on October 12, 1960. A similar instance 
is found in the samples of September croaker. On 
the other hand, the juvenile silver eels caught Sep
tember 22, 1960, differ significantly in moisture con
tent from the adults caught on September 24, 1958, 
although not in oil content. It thus is unlikely that 
degree of maturity-at least between juveniles and 
adults-greatly influences composition. 

(3) Sex.-Table 4 shows the physical measurements 
and average proximate composition of croaker and 
spot that were sorted according to sex. With the 
exception of the October sample of spot, there are 
no significant differences between the sexed samples 
in either physical measurements or proximate com
position. The October spot sample shows a signifi
cant difference in the oil and moisture content of 
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the male and female specimens, the ma les being sig
nificantly lower in oil content and higher in moistu re 
conten t . The samp ling period extends through the 
period o f high and va ria ble oil conte nt for both spe
cies (Tables 5A and 14A, Figures 5A and 14A) and 
thus shou ld show sign ificant var iations if such were 
preseni·. Instead, th ere is on ly 1 sign if icantly dif
ferent pa ir-as might be expected if such va riation 
in pairs were due to chance. 

(4) R ep)'odllctive cycle.-The possib ility arises 

that the observed var iations in pairs might occu r 
during a particular portion of the reproductive cyc les 
of these species. Unfortunate ly, the per iodicity of 
the reproductive cycles of the var ious industrial fish 
in the Gulf of Mex ic:o has not been studied extensive ly. 
Since data are available for only 3 of the major 
species-croaker, spot, and white trout-this discuss ion 
is limited to these species. According to Roithmayr 
(1964), the period of spawning for croaker begins 
in September and continues t hrough Novembe r. 
Roithma yr (196 1) a Iso states that the per iod of spawn
ing of white trout begins in August and lasts through 
October. Spot start to spawn in December and 
continue through March (Pearson, 1928). Figures 
5A, 14A, and 17 A, together with the dated pairs, 
s'-1ow that the pa ired oil and moisture va lues ~hat 
ar _ significantly different occur for the most part on 
the portion of the curve where the oi l content is 
changing the most rapidly with time. Whether the 
difference is due to an actua l difference in popu lation 
during 1 year, or f roM year to year, or whether it 
is due to sampling difficulties w ithin the total popu
lation is a difficult question to answer. As was pre
v iolJsly pOinted out, samples of male and female 
croaker and spot caught in the same traw l did not 
vary significantly in oil and moisture con tent even 
during the period of high oi l content. This lack 
of correlation wou ld seem to rule out sex differences 
in a single population. The absence of d ifferences 
during other parts of the year tends to e lim inate 
year-to-year variations per se as a cause of vari
ations in oi l and moisture content. Thus, year-to
year time-sequence var iations come to the fore as 
an explanation of the observed variations . The por
t ion of the curve most greatly affected by year
to-year lime-sequence variat ion of environmental con
ditions and their influence upon compositiona l chan ges 
would be that portion of rapid change f rom low 
o il content (or high mo isture content) to high oi l con
tent (or low moisture con tent) . If the hig h o i l con
tent and low moistu re content are co nnected w ith 
the reproduct ive cycle in so me ma nner, then there 
shou ld be some var iability from yea r to year even 
within a sma ll time lapse, since the inception of the 
reproductive cyc le is in itself inf luenced by a variety 
of environmenta l conditions. The exact com b inat ion 
of conditions, such as food, tempera ture, hours of 
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l ight, etc., co uld not a lways be expected to occur 
a t a given poin t in ca lendar time. This in itse lf 
should be a chance si tuation , as the da ta indicate. 

c. Variations in the season.- It is a ccepted in 
this area that the seasons may be c lass ified as fol
lows: the w inter months are December, Jan uary, 
and February; spring-March, Ap ri l, and M ay; sum
mer- June, Jul y, and August; and fa ll -September, 
O ctober, and November. In the d isc ussion that fo l
lows, thi s general divisio n wil l be fo llowed. Tables 
2A- 18A in the appendi x list the date o f ca tch, lo
ca tion of catch, number o f fish analyzed, ancJ t he 
range and average values of the length, weight, 
protein, oil, ash, and moisture content of the various 
species analyzed. 

(1 ) R elation of CC?nlJosition to season.-That 
there is a variation in the proxi mate composi t ion 
of each spec ies during the year is evident. The pro
te in con ten t o f each species va ries throughout the 
year, but in most cases remains within t he species 
average -t- 2.0 percent (Tabl e 5) . The exceptions 
to thi s are harvestfish, spot, star drum, and thread 
herring. In these spec ies, the protein content varies 
as much within species as it does between species
the average variat ion being ± 3.4 percent. Th is 
change in protein content appears not to be con
nected with differences in the weight or length of 
the samp les except as would be expected in con
nection w ith the genera l growth of the anima l. It 
mayor may not be re lated to the reproduct ive 
cyc le; thi s relation w ill be discussed in a later sect ion. 

In general, the median protein content o f the 
species falls into the high-protein classifica t ion o f 
Stansby (1963) throughout most o f the year. The 
exception to this rule is the bottom-trawl-caug ht 
menhaden, for which the prote in content varies f rom 
an average o f 13 .6 percent in Apri l to 16.4 percent 
in Novem ber, with a median value of 14.7 percent. 
Thus, the protein conten t of these species can be 
expected to range between 15 and 20 percen t 
throughout the year. Further, regard less of the spe
cies composition of t he ca tch, men haden can be 
expected to be hig h in protein. 

The ash conten t of these species va ries throug h
out the year in the individua l species, although not 
necessari ly in direct re la tion to variation in weight 
and length . The ash content var ies among the spe
cies, of course, in re lation to the skeletal structu re 
o f the fish. Since the ent ire f ish was ground, a 
spec ies such as hardhead or croaker w ith a heavy 
f rame would show a considerab ly hig her ash content 
rhan would a fine-boned spec ies such as the harvest
fish o r the butte rf is~. The heavy contr ibut ion of the 
fra me to the tota l ash content makes comparisons 
of the va ria tion in species extremely difficult. 



Table 5.-Sea~onal range and overall change in protein and oil content of industrial fish 
·together with medium protein and oil values 

Species 

An chovy ... . .•.. . . 
Bumper .... .. ..•. 
Butterfish ..•...... 
Croake r .. .. ..... . 
Croake r, banded ... . 
Hardhead .. . ..... . 
H arvestfi sh ....... . 
Menhaden .......•. 
Pigfi sh .... . .. ... . 
Porgy ...... ..... . 
Razorbelly ....... . 
Silver eel . .....•.. 
Silver perch ...... . 
Spot ............ . 
Sta r drum . ...... . 
Threadfin ........ . 
Thread herr ing ... . . 
White trout .. ... . . 

Low 

Percent 

1. 2 
1.3 
09 
(0 
1.5 
2.5 
0 .5 
1.9 
2. 1 
1.3 
1.7 
I 7 
1:5 
0.9 
1.5 
l.2 
26 
1:6 

Oil con tent 

High 

Perct1tl 

4 .7 
13.2 
14 .S 
10 .0 
9 .4 

10 .7 
9 .1 

20.5 
11.0 
4 .9 

12 .2 
S.7 
6.4 

16 .7 
5.0 

11.4 
21.0 
7 .8 

Change 

Pucent 

3.5 
11.9 
13.9 
9.0 
S.9 
S.2 
8.6 

18.6 
S.9 
3.0 

10.5 
7.0 
4 .9 

15 .S 
3. 5 

10 .2 
18.4 
6.2 

M edian 

Percent 

2.3 
4 . 1 
2.7 
2.9 
3.7 
5.8 
5.0 

13.3 
4 .5 
2.3 
6.2 
3.4 
3.7 
4 .7 
3.8 
4 .1 
5.1 
4 .7 

The oil and moisture content of these species 
exhibits the greatest variation throughout the year. 
As is often the case, the contents of oil and moisture 
bear an inverse relation to each other. Figures 2A-
17 A show the change in oil and moisture content 
throughout the year for the spec ies studied. In 
general, the species show an extremely high oil 
content during 1 period of the year, with 1 or more 
secondary highs. The change in oil content of some 
of the species is quite remarkable. Within a few 
weeks, the oi l content may increase 10 percent or 
more; for example, the o il conten t of th e thread 
herring (Opisthonema oglinum) rose from an average 
of 4.3 percent on September 22, 1959, to 15.6 per
cent on October 19, 1959. In other species, the 
change is not nearly so great nor does it occur in 
such a short time. As indicated in Tabl e 5, 

II spec ies reach a yearly low in o il content of 2 .6 
percent or less. This apparently represents a spent 
state indicat ive of poor condition, since an exam
ination of Tables 2A-18A indicates that the low level 
of oil is not necessarily connected with the size or 
maturity of the fish or with any of the other probable 
factors. The possibility arises that low oi l content 
might be connected with scarcity of food or with 
poorness in oil content of the food itse lf . If such 
is the case, then members of the same family with 
similar ea ting habits and mode of life shou ld exhibit 
low oil content at similar times. This is far from 
the case, however, as members of the family Sciaen
idae-a famil y that includes the most abundant spe
cies-do not exhibit seasonal similarities in either low 
or high oil content. Periods of low o il content of these 
species are as follows: croaker, January 14; spot, 
January 21; wh ite trout, M ay 14; silver perch, June 
20; star drum, August 16; and banded croaker, 
November 22 . Per iods of high oil content of these 
species are as foll ows: star drum, March 18; banded 
croaker, April 12; spot, May 30; croaker, June 9; 

Protein con tent 

Low H igh Cha nge M edia.n 

Percent Percent Percent Percent 

16 .1 
16. 1 
15. 1 
14 I 
16:5 
14 .2 
14 . 1 
13.4 
148 
15:S 
17.0 
15 .3 
15.9 
12.7 
13.9 
169 
14: 1 
15.4 

19.3 
19.5 
IS.6 
17.8 
IS. 7 
17.6 
18.5 
17.2 
18.4 
IS.9 
19 .9 
19. 1 
18.3 
17.9 
IS.2 
19.2 
20.S 
18.7 

3.2 
3.4 
3.5 
3.7 
2.2 
3.4 
4.4 
3.S 
3.6 
3. 1 
2.9 
3.S 
2.4 
5.2 
4.3 
2.3 
6.7 
3.3 

17.4 
IS .2 
16.5 
16.6 
17.7 
16.3 
16 .3 
14 .7 
16 .S 
17.6 
IS.6 
17.5 
16.S 
16 .3 
15.8 
IS. I 
IS.5 
17. 1 

si lver perch , October 13; and white trout, December 
9. This seems to leave littl e doubt that variations 
in oil content can be attributed more direct ly to t he 
physiological changes in the fi sh themselves than 
to availability or type of food or to both avail 
abi lity and type. 

If it is assu med that a low content of oi l rep
resents the basic nature of the species and that any 
increase in o il content is a function best ascribed 
to physiologica l necessity, then it appears that the 
species can be assig ned to 2 distinct groups-those 
with a year ly va riation in o il content of less than 
10 percent a nd those with a yearly variation of 
greater than 10 pe rcent . In the former group, those 
wi th a variat ion of less than 10 percent are anchovy, 
croake r, banded croaker, hard head, harvestfish, pig
fish , porgy, silver ee l, sil ver perch, star drum, and 
w:l ite trou t. In the latter group, those with a var i
at ion of greater th an 10 percent are bumper, butter
fi sh, menhaden, razorbelly, spot, threadfin , and thread 
herring. It is interesting to note that in the group 
haVing greater than 10 percent var iation, the only 
bottom species is spot. Th e remainder of the species 
in thi s group are pelagic and , as such, can be ex
pected to be ex tremely acti ve and perhaps to re
quire greater reserves of oil. 

A g lance at th e med ian oil contents shown in 
Tabl e 5 indicates that by far the g reater ma jority 
of the species fall in Stansby'S (1963) Category A 
(oil content o f less than 5 percent). 4 species-hard
head, menhaden, razorbelly, and thread herring
fall into Category B (oi l content of 5 to 15 percent). 
The median value is used here for c lassificat ion, since 
the individua l species vary so greatl y in oil content 
tha t it is poss ible for most o f them to fall into any 
of the classifications at some time d uring the year. 
The median represents the category by which they 
may be c lassified most of the time. 
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There appears to be no part icula r time of the 
year during which most of the fish have a hig h o il 
content, nor does high oi l content seem to be re
lated to family groupings. In the w inter, a hig h o il 
content is reached by anchovy, harvestfish, silver ee l, 
and white t rout; in the spr ing , by bumper, butter
fish, banded croaker, porgy, razorbelly, spot, and 
star drum; in the summer, by croaker, menhaden, 
and porgy; and in the fall, by hardhea d, si lver 
perch, threadfin , and thread herring . If spec ific
catch fishing methods could be found, it would be 
possible to fish year-round for species of high oil 
content in the Gulf of Mexico, and the fi sh-oi l in
dustry wou ld not need to be based upon men haden 
a lone. 

The oi l-moisture curves of the species are similar 
in that, although peaks are not found at the sa me 
time, only 1 high rise occurs in oil content, and it 
is of relativeiy short duration (4 to 8 weeks). Men
haden and thread herring, however, experience a 
rapid rise in oi l content to a high level that lasts for 
14 weeks in the case of thread herring and 30 weeks 
in the case of menhaden. 4 of the species studied
bumper, harvestfish, razorbelly, and silver eel
appear to have se::ondary periods of high oil content 
where the o il con tent rises to a height almost equa l 
to that of the pri mary peak of high oil content. 
A discussion of the moisture curves of the various 
species may be avoided, since the oil -moisture re
lation of these species is highly correlated in a neg
ative manner, and the same observations hold true 
except in reverse. 

