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FEASIBILITY OF USING TENNESSEE RIVER FISH 
FOR FISHERY PRODUCTS 

by 

Richard A. Krzeczkowski 

ABSTRACT 

Populations of reservoir fi shes are dominated by species that are of no interest to 
sport fisherman and that are of low market value. Yet a useful outlet is needed for 
them. Would they perhaps be suitable for the production of fish meal? 

In partial answer to this complex question, the present study investigated the nu
tritional aspects of some of the principal species of fi shes growing abundantly in res
ervoirs. In this connection, carp, freshwater drum, gizzard shad, and threadfin shad from 
the Tennessee River (specifically, Kentucky Lake) were harvested commercially and 
were rendered into press cake and fish meal. The seasonal variations in proximate 
analyses, the composition of extracted fi sh oil , the presence or absence of thiaminase 
in the materials, the concentration of DDT anq DDE, and the comparative value of 
the fish meal in broiler rations were determined. 

The study indicated that these species of fishes are nutritiona lly and physically suit
able for the production of fish press cake, meal, and oil. 
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INTRODUCTION 

During the past 30 year s, many large res
ervoil's han been built within the United 
States, primarily for flood control, irrigation, 
navigation, and the pl'oduction of electric 
po \'er . A bypr oduct of these r eservoirs has 
been the creation of fi sheries and recreational 
resources that, in some a l'eas, have gained an 
importance equa l to that of the original pur
pose. In these areas, game fi shes have been 
utilized to a gr eat extent by sport fi shermen. 
Those species, hO\\'ever, that are of no interest 
to sport fishermen and particularly those spe
cies that have a reJ.at ively 10\\' market value as 
commercial fish are not being utilized. Yet, 
these fishes of low value commonly dominate 
the populations of reservoir fishes . The Bu
reau of Commercial Fisheries Exploratory 
Fi hing and Gear Research staff at Ann Arbor, 
Michigan , (1969) has estimated that the po
tential harvest for nongame fi sh in the Missis
sippi River dl'a inage system is 450 million 
pounds annual ly. Less than 20 percent (70 to 
90 million poun ds) of these fish ar e har vested 
each year. 

",There commer cial fisheries have been 
established, the production is usually limited 
to species with a good market value--the Pl'O
duction of catfish and buffalo fish is a good 
example. Rarely al'e fishes of low value--such 
as carp (Cyprinus carpio ) , freshwater drum 
(A plodillotns gl'1llllziells ) , gizzal'd shad (DoJ'o

SO IlW cepediaJZwn) , and tl1l'eadfin shad (D. 
Jlcll t ell cJZ.se ) --taken in the quantiti es that are 
commensurate \\'ith thei r abundance. If the 
use of reservoir aquatic l'eSOUl'ces is to be 
maximized and if r egul atory agencies are to 
use commercial fisheries a a tool to effect the 
managemen t of fi shes in re ervoirs, practical 
means of utilizing the abundant but low-value 
nshe is highly desirable. 
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The only commercial potential now appears 
to be in the industrial processing of the low
val ue fi shes for pet food, fur-animal food, fish 
meal , or related nutritional uses. The criteria 
of economics that are imposed on an industrial 
fishery are sb'ingent and have prevented the 
establishment of significant reservoir fi sheries 
.of this kind. The species of fishes that are 
used most commonly for the production of meal 
are marine members of the herring family, 
which are harvest ed cheaply in vast quantities 
and which hm'e proved to be nutritionally val
uable for poultry. 

If 'we bypass the economics of fi sh proc
essing and the problems attending the sale 
of the product at a competitive price, we are 
sti ll faced with the fundamental problem of 
the nutritional value of the products. There
fore, the pos ibility of using fresh-water spe
cies fOl' the production of fi sh meal requires 
that the suitability of these species as the in
gredients of a meal used in animal rations be 
established. The overall purpose of this study 
accordingly was to explore the nutritional 
feasibility of utilizing low-value species from 
a typical l'e ervoir, such as Kentucky Lake in 
the Tennessee River, for processing into fish 
pr ess cake, meal, and oil. 

The species chosen for study were carp, 
freshwatel' drum, gizzard shad , and thread fin 
shad, all of which are abundant. Fishery bi
ologists from Tennessee Game and Fish Com
mis ion and Tennessee Valley Authority esti
mate that a reservoir such as Kentucky Lake 
could yield from 15 to 30 million pounds of 
carp, fre hwater drum, and shads annually. 

The specific purposes of the study were to 
detel'mine (1) the seasonal variation in the 
concentration of protein, oil, ash, and moisture 



in the raw fish, press cake, and fish meal ; (2) 
the composition of the extracted fish oil; (3) 
the presence or absence of thiaminase (a vi
tamin B l antimetabolite) in the products; (4) 
the seasonal variation in the concentration of 

certain pesticides in the raw fish and in the 
products; and (5) the nutritional value of the 
fresh-water fi sh meal as compared with that 
of menhaden (BTeVOQ1otia tymnnus ) meal when 
included in broiler rations. 

I. SEASONAL VARIATION IN THE PROXIMATE COMPOSITION OF THE 
RAW FISH, THE PRESS CAKE, AND THE FISH MEAL 

A. MATERIALS AND METHODS 

The following sections describe (1) the raw 
material used and preparation of the products 
from them and (2 ) the analytical procedures 
used. 

1. Raw Materials and Preparation of 

Products 

a. Raw materials. - . The samples of fi sh 
were collected by the use of commercial trawl 
and gill nets. All the samples were collected 
in Kentucky Lake, Tennessee, in the area of 
Johnsonville, Tennessee. The fi sh were har
vested during August and November 1966, and 
J anuary, February, March, April, and June 
1967 for sea onal variation. They were seg
regated by species, packed in ice a soon as 
they were caught, and frozen within 24 hours. 
The frozen fish were stor ed at about 0° F. 
until they were transported frozen to the lab
oratory at Ann Arbor. Upon arrival at the 
laboratory, they were stored at - 30 ° F. until 
they were processed. 

The carp were 16.4 to 22 inche long and 
weighed 0.5 pounds to 5 pounds. 

The freshwater drum were 8 to 19 inches 
long and weighed 0.33 pounds to 1.5 pounds. 

The catch of shad was composed of 80 per
cent threadfin and 20 percent gizzard shad 
by number. This ratio represented the com
mercial catch (net-run) of shad, so no attempt 
was made to eparate the two species because 
commercially such a separation would not be 
practical. The average length of these fi sh 
varied from 2.7 to 8.3 inches; the weight var
ied from 100 fi sh per pound to 11 fish per pound. 

In all samplings and measurements, the ratio 
of 80 percent threadfin shad to 20 pel'cent giz
zard shad by number was maintained. 