( 2) R elation 0 f composition to 1'ep1'oductive 
cycle.- Periods of high oil con tent may be related 
to the reproductive cycle of the species. The follow
ing discu ss ion is based upon members o f the family 
Sciaenidae (croaker, spot, and white trout), since 
estimates of periods of ripening and spawning are 
not available for the other species in the Northern 
Gulf of Mexico. 

(a ) Croaker.-Roithmayr (1964) states: " Pre
vious studies of croaker east of the Delta since 1961 
showed that quantities of ripe fi sh were present from 
3 to 7 fathoms in the Gulf from September throug h 
November. Assum ing this to be the princ ipa l spawn
ing .... " Pearson (1928) studied fi sh a long the 
Texas Coast and extended the spawnin g period 
through December. Figure 3 shows the p rox imate 
composition of the croaker throug hout the year in 
relation to the spawning period. Al so plotted are 
the average weights of the sampl es co llected. All 
of the samples we ighed over 15 grams- a division 
that Roithmay r makes between young v irgin fish and 
those older and capable of reproduction . There 
appears to be no relation between weight and sea
sona l change in prox imate composition, as there is 
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a tendency for the average weights of the samples 
to scatter about a st raight line at about the 60-gram 
leve l. A slig ht decrease in ash content occurs in 
the latter pa rt of July a nd again in O ctober. Whether 
this decrease can be related to the spawning con
di t ion is doubtfu l, since, as previously mentioned, 
the contribution of the f rame to the ash content is 
so great that small deviations due to change in physi
o logica l function are likely to be obscured . The 
p rotein con tent of the croaker seems relatively un
changed throughout the year despite intense activity 
during spawning migration. This is contrary to find
ings (Stansby, 1962) elsewhere that protein content 
generally decreases during intensely active per iods. 
The oil content of the croaker increases to a high 
(and consequently the moisture content decreases to 
a low) 3 months prior to the beginning of spawning. 
After this height is reached, the oil content gradually 
drops off until, at the beginning of the spawning 
pe riod, it is at nearly the same level as it is after 
spawning ends. In this case, it would appear that 
oi l reserves are built up during the gonad-ripening 
period . As shown in Table 4, no sign ificant d iffer
ences in oil content between male and female croakers 
occur; therefore, this rise in oil content can be con
sidered as being common to this per iod in both sexes. 

(b) Spot.-According to Pearson (1928), the 
spawning period o f spot extends from December 
through March. The variation in proximate compo
sition and weight of samples obtained throughout 
the year of the spot ore shown in Figure 4. Once 
again, the samples appear to be those of adult sec
ond-year f ish, the scatter of weights form ing around 
the 70-gram level. Relatively little, if any, change 
occurs in ash content throug hout the year. The pro
tein con tent varies to a greater extent than does that 
of the croaker; however, it does not tend to decrease 
markedly, if at all, during the spawning period. The 
period of high oil content (and low moisture con
tent) occurs in June and July-a f ull 5 to 6 months 
prior to spawning. It is un li kely that this represents 
the gonad-development t ime of this species. As with 
the croaker, there is no significant difference in com
posi tion between male and female spot during this 
period . The explanation for the extremely high oil 
content during the period th us remains in doubt . 

(c) W hite trout.-Roithmayr (1961 ) reported 
that the spawn ing period of white trout is August, 
September, and October. A lthough the weig hts of 
the indiv idual samp les of white trout indicate that 
these f ish were all adults, the larger white trout 
appear to be more abundant in the catch from May 
through October (Figure 5). The ash content appears 
to increase from February through May. This in
crease, however, is most likely due to smaller fish 
being in the samples obtained during this period and 
the consequent greater contribution of the frame 



to the who le of the sample. Again, there appears 
to be no great difference in protein content through
out the year. The oi l content begins to rise in June 
and continues to rise during the spawning months, 
reaching a high in December-2 months after the 
end of the recognized spawning period . The peak 
in oil content is reached as the average sample weight 
decreases. As with spot, it is not possible to relate 
the high oil content with the gonad-development time. 
A t the same time, however, it is also not possib le to 
relate a decrease in oil ·content to periods of high 
activity in the white trout, since a general increase 
occurs during the spawning season. 

In summation, in the 3 species for which accurate 
spawning seasons are known, high oil content appears 
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to be related (1) to the gonad-development period 
(croaker), (2) to no particular reproductive period 
(spot), an d (3) to the spawning season (wh ite trout). 
Obviously, it is impossible to make a generalized 
statement regarding the relation of period of high 
oil content to the reproductive cycle of these fish . 
Indeed, it is quite probable that there is no general 
relation, or at least no direct one. 

B. PREDICTABILITY 

In this second subsection, the predictabil ity of 
compositiona l factors is discussed, and a method for 
the prediction of the oi l content of a mixed lot is 
presented . 
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Figure 3.-Variation in weight and proximate composition in relation to the reproductive cycle of the croaker. 
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1. Intercorrelation of Variables 

The possibili ty of re lations among the various con
stituents of these species an d with their physical 
measurements prompted a study o f the interco rre
lation of the 6 factors-protein, oil, ash, moisture, 
weight, and length-of each of the spec ies. The val 
ues for the standard error of the estimat ing equation 
(SYX), the correlation coeffic ient (r), and the proba
bility leve l (P) using the Student t as a measure of 
corre lation are to be found in Tabl es 19A, 20A, and 
21A in the appendix. The probability leve l is in
cluded on ly if the corre lation is sta tistically signif i
cant at the 95-percent leve l or higher. A summary 
of these statistica ll y sign ificant correlat ions is shown 
in Table 6. The minus sign is used if the corre lation 

is negative-that is, if 1 constituent increases as the 
other decreases. The plus sign is used to indicate 
a corre lation that is positive-that is, both CO'lstituents 
increase or decrease in a like manner. 

A study of Table 6 reveals severa l interesting 
fa cts. There is a high degree of negative correlation 
between th e o il a nd moisture content of a ll the spe
cies studied . A similar pattern of negative correlatio n 
ex ists between the ash and oi l content; however, 
it is not as close ly related linearly as is the moisture 
co ntent, si nce SyX is much higher in most cases. 
Thus, as the content of oil increases, oi l apparently 
disp laces wa ter as a flui d co nstituent. Further, pre
sumab ly beca use mineral const ituents are not so lub le 
in o il to a ny g reat degree, it also causes an apparent 
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decrease in ash content. With the exception of those 
fish of Group 1, moisture is negatively correlated 
with protein-indicating that, with increasing protein 
content, the tissues become less fluid . Also showing 
is the obvious positive correlation between length and 
weight. 

The species studied have been divided into 3 gen
eral groups according to the pattern of correlation 
among the proximate composition factors . It proved 
impossible to group the species if length and weight 
were included. Group 1 includes menhaden, razor
belly, and thread herring. These species are the 
species with the consistently highest oil content of those 
studied. This group is characterized as follows: as 
the oil content increases, the moisture content de-

creases, the protein content decreases, and the ash 
content decreases. G roup 2 contains anchovy, but
terfish, harvestfish, sil ver eel, and sil ver perch and 
is characterized as follows: as the oil content in
creases, the moisture content decreases, the protein 
content increases, and the ash content decreases. 
Group 3 contains bumper, croaker, banded croaker, 
hardhead, pigfish , porgy, spot, star drum, threadfin, 
and white trout and is characterized as follows: as 
the oil content increases, the moisture content de
creases, and the protein and ash contents vary, de
pending upon the variab le with which they are as
sociated . 

. The pelag ic f ish, with the exception of bumper, 
fall into either Group 1 or Group 2. The benthic 
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Table 6.-Intercorrela t ions (95·percent level or above) for the characteristics of industria l fi sh , together with POI

,sible g roup classifications 

Groups 
M M M P P A M M P P A 
0 P A 0 A 0 \V L W L \II 

Group 1 
;'"lcnhadcn ....... .•.•.. + + 
Razorbelly ., ......... . . 
Thread herri ng ........ . + - + - + + -f + + 

Group 2 
Anchovy .... . ... . .... . + + 
BUllcrfi,h . .......... . . + + + -
J laf\'cslfi,h .. ........ . . + + 

t + + + + 
Silver eel .........•... 
Silver perch .......... . 

Group 3 
Bllmper ...... .. .. .... . + - + + 
Croaker ............. . 
C roa kcr. ba ndcd ....... . 
ll a,dhcad ............ . + + + 
Pigfish .............. . + - + 
I'or~) .......•......•. - + 
'rot ...... ....... ... . -
St" drum ............ . 
Thrcadfin . .... ....... . 
White trout .......... . + 
Key: 1\1 + positive correblion 

neS!3t1 \ -c correl:ulon o 
p 

moist ure 
od 
protein arll\'ily (* = Inactl\ C 10 

A 
W 
L 

- ash 
- weight 
- lenglh 

species fall into Group 2 or Group 3. The species 
al e classified according to Stansby's clossification 
into Category A, high protein (15 to 20 percentl, low 
oil (less than 5 percent); Category B, high protein 
(15 to 20 percent), medium oil content (5 to 15 per
cent); and Category C, low protein (less than 15 
percent l, high oil content (over 15 percent ). The 
median values are used because of the seasonal 
variation and its ability to influence an average. 
With the exception of hard head, al l Category B fish 
fall in Group 1; and Category A fish in Group 2 
and Group 3. Several generalizations might be 
made ClS follows: a species of general low oil con
tent that is pelagic might best be placed in Group 
2, where oil and protein increase proportionately 
in the same direction; a species with a low oil con
tent that is benthic might best be placed in Group 
3, where protein and oil are inverse ly proportional 
and not related to moisture and ash in a consistent 
fashion; and if a species has a medium or high oi l 
content and is pelagic, it will likely fal l in Group 1, 
whe re oi l and protei n are inve rse ly proport iona l 
and are related to moistu~e and ash in a consistent 
fashion. 

The activity" of a species, ind ica ted by a g raduation 
of * as inactive to **** as being the most active, 
is apparent ly not direct ly related either to the group 

2 Activity denotes known behavior of th e species primari ly 
diagnosed through depth recordings and trawl-behavior studi es 
by members o f the Bureau of Commercia l Fi she ri es Exp loratory 
Fishing and Gear Research Base at Pa scagou la, Mississippi. 
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A 
L 

+ 

+ 

+ 

+ 

0 0 W 
W L L J labit 

+ + + Pelagic 

++ + I'ela~i c 
- - + Pelagic 

+ + Pcla Ric 

+ I'cla~lc 

+ Pcla~lc 
Ben t hic 

+ Benthic 

+ + + Pela~ic 
Benthic 

+ Benthic 

+ Benlh,c 

+ + Benlhic 

+ + Benllilc 

+ + + Benlh,c 
- + Benlh,c 

+ + + Benthic 
- + Benlh,c 

*11111'- vtry aClive) 

Activ . 
ity 

... 

H 

Median content of : 

Oil Protein 

Pact ni Paclnt 

13.3 14 .7 
6.2 IS .6 
5. 1 IS.5 

2.3 17.4 
2.7 16.5 
5.0 16.3 
3.4 16.S 
3.7 17 .5 

4 I IS.2 
2.9 16.6 
3.7 17 .7 
5S 16.3 
4 .5 16.S 
2.3 17 .6 
4 .7 16.3 
3.S 15.S 
4 . 1 IS . I 
4 .7 17 .1 

Cate· 
gory 

B 
B 
B 

A 
A 

A 
A 

A 
A 
A 
B 
A 
A 
A 
A 
A 
A 

classification, to the median oil content, to the median 
protein conten t, or to the category into which the 
species fall. Thus activity, per se, cannot be con
nected with a species' oil content in a direct fashion. 
In all probability, this is not a factor involved in the 
great increase in oil content found in some species 
nor is it involved in an explanation of the difference 
in levels of oil content of species of like environments. 

The corre lations of weight and length with moisture, 
oil, protein, and ash do not seem to follow any par
ticular pattern within the groups, nor can they be 
arranged into another more meaningful pa ttern. 
Tabl es 19A to 21 A show that, although the weight and 
length measurements do correlate with the proximate 
composition components a t a stat istically sign ifican t 
level, the scatter of the values a round the linea r 
estimating equation is such tha t the standard error 
of the estimat ing eq ua tion is extremely hig h. In 
genera l, SyX is so la rge tha t when used to determine 
the accuracy o f t he est imat ing equation, the est i
mat ing eq uat ion becomes meaningless, as the value 
obtained for the accuracy of the estimating equation 
exceeds the average physical measurement of the 
population being sought. It is not surpris ing then 
that the weight and length correlations cannot be 
fitted into a pattern as can the chemical measures. 
As a whole, length measurements have a more logical 
relation to the ch Elmical measurements than do weight 
measurements, suggest ing that physiological changes 
may be more c lose ly re lated to overall age rather 
than to the physica l condition revealed by weight. 



2. Estimating Equation 

As previously mentioned, the oil and moisture con
tents of these species are negatively correlated to 
an extreme ly high degree. The probability of the 
correlation 's being significant is 0 .001 in a ll cases. 
The SyX of the moisture and oil correlatio l1' equations 
in each case shows that it is possible to predict the 
oil content, when the moisture content is known, 
wi th considerable accuracy. 

The va lue obtained when SyX is doubled indicates 
the degree of deviation from the mean that can be 
expected of 95 percent of the predicted values. 
In the 18 species studied, the accuracy of prediction 
ranges from an average of -t- 0 .5 percent for an
chovy to an average of ± 3.9 percent for thread 
herring. 

The estimating equation for each of the species 
reveals a remarkable similarity among them . Thus, 
the possibility of developing a sing le estimating 
equation for determining the oi l content of mixed 
lots was good. To this end, the oil and moisture 
values for 16 of the species studied were correlated 
without regard to species. (The data for silver perch 
and star drum were not used in this correlation, as 
these 2 species failed to appear a significant number 
of times in the catch .) The estimating eq uation of 
the entire lot was found to be Y = 65.3 - 0.8X, 
where Y equals the unknown oi l content and X equals 
the known moisture content. The standard error of 
this estimating equation, developed without regard 
to species, is -t- 0.3 per,cen t. Thus, w ith known 
moisture content, it should be possible to predict 

the oil content 95 percent of the time within + 0.6 
percent. An equation such as this could be very 
val uable in estimating the oil content of various 
catches of undetermined species composition. 

Toward this end, a number of samples that had 
been mixed and ground and that were of unknown 
species composition were obtained from a local pet
food concern over a per iod of 4 years. The oil 
and moisture analysis of these samples is shown in 
Tab le 7, together with the oil content as predicted 
through the use of the estimat ing equation. The de
viations of the predicted va lue from the analyzed 
value are a lso shown. The predicted oi l content 
is close to the analyzed oil content throughout the 
period that samples were collected. The SyX of 
the estimating equation indicates that the deviation 
of the predicted values from the observed values 
should not exceed 1.2 percent ( -t- 0.6 percent from 
the average of th e 2) more than 5 percent of the 
time. A slightly larger percentage of error is found 
-in the neighborhood of 15 percent of the values 
exceeding the expected 1.2 percent deviation . This 
larger incidence of error may be due to particular 
catches being heavily loaded in favor of 1 of the 
species for which the estimating eq uation does not 
close ly resemble the aggregate estimating equation . 
Nevertheless, the equat ion can predict o il va lues ac
curate ly enough to be of great use to industrial con
cerns lack ing laboratory facilities at the site of oper
ation. The largest deviation from the known o il 
content is a negative deviation of 3.0 percent. The 
average deviation is - 0.1 percent, the median de
viation being 0.0 percent. 

SUMMARY 

17 species of industrial fish common to the inshore 
waters of the Gulf of Mex ico were measured, and 
their proximate composit ion was analyzed on a 
monthly basis over severa l years. A number of 
other species present in the area were analyzed 
on a less frequent basis. The fishery is well defined, 
having an eastern boundary near Cape St. George, 
Florida, and a western boundary at Vermillion Bay, 
Louisiana, and never extending beyond the 30-fathom 
curve. The temperature of the water does not vary 
appreciably in pattern or actual warmth from east 
to west or from inshore to the 30-fathom curve. 
Bottom conditions-that is, substrate composit ion and 
available food-do not vary apprec iab ly. 

The data gathered over a 3-year period were sta
t istical ly analyzed , w ith the following resu lts: 

1. No significant differences were found in pro
tein and ash content for individua l species 
samples either (1) from 1 end of the geograph-

ica l area to the other or (2) from year to year. 

2. No greater probability exists that the o il and 
moisture content of individua l species samples 
will vary than that the content w ill not vary 
when considered on the basis of (1) geograph
ical var iation or (2) yearly variation. Thus, 
another factor or factors are probably the cause 
of the variations that do exist. 

3. The environmental variations of water temper
ature and available food were considered as 
possible influences on sample variation and 
were rul ed out because of their singular lack 
of variation in the area. 

4. Variations in the fish, such as (1) size, (2) ma
turity, (3) sex, and (4) reproductive cycle of 
individual species, were considered as possible 
influences on compositional variation of samples. 
Once again, the data eliminated any definite 
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Table 7.-Known oil and moisture contents of mixed-species samples, together with oil content predicted from the 
estimating equation Y = 65.3 - O.8X 

Sample 

Nu mbu 

I 

2 

3 

4 

5 

6 

7 

8 

r) 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

~8 

29 

30 

31 

32 

i\loisture Experimental Calculated Error in 
Date content oi l conten t oil content est im ation 

Pucent Perce nt Pt rce nt Pacfnt 

4/24/58 78.2 4 .8 2.7 -2. 1 

4/ 24/58 777 4.5 3. 1 - 1.4 

4/ 25 /58 75. 1 5.2 5.2 0 .0 

4/ 28 /58 67.7 1U 1 I. 1 -3.0 

5/ 6/58 75.9 4 .6 4 .6 0.0 

5/ 18/ 58 79. 1 3.4 2.0 - 1.4 

5/27/58 73 .4 6.5 6.6 + 0. 1 

6/ 17/58 78.5 3. 7 2.5 - 1.2 

7/7/58 75.7 5.2 4 .7 - 0 .5 

7/ 15/ 58 78.2 2.:? 2.7 + 0.5 

7/23/58 75.8 4 ..1 4 .7 + 0 3 

7131 / 58 75.9 4.4- 4.6 +0.2 

7/31 / 58 78.3 4 .2 2 .7 - 1.5 

8/14/58 75.7 4 .0 4. 7 + 0 .7 

8/CO/58 72.8 8.5 7. 1 - 1.4 

9. 3/58 78. 1 3.5 2.8 - 0 .7 

9/10/58 79.3 2.6 1.9 - 0 .7 

9,'~~/58 77.9 3. 5 3.0 - 0 .5 

10/6 /58 77.2 3.5 3. 5 0 .0 

10/ 14158 76.7 4 .3 3.9 - 0 .4 

10/ 2~ 58 76.5 2.4 4 .1 +1.7 

10/29/58 77.7 3.5 3. 1 - 0 .4 

11 /3/58 78.2 2.4 2.7 +0 .3 

11 / 18/58 78.0 ? • _ . J 2.9 +0.6 

11 /22/ 58 78.9 2.3 2.2 - 0 .1 

12/ 1/59 73.5 7.0 6.5 - 0 .5 

12/21/59 77. 1 2.8 3.6 +08 

1/15/00 75.4 2.8 5.0 +2.2 

1/ 22 60 79 .4 2.0 1.8 -0.2 

~ / c9/60 76.5 3.0 4 .1 + 1.1 

J'7/60 77.3 1.9 3. 5 + 1.6 

3/28/60 77. 1 2.9 3.6 + 0.7 

relation of samp le variation to any of these 
factors. 

5 . Time-sequence varia tions in an exact combina
tion of factors, such as food, temperature, hours 
of light, and other factors of a chance nature, 
were indicated as causing variations in samp les 
of individual species. 

6. The variat ions of individual species composition 
throughout a year's period were exam ined. For 
the most part, protein and ash did not vary 
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Sample 

Number 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

·19 

50 

5 1 

52 

53 

54 

55 

56 

57 

58 

59 

60 

6 1 

62 

63 

64 

rVlo isture Experimenta l Calcu la ted Error in 
DaLe con tent oi l content oi l co ntent estimation 

Perce nt P aultl P erCt'ltl Pau lIl 

4/ 6/ 60 78.0 3. 1 2.9 - 0 .2 

4/ 8/ 60 76 .9 4.4 3.8 -0.6 

4/ 18/ 60 77.0 4.0 3.7 - 0 .3 

4/ 22/60 70.9 8. 1 8.6 +0.5 

4/ 29/60 74 .1 4.6 6.0 +1.4 

5/6/60 77.3 4 .0 3. 5 - 0 .5 

5/ 13/60 78. 1 3. 7 2.8 -0.9 

6/3/60 74 .6 5.6 5.6 0 .0 

6/ 17/ 60 76.9 4 .5 3.S - 0 .7 

6/27/ 60 77.2 3.0 3.5 +0.5 

7/ 1/60 80.0 1.9 /.j - 0 .6 

7/ 15/ 60 77.8 3.6 3. 1 -0.5 

7/2 2/ 60 76.9 3.4 3. 8 +0.4-

8/ 1/60 77.4 4.4 3.4 - 1.0 

9/3 0/60 77 . 1 3.2 3.6 +0.4 

10/ 14/60 77.5 4 .1 3.3 - 0 .8 

11 / 11 /60 78.5 3. 1 2.5 -0 .6 

11 / 18/60 77 .0 3.6 3.7 + 01 

11 / 25/60 78.9 2.0 2.2 +0.2 

12/2 /60 78 .5 2.3 2.5 +0.2 

12/9/60 78 .2 1.9 2.7 +0.8 

12/9/60 78 .2 2.3 2.7 +0.4 

12/ 16/60 79 .0 i .6 2. 1 +0 .5 

12/ 23 / 60 77.4- 3.0 3.4 +0.4-

12/ 30/ 60 78.8 1.6 2.3 +0.7 

1/ 6/6 1 78.7 2.2 2.3 + 0.1 

1/ 13/6 1 76. 7 2.9 3.9 +1.0 

1/ 20/6 1 79. 2 1.0 1.9 +0.9 

1/ 27 /6 1 79. 1 2.4 2.0 -0.4 

2/3/6 1 79. 1 2.8 2.0 - O.S 

2/ 10/6 1 79 .3 2.3 1.9 - 0.4 

2/ 17/6 1 79.8 2.6 1.5 - 1.1 

signif icant ly during the year. The o il and 
moisture contents displayed a strong inverse 
re lation to each other. 

7 . Family rela tionsh ips, similar eat ing habits, and 
a simi lar mode of life apparently did not in
fluence the seasona l pattern of the oi l and 
moisture contents. However, most of the benthic 
species studied had a year ly var iation in oil 
content of less than 10 percent. The pelag ic 
species, for the most part, had a yearly var
iation in oil content of greater than 10 percent. 



8. The possible rel ation of seasona l variations to 
the influence of the reproductive cycle for 3 
members of family Sciaenidae-croaker, spot, 
and white trout-was examined. Expl anation 
of seasonal variation by this means is apparently 
not satisfactory. 

9 . The species studied may be divided into 3 groups 
on the basis of corre lation among the various 
composition factors. Group 1 contains species 
that may be characterized as follows: as the 
oil content increases, the moisture decreases, 
the protein decreases, and the ash decreases; 
Group 2, as follows: as the oi l content in-

creases, the moisture decreases, the protein 
increases, and the ash decreases; and Group 
3, as foll ows: as the oil content increases, 
the moisture decreases, and the protein and 
ash are var iab le. The groups are discussed 
in terms of type of environment, the category 
of Stansby's in which the species belong, and 
the activity of the species. 

10 . An equation for the estimation of the oi l con
tent of a sa mple of fi sh of unknown spec ies 
composition from a measured moisture contenf 
was evaluated . The equation, Y = 65 .3 - 0 .8X, 
could be used to predict oil content with an 
accuracy of ==-= 0.6 percent. 
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D ate T ota l 
sa mpl e Loca- number 

obtained tion an alyzed 

1/ 15/59 II 56 
21 15/59 18 40 
2/ 15/60 9 32 
2/28/58 10 49 
3/ 17/59 10 80 
4/6/59 12 64 
5/ 14/59 13 60 
6/9/58 3 60 
6/ 10/60 2 40 
7/6/59 8 48 
7/20/60 9 40 
8/9/59 8 40 
8/30/59 10 40 
9/22/59 6 40 
10/2 1/58 10 40 
II / II /59 8 60 
121 11 /59 6 60 

1 rorklnil measurement. 

e;, 

APPENDIX 

Table lA.-Code number and area from which samples 
were taken 

Code 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 

D escription 

Bayou LaFourche 
Bell e P ass 
Breton Isl a nd 
Cape St. George 
Cat I sland 
Chandeleur I sland 
D a.uphin I sland 
East G ulf 
Grand Isle 
H orn I sland 
No rth Pass 
Pascagou la R ive r 
Sand Island 
Sa n i bel l si a nd 
Ship Island 
Ship Shoal 
South P ass 
Sou th east Gu lf 
Sout hwest Gu lf 
T imboli er I sla,nd 

Table 2A .-Length, weight, and proximate composition-anchovy (A nchoa hepsetus) 

Length' Weight Protein Oil Ash 

Ave r- Aver- Aver- Aver-
Ran ge age R a nge age R ange age R ange age Ran ge 

Cm. Cm. C rams Grams P ercent Pucent PUCl1J.t Percent PeTcent 

8.9-12.6 11 .0 7.8- 16.2 11 .9 16 .4- 16.8 16. 7 1.2- 1.7 1.6 3.80-4.4 1 
10.4-12.6 11 . 1 8 .6-13.6 11. 5 18.7- 19 .3 18.9 3.6-4.0 3.8 3.00-3 .49 
10.4- 12.6 11 .9 10 .2-22.0 16.9 18. 5-1 8.8 18 .7 4 .4,4 .8 4 .6 2.46-3 . I 5 
10 .9- 12.9 I J.7 13.3-25. 1 19.0 16.3- 17 .9 17.3 2.5-2.8 2.6 3.44-3.76 
9.3- 1 1.2 10.1 8.2- 14.5 10 .8 16. 1- 16.6 16.4 2.3-2 .6 2.4 3.22-3.66 