The condition and quality of all fi shes were 
excell ent. 

b. Preparation of products. - The fishes 
were conventionally wet l'endered to pl'oduce 
press cake and oi l; and fi sh meal was made 
from the press cal<e. 

(1) Press cake and oil.- The temper
atUl'e of 100 pounds of whole fi sh of each spe
cies was al lowed to l'i se to about 0° F. , and 
the frozen fi sh were then ground once through 
a meat choppel' having a plate with holes %
inch in diameter. 

The ground fi sh was cooked to 203° F. in 
100-pound batches by use of a steam-jacketed 
kettle and the direct injection of steam. 

While the resulting cooked material was 
sti ll hot, it was pressed in a 4-foot, 3-stage 
SC1'ew press. The yield of press cake was 50 
to 65 percen t. 

Portions of the raw, ground fish and press 
cake wel'e sampled, and the samples were 
stored at - 30° F. for chemical analysis. 

Oil was decanted from the press water, and 
a sample of it was also taken for analysis. 

(2) Fish meal.-The press cake to be 
processed into fi sh meal was dried in a vacuum, 
steam-j acketed dryer at 15 inches of mercury 
vacuum and 5 pounds per square inch steam. 
The materia l was dried until the percentage 
of water was less than 10. The dried material 
was then pulverized in a hammer mill , which 
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had a screen with 0.05-inch op ning. Th 
resul ti ng fi h mea l was am ] I d f r ana ly j , 

and the am pl was stor d aL 0 F. Th 
yield of fish m a l \Va 17 to 2 p rc 11 L f th 
amount of raw fi h us d. 

2. Analytical Procedures 

The following s ction 1 s ril 
m 9thods used in the preparati n of th 
for I roximate analysis an I (b) th 
of pr ox imat analy is u ~ed. 

(a ) Lh 
aml,1 

m thod 

a . Sample preparation.-Froz n ampl s 
of raw fish and of pre s cake w re gr und 
twice through a meat chop pel" ha\' ing a plat 
with holes 1 H-inch in diam t r ancl w r 
blended by stirring before bing sampl d. Th 
ample of fi sh meal \\' re weigh d e1ir ctly 

from th milled, frozen stock. 

b. Proximate analysis. - . II 'ampl ~ \\. r 
analyzed in duplicate for the p rcenlag- s of 
protein . oil. a h, and water by th proc rlur 
of the Association of Oflicial Agricultural 
Chemists (IIorwitz, 1960). 

B. RESULTS 
Differences in proximal compo ition a 

influenced by pecies and ea on w r inve ti
gated for (1) the 1'<1\\' fU1, (2) the pI' cake, 
and (3) the fi sh mea l. 

1. Raw Fish 
Table 1 indicates a wide \'ariation in he 

concentrations of protein, oil, ash, and water 
among the three species as well as among 
the individual pecimens within a given pecie. 

The percentage of protein l'Cmged from 
14.17 to 18.46, except for byo samplings . The 
shad harvested on August 27, 1966, had 13.19 
percent protein, and the carp harve ted on 
December 9, 1966, had 20 .50 percent protein. 
The average percentages of protein in each 
species was as follo'ws : carp, 17.18; fresh
water drum, 15.28; and shad, 14.38. The data 
do not r evea l any s ignificant sea onal variation 
in the percentage of protein. 

The range in the percentage of oi l was large 
in the shad and freshwater drum and appeared 
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f a h in th fi h 
f 

c r-

Th p rc ntag of \Vat r rang d f1' m a 
10\\ of ().). 1 to a high of '" .2', with an a\-
rag of 7'2 .. 7 for all th fi h. had had a 

high p rc ntag of wat r; \Vh I' a ,can and 
fr . hwat r drum h' d I w r \'alu . 

A ' would hI" xp ct d, th p rc ntage f 
oil and of wal r \'ari din\' r Iy with one 
anoth r. Th p rc ntag f il plu wat r in 
all the fish .' rang d he w n 77 and 3. 

2. Press Cake 

Th I rc ntag of I r t in h w d no ea-
.onal d p nel ncy and rang el tw n _ .2 
and ~G.30 XC] t f r carp pI' cake dated 
F hruary ~, 196"'), which had a perc ntage 
of _ ._ . 

Th p r c ntage of a h r anged tw n .11 
and 15. 9. The percentag f a h in fre h
\Vat r drum and had pre cake appear to 
be dependent on the percentage of oil in the 
raw ample. A lower p rcentag of oil in 
the l'aW fi ~ h correspond to a higher percentage 
of a . h in the pre cake. The percentage of 
a h in carp pres cake varied directly with 
the percentage of oil in th raw carp. 

The percentage of water r anO'ed from 55.54 
to 65.92 for all press cake. The percentage 
of oi l r anged from 2.90 to 8.74. In a ll am ples, 
the percentage of oil pl us water r anged be
tween 6l.3 to 7l.2. All but fre hwater drum 
pr ess cake (dated April 1967) with a value 
of 58.4 percent was within thi range. , 



Table I.-Seasonal variation in length, weight, and composition of Tennessee River fish 

Species Average Average Time Co ncent rat ion 
Thi a mina so and length1 weight l of Protein. Oi l Ash Water of pest icides 

acti v ity state yea r p ,p' -DDE & p ,p'-DDT 

InchlI Pounds Month Percent Pfrcen t PtrCl'nt P UCl1l.t P.p.m. Pacent 0/ Prtunt or 
ori gina/2 abunt 

Shad : 
R aw fish .. . 2.7 .0 1 Aug. 13. 19 3.39 4.62 79 .26 0.35 100 + 
Press cake · . 1966 24.33 4.52 12.4 3 57 .84 0.72 100 -
Fish meal · . 53.98 9.32 26.95 10.00 1.50 85 -

R aw fi sh ... 4.1 .2 Nov. 14.70 8.8 3.29 73.20 0.90 100 + 
Press cake · . 1966 21.5 8 5.18 7.64 65.90 0.4 5 40 -
Fish meal · . 57.39 14. 11 18.67 10.00 2. 10 36 -
Raw fi sh ... 4 .2 J an. 14 .17 S.18 3.38 73 .75 1.04 100 + 
Press cake · . 1967 2 1.62 5.09 6. 11 65 .72 0.63 41 -
Fi sh meal · . 6 1.85 11.49 16.90 10.00 1.85 36 -
Raw fish ... 6.1 .1 M ar. 14.28 3. 17 4.3 7 78 .18 0.93 100 + 
P ress cake · . 1967 25. 23 4.98 8.02 6 1. 77 1.32 70 -

Fi sh meal · . 59.43 10.97 19.76 10.00 3.05 66 -
R aw fi sh .. . 8.3 .8 Juno 15.55 2.86 5.28 76.3 1 0.80 100 + 
Press cake · . 1967 26 .30 3.36 10.76 59.58 0.6 1 40 -
Fi sh meal · . 61.29 5.58 23 .3 9 10.00 1.5 3 37 -