10.5- 12.2 I 1.3 10 .9- 17.7 13. 7 16.6- 17. I 16 .9 I. 7- 1.9 1. 8 3.24-3.74 
9. 1- 12.5 10 .7 6.8- 16.6 10 .6 17. 2-17.5 17 .4 1.5 - 1. 7 1.6 3 . ~ 6-3.42 

10. I- I 1.8 10 .8 8.4- 19 .4 12.3 17. I - 17.3 17. 2 2.2-3.3 2.6 3.20-3. 44 
10. I- I 7.8 13.0 I 1.5-20.3 15.0 17.6- 17.8 17.7 2. I -2 .3 2.2 2.63-3. 23 
10.4 -1 1.9 11.0 11.6-15.5 14.4 17.4-17.9 17.6 4 .1-4.7 4 .4 2.98-3.3 0 
7.2-12.6 10. I 4 .5- 17.6 12. I 18.2- 18.5 18.4 3.6-3 .9 3.7 2.6 1-3 . I 7 

10. I- I 2.9 11.3 I 1.5- 19.0 15.2 17. I - 17.8 17.5 3.5-4.5 3.9 3.03-3 .39 
8.3- 11.9 10.8 i.i-2D.5 15. I 17.3- I 7.6 17.5 2.~-3 .5 2.7 2.74- 3 .3~ 
8.4- 12. I 10.4 5.8- 16.8 12.0 16.9- 17.0 16.9 1.9-2.0 2.0 2.8 1-3.4 1 

10.4-1 ~.7 I I .5 10.6-10.4 13.7 16. 1- 16 .4 16 .2 2.7-3 .8 3. I 3.53-3.9 1 
8.7- IO .S 9.9 6.0- 14 .9 10.b 17.6-17.8 17.7 1.9-2.2 2. 1 3.30-3.50 
9.3-11.4 10.3 8.7-15.9 I 1. 7 17 .1- 18.3 17.9 1.9-2.2 2.1 2.87-3.62 

Moisture 

Aver- Aver-
age R ange age 

Percent Percent PUClnt 

4.06 77 .7-78.2 78 .0 
3. 27 74.0-74.3 74 .2 
2.6 1 73.3-74 .8 74 .3 
3.53 75.3-76.3 75.7 
3.44 77 .3-77 .9 77.7 
3.58 77.3-77.6 77.4 
3.36 77 .5 -77 .8 77 .7 
3.29 76'J-77.6 77 .3 
2.97 77 .1 -77 .7 77 .3 
3. I 3 74 .6-75.0 74 .8 
2.93 74 .8-75.5 75 . I 
3.29 75.9-77.0 76.4 
3. I I 76.3-77. I 76.7 
3. I 4 77 .4-77.8 77.7 
3.69 76.6-78. ~ 77.2 
3.40 76 .5-77. I 76.7 
3.23 76.5-77. I 768 



0'1 
IV 

Date 
.ample Loca-

obtained tion 

1/ 15/59 II 
2/28/60 2 
5/ 12/ 60 15 
5/2 1/ 59 3 
6/ 15/59 13 
7/ 11 / 60 9 
7/20/58 5 
8/ 1/60 19 
8/ 9/59 8 
8/30/60 10 
9/22/60 7 
9/ 24/ 58 7 
10/ 12/60 10 
10/ 19/59 7 
11 / 18/59 7 

1 Forktail measurement. 

Da.te 
sa mple Loca-

obtai ned tion 

1/ 15/59 4 
2/28/58 10 
3/ 17/59 10 
4/6/59 12 
4 /27/60 16 
6/ 9/58 9 
6/20 /60 9 
7/6/59 8 
8/ 9/ 59 8 
9/23/59 15 
10/ 12/60 10 
10/ 13/59 7 
II / II /59 8 
11 / 12/58 7 
12/ 17/59 3 

1 Forktail measurement. 

Table 3A.-Length, weight, and proximate composition-bumper (Chloroscombrus ChTYSUT!IS) 

T otal Length' Weight Prolt'ln Oil A, h 

number Aver- Aver- Aver- Aver-
analyzed Ran~e age Range age RJnge age Range a~e Range 

Cm. Cm. eram! GramJ ?uunl PaCIni Puctnl Pu(tnt PlrCt "! 

67 8.0- 9.9 qo 1 1- 12 .6 87 17 1- 17.9 17.5 I 8- 2 2 2.0 4.4 8-U3 
20 11 .6- 15 .6 1J .9 21 1- 4'1 'I 11 8 18.2-1 'J.b 19.0 6. 1- 7.7 6.9 2 .65-4 .59 
16 12 .0-14.6 I ' , 482 (,'J 4 £>4 1 16 1- 1{,.8 16 .4 10 7-13 2 12 .1 I 78-2 20 J ._ 

16 10.1 -23 .6 I Ll 44 1 141 i 14 .'J 18 1-189 18.5 2C) - J i 11 . 2 4 22 I 23 
16 15.7-20 5 10.9 5 1.8 100 .2 ('4 ,2 1'10 1'1 ; Iq ; 2 4- 4 ; .1. , I 88--1 78 
16 11.5-15.1 12 'I 22.0- 51.b .i l ./) I R ;'1<)' I R 8 4 4- -1 .8 4 .0 2 20-; 52 
8 15.4 - 17 .2 Ih.; 50 7- 7 1.1 6 1.0 18 (,· 18.'1 18 7 -1 .8- 69 6.0 3.4J-5 15 

16 IU -208 l o./) 1'1.0 11 8.2 70 1 17.9 19 .0 I ~ 3 5 1- 8.'1 7 I 404 -5 01 
16 15 .4-19 I 1/) .6 .11 ~- 79.8 (,1 0 IS .S I"" I'll 2.h- 4 .2 

. , 
-' - 4 17-1 5S 

16 97- 12 J III 9 21 1 11.2 .~ 2 I, It. <) 170 1i0 I 1- 4 2 ' -- I 1 27_1 .. ~ 

16 13.0- 193 1'8 .I. ; HIIJ S ;H~ Ih , - I i , I; I 4 2- 4 lJ 4 ; .; 'h -4 iQ 
8 16.6-29.9 192 oS./) 97,2 81l 1 IS 1- 1<) 2 I ~.f, 4 7- ; 4 5 I 3 11-5 11 

20 9.3- 14 .0 12 U 12 .4- 16; 21 4 17 .1- 1 H ; 1- -I I 2 I , ~ 11 ; bL4 83 
100 5.8 - 8 .6 7 I 2 h- IIJ 2 5 4 17 i-I R I) 17 q 1 n . ;.2 ; 7 I 41l 4 97 
160 5.5- 8 .6 6.8 2.6- 0.1) 40 13 ' lSI I R 4 1 ;- I.-l l' -IhO-; '8 

Table 4A.-Length, weight, and proximate composi t ion-butter6sh (Poronotlts triacanthlls) 

T otal Length' \\ .ight Prottin 0,1 A<h 
---number Aver- Aw!r- A,·tT- A\-tr-

analyzed Range age RanK' a~c Ran ge age R.n~. a!!. Ran« 

C m. Cm . Craml Craml PUCfll1 Put,n' rUCf1l1 P""nl fuunt 

24 9 .7- 13. 1 12 .0 15.b- J9 0 ~Q I I ti .. I - l b.8 11; I 1.1 - I - I; J 10-. 4'1 
12 12 .5- 16 .8 14 .:' 5J5-1000 75 ·t II /,·11> .1 II I I. b- J 4 . , 2 i 6-J.O I 
24 1 1.3 - 13 . 1 12 .J 12.8- 5 I 4 illS I t. I III ti II> -I .1.1-40 3 -I 3 -1'1-3 .50 
20 10 .6- 134 12.4 24.4 - 478 3'1 1 15.H- III 1 Ib I ,1.1- 4 II 4 2 2 -b-; 14 
16 8.4 - 14 .2 12.6 11,1- 812 uO I 15 ~ · 1I1 . 7 Ib 1 12 1-11 8 li8 I -,-I % 
13 9 .7- 15.0 11.6 190 'l0'l -12 2 II !III 'I 15 6 4.9. 7,-1 61 1.49.) 11 
16 10 .8- 14 .0 12 . J 36'1- 69.0 48 .5 1\ <)- 17.0 16 .Q 1.1 . 6.6 5 , I .b'-!i \ 
20 9.4- 12 .2 11.0 I Q 1- 44 4 Jig 1-,.1 1' .8 17 .. ti 1.8- .1 ; , -

- I !.4- -.1 " 
16 10 .9- 13.S 12 .2 J 5 'l 01 I Ih .7 17 1· 17 I \7 ,4 I.h I () , -- , 1.111-10' 
16 104 - 12.5 11 .7 290- SO 5 )<1 . 1 15 .'1 Ib.7 16.5 II I .h I , ~ . S5-1 5-1 
16 12.2 14 .2 12.9 43 .0- M. I 51 4 11;.<1.\ 7. 1 1 ;.2 (1'1 I 5 Ii 1 ; 1_\ !q 
16 12 .3- 13.9 I J. I 4 8 4- uQ.2 5'1 " Ih .t.f .. l i ,t; I;" .2 41 ;! 4 - 141 -! .oS 
16 13.0- 15 .5 13.9 4 8.2- 91. 1 /j18 I Ii . 5. 1 N ! 1',.1 2 1- 4 5 -' . ~\ :! 01 -; 71 
8 8 . 1-160 IJO 16.8· 1156 7£>.4 1" . 1- 11; ,9 lilt. I ,- J I ! ./i I '12-1 SI 

16 13.8- l b7 14 9 59'l 1004 74 I 17 . ' .. IS .t; IS U III I <; 1. 1 ! .2b·.\ !Q 
-- --

:Vloisture 

Aver- Aver-
age Range age 

Puctnl Puctnl Paant 

490 7$ 8-77.4 76.8 
3.78 69.6-72. 3 7 \,1 
I 94 68.7-70.6 69.4 
4 86 7 \.6-74 .5 73.3 
4.48 72.8-758 H .O 
2.96 72 .6- 7-1 .6 73.5 
4.22 703-73.0 71.3 
414 70.1-732 n .3 
4 70 1.12-75 .5 7-1.1 
2. ) ~ Ii .4-80.4 78 .8 
4 14 ;2 .8-75.2 7-1.0 
;.91 70 2-73 -l 71 .1 
-l 19 729-16.1 74 .8 
-l 11 ; -I 9-75. i 75.j 
5,0) 758-77 .0 76_3 

:'.1.oiSlure 

Aver- A ,· .. -
.g. Ra ng. .g. 

Paunt Purrnt P(rC'lIt 

.3 7 i9 .5-80.1 80. 1 
82 ii . 1-80.3 79J 

.53 io 9---.8 77A 
02 ;55--;.b - 0.6 
'II 071--02 68.! 
io i4 1-78 5 10.0 
)~ i, 5--8 I 75. 1 
'I; 71 '1-78 I "6.1 ,- --.4--'14 - 80 
18 is 1--89 - S.o 
'10 -- .1--'10 - 8 I 
is --I <)-- 0 ; , 
Q; --li--85 -o. 
,; - 6 <1-80.6 -8 
SQ - 0. - --'1. -1 ,-



(;, 
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Date 
sample Loca--

obtained tion 

1/ 10/ 58 20 
1/ 14/ 59 6 
2/6/59 10 
2/ 16/60 9 
2/28/58 10 
3/ I 5/60 10 
4/7/ 59 7 
4/ 12/60 9 
5/2/60 2 
5/ 14/59 9 
5/2 5/60 10 
6/9/ 58 9 
6/30/60 10 
7/6/60 9 
7/20/ 58 5 
8/ 1/60 19 
8/ 19/59 7 
8/ 19/59 6 
9/2~/59 6 
9/24/58 7 
10/ 13/6 1 10 
10/ 19/ 59 6 
II / II / 59 8 
12/9/59 6 

1 Overall mea surement. 

Date 
sample Loca-

obtained tion 

1/ 14/ 59 5 
2/6/59 10 
3/3 1/60 9 
4/ 12/ 60 15 
5/12/60 9 
6/20/60 9 
7/S/ 59 S 
7/ 18/60 7 
8/9/59 7 
9/2 1/59 9 
10/ 13/59 7 
11 /22/5S S 
11 130/60 9 
12/11/59 10 

-

1 Overall measurement. 

Table 5A.-Length, weig ht, and proximate composition---croaker (Micropo gon undulatus) 

T otal Len gth1 Weight Protein Oil Ash 

number Aver- Aver- Aver- Aver-
analyzed R a nge R ange age Range age Range age R ange age 

Cm. Cm. Gramc Cra"n Pcrct nt P~' Ct llt Pacini Puctnt PUcint 

16 16.0- IS.3 17. 1 39.5- 60. 1 49.S 16.7- 17.2 17.0 1. 8- 3.0 2.6 4.15 -4.83 
16 16.6- 19.2 19. 1 37.7- 88. 1 65.2 15.9- 16.8 16.4 1.0- 1.7 1.4 4.94-6.68 
16 16.2-20. 1 17.S 36. 1- 67.4 5 I .4 14 .1-15.8 15.0 1.5- 1.9 1. 7 4 .90-5 .4 1 
16 17.0-19.9 18. 1 46.0- 70.0 56.6 15. 1- 17.7 16.8 1.9- 2.5 2.2 2.97-6.06 
12 18.6-2 1.6 19.5 6 1.0- 11 6.0 77 .4 14.5- 15 .8 15.2 I .G- 2.8 2.2 4.59-6.42 
16 16.6- 18.7 17.5 42.2- 69.2 54.4 15.8- 16.9 16.4 1.8- 2.0 1.9 4.25 -5 .40 
16 17 .5-20.8 18.9 50.8- 87.6 65.6 15. 1- 16.7 15.9 1.4- 1. 8 1.6 5.58-7.60 
16 16.7-22.4 18. 1 51.5-122.7 64.4 14.8-16.8 16.4 2.8- 3.7 3.2 5. 10-6.02 
16 15.6- 19.5 17.9 42.5-101.7 60.6 16 .4-17.2 16.7 5.2- 7.2 6. 1 3.73-4.83 
16 15.6-20.8 17.8 40.5- 97.9 6 1.6 15.7- 15 .9 15.8 5.9- 6.6 6.2 4.93-6 . 11 
16 15.5- IS.8 IS.2 35.6- 93.4 64 .3 16.4- 17.3 16.8 2.9- 4.6 3.7 4 .7 1-5.78 
8 17.9-2 1.0 19.4 65.6- 111 .3 88. 1 15.6- 16.3 15.9 6.3- 10.0 8.6 4 .29-5.60 

20 12 .0- 16.8 13.9 18.5- 50.S 30.5 16. 1- 17.3 16.7 4 .0- 6.0 4.6 3.93-4.60 
16 16.8-20.0 17.9 53.3- 92.3 69.8 15.3- 16.8 16.3 7.0- 7.9 7.4 4.39-4.96 
S 20.2-26 .0 22.2 8 1.4-18 1.7 11 8.5 16 .4- 16.9 16.7 2.S- 4.5 3.6 2.3 7-3.43 

16 16.6-18.9 18.0 45.9- 75.9 60.8 16.4- 16.6 16.5 6.2- 6.9 6.6 4 .02-4.97 
16 13.3- 16.7 15.2 22. 1- 49.4 36.5 17.4-17.6 17.5 3.8- -l.9 4 .3 4.20-5.23 
16 13.8- 17.4 15.3 27.0- 57.4 36.9 17.2- 17.6 17.4 1.6- 3.5 2.6 4.88-5.83 
16 14.4-15 .9 15.3 28.4- 42 .9 36. 1 16.7- 17.8 17.2 2.4- 3.8 3.0 4 .02-5.50 
8 19.3-2 1.4 20.7 73.6- 11 0.2 94.7 16.0-17 .1 16.5 2.9- 4.2 3.6 2.73-5.29 

16 15.0- 18.8 17.0 28.3- 72. 1 55.5 16 .4-17. 1 16.7 4 .0- 7.3 5.7 1.27- 1.84 
20 12 .6-15.4 13.6 19.0- H.6 25.9 15.9-16.5 16.3 1.8- 2.2 2. 1 4 .08-5.03 
16 15.8-20.0 18.0 34.1- 88.4 57.1 16.0- 17. 1 16.7 1.0- 2.5 1.5 4 .58-6.20 
16 16.7-20. 1 17.9 42.4- 77.6 H .6 14 .3- 16.6 15.S 1.3- I.S 1.5 3.95-5.74 

T able 6A.- Length, weight, and proximate composition---croaker, banded (LaTimus fa sciatus) 

T otal Length 1 Wei ght Prolein Oil Ash 
numbe r 

Aver- Aver- Aver- Aver-analyzed R ange age R ange Range age R ange age R ange age 

Cm. em. Grams G rams Percent PUClnt PUCtlli P ercent Pact1ll 

16 14 .3- IS.5 16.5 38.0- 9S.7 63.7 16.S- 17 .6 17.2 2.9-3.8 3. 5 3.55-4.80 
16 14 .5- IS.5 15.9 37.4- 7lA 50.6 17.1 - 17.S 17.5 3.3--1.2 3.7 3.7S-5.72 
16 16.0-19.7 IS.2 63. 2-12 7.S 9S.6 17 .6- 18.2 17.9 7.9-8.9 8.4 3.62-5.04 
16 14.0-16.5 15 .3 36.S- 67.4 52.5 17. 1- IS. 1 17.S S.0-9.4 S.6 2.20-2.8~ 
16 IU- 16.4 15.6 -12.5- 63.S 5+.4 17.S-17.9 17 .8 5.3-7.5 6.3 I. S4-3.78 
16 13.5- 16.6 15.6 H .9- 73.0 59.6 IlA - IS .5 17.9 4 . ~ -5.6 50 3. 13-3.64 
16 13.5- 18.6 16.2 ' 1.5- 99.2 6 1.6 17.7-IS.7 IS.2 3.3-5.7 -1.6 3.79-5.5S 
16 12 .S-16.4 I ~ . 5 H.9- 75 .9 5+.2 16.9- IS.3 17.8 3.0-U 3.8 2.57-~.43 
16 14.7- 19.-1 17. 1 45.S-125 .6 77.9 17.4- IS.5 17.9 3.0--1 .2 3.5 2.93 -4.06 
16 12.3-17.3 1-1 .7 29.5- 92.2 49.0 16.5- 17 . 1 16.8 2.0--1 .5 " ? J . _ 4 .33-5.74 
16 11.5-1+.3 12 .9 21.6- 50.6 30,6 16.7- 17 , I 16.9 2.9-3. 1 3,0 3 .69-3 .9~ 
S IS .6-20.5 19.5 S1.9- 124 5 103.1 17.5- IS. 1 17,8 1.5-2.8 2 .3 3.0S--I.54 

16 16.3-19. 1 17 .7 6S.S-112.1 S8.0 16.5- 17 .5 17 .1 2.7-4.9 3.3 2. 36-3.79 
16 16.3-20.0 18.4 6~. 1 -1 1 3 .1 S7.7 17 .8- l S.5 IS .0 1.9-3.1 2.5 5.IS-5 .S 5 

Moistu re 

A ver- Aver-
age Range age 

Puctnt Puctnt Pucntt 

4.53 75.4-76.6 76.0 
5.74 75.6-78.7 76.9 
5.2 1 76.3-78. 1 77.2 
4.77 73.6-79.8 76.3 
5.98 75.9-78.5 77.2 
4 .66 76.5-78.3 77.2 
6.4 1 75.5-76.8 76.3 
5.42 74 .6-75.2 74 .9 
4.25 72 .0-74. 1 73.0 
5.46 72. 1-72.9 72 .5 
5.08 73 .9-75.6 74.8 
4 .8 5 67. 1-73.0 69.9 
4.29 73.5-75 .0 74.4 
4 .73 7 1.1 -73.8 72. 1 
3.05 75.0-77.8 76.0 
4 .54 7 1.9-72.5 72.2 
4 .58 73.7-75.5 74.5 
5. 18 74 .7-76.8 75.4 
4 .80 72.9-76.9 75.0 
3.96 74.3-76.9 76.0 
1.45 74 .6-78. 3 76. 1 
4 .83 75.7-77.3 76.5 
5.55 74.6-7S.3 76.S 
4.74 76.2-7S.9 77.7 

M oist ure 

Aver- Aver-
age Ran ge age 

P auILt PuCt lll PercfILt 

4.5 0 73.8-75.3 74.5 
5.03 72.7-75.4 74 .0 
4.35 68.3-70 .7 69. 2 
2.58 70.7-72.9 71.4 
2.5 9 72.6-74.4 73.6 
3.37 H. I -7~.7 74.3 
4 .65 70.7-7+.3 72.S 
3.4 1 7 ~.2-76.9 75.2 
3.55 73.4-76.5 75.4 
4.91 73.2-75.9 74.4 
3.86 75.7-76.4 76. 1 
4 .03 74.2-76.9 75.6 
3. 12 7-1.3-77.7 76.2 
5,44 73.6-75.2 74.2 
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Table 9A.-Length, weig ht, and proximate composition-menhaden (BTevoo'riia patronus) 

Date Total Length' Weight Protein Oi l Ash Moisture 

sa mple Loea- nu mbe r Aver- A ve r- Ave r- Ave r- A ve r- Aver-
obtai ned t ion ana lyzed R ange age R ange age R ange age R ange age R ange age R ange age 

em. em. Grams Grams Puctnt Percen t Percent P ercen t Pucent P ercent P ercent Paunt 

1/ 14/ 59 6 24 12.3- 15.5 13.4 25 .9- 55 . 1 33 .0 14 .6- 15. I 14 .9 3.3 - 4.4 3.7 4 .06-4.8 I 4 .52 76.7-78.2 77 .4 
2/16/60 7 32 10 . 1- 1 1.7 10 .9 15.2- 24. 3 18.6 13.9- 14 .7 14.5 5.2- 5.9 5.5 2.9 1-4.25 3.35 75 .4-77.9 76.8 
3/ 15/60 10 12 16.2- 19.8 18. I 88.0- 16 2.4 124.3 I S. I - 15.3 15.3 12.6- 14. 2 13.2 2.24-3. 14 2.64 68. I -70.4 69 .2 
4/ 20/ 59 II 20 I 1.4- 16. 1 13. 1 26 .1- 77 .4 42.9 13.4-13.7 13.6 13.9- 15.9 15. 1 4 .18-5 .03 4 .65 66.3-67.6 67 .0 
5/ 21/ 59 3 16 13.5- 16. 5 14 .6 46 . 1- 75.6 59 .4 14 .0- 14 .6 14 .4 14 .7-17.3 15.8 3.9 1-6.46 4 .84 64.2-66.0 65.1 
6/20/6 1 9 16 12.3- 16 .8 14 .6 36.3 - 82.2 58.2 14. 1- 14 .7 14 .5 12. 8- 14. 3 13.6 2.53-3.38 2.93 68. 1-70 .0 69. 1 
7/2 1/ 59 8 16 13.5 -17. I 15.2 42.0- 90 .5 69.5 14 .9- 15.4 15.2 I 1.5- 14 .5 13. 2 3.50-3 .99 3.83 67.3-70 .3 68.6 
8/22/58 6 7 15.9- 19. 5 17.4 82 .2- 16 1.4 11 0 .3 14 .1- 16. I 14.9 13. 1-20. 5 17.8 3.3 0-4.08 3.66 60 .5-66.8 63.3 
9/22160 7 16 14 .3- 18. 2 16.2 55 .3- 107.3 84 .9 13.8- 14 .4 14 . I 14 .2- 18. I 16 .5 2.4 7-2.76 2.63 65.5-69.6 67 .3 
10/20/5 8 12 8 13.0- 18.0 16.3 42.4- 122 .6 94 .8 14 .7- 14 .9 14 .8 15. I - I 6.8 16.0 2.79-3.90 3.38 63.9-66.7 65 .4 
II / I I/ 59 8 16 IS. I - 17.4 16.2 63.6- 97.9 78 .8 16. I - I 7.2 16 .4 3.2- 4 .8 4 . 1 3.20-3.9 1 3.52 74 .5-76 .6 75 .5 
12/9/59 6 16 10. 3- 19. I I S. I 16.7- 139. 8 56.3 14 .7- 15.9 15.5 1.9- 2.7 2.4 2.85-3.96 3.30 78. I -8 I. I 79.3 

Forkt ail measu rement. 

Table IOA.- Length, weight, and proximate composition-pigfish (OTthopristis chTysoptm'us) 

DOle T ot al Length ' Wei ght Protein O il Ash M oisture 

sa mple Loea - nu mber Aver- Ave r- Ave r- Ave r- Ave r- Aver-obtain ed t ion anal yzed R ange age R a nge age R ange age R a nge age R an ge age R a nge age 

em . em. Grams Grams Pacent Percen t P ercent Percent Perce nt P ercent Puctnt P ercent 

1/ 15/ 59 4 24 10 . I - I 4 .3 12.6 14.3 - 47 .2 28 . I 16. 1- 16.5 16.3 3.7- 5.5 4 .7 3.65-4.8 I 4 .26 74 .3-75.0 74 .7 
2/24/60 10 16 15.2- 19 .9 17.3 59 .2-156.4 88.5 15.6- 16.5 16. 1 2.9- 3.7 3.3 3. 13-4.36 3.88 75.4-78 .7 76.7 
4/ 12/60 9 16 14 .8-2 1.0 18.5 53 .8- 145 .2 105. I 14 .8- 15.4 15. I 2. I - 2.4 2.2 2.80-3.9 1 3.27 77 .7-79 .5 78 .8 
6/ 14/59 13 16 13.4- 17. I 15.3 37.5- 85. 2 60 .2 15.4-15 .9 15.7 6.6- 7 .6 7. I 4 .09-6 .44 4 .9 7 7 1.8-72.8 72 .2 
8/8/59 8 16 16 .0-20. I 17.7 64 .8- 132.6 87.5 16.2- 17. I 16.8 8.0- 11.0 10 .0 2.9 7-3.92 3.28 68.9-7 1.7 70.0 
8/ 12/ 59 8 20 11.7- 16 .4 13. 1 25 .7- 76 .6 39.6 17. 1- 17.4 17.3 3.3- SA 4. I 3.97-4.4 I 4. 16 74.0-75.7 75 .0 
9/22/59 6 16 12.3- IU 13.9 28 .8- 6 2.0 46.0 17.8- 18.4 18.2 3.9- 5.6 4 .6 4 . I 2-4.74 4 .3 7 7 1. 7-74 .0 73. I 
10/ 13/59 7 16 I 1.3- I 6.5 13.8 25 .0- 80. 1 46 .4 16.8- 17.5 17.2 2.4- 4 .6 3.7 4 .03-5. 16 4.49 73.3-75 .8 74.7 
II / II / 59 8 20 10.9- 16.9 13.0 19.9- 75. I 36.9 16.8- 17.2 17.0 3.2- 4 .6 3.9 3.95-5. I 2 4. 38 74 .7-75 .8 75 . I 
12/ 11 / 59 6 16 13.0-18.2 14.6 34 .8- 97. 1 52 .9 15.8- 17.7 17. I 4 .6- 9.8 7. I 2.32-4.95 3.99 69. I -76.8 72 .5 