C arp : 
R aw fi sh ... 18.3 4.9 Aug. 17.50 9.64 4.76 68.8 1 1. 50 100 + 
Press cake · . 1966 2 1. 32 4.70 8.64 65 .54 0.96 32 -
Fish meal · . 59.3 2 10 .62 19.42 10.00 1.65 22 -
R aw fi sh ... 16.4 3.5 Nov . 20 .50 8.95 4.55 65.9 1 2.48 100 + 
Press cake · . 1966 24 .53 4 .27 7.89 62.40 3.60 72 -
Fi sh meal · . 60.65 10 .9 1 17.52 10.00 5.46 44 -
R aw fi sh .. . 17 5 J an. 16 .4 6 6.8 1 3.64 72.05 3 .06 100 + 
Press cake · . 1967 23 .66 6 .3 5 6 .54 60.62 3.00 48 -
F ish me'al · . 57 .89 15.99 15.79 10.00 7.3 8 48 -
Raw fi sh . .. 20.25 5.5 Feb. 18.46 7.89 4.72 68 .93 2.52 100 + 
P ress cake · . 1967 28.20 7.69 7.99 56. 12 2.25 45 -
F ish meal · . 58 .22 15 .02 16 .86 10.00 7.37 43 -
Raw fi sh " . 22 5 Apr. 18.4 7 4.13 5.55 71. 85 -- - + 

1967 

R aw fi sh ... 18 8 J une 15.40 7.9 1 4.09 72.60 1.10 100 + 
Press cake · . 1967 20 .20 6.9 4 10.78 62 .08 .90 41 -
Fi sh meal · . 55 .97 9.29 24 .95 1000 2.02 37 -

Freshwater 
dru m : 

R aw fi sh .. . 13 1.4 Aug. 15.57 7.29 5.57 71.51 2.11 100 -
P ress cake · . 1966 25 .76 4.22 10.64 58 .69 0.97 28 -
Fish meal · . 5678 6.45 25 .68 10.00 1.50 15 -
R aw fi sh ... 19 1.9 Nov. 16.74- 10.72 4.18 69 .10 3.60 100 -
Press cake · . 1966 24 .22 5.59 8.58 6 1.62 0 .90 15 -
Fi sh meal · . 57.68 13.12 18.64 10.00 2.05 II -
R aw fi sh ... 9 12 M ar. 15.24 1.95 5.36 77.45 1. 26 100 -
Press cake · . 1967 23.83 3.26 14 .54 58.37 1. 29 60 -
Fi sh meal · . 54.23 5.70 30.29 10.00 1.89 30 -

R aw fi sh ... 8 1.75 Apr. 14.63 2.14 5.78 77 .45 1. 22 100 -
Press cake · . 1967 25 .67 2.90 15.89 55 .54 1.70 84 -
Fish meal · . 52.28 5.65 32 .29 10.00 3. 50 57 -

Raw fi sh ... 9 .5 3.25 Jun~ 14.21 9 . 11 5.4 1 71.2 7 1.74 100 -
P ress cake · . 1967 20 .60 8.74 8 .20 62.46 1.30 45 -
Fish meal · . 52 .98 15.9 1 21.35 10.00 3.54 4 1 -

1 The average length and weight were calcul ated fo r whole fi sh from I DO-pound batches. 
2 The percen t of the original concentration o f pesticide is accurate to ±5 perce nt. 

Most of the values shown were di rectly 
dependent on pressing efficiency and on the 
physical consistency of t he cooked material. 
Cooked carp was difficult to press, inasmuch 

as this material slipped in the screw press. 
This unfavorable pressing characteristic was 
probably due to a high content of eggs in most 
of the carp used. The percentage of water 
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plus oil for all samples Qf press cake appears 
to be directly influenced by the percentage of 
oil in the raw fi shes. 

3. Fish Meal 

The proximate composition of all the meals 
is reported on the basis of 10 percent of water. 
Where the actua l concentration of water in a 
meal was less than 10 percent, the data were 
adj usted to the 10-percent basis to facilitate 
the comparison of data. 

The percentage of oil in fre hwater drum 
and shad meal varied directly with the per
centage oi l in the raw fish and ranged from 
5.58 to 15.91. Oddly, most of the oil values 
for carp meal varied inversely with the oil 

values for the raw fish. This inverse relation 
is believed to be due to pressing difficulties 
caused by a high content of eggs when the 
percentage of oil was low. One lot of carp 
(dated Apri l 6, 1967) , which was lowest in 
oil content but highest in egg content, would 
not compress; hence, no data a re given for 
its corresponding press cake and meal. 

The percentage of ash in all the mea ls 
varied from 16.8 to 32.29 and appears to be 
inversely related to the percentage of oil in 
t he meal. In the carp and shad meals, the 
ash varied f rom 16.80 to 26.95. The per
centage of ash was highest in the freshwater 
drum meal (18.64 to 32.29) probably because 
of the characteristic large bony structure in 
these fi sh. 

II. ANALYSES OF THE EXTRACTED FISH OIL 

Reported here are the analyses of (A) the 
gross properties of the oil as r evealed by the 
iodine value, saponification val ue, and color of 
the oil, and (B ) the fatty acid composition 
of the oil. 

A. GROSS .PROPERTIES 

1. Materials and Methods 
The oi l samples, which wen' decanted from 

the pre s water (fish caught in November 
1966) as was described in Section I , were an
alyzed for iodine val ue (Wijs) and saponifi
cation value by the official methods of the 
American Oil Chemists Society (Mehlen
bacher, Hopper, and Sallee, 1955 ) . Color val
ues were obtained by means of a Gardner color 
comparator. 

2. Results 
The gross properties of the oil were closely 

similar for the three species. The iodine values 
found for the rendered carp, freshwater drum, 
and shad oi l r anged from 121 to 123, and the 
sapon ification values ranged from 189 to 192 
(Table 2). All the oils were light in color 
and ranged from 6 to 13 Gardner. 
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Table 2.-Gross properties of oils from the press liquor 
of carp, freshwater drum, and shad 

Species IVi js Saponificat ion Gardner 
iodine value value color value 

Ca rp .. . .. . .... 121 189 II to 13 
Freshwater drum 123 190 6 to 10 
Shad .. ... ..... 125 192 10 to 12 

B. FATTY ACID COMPOSITION 

1. Materials and Methods 
Oils obtained from the various fi shes as 

was descri bed in the preceding section were 
saponified a nd converted to the methyl esters 
of the constit uent fatty acids for subsequent 
gas-liquid chromatography. 