1 Fork tai l mea su remen t. 

Table llA.-Length, weight, and proximate composition-porgy (Stenotomus cap1"inus) 

D a.te T ota l Leng th ' Weight Protei n Oil Ash 1VI0istu re 
sa mple Loea- number Ave r- A ver- Aver- Aver- Ave r- Aver-obtained ti on an alyzed R ange age R ange age Ran ge age R ange age R ange age R ange age 

--em. em. G rams Grams P erCi.'/Ll Percent Percent Perce nt PUce llt Puce nl Puce 'll Puctlll 

1/ 10/60 20 24 9.4- 10 .3 9.8 19 .8-30.6 24 .3 16 .3- 17.6 17.2 1.3- 1.8 1.7 5.89-7 .24 6 .63 73 .5-76.5 74 .6 
1/2 1/60 9 " 8.7- 1 J.4 10 .2 19 .4 -3 8.7 27.8 15.8- 17.0 16.4 1.8-3.2 2.4 3.75-7.8 1 6.46 72.8-77 .3 74.j - .' 
2! 10/ 60 9 24 9 .2-11.3 9.9 15.8-3 2.0 23.4 18. I - I 8.2 18. 1 1.8-2 .4 2.2 6.02-7 .79 6 .9 1 7 1.9-73.6 73.0 
3/ 11 /59 10 40 8.5- 10 .2 9.5 14 .8-25 .3 19.2 17. I - 17.4 17.2 2.3 -2 .7 ? ' 5. I 8-6 .3 2 5.84 74 . 1-74 .9 74 .1 -. ) 
4/7/59 7 16 I 1.8- I 6 A 13.7 31.5 -96.0 58 . I 17.0- 17.9 17.4 2.4-3 .6 3.0 8.2 1-8.77 8,49 70 .3-71.6 7 I . I 
4/ 12/60 17 16 9.6- 1.l.4 I 1.6 26.7-19.6 4 1.2 16.7- 17 .2 17.0 3. 1-3.6 3.5 5,4 7-5.8 5 5.67 73 .3 -74 . 1 73 .6 5125/()0 10 16 I 1.2- I J.2 12. I 37 .. 5-65. I 49.3 16.6- 18. 1 17.6 3. 8-4 .9 4,4 4 .80-7.49 6.55 70.0-73.7 71.4 
6/ 11 /59 13 ~O 9.0- 1 1.0 9.8 15.0-28.1 2 1.9 16. 1- 1 S. I 17. I 1.9-2.8 2.4 4 .80-6.29 5.79 73 .8-76.5 74 .9 
7.6/19 8 28 9 .4 - 1 1.9 10 .t> 226-4 .1. 3 28 ,4 18.0- 18.7 18.3 3.4-4 .6 3.8 5.2 I -6 .67 5.98 iO.4-72.3 7 1.4 8/9/59 8 64 6. I - 8.3 7.0 lJ.O- I S.3 97 17.9- 18.5 18.3 1.8-2 .0 1.9 5.02-5 .86 5.4+ 74 . 1-75.2 74.8 '1/28/59 7 32 7.6- 9 . .1 84 12 .6-24 .(, 17 .5 16.9- 17.5 17.3 1.7-2. I 2.0 6 .02-7.00 6 .49 73.3-74 .3 73 .7 10 11/60 10 28 7.9- 10.2 8.8 14 .5-27 I 19.6 17.8- 18.0 17.9 1.7-2 .2 2.0 6. I 7-6.80 6.59 73. 1-7 4 .2 73 .7 J(I / 11 /M) 10 16 7.3- I 4 .3 9.7 11 .4-78 .. 1 3L3 16.3- 18.0 17.0 2.2-4 .8 3.3 5.52-6.63 6. I 3 72.6-73.9 71.5 I I II / 59 8 40 R. I - I 0 .5 9.1 14 .7-17.6 21. ·1 18.6- 18 .9 18.7 2.2-2.4 2.3 5.8 2-6 .49 6.2 1 72 . 1-72.8 72 .5 12/ 10 1'1 6 32 8 .4- 10.4 'l.3 14 .2-26 .1 20.3 18.1- 18.6 18,4 1. 8-2.7 2.2 5.98-7.10 6 .73 71.5-73.5 71.6 ---

~ I FnrkLlll measurrment. 



<.n 
0-

Dale 
sample Loca-

obtained lion 

1/ 15/ 59 4 
2/ 28/58 10 
2/28/60 2 
3/ 17/ 59 10 
4/ 6/59 12 
4/2 1/60 9 
5/ 12/60 7 
5/ 14/59 13 
6/9/58 3 
7/6/ 59 8 
8/9/59 S 
8/30/60 10 
9/24/58 7 
10 / 13/ 59 7 
11 / 11 /59 8 
12/9/ 59 6 

1 Fo rkt ai l measuremen t. 

Date 
sa mple Loca-

obtai ned lion 

1/ 14/59 5 
1/2 1/60 9 
2/ 28/58 10 
3/ 17/59 10 
4/6/ 59 12 
4/ 12/60 9 
5/ 14/59 13 
6/9/58 9 
6/20/60 9 
7/8/59 8 
8/ 9/59 8 
8/ 16/60 9 
9 /2 2/60 10 
9124/ 58 7 
10/ 13/59 7 
10/ 13/60 10 
11 / 11 / 59 7 
12/ 9/59 6 

1 O,'crall mea surement. 

Table 12A.-Length, weight, and proximate composition-razorbel1y (HaTengula pensacolae) 

T Olal 
Lengl h' Weight Protein Oil Ash 

number A vc r- Aver- A \t~r- A ,'e r-
anal yzed Range age Ran ge age Range age R ange age Range 

em em. Cram! Gra ms P UCl'll t P utt"! Puctnl P ucnll Paunl 

48 8 . 1- 11 .~ 9.6 8. 2- 18.2 1 ~ 7 18.6- 19.1 19() 2 .4 - 2.8 2.h 5 38-6.63 
36 14.1 - 15.0 14 .8 '~.;17 .4 11.4 18.2- 19.7 18.9 6.1- 91 7 7 6.09-8 11 
16 15.0- 17. 4 16.3 66.5-97 2 7'1.7 17.0- 17.'1 17 I 10 .6- 11 9 11. 2 4. 13-4 9 1 
24 11 .2- 12 7 11 Q ~:1. 7 'h. 1 290 18.2- 186 18 I 5 3- 6 I 60 ,.79-5 46 
20 10.7- 1L1 12.:; 21 .9-4 4 0 ,4 1 18. 4-18 8 1S.1 69- 77 n 11>14 84 
16 10.2- 13.9 11 .6 2lA-)2.2 11 \ 17.8-18.') 18. 2 11 .1- 11. 1 12 1 J. 74-6. 1 0 
20 10. 1- 11 .9 11 .3 ~2. () -11.() 1 11 179- 19 IJ 19 1) 91- 12 1 10 1 2 H-l.87 
24 9. 2- 15. 1 11 .2 11.7-1 1. i 2\ (J 1'1. 1-197 19 4 1 7- I 1 4 7 114-502 
16 11 .0- 15.0 12_9 22 8-60 1 37.1 17 1-1 ~ <) 18 4 4.4 - \ 4 5.0 164-1.6 1 
20 11 .9- 14 .9 11 i 2'1 J-,S O 40 I 1S.8- 1'14 1<).2 2 ,;- .1.2 2 S J 37-5 6J 
16 12.4 - 15.5 13.7 33.3-71.1 41> <) 18. ,- 19 q 1'I 1l 1 7- 2 .0 1.8 3.b 7-4 8 1 
20 10 .0- 12.5 10 .7 19 \ 10 2 21 1 IS. 1- 18 4 18 .. 1 :! 8- ~ 7 J 4 2 %-4 0 1 
20 11. 8- 11.4 1 J.O 2- 8-1 1.0 3S 6 18 . 1- 18 S IS.5 62- 7 ; 6 .7 4 SIJ-6.9 2 
16 11.1 - 14 .6 12.8 26 8-00 4 39 1 17.S- 19 I) 184 4 8- 7 1 6.1 1 H-6 28 
16 12.0- 1\.4 11.6 ,2.9-64 q 4 7. 4 181- 1'1 II 18.1. b. 4- i 1 69 4 '1-57 5 
16 9. 1-15.2 11.1 11 .0-16 I 27.h 18.9- 19.2 1'1. 1 2 5 4 b ) 8 4 15 -5 '19 

.. 

Table 13A.- Length, weight, and proxima te composition-silver eel (Trichillrlls lepturus 

T ota l Length 1 W.ight Protei n Od A. h 
number 

A\'~r · A" r- A\tr· A"r-anal yzed Ran ge ago Rang. 3 ~t Rang. ag. Ran~. ag. Rang. 

Cm . Cm. Cra m, Cra m, Puctnl PtTCInt PUl (n' P/f(Olt P Ull nl 

17 34 .3-5 4.2 44 .9 17 J- 689 388 17 1- 17 1 1- ~ 2 6-! " .l. : 247-3. 01 
1G 41.3 -49 . 1 45.7 10 8- II 1 J'I7 1 \9- 181 1- , 3 0-4 I 3.''1 1 bO-2 18 1 _ 

16 36 .7-45 .8 42 .8 25.4 - 486 17 (, 179- 11>2 18. 1 4 1-4 4 4. 1 2 b!-2 97 
20 35. 1-48 . 1 41.3 17.2- 486 ll O 16 1- 167 10 I 1 I ~ 4 .1.8 2 Sb· ! 0 2 
18 38.7-5 1.0 45 .3 2l.2-b~ 8 ~ J I 168- 17 1 li n 2.6-1.b 3. 1 2 H 2 9C1 
16 37 .8-50 5 4 3. 5 33 0- b 1 'I 4 1 2 11 1- 10.6 15 Q 4 I \ I 4 .CI 1 .bo-2 36 
20 3 1.3-48 .7 40 . 1 10 1- bl> I 31 3 1b <l 17. 1 1-' J !-J l) 3.0 2 1 8-2 o ~ ' -12 38 .1- 54 7 48.5 1 6 .4 - 998 b2 I 1\ '1- 1b.6 1b J 2 1-2.8 ! .b 1 00-2 9 1 
16 32.7-7 1 3 5 1.6 4 7 2- 8<) 5 02 1 16/- 17 .8 17. 1 2 !_I -I 2.9 1 11 - 1 S 1 
16 46. 2-54 .4 50.5 58 8- 9 \ 1 78 0 180 18.8 11\ I 1. 1 5 4 , J 1 00-2 il 
16 38 .0-56.8 49 .3 31 2 120 5 ib .! 1 ;b- 18b 18 .2 .1 1-4 1 ~ Q 1 C/2-2 !7 
16 34.2-63.4 48 .6 592 1Ul 4 is 4 1 b 1- 17 2 1b.B ~ 4 _1 4 2.8 ~ 74-3 20.} 
24 2 1.0-4 1.5 30 1 11 2- no 11 . 1 111-17 .7 17.6 2 11-2 4 ! ! 204 -2.44 

4 050-72 . 1 1>7.4 147 . 1-2 11 I 179 \ P l l S U 1 :' .8 1 <l_ ! J ' - 3 OQ-404 - 1 
16 50 .6-608 56 . 1 79 .7- 14 59 104 1 17 7- 18. 1 Ii .<l 1 7-2 2 I.CI 24 0-2.80 
16 32.0-62 .7 4G.3 4 1 0- <)6 5 7 1 5 17 0 17 II 17 ! 1 2-2.4 2 1 221 -2 0 5 
16 36 .0- 53 .6 42 .1 2LCl 82 .8 4 1 8 18 1- 1'1 1 18 7 10 I q U : . ~~ .!4 7 
2 1 28 .9-43 .4 359 128- 47 1 218 17 I 18 4 18 1 5 1-8 7 - , 1.07-2 .35 1. -

- - -- --

Nloi s l~re 

Ave r- Aver-
age Ran ge age 

Pactnl P l rt! nt Ptrctnl 

6. 14 7 1.5 -74 .2 72.4 
7. 15 66. 2-68.0 67 . 1 
4 .39 66.2-68 .4 67 .0 
4 .74 70.5-73.6 71.4 
4 .28 68.9-70,4 69 .8 
4 .5, 63. 1-66.9 6 5.5 
3.42 66. 2-68 2 67 .3 
4 .1 1 7 1.4-73 9 72 .7 
4 .8 1 70 9-73 .1 71.8 
4.bO 72.4-76.3 74 .0 
4 . 15 74 .6-76.9 76 .0 
339 74 .7-75.S 75.2 
5,8 2 68. 5-70 .2 69 .0 
5.02 6S A-i2.0 70.3 
4 .97 689-iO.5 69 .9 
5.08 71.2-73.1 72.0 

:\foistur. 