The methyl esters were prepared by a 
semimicro methanolysis adapted to the method 
of Metcalfe, Schmitz, and Perla (1966). The 
methyl esters were analyzed with a Perkin
E lmer 810 gas chromatograph ' equipped with 
a dual flame ionization detector. The columns . . 
used were each composed of stainless-steel 
tubing 0.210 inch in inside diameter and 8 
feet in length. The column contained 4.0 per
cent (by weight) of diethylene glycol succinate 
polyester supported on 80-mesh to 100-mesh 

1 The use of trad e names is merely to simplify descriptions; no 
endorsement is impl ied . 



chromosorb C. The following operating con
ditions were u ed : flesh heat temperature 
280 0 C., column temperature 170 0 C. , detector 
temperature 200 0 C., and 50 milliliters per 
minute nitrogen carrier gas flow. 

The gas-liquid chromatographic peaks of 
the samples were identified by comparison with 
standard peaks obtained from pure methyl 
esters. Equivalent chain-length values were 
determined according to the method of Miwa 
(1963) and were compared with values re
ported by Hofstetter, Sen, and Holman (1965) 
for identifying peaks for which no pure methyl 
ester was available. The area of each chro
matographic peak representing a fatty acid 
present was obtained by multiplying the height 
of each peak by the width at ha lf-weight. The 
area of each peak was then related to the total 
peak area to obtain the percentage of each 
specific fatty acid. 

The analy es were performed in duplicate 
from fish caught in November 1967. The large 
components (Table 3) are estimated to be ac
curate to about ± 6 percent; the medium-size 
components, to -I- 10 percent; and the small 
components, to ± 60 percent. The data are 
reported to two places simply to reveal the 
relative amounts of the small components. 

2 . Results 
The percentage of total saturated fatty 

acids ranged between 25 and 35 for all the oils 
(Table 3). Fatty acid 16: 0 was the domi
nating saturated fatty acid accounting for 18 
to 22 percent of the total fatty acid distribu
tion. The distribution of aturated fatty acid 
is similar in carp and freshwater drum; had 
oil, however, contained about 3 percent more 
fatty acid 16: 0 and 2 percent more fatty acid 
14:0. 

Fatty acid 16: 1 and 1 : 1 dominate the 
monoenoic di tr ibution, which accounts for 46 
to 64 percent of the total fatty acid di tribu
tion. Fatty acid 1 : 1 wa found to be the 
major acid in carp with 34 percent, fre hwater 
drum 'with 2 p rc nt and had with 3~ per
cent. had contained only 10 percent of fatty 

Table 3.- ompari on of lhe tolal fatty n id dis lributioo 
in oil from pr s liquor of arp fr hw l r drum, 
and had 

FallY aCid dIStribut ion in 011 (rom 
F'll)' acids 

Carp FrCihv. ater drum 

Ratio C ato mJ Wti,hl 
10 doublt bo nds ptr((nt 

Saturated aci dl 
12 ,0 0 . 11 
14 ,0 2.8 ~ 

15 :0' 07 
16 :0 I .0 
17 :0 0.79 
I :0 206 
19 :0' 042 
20 :0 026 

f\ fonocnoic acids 

15: I 0 ) 0 
16: 1 25 ' 4 
17 : I' I 26 
18 : 1 H J I 
19 : 1 ? 0 .42 
20 : I 1.4 5 
22 ,\ 0 .2 1 

Dicnoic aci ds 
18 ,2 1.6 2 

20 :2 ' 0 .29 

Trienoic acids 
16: 3,.,4 ? 0 .27 
18 :3 1.04 
20 :3 022 
22 :3 028 

T Clr3Cnoic acids 
18 :4 016 

20:4 w3 1.14 
20 :4",6 o 32 
22 :4 0 .20 

Pentaenoic aCid 

21 : 5 u:~ 021 
20:5 ) 38 
22 :5 059 

Ilexacnoic acid 
22 ,6 1.0-10 

, I ncl udes iso 15,0 . 
• Combined pair of 19,0 and 16,4..:1. 
, Combined pair of 17.1 and 16 2. 
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acid 16: 1 a compared with 26 percent in carp 
and freshwater drum. 

The polyunsaturated fatty acid di lribution 
for oil of carp and fr hwaler drum i. imilar 
and accoun t for about 12 perc nt of the iota l 
fatty acid di t ri bution. had oil, howe\' r, con
tained about 20 percent polyun aturat .. Thi. 
difference wa mainly due to more di noic acid. 
1 : 2 and 20: 2 and trienoic acid 1 : 3. 

\ a lue hown in Table 3 ar imilar to 
valu found by Ackman (1967 in four. 'or h 
Am rican fr h-wat l' fL h , xc pt that Ack
man found lightly high l' value for p n 
noic acid ~O: and h xaenoic acid 22 : . 



III. THIAMINASE ACTIVITY IN THE PRODUCTS 

Th enzymatic activity f thiamina \ a 

determined ch mical ly by u f th m th d 

describ d by rna ding l' (1 !1) in wh ich thi-

amine i ox id ized to thi chr m , a flu r 

compound. 

nt 

r, 

hiami na I . 

rn a lin g r an I Krz zk w. ki, 1 

IV. SEASONAL VARIATION IN THE CONCENTRATION OF PESTICIDES 

A. METHODS AND MATERIALS 
DDT (Dichlorodiph nyllri hloro than) 

an DDE (the minu -H L d rivati\'c of DT) 
were determin d by a rapid proc dur d \. l
oped at the Bureau of 'oml11 rial Fi:h ri s 
Technological Laboratory, Ann rbol', :'IIich
igan, " 'hich has pro\' d con\' ni nt \\"h l' a 
large number of samples ar analyz d. Bri fly, 
the procedure con~ ist of: 

umm l' and fr m 
Ii n luring h r ·t 

ugu: ampl h 
dicating that lh 
in th fall and 
. umm r. 

Th 

parl r mil-
Th 

n gain 
in the 

fr h-

a. aponifying the sampl with]": 11. valu 

b. Extracting the ~ aponifiecl mat rial with 
hexane. 

c. Analyzing the hexane xtract by ga -
liquid chromatography. 

An Aerograph gas chromatograph quiP! d 
with a 9-foot glass column having an in id 
diameter of 3.5 millimeter wa u. d. The 
front 60 percent of the c lumn \'a pack d 
with 5 percent QF-1 on Ga -chrom Q 1 0 
to 120 me h; the r ear 40 percent wa ! ack d 
\\' ith 5 percent DC-ll on Ga -chrom 1 0 
to 120 me h. With this in t rumental etup 
and procedure, p,p'-DDE and! ,p'-DDT came 
off as one peak. 

B. RESULTS 
The analy is of DDT a nd DDE indicates 

a possible seasonal variation in whole raw 
carp and freshwater drum (Table 1). The 
concentration of the pesticides in ca rp ranged 
from l.10 to l.50 parts per million in the 
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had ampl nal 
a - ciati n. II valu 
1.04 part T r million xc pt 
ample, which had a lo\\" of .3 

milli n . 

Although the concentration of p ticide in
cr ed in the pr e cak and he fi h meal the 
amount of p ticid decr a d g r a I. Tab!e 
1 h w that 1 to 4 p rc nt f the original 
amount of pe t icid remain d in the PI' cake 
and that 11 to 66 percent rema ined in the 
fi h mea l. Only the percentag for the had 
coli cted in ugu t 1'0 e above thi range. 

The p ticide appea r to b a ociated ,,'ith 
fi h oil; thu , the reduction in the amount of 
pe t icide in the pre cake and the fi h mea] 
\Va directly related to the amount of oil ren
dered out of the raw fi h. 



V. RELATIVE NUTRITIONAL QUALITY FOR BROILERS 
The fifth specific purpose of the work re

ported here was to provide a quantity of carp 
and shad fish meal to the University of Ten
nessee for broiler-feeding trials. Freshwater 
drum was not included because of limited fa
cilities. The purpose of these feeding trials 
was to determine whether the fresh-water fish 
meals differ significantly in nutritional value 
from that of menhaden meal when included 
in broiler rations. Menhaden meal, which is 
of marine origin, is the fish meal produced in 
largest quantity in the United States and is 
used extensively in rations for broilers. 

For the broiler-feeding study by the Uni
versity of Tennessee, 945 pounds of carp and 
921 pounds of shad were taken from the Ten
nessee River in January 1967 and were ren
dered in the Bureau of Commercial Fisheries 
pilot plant at Ann Arbor into 156 pounds of 
shad fish meal and 213 pounds of carp fish 
meal. The Bureau of Commercial Fisheries 

Technological Laboratory at College Park, 
Maryland, provided the University of Tennes
see with 400 pounds of menhaden fish meal, 
which was used as the control meal. 

Table 4 shows the proximate analyses of the 
meals prepared experimentally at Ann Arbor 
and the menhaden mea l. 

Table 4.-Proximate analyses of carp and shad prepared 
experimentally and menhaden meal prepared com
mercially 

F ish meal Protein Oil Ash Waler 

Perce nt Puant Perettlt Ptrctn t 
Carp ........ 59 .96 16.64- 16 .43 6.03 
Shad .. . . " . . 62 .79 11.67 17. 16 8.50 
M en hade n .. ' . 61.52 12.08 18.20 8.20 

Bletner and Goan (1968) have reported on 
the results of the feeding trials. They con
cluded that the fish meals prepared from carp 
and shad were equal to menhaden fish meal for 
growth and feed efficiency. 

SUMMARY AND CONCLUSIONS 
As part of an effort to find a use for res

ervoir fi sh of little interest to sport fi shermen 
and of low commercial value, the composition 
of carp, freshwater drum, and shad from Ken
tucky Lake on the Tennessee River was in
vestigated. 

In the raw fish , the percentage of protein 
ranged mostly from about 14 to 18. The data 
revealed no significant seasonal variation in the 
percentage of protein. The percentage of oil 
ranged from about 3 to 10. The percentage 
appeared to be seasonally dependent and tended 
to be lowest during the spring. The percentage 
of ash ranged from about 3 to 6. It tended to 
be low when the percentage of oil was high. 

In the fish cake, the percentage of protein 
ranged mostly from about 20 to 26, the per
centage of oil ranged from about 3 to 9, and 
the percentage of ash ranged from about 6 to 
16. A high percentage either of oil or of eggs 
in the raw material reduced pressing efficiency. 

The gross properties of the oil were closely 
similar for all three species. The iodine value 

ranged from 121 to 123, the saponificaf 
value r anged f rom 189 to 192, and the 
were all light in color. 

The percentage of saturated fatty acid 
the rendered oils ranged between 25 and 35, 
the percentage of the monoenoic acids 16: 1 
and 18: 1 ranged between 42 and 59, and the 
percentage of the polyunsaturated acids was 
11 to 20, with fatty acids 20: 5 and 22: 6 being 
lower than that usually found in fresh-water 
fi shes and varying from about 3 to 4 percent. 
These oils are high in fatty acids 16 : 1 and 18: 1 
and should be of industria l value. 

All samples of raw fi sh except those of 
freshwater drum showed thiaminase activity; 
however, a ll the rendered products were thi
aminase inactive. 

In the raw fish , the concentration of DDE 
and DDT ranged from about 1.1 to 3.1 parts 
per million for carp, from about 1.2 to 3.6 
parts per million for freshwater drum, and 
from about 0.35 to 1.0 parts per million for 
shad. 
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The concentration of I ticid how d a 
seasonal change that varied omewhat fr m 
one species to another. Owing to th a oci
ation of the 1 esticide with fi sh oi l a ncl to t.he 
greater rela tive remova l of \Vat r t.han of oil 
from the press cake and fi h mea l, th con
centration of pesticide increa ed in th pr S6 

cake and fi h meal , although the total amount 
of pesticide present w as g r a tly r educed. The 
decrease in the tota l amount of p ticld in 
the press cake and fi sh meal \\"as account d 
for by the am oun t partiti on d into the l' nder ecl 
oil. 

The composition of commercially mad fi h 
meals \'ary considerab ly becau ~ e of the \'ari ty 
of ra\\' mate ri al used a nd th u e of se\'eral 
different process ing technique, . Th compo
sition of menha len meals pr od uced by AUantic 
pr ocessors in 1960 is as fo llo\\'s : protein ::;3 .6 
to 66.S percent. oil 3.7 to 13.7 perc nt. a h 14.7 
to 27.0 percent. and moisture S.2 to L") . I p r
cen t. The composition of m nhaden meals 
f rcm Gulf of l\Iex ico processor s in 19GO ho\\'s 
yet a different range in analysis as follo\\"s: 
protein. 56.;) to 66.7 percent; oi l. 9 .0 Lo 1::; .2 

p rc nt; a h, 17. t 21. p rcent; and m is
tur , 6.1 to .7 p rc nt." 

fi h m a l ach f carp, f1' hwat r 

Work at th niv r ity f T nne e 
. h \\. d that. with br il I' , carp m al and ha d 
meal \\' r ach qual t m nhad n m a l f r 
growth and f d mci ncy. 