A,or- A,·.r-
ago Rang. age 

PUff nl P(f((nt Pucntl 

1 - ; - b. l -i- Q 77 .0 ' ,- - U -785 ;0.1 
2 Qo 7'0-7 58 i5A 
2.-8 75 '1-71 .S 76 .1 
1 ,b~ i o. 7-i - .6 -- 1 11. -

2.00 i .' .b-ii 5 -b . ~ 

2 4 1 7.1 Q--- .4 7b .8 
2 ~b i , ! -i'S .S -- .9 
I.ob ii Q-7Sb - S. l 
1 i 4 ; 4 .b-:1 4 75 .0 
2 .08 i .' .2-- 0.1 75 . -
301 76--77 .0 i - .3 
210 is 2-- 8 CI 7S .6 
) 51 i5 I---S 70.1 
1.02 ; - b-- 85 -8 1 
2 .40 i - .S-7S .5 - S. 1 
Z 1- - )\-73S - l .6 
2 14 725--4 1 n .3 
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Date 
sa mple Loca-

obtained tion 

1/ 14/59 6 
1/2 1/60 9 
2/ 16/60 7 
2/ 16/60 9 
3/ 11 /59 10 
4/7/59 7 
4/ 27/60 16 
5/ 10/60 8 
5/30/58 I 
6/ 15/ 59 13 
7/6/60 9 
7120/5 8 5 
8/9/59 8 
9/ 1/60 10 
9/24/58 7 
10/ 13/5 9 7 
10/ 13/60 10 
II / II / 59 8 
12/9/ 59 6 

1 Forktai l measurement . 
2 Overall measuremen t. 

Date 
sa mple Loca-

obtai ned t ion 

4/2 1/ 60 17 
5/ 12/60 7 
6/ 15/59 13 
7/20/ 58 5 
8/ 12/59 8 
8/30/bO 10 
9/22/59 6 
10/ 13/5 9 7 
11 /3/58 13 

1 Forklail measurement. 

T able 14A.-Length, weight, and proximate composition-spot (Leiostomu8 xanthurus) 

T otal Length1 Weight Protein Oi l Ash Moi sture 

number Aver- Aver- Aver- Aver- Aver- Aver-analyzed Range age Ran ge age R ange age R ange age Range age Ran ge age 

em. em. G-ami Grams Percent Palent Percent Ptrcent Percent Ptrcent Puc('nt PUCint 

16 17.4-20.6 18.8 54. 3- 96 .9 74.2 15.6-16.4 15 .9 1.5- 2.1 1.8 2.87-5 .04 3. 71 77.8-8 1.2 80. 1 
16 14 .3- 18.8 16.8 41.3 - 83.9 64.2 15.5-17 .8 16.7 0 .9- 1.5 1.2 2.93 -4 . 13 3.70 77.2-80. 1 78.8 
19 12.3- 15 .8 13.3 26 .1- 59 .9 31.9 15.6-1 6.2 15.9 3.7- 4 .8 4.3 3.06-3.98 3.55 74.9-77.2 76.0 
16 15.6- 19. 8 17.7 51.7-100.9 72 .8 16.0- 16.3 16.2 1.7- 2.9 2.2 3.51-4 .80 3.87 78 .1-79.0 78.5 
16 14 .8- 19.0 16 .4 2 32.5- 67.7 43.9 15.4- 16.3 15.9 1.5-1.7 1.5 3.79-4.15 3.97 77.8-79.2 78.4 
16 18.0-20. 5 19 .52 65.6- 93. 5 81.5 15.2- 15.8 15.5 3.6- 4.8 4 .1 3. 13-4. 12 3.59 74 .7-77.7 76.4 
16 15.9-20.6 18.7 70.6- 120.8 87.7 16.7- 17.4 17.0 5.4- 6.9 5.8 3.80-4.20 4 .02 72 .2-73.9 73. 2 
16 12.5- 15.6 14 .7 31.4- 52.7 51.3 16.9-17.1 17 .0 6 .3 - 7.2 6.9 2.70-3.92 3. 52 72. 1-73.8 72.8 
8 19.0-21.0 20.0 109.8-14 3.5 125.0 15.5-16. 2 15 .8 16.0-16.8 16.5 3.27-4 .17 3.74 63.3-64.4 63.9 

16 13.0- 19.6 15.8 30.3 - 124.0 6 1.1 16.8-1 7.3 17.2 5.4- 8.9 6.7 3.3 5-3.75 3.60 70.R-74.0 72.6 
16 14.6-18.4 17.3 53 .1-1 11.5 90.9 15.7-1 6.4 16.0 14 .4-1 5.7 15.1 2.60-3.62 2.90 66.0-66.6 66.2 
8 17 .7-19.5 18.5 84.7- 11 2.3 98 .3 14.8- 15.6 15 .2 11.6-1 3.7 12.9 2.85-3.78 3.39 67. 1-70.4 68. 1 

16 14 .8- 16.4 15. 5 44 .5- 69.6 56 .6 16.4-17 .3 16. 8 5.3- 8.0 6 .6 3.3 0-4.28 3.89 70.3-74.7 72.3 
16 13.0-19.2 15. 22 39. 1-123.9 62 .5 16.3- 17 .8 16.9 8.4- 10.8 8.9 3. 14-3.94 3.5 4 68.8-73.0 70.6 
12 14 .6-16.2 15.4 44 .6- 62.8 55 . 1 16.7- 17.1 16.9 2.4- 4. 1 3. 5 3.34-4.3 1 4 .00 75.7-77.3 76.7 
16 14 . 1- 16.5 15.3 41.5- 68.0 57 .5 16.8- 16.9 16.8 2.7- 4.6 3.8 4.04-4 .29 4. 17 73 .7-76 .2 75 .0 
16 14.9- 17. 1 15 .8 42 .3 - 92 .0 65 .3 14.8- 15 .7 15.2 7. 1- 8.2 7.9 3.03-4 .0 1 3. 59 7 1.S-73. 5 72.9 
16 13.7-1 7. 1 15.7 37 .6- 67.9 55 .3 16.7- 17.9 17 .2 2.8- 4.4 3.6 3.38-4 .54 3.89 7 1.9-76.0 74.3 
20 12.0- 15.3 13.4 23.2- 49.6 30.7 15 .7- 17.1 16.6 2.5- 4.6 3.4 2.65-4.07 3A9 74,0-78.9 76A 

Table 15A.-Length, weight, and proximate composition- threadfin (Polydactylus octonemus) 

T ota l Length' Weight Pro tein Oil Ash Moisture 
number Aver- Aver- Aver- Ave r- Aver- Aver-analyzed R ange age Ran ge age R ange age R ange age Range age Range age 

em. em. G ram s Gram! Pucl nl Pace nt Ptrctnl Pucent Pace nt Pu(t nt PUCt".! Pucent 

160 6.4- 8.8 7.6 3.0- 9.8 4.6 17 .9- 18.3 18. 1 4 .5- 4.8 4 .7 3. 54-3.83 3.64 73.4-73.6 73.6 
40 9. 1- 9.9 9.5 9. 1-12.5 11 .0 16.9- 18.0 17.7 2.7- 3.6 3.3 1. 24-3 .07 2.03 75 .5-78.3 77.2 
36 8.8- 11.6 l OA 10.3-20.7 15.9 18.2- 18.4 18.3 2.3- 2.6 2.5 3.22-3.63 3.40 75.9-77.0 76.3 
32 10.4- 12.2 11 .3 15.9-27 .9 20.7 16.9- 17.6 17 .3 1.6- 2. 1 1.8 3.51-4. 15 3.98 76.2-77 .3 76.6 
16 11.8-13.8 11.9 26.5-49.5 36.6 18.8- 19.2 19. 1 3.5- 4.2 3.9 3.58-4.28 3.89 73 .0-74.5 73 .9 
20 10.0- 12.5 11.1 17.6-27.8 21.8 17 .8- 18.6 18. 1 1.2- 1.6 1.5 3.08-4.53 3.8 1 75.9-78 .5 77 _1 
16 11.5- 15. 1 14.0 33.3-56.2 45A 18. 2- 18.6 18.4 6.9- 7.7 7.5 2.63-3.69 3.36 iO.6-71 .5 71.1 
16 13.3- 16.4 14.5 38. 2-9 5.8 58.0 17.8- 18.4 18. 1 10.0- 11.4 10.9 2.8 3-4.06 3.52 66 _8-69 .5 67.9 
16 12.9- 16.5 14 .6 29.i-73. 1 47.7 17.3-18.3 17.8 5. 1- 8.5 6.8 3.44-4 . 12 3.73 69.9-72.9 71.7 
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Table 18A.-Length, weight, and proximate composition-miscellaneous species 

Common name ScientifIc 
name 

-

Grunt .... . .... H alm ulan sp. 

Scad ...... . .. . Trac/t'UrtlS 
lathami 

Si1 vc r perch . . ... Bairddla 
chrYJura 

Sil versides ...... Mmidia sp. 

Star drum . . • . .. Stdliftr 
lanetalatus 

Common name Scientific 
na me 

Grunt ......... /I atmulan sp. 

Scad ........ .. Trachu'"J 
lathami 

Si l vc r perch ..... Bairdll/a 
chrYJ",a 

Si1 versides ...... Mtn idia sp . 

Star drum . . .. .. Stt/l if" 
la" (fa lat us 

F'ork uil mt.1s urclnrnt. 
vtra ll meJ"iu reme nl 

D ate of 
sa mple 

9/ 24 / 58 

10/ 21/ 58 

1/ 15/59 
2/7 / 59 
4/ 20/ 59 
6/ 20/ 59 
10/ 13/59 
10/ 21/59 
12/9/59 

2/28/ 58 

1/6/59 
2/ 15/60 
3/ 18/60 
51 1~/ 5 9 
6/ 19/58 
8/ 16/ 60 
12/2/59 

DOle of 
sample 

9/ 24/58 

10/ 21/58 

1/ 15/ 59 
2/7 / 59 
4/20/ 59 
6/ 20/ 59 
10/ 13 / 59 
10/2 1/ 59 
12/ 9/ 59 

2/28/ 58 

1/6/59 
1/ 15 /60 
3/ 18.00 
5/ 141 \9 
6/ 19/58 
8/ 16.60 
12/2/59 

T otal 
Loca- number 
tion analyzed 

7 8 

10 32 

11 28 
2 20 

I I 16 
9 16 

10 32 
10 16 
6 18 

10 109 

5 25 
9 32 
9 24 
9 20 

10 38 
9 16 
9 24 

T ota l 
Loca- number 
li o n analyzed 

7 8 

10 32 

11 28 
2 2U 

II 16 
9 16 

10 32 
10 16 
6 18 

10 109 

5 25 
9 32 
9 2~ 
9 20 

10 38 
9 I II 
9 24 

Length Weight 

Range Ave rage Ran ge Average 

Cm. Cm. Cra ms Crams 

13.0-19 .0 1 16.0 31.3- 121.7 67. 1 

10 .9-14.4 1 11.8 15.1 -30.0 19 .6 

9.6-18 .4 2 12.7 7.7-72.7 24.8 
12.2· 16 .4" 14.6 14.9-46.3 30 .8 
12.3-16 .4 2 14 .4 18.9-40.6 32 .0 
12.2- 16 .6 2 14.9 19.6-55.9 38.4 
8.9- 10.4 2 9 .7 15.2-29.8 22 .5 

14.8- 18.4 1 16.9 32.3-62.6 51.9 
11 .9- 15.9 ' 13.3 17.3-44.9 24.8 

7.5.9 .81 8.7 4.4-9.2 6.3 

10 .0- 14.7 12.5 10.5-45.4 25 .7 
9 .7- 11.3 10 .6 9.8-20.4 13.3 
9.7- 13.3 11 .7 16.6·36.1 24 .1 

12.4- 14 .8 13.8 23.3-38.5 32.2 
10.9- 13.9 12.5 10 .8-29 .4 20.2 
12.3- 14 .5 13.3 22.5-34 .5 28 .1 
10 .3- 14.6 13. 1 12. 1-38.6 25.6 

Oil Ash 

Range A verage Range Average 

PUlent Ptret nt Puctn t PUCf lll 

7. 1-11.8 9 .9 2.99-4.4 8 3.7 1 

2.0-2.5 2.2 3.03-4.28 3.55 

3.2-4.8 4 .0 2.79-4.94 3.80 
3.7-4 .3 4 . 1 4 .55-5.33 4.80 
2.3-3.0 2.7 3.5 1-4 .76 4. 11 
1.5-2.7 2.2 2 .53-3.6 1 3.20 
, .6·7 .0 6 .1 3.05-3 .67 3.36 
1.5-2.5 2.2 3.15-5 .07 4.48 
U -6.4 5.7 3.92·U8 4. 35 

5.6-6. 1 5.9 7.74·8.44 8.23 

3 .2·4 .2 3.8 3.87-5 . 13 4.67 
3.8-4.2 4 . 1 3.5 8-4 .05 3. 78 
4 .5 -5 .0 4 .7 3.67-5 .5 8 4.5 1 
3.7·4 .2 4 .0 3. i7-4 .84 4.25 
1.4 -4.0 3. 8 3.89-4.28 4. 11 
1. 5- 1.7 1.6 3.89-5.55 4.50 
3.0-3.9 H 3. 54 -5.3 2 4.53 

Protein 

Range Average 

Puctnt Ptretnt 

16.0- 17 .1 16.6 

16.9- 17 .5 17.3 

16.8- 16 .9 16.8 
17.4· 17.8 17.6 
16 .3- 17.2 16.8 
15.9- 16.8 16.6 
18.2- 18.4 18.3 
15.9- 16.9 16 .4 
17 .3- 18 .1 17.8 

17.2- 17.6 17.4 

13.9- 15.2 14 .2 
16 .4-18.2 17.4 
14 .3- 15.5 15.1 
15.8- 16.5 16.3 
14 .4- 15.2 15.0 
15.8- 17.2 16.5 
17. 1· 17.9 17.7 

Moi stu re 

Range Average 

PaCittt Puctni 

68. 1-72.5 70.2 

76.5-77.6 76 .9 

73.2·76.5 74.9 
72.2-74 .0 73 .2 
75 .0-77 .0 76 .5 
77.0-78 .8 77.6 
72.0-72.5 72 .2 
75 .6-79 . 1 76.9 
71.9-72 .9 72.3 

66. 8·68 . 1 67 .5 

74 .8-77 .5 76.3 
73 .8-75 .0 74 .6 
73 .9-77.4 75 6 
73.9-75 .6 74 .7 
75. 1-76.9 76. 3 
77 .3 -78 .9 78 .3 
73.6-75 .9 74 .3 
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Figure lA.-Map of fishing grounds indicating locations where samples 
were obtained. See Table lA for meaning of code numbers . 
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Figure 2A.- Seasonal variation in oil and moisture content of anchovy 
(Anchoa helJSetus) . 
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3A.-Seasonal variation in oil and moisture content of bumper 
(Chlo1"OScombrus chrysu1"tts) . 