Th o\" rail conclu i n from the \\' rk i 
that the p1'orluc f1' m carp. fre h\\'at r drum, 
an I 'had ar clo Iy . imilar an that the e 
P Cl s of fi h ar nutritionally and phy i-

cally u itabl for th J roducti n of fi h pre 
cak . fi . h mal. and fi. h il. 
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ECONOMIC STUDY OF 
THE SAN PEDRO WETFISH BOATS 

by 

Will iam F. Perrin and Bruno G. Noetzel 

ABSTRACT 

The San Pedro wetfish fleet is shrinking in size and is not yielding good wages for 
fishermen or good returns to investors. A study was made to determine if improvement 
of the economic state of the antiquated fleet might be accomplished by the construction 
of new, efficient vessels, both for replacements and for expansion of the fleet to harvest 
underused stocks of j ack mackerel and anchovies in the region of the California Current. 
The investigation yielded two conclusions: (1) the construction of new vessels--even if 
subsidized--is not economically feasible at present rates of catch and prices of fi sh and (2) 
the expansion of the fleet through acquisition of surplus vessels from other fisheries at 
relatively favorable cost is feasible, given sufficient demand for wetfish at present prices. 
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INTRODUCTION 
San Pedro is the major seaport for Los 

Angeles, California . San Pedro wetfish 1 boats 
(Figure 1) fi sh currently for mackerel , bon ito, 
anchovies, and t una in local waters and land 
them in a fresh unfrozen condition. When 
Pacific sard ines, used for canning and r educt ion 
purpo es, were avai lable, t hese boats harvested 
most of the production of this species. In re
cent years with changed resource and economic 
conditions, vessel operators in this fleet have 
been fin ancially hard-pressed because of ri ~ ing 
costs coupled wi th static fi sh pric~s. At the 
same time, large unclerused populations of 
mackerel and anchovies are reported to exist 
in the California Cun-ent region (Ahlstrom, 

1 Wetfish ore here defined to include jack mackerel ( Tr (lrhu ru J 
J, mm t/rj(lIJ) , Pacific mackere l (Scombu )apoTlir uJ j. Pa cific sardin e 
( Sardinops (0 ((1I./to ) . and bon ito (SardQ (h i/it nJis) for cann ing and 
o lso for the fresh-fish market; and northern anchovy ( En grQu/1J mordax ) 
for reduction. 

1968) within the range of the fleet. If these 
resources are to be harvested by U.S. fi shermen, 
t he wetfi sh fleet would seem to be the most 
f easible fl eet to expand, either through recruit
ment of avai lable vessels from other fi sheries 
or through the construction of new vessels. 
Motivated by these considerations, the Bureau 
of Commercia l Fisheries in 1968 began an in
vest igation of the present financial condition 
of the fleet and the economics of the operations 
of wetfi h boats. This report presents the re
sults of the study. The introduction presents 
background material on the makeup, history, 
landings, and operations of the San Pedro fleet, 
states the precise aims of the study, and de
scribes the data base used. 

The San Pedro wetfish-boat fleet is part 
of the roundhaul fleet, which is made up of 

Figure I.-The N01·th P acific, a typical San Pedro wetfish boat. 
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four types of vessels: (1) tunaboats, (2) com
bination boats, (3) wetfish boats, and (4) mis
cellaneous small r oundhaul boats. 

(1) Tunaboats. Tunaboats are large, long
range purse seiners that vary in fi sh capacity 
from 100 to 800 short tons and that fi sh almost 
solely for tuna--yellowfin tuna (Thunnus alba
Ca1"es ) and skipjack tuna (Katsuwonus pelam
is) off Mexico, Central America, South Amer
ica, and Africa; and bluefin tuna (Thunnu,~ 
thynnus) and albacore tuna (T. alalunga) off 
California and Mexico. McNeely (1961) has 
described the purse-seining gear used and the 
methods of fishing. Green and Broadhead 
(1965) have described and analyzed the costs 
and earnings of tropical tunaboats. 

(2) Combination boats. Combination boats 
are purse seiners that vary in fi sh capacity 
from 140 to 160 tons and are medium-range 
vessels that fish primarily for tuna off Cali
fornia and Mexico and for wetfish mostly off 
California, with tuna making up the major 
part of the catch. In 1967, eight combination 
boats were in the San Pedro fleet. 

(3) Wetfish boats. Wetfish boats are rel
atively small purse seiners that vary in fish 
capacity from 25 to 160 tons and that are 40 
to 86 feet long overall. They operate within 
100 miles of San Pedro. Individual trips last 
from 1 to 10 days; the average trip is between 
1 and 2 days. Scofield (1951) has described 
the vessels, gear, a!ld fi shing methods. Recent 
technological developments in the fleet, includ
ing the adoption of nylon nets and hydraulic 
net-hauling blocks, have paralleled those de
scribed by McNeely (1961) for the tunaboat 
fleet. The e boats fish primarily for wetfish. 
A significant proportion of their catch, how
ever, in terms of value is made up of bluefin 
tuna and albacore t una (see the wetfish fleet 
landings below ). The number of San P edro 
wetfish boats decreased from 47 in 1958 to 25 
in 1968 (Figure 2); the greatest reduction was 
in boats in the size range of 25 to 50 tons. 

(4) Miscellaneous small roundhaul boats. 
Small roundhaul boats include very small purse 
seiners that vary in fish capacity from 5 to 25 
tons and "lampara" boats that vary in fish 
capacity from 5 to 40 tons and that fi sh for 
wetfish, squid (Loligo opalescens ) , anchovies-
for u e as bait in sport fi shing--and a wide 

variety of other species landed primarily for 
the fresh-fish markets. 

Of these four types of vessels in the San 
Pedro roundhaul fleet, wetfish boats (Category 
3 above) were the subject of this study. 

Wetfish boats have had a history of coping 
with adversity. The decline of the California 
sardine fishery (Figure 3) left a sizable fleet 
of small purse seiners on the West Coast in 
need of profitable employment. Some turned 
to seining of salmon or tropical tunas, some 
converted to trawling, and many became the 
property of foreign fishing companies and left 
U.S. waters; but some boats, especially those 
at Monterey and San Pedro, expanded their 
activities on jack mackerel , Pacific mackerel, 
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Figure 2.-San Pedro wetfish-boat Heet, 195 -6. (Fish
ermen's Cooperative Association of San Pedro fur
nished these data.) 

107 



Vi 
"0 
C 
::J 
o 
a. 

1, 500 

'0 1,000 
II) 

c 
o 

en 
t:> 
Z 
o 
Z 500 
<l 
...J 

1920 1930 

Figure 3.- ardine and macker I 
California Di vi ion 

albacore, bluefin and ski pjack tuna, and bonito, 
which they had fished les inten ively while 
sard ines were abundant. The main empha i, 
was on mackerel (both species ). They join d 
a declining fleet of various type of les efficient 
ves els already fi hing primarily for Pacific 
mackerel (Croker, 1938; Roed 1, 1952). When 
sardines in some years became t mporarily 
more abundant, the vessels fished that pecie 
for short periods, so that landing of sard ines 
and mackerel showed an inverse re lation be
tween 1952 and 1962 (Figure 3). Because 
landings of sar dines have been negligible since 
1962, the fleet has depended primarily on mack
erel. Thus, the wetfish-boat fleet is essenti a lly 
what is left of the sardine fleet . The newest 
boat in the fl eet was built in 1947 (Table 1) . 

Table 2 shows the landings of the wetfish 
boats at San Pedro during 1963 through 1967. 
It also shows the percentage of the total land
ings in California for each species making up 
the San Pedro wetfish-boat landings! During 
this period, landings for the fl eet closely par
alleled the total landings for California (Fig-
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YEAR 
1950 1960 

" ' -
1967 

1916-67. Th data ar from 

T able 1.- Year of construction of 24 boats that were in 
the an Pedro wetfuh-boat II t in 19 

Year of construction 

1935 
193 
193 
194 0 
1944 
1945 
1946 
1947 

T 0l31 

Voud. 

umblf 

4 
5 
3 

Soure<: U .. Bu«.u of Custom. ( 1965) and information providtd by 
the Fishermen 's Cooperative Association or San Pedro. 

ure 4 ) . Becau e the pecie landed ary widely 
in exve sel price (Table 3), figures for landings 
alone do not illu trate the pecies ba e of the 
fleet in value terms. Figure 5 hows the make
up of the landings in terms of the percentage 
of total value accounted for by each species 
during 1963 to 1967." The year-to-year varia-

• From unpublished do to furn ished by the Col iforn ia Deportment of 
Fi sh and Game. 

3 From unpubl ished land ings dolo furnished by the Cal ifornia De
portmen t of Fish and Game and from priee data gathered in the 
present sludy. 



Table 2.- Landings of the San Pedro wetnsh-boat fleet, 1963-67 1 (witb percent of total nlifornio 
landings in parentheses' ) 

Specie. 
Land ings in: 

1963 1964 1965 1966 1967 

Pounds Pounds Pou1lds Pounds PO"nJs 

J ack mackerel ... 68,783,000 60,325,000 47,523 ,000 3 1,044 .000 29,44 7, 
(72. I) (69 .6) (7 J. I ) (76.0) (77. I ) 

Pacific macke rel . .. 29,595,000 2 1,539 ,000 4 ,566 ,000 2.612.000 632.000 
(73 .5) (80 .3) (64 .8) (56.4 ) (54.2) 

Sard ine ..... .. .. 3,538,000 8,270,000 1, 110,000 406,000 40.000 
( 49.6) (63.0) (57 .6) ( 46.2) (26 . ) 

Bluefi n tu na . ... . 3,295 ,000 2,938,000 2,220,000 1,727 ,000 1,5 5.000 
(10.9) ( 12.7) ( 13.9) ( 5.0) ( 11. 5) 

Al bacore t una " . 375,000 2 1,000 694,000 87 ,000 1.000 
( 0 .8) ( 0 . 1) ( 3.0 ) ( 4 .8) «0. 1) 

Bon ito . ... .. .. . 2,606,000 1,674,000 4,01 9,000 13,412 ,000 12,314,000 
(64 .8) (64 . 1 ) (71.3) (70.0) (58.0) 

Anchovy . . . . . . . . 1,000 170.000 2 12.000 30.122 ,000 37 ,342 ,000 
«0. 1) ( 3.4) ( 3 .7) (48.4 ) (53 .6 ) 

Olher ' .... . . ... 83,000 369.000 35 1,000 299,000 236.000 

T otal .. . ... . . 108,966,000 95,602,000 62,062,000 80.523,000 1, 777.000 
(2J.4) ( 19 .4) (13 .7) ( 17 .6) ( 16.2) 

1 The dala on landings of the San Pedro welfish-boat 8 , et are fro m unpublished data furni shed by the Callforni , 
Department of Fi sh and Ga me. 

2 The tota l California landings from which the percentages were calculated are fro m the Cali fornia Department 
of F ish and Game, Bioslati slical Seclion , Marine R esou rces Opera lion s, 1965; G reenhood and 1ackett. 1965, 1967; 
H eimann and F rey, 1968a , 1968b. 

3 The other species inclu d e : ski pjack tuna , "bullet mackerel" ( AuxiJ tn o1..Ord ), Pacifi c po mpano ( PtpriiuJ Ji mtllimuJ ). 
bla cksmith (CAromis punctipinnis) , "smelt" (Atherinidae) , halfmoo n (Mcdia/u na ca/i/orn icnsis), " perch" ( E rn b,oto
tidal), white cr?~ker (GtnyontmuJ lintatu J) , white sea bass (Cy no.scion n obi/iJ), "shark ," squid ( L oligo opaltJunJ), 
and small qua nti ties (l ess than 2,000 poun ds) of seve ral o:her speetes. 

tions in the composition of the catch reflect the 
following changing conditions in the fi shery: 

2. Yearly fl uctuations in the abundance of 
the migratory bluefin tuna and albacor€, 
probably due to varying local oceano
graphic conditions within the r ange of 
the wetfish fleet. 
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1. The decreasing population of Pacific 
mackerel, due to overfishing (Ahlstrom, 
1968) . 
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3. Yearly fl uctuations in the demand for 
bonito by the processors. 

4. A legal moratorium on sardine fi shing 
(as of 1967), following a dra t ic decline 
in abundance. 

5. The legalization by the California Stat 
legislature of the taking of anchovie 
for red uction to fish meal (as of No
vember 1965). 

Although these data and obser ations in 
dicate that the San Pedro wetfi hindu try i 
not in a strong po ition economically, they do 

Figure 4.- San Pedro wetfuh-boat landings and total 
California landings, 1963-67. The total-landing data 
are from the California Departmen t of Fish and 
Game, Biostatistical eetioc, Iarine Resource p
eration 1965; Greenhood and Moclcett, 1965, 1 67; 
Heimann and Frey 196 a, 196 b. Tb w tfuh-bo t 
landings are from unpublished data furnisbed b tb 
California Department of Fish and am . 
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Table 3.-Average prices paid for fish taken by San Pedro wet6sh boats, 1963-68 

Prices In : 