... . og. o ii Con'. n. " ... . 0". /OlI o", .... Co",. ", 

w m 

J" 

'" 

'" 
: 

IW 

" 

" 

" "'.', 

Figure 4A.-Seasonal variation in oil and moisture content of butterfish 
(Poronotus triacanthus). 
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Figure 5A.-Seasonal variation In oil and moisture content of croaker 

(Mic1'opogon undu latus). 
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Figure SA.-Seasonal variation an oil and moisture content of har esmsh 
(PepTilus alepidotus). 
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Figure 9A.-Seasonal variation in oil and moisture content of trawl
caught menhaden (Brevoortia 1Jatronus) . 
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Figure IOA.-Seasonal variation In oil and moisture content of pigfish 
(Orthopristis chrysopterus). 

Figure IIA.-Seasonal variation In oil 
.(Stenotomus caprinus). 
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12A.-Seasonal variation In oi l a nd mOl tur co nt nt of razor· 
-belly (H an;llgula P llsuco/a ) . 

Figure 13A.-Seasonal varia tion in oil and moistur con tent of silver eel 
(Trichiw'us /eptu1"us). 
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Figure 14A.-Seasonal variation n the oil and moisture content of spot 
(L eiosto?nU8 x anthu?·us). 
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Figure 15A.-Seasonal variation in the oil and moisture content of thread. 
·fin (Polydactylus ovtonemus) . 
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Figure 16A.-Seasonal variation m the oil and moisture content of thread 
herring (Opisthonema oglinum) . 
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Figure 17A.-Seasonal variation in the oil and moisture content of white 
trout (Cynoscion nothus). 
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Table 19A.-Standard error of estimate (SyX) , correlation coefficient (r), and probability (P) based on Student t values} of data pairs 
-

Moistu re and oil content l\. Ioisture and protein content r.!oi'ture and ash content MOISture content and weight Moisture content and length 
Species 

SYX r P S yx. r P SYX r P SYX r P SYX r p 

Ancho vy .. ...... 0.27 .96 13 .001 0 .29 .9 189 .001 0.11 .4 397 .00 1 1.70 04009 .005 O.H . 1161 
Bumper ..... .. . 1.66 .77 10 .001 087 .2905 .025 I 07 .0741 

.010 
2095 .6004 .001 3.11 .5693 .001 

Butterfis h .. .. ... 1.75 .8 160 .00 1 0 .'17 .2547 .050 050 .3218 1909 .2503 .050 2.02 . 144 2 --
Croake r .. .. .. .. 1.1 7 .83 12 .00 1 074 .2177 .050 I 12 .0435 -- 20.93 .0842 -- 15.00 .0173 --
Croaker . banded ' . 1.25 .7 853 .00 1 140 .0721 100 .1318 21 .10 .1424 1.72 . 1228 
Hardhead 1.3 3 .63 11 .00 1 0 .76 .4 21 0 .001 I 04 .10i8 .025 39 59 .8370 .001 3.02 .4363 .001 
H arvestfi sh . . . ... 1.11 .8950 .00 1 0 .93 .6496 .00 1 O.H .3983 .005 9.77 .0685 
Menhade n .. .. . .. 1.30 .9725 .001 0 .69 .4120 .005 08; .09H 27 .5 0 .5 150 .00 1 1 88 .4023 .005 
Porgy .... . . . ... 0.72 .5265 .00 1 0.6, .4 703 .00 1 o bS .723 I 001 865 .7 196 .005 1.29 .5794 .001 
Pigfi sh .... ... .. 1.06 .8956 .00 1 0 .67 .5182 .00 1 0 .7 1 .2705 -- 2516 .1743 209 .1063 --
Razorbelly .... . . 1.39 .892 5 .00 1 2.20 .1 41>6 095 .2102 -- 14 .07 . 2<)24 .025 L55 .2027 --
Silver eel . .... .. 0 .76 .8338 .001 0 .67 .5 182 .00 1 

074 
-- 3800 .3947 .001 S.12 .1019 

Sil ver perch .... .• 0 .7 1 .88 57 .00 1 036 .853b .00 1 .25 J I -- i 76 .61 i8 .001 1.65 .626- .001 
Spot ..... ...... 1.75 .9 13 1 .00 1 0 .88 .0400 al l . lb06 -- 1791 .5941 .00 1 I 83 .2609 .025 
Star drum .. .... 0.74 .59 15 .00 1 1. 17 .43 16 .025 0 .58 .2 349 -- 5 74 .2853 1.0 1 .2630 
Threadfi n 0 .94 .9473 .001 0 52 . 18b2 065 .2416 -- IOS2 .7896 .001 1.H .6476 .00 1 
Thread herring .. . 1.94 .9465 .001 1.29 .78i9 .001 0 .66 . 181<) -- 240U .1483 .001 I 86 .5i85 .00 1 
White trout . . ... 0 .86 .8 794 .001 0 .66 .5 183 .001 -- -- -- 2<) 18 .0-61 -- 2 44 . 134 5 --

Table 20A.-Standard error of estimate (SyX), correlation coefficient (d, and probability ( P ) (based on Student t values ) of data pairs 

Species 
Protei n and oil content Protein .nt! •• h content I'ro'e,n conlent and "ei,ht I',olein conlent .nt! len"lh .\ ,b and 0,1 content 

SyX r P S, X r P S , \. r P $, \. r P Sy\. r P 

Anchovy . . ...... 0.85 .52 32 .001 0 .3 0 .6259 .00 1 1.82 1805 0 ~s .0ti4U 0 'l2 I .jSO " OO ~ 
Bumper . . .. .. . . 2.55 .2154 .00 1 0 90 .5'OJ .00 1 25 13 .2817 02-' J .e .42Q'; .OUI 2" .4 'i l .01.11 
BUllerfish .. . .... 3.01 .0793 __ 0 53 . 104.1 __ 1'/(11 .205" .om I.S7HI5; .001 2 "J .4902 .00 1 
Croake r . .... . .. 2. 11 .018 3 __ 1.11 . 1051 __ 20 III .211'1 ,021 1500 .Il't." __ 202 .;0;(, .00 
Croaker. banded.. 1.98 .1905 __ I (JO . 1097 _ 21 !Ii . IS3! __ 1.72 . 14'2 __ I "b lSQ- .lIO 
Hardhead .. ... . . 1.65 .27 11 .050 0 97 . 1~ 8R .00 1 11. 11 .S6~6 .OUI J . ~ ~ . ~''1'' .osa l.b' 2;~~ .0 ;0 
Harvestfi sh ...... 2.32 .3672 .010 a 36 .~J l 1 _. __ __ __ '1 .80 ,01 41 __ 2 I ~ 4~40 .!lO 1 
Menhaden . .. .... 4.72 .534 3 .001 0 81 . 1 no __ 31.17 . 1111~ __ I .<)b . 2<1 ~ 2 .0,0 , ;. 
Pigfish .... . . ... 2.36 . 1734 __ 0 09 .3360 OIU 11.17 .Sbl~ l .00 1 1.;4 . '''IIS .00 1 2 J' 
Porgy . ...... ... 0.85 .0905 __ 0 .'14 .07/18 __ II .'/< .28211 __ 1.51 . ~'91 .1l2) 0 ''-
Razorl>elly . .... . 3. 10 .0123 __ 0 .94 .2401 14 .00 . 1112 __ 1.1; . 14 ;Q __ ; 0 ' 
Si lver eel... . ... 1.33 .268 1 .02 5 __ ~= .17 . 111 .'l 5I1 .Oll l 1>.11 . UQ 1 .~ __ I " . ~14~ 
S,l ver perch...... 0.73 .8766 .001 0 .70 I ~ ~O __ 7.7 1 .. t>~ 4 .1 .00 1 1. 51 .691 S .00 .1 1. 5 ; .0 ;00 I __ 
Spot..... . .... . 4 .21 .2002 __ 0 .5 1 . 1041} __ 11.,., . 2(.~S .021 I .it! ... 49; .00 ; 4 0'1 .30i l .00; 
Star drum....... 0 .89 .23 19 __ 0 60 .U.lI b __ S'10 . 16ib __ __ __ 0 ,<) 1 . 1421 
Threadfi n . . ..... 2.92 . 1063 __ 0 .65 1<)<) 2 _ 17 1'1 . 169 1 _ 1. 1 . ~2'~ __ 2.() 1 __ 
Thr.ead herring ... 2.24 .9283 .00 1 059 .4'185 .001 19 .79 .7. 21.l .00 1 I •. ' 74.:; 1 .00 1 5 " . J <.I ~2 I .(101 
Wh,te trOlll . . . .. 1.79 . 1714 __ 00 1 . 11 89 _ n'10 .lIo'l .010 ~ . 4 19\12 __ Lt,; Alll <.l .001 
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Table 21A.-Standard error of estimate (SyX), correlation coefficient (r) , and probability (P) (based on Student t values) of data pairs 
-------------.------------------------r-----------------------r---~------------------,_-----------------------.------------------------

Ash content and wei ght Ash content and length Oil content and wei ght Oi l conten t and length Weight and length 
Species 

SYX r P SyX r P SyX r P SyX r P SyX r P 

Anchovy.. .... . . 1.75 .3272 .010 0.74 .1063 __ 1.56 .5 392 .001 0.7 3 . 1979 0.52 .7 103 .00 1 
Bumper . ... .. .. 26.19 .0244 3.76 .11 31 __ 23.06 .474 3 .001 3.56 .34 17 .010 \.38 .9309 .001 
Butterfi sh . . . .. .. 18.89 .2872 .025 2.03 .0989 __ 19.59 . 11 66 __ 2.04 .0 141 __ 0.99 .8734 .001 
Croaker .. .... .• 20.89 .1024 __ 14.99 .0500 __ 20.58 .1987 __ 15.00 .0282 __ 14.96 .08 12 
Croaker. banded .. 21.1 8 . 11 53 __ 1.70 . 1984 __ 2\.32 .014 1 1.73 .0500 __ 0 .52 .9527 .001 
H ardhead 42 .3 4 .0866 3.29 . 1984 __ 41.79 .3862 .005 3.34 . 11 6 1 __ 
H arvestfish ..•. . . 41.5 8 .8895 .00 1 9.77 .0768 9.79 .0469 9.39 .2856 .050 
Menhaden 29.49 .3939 .0 10 1.9 1 .3708 .0 10 27 .78 .5003 .00 1 1.89 .3865 .0 10 0.74 .93 15 .00 1 
Pigfis h ....... .. 22 .83 .4489 .005 1.86 .4643 .005 25 .48 .072 1 2.08 .1 536 0 .28 .99 10 .00 1 
Porgy .......... 10. 32 .560 1 .050 1.42 .44 71 .00 1 8.55 .7272 .005 1.26 .6035 .00 1 0.46 .955 1 .001 
Razo rbell y . .... . 14.67 .0768 __ __ __ 13.50 .3979 .005 1.5 2 .289 1 .025 0.42 .9644 .00 1 
Si lver eel . . .. ... __ 7.99 .20 12 __ 7.79 .299 1 .025 
Si lver perch ... ... 9.59 .2332 __ 1.94 .4065 .050 6.59 .7462 .001 1.24 .8103 .00 1 1.09 .8574 .00 1 
Spot .... ....... 22. 15 . 1009 __ 1.90 .0141 __ 16.83 .6545 .001 1.8 1 .289 3 .0 10 0 .90 .8787 .001 
Star drum . ..... 5.88 .1886 __ 5.88 .1886 5.76 .2698 0.96 .3962 .050 0.46 .8968 .00 1 
Threadfi n ... .... 17.20 .2 229 2.72 .53 12 .00 1 11 .00 .781 9 .001 2.68 .549 1 .00 1 1.55 .8756 .00 1 
Thread herring . .. 23.69 .5642 .00 1 1.89 .5 606 .00 1 21.3 0 .6702 .00 1 1.63 .7000 .001 0.40 .9845 .00 1 
Wh ite t rou t .. . .. 29 .73 .0964 __ 2.42 .1 822 __ 29 .83 .0458 __ 2.37 .2670 .050 1.08 .8973 .00 1 
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