Species 
196 ) 19 64 1965 1966 196 7 19681 

Ct ntJ Dollars Ct nl J Dollars Ct nlJ Dollars CtnlJ Dollars CtnlJ Dollars Ctnlt Dolla" 
ptr ptr ptr ptr ptr ptr ptr ptr ptr ptr ptr ptr 

pound JiI or( Ion pou nd Jno,t Ion pound short Ion pound IAort ton pound short Ion pound thorl 10 11 

l'vfackercl (both spp .)' . . . . . . . . 2 . 103 4 2.0 J 2.294 45 .88 2 .71 ) 5 1.26 3.4 10 68.60 3.625 72.50 3 .77 1 65.42 
Sard ine2 . . . . . . . . . . . . . . . . . . . J 307 66. 14- 3 26 1 6 5,22 3 .234 6 1.68 18.649 "37! 98 20 .000 3400 .00 • -- - -
Blu cfin tuna!! .. .. . .. . .. ... . . 102 JJ 204 .2,), 11.1 14 2:? 8. 2 13. 115 26 2 .68 14.4 84 289(,8 12 396 247 .9 2 -- - -• 
Albaco re t una!! . . . . . . . . . . . . . . 16. 190 12 1.80 15.941 3 1862 16 08 1 321 62 24 738 494 .76 19. 500 390 .00 -- --• 
Skipjack l una!:! . . . . . . . . . ..... 9.976 199.1 2 -- --• 10 .240 204 . 0 -- • • • -- -- -- -- --
Bonito!! . . . . . . . . . . . . . . . . . . . . 2.870 57 A O 2.629 52 i8 2.78 0 5560 4 .0 67 8 1.34 4 14 6 82.92 4248 84 .96 
Anchovy . . . . . . . . . . . . . . . . . . . 1.698 "3.1 96 1.649 °32.66 I 723 "3 4 .66 (J 9 11 18.82 1.000 ' 2000 -- - -• 

A vera ge fo r all specI es .. ... . . :? 405 2.6(;, J )00 2948 2.679 --
1 FIrst q u a rter of 1968 
!! Based on settleme n t da t a ga the red in the p re5cnt s t udy (see sell Ion on JJI.l base, page 11 2). 
:l Sold mostly to f re~h-fis h mark ets. 
4 ~o fi!'h \-.ere i.1nded in the fi r~t qUJrler of 1961. 
[j ~egl i glble qu.lIlILtLt.'S of skipjac k \H're CJu.I!hl III thesc years by the wetfl'.h Aeel 
o Ba"eJ on i.1ndLllcs 311(.1 \ .1lue da ta; CJILfornl<l J)"pJrtml'lll of FIsh anJ <';ame, BLO<;tJll~lilal SCltLon, ~la nne Resou rces O~ra t ion!. 1965; Greenwood 

an I :llackett. 190;. 1967. 

not supply umcient information for a com
plete ana lysis. The purpose of th e WOJ'k re
por ted here therefore was to gain a complete 
view by means of a detai led economic study. 
The m ain specific aims of this study were: 

1. To determine the condition of the wet
fi h-boat fl eet at San Pedro (as of 1arch 
1968 ) with r espect to ( a) prod uctivity, 
r even ue, and profits of the fl eet, (b) 

capital structure a nd return on il1\'est
ment, (c) crew earning, and (d) em
ployment. 

2. To presen t a model with which prospec
tive wetfish-boat operators may predict 
costs and earnings under varying con
ditions of such factors as composition 
of the catch, characteristics of the ves
sel, value of the vessel, and ize of the 
crew. 

3. Then, using the model developed and 
examining other pertinent economic 
data, to determine the economic feasi
bility of constructing new wetfish boat.s 
and of expanding the fleet. 

An understanding of the data in this report 
and of the discussion of the data requires an 
understand ing of share-out procedures--that is, 
of the way in which the proceeds of the catch 
are divided between owner and crew. A dis-
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cu sion of th e procedur s therefore follows. 

.A :-:har e-out , or "settlement," i made by 
the boat ownel' when enough fish have ceen 
old to more than co\'el' expense, usually once 

a mon th a t the end of the "dark" (of the moon ) . 
Becau e the lunar month i 291~ days, some
ti me more than one settlement occur in a 
calendar month . A settlement u ually is not 
made, ho\\'ever, when in ufficient fish a re 
caught to covel' operating expen es during the 
luna r month. In this event, income and ex
penses are held over until the next or a later 
period. Occasionally, a ettlement may be 
made e\'en when expenses are not met, and 
negative "shares" are computed and ded ucted 
from the shares in the following settlement. 

The settlement i computed on -a "settlement 
heet" haying a standard format. Copies of 

the se ttlement sheet are retained by the boat 
owner and his accountant, and a copy is for
warded to the labor union repre enting the 
crew. Computing the settlement involves four 
ste] s as follows: 

1. Operating costs or "trip expenses" are 
deducted from the gross revenue. By 
union agreement, only certain items of 
expense may be deducted from the gross . 
These deductible items include f uel ; lu
bricating oil; salt; ice; foreign fishing 
licenses ; explosives and ri fl e ammuni-
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Figure 5.-Species makeup by value of catch of San Pedro 
wetfish-boat Heet, 1963-67. The figures are based 
on unpublished landings data ful'Illished by the Cal
ifornia D epartment of Fish and Game. 

tion for cont r ol of seals and sharks; 
a irplane spotting services; and contri
butions to the welfare fund , the pension 
fund , and the patrol agency. 

The patrol agency is maintained by 
t he union members. Its duties are to 
police the collective bargaining agree
ment and to check weights and. pay
ments. 

Other expense items formerly deduct
ed f rom the gross but not allowable under 
pr esent agreements included : lobbying, 
attorneys' fees, donations, appliances, 
and rental and r epairs of electronic 
equipment. Only the last item appeared 
frequently on settlement sheets included 
in the sample used in the present study. 

The gross revenue as construed here 
excludes the value of rejected fish , over
limits (fish not authorized to be delivered 
to plants but delivered nevertheless) , 
and fish t ransferred to other vessels, but 
it does include the value of fi sh trans
ferred from other vessels. 

2. The net proceeds (gross income minus 
trip expenses) are divided into the boat 
share and the gross crew share. The 
division is made according to a schedule 
est ablished by agreement with the labor 
unions (Table 4) . When refrigeration 
equipment is used, the vessel receives an 
additiona l 3 percent of the net proceeds. 

Table 4.- Share-out schedule for San Pedro wetfish boats 

Boat' s ~1ernbe rs in 
h atch Boat's share Crew's sha re crew 

capacity including skippe r 

T onI Puctnt Puunt Numb" 

1- 25 34~ 65)4 5- 6 
26- 50 360 63 0 6- 7 
5 1- 75 370 620 9-10 
76- 100 39 6 1 10-11 

10 1-125 39 0 600 10-11 
126-150 41 0 58 0 11 -12 
151 and up 42 0 57 0 11-12 

Source ; Fishermen's Cooperative A SSOCiat io n of San Pedro. 

3. T he crew's gross share is split equally 
among the members of the crew, includ
ing any owners who serve as crew mem-

111 



bel's. If a crewman was not on the boat 
for the entire fi shing period, his share 
is pror ated accordingly. This prorating 
is done by making a "split"--that is, by 
computing separate settlements for the 
segments of the period in which the size 
of the crew was different. For example, 
if 10 men worked for 14 days and 11 
men worked for an additional 12 days, 
a separate settlement is computed f or 
14 days with 10 shares and for 12 days 
with 11 shares . Fuel, welfare, pension, 
electronics, and most "other trip ex
pense " are prorated to the segments. 
Patrol and a irplane spotting costs are 
deducted from the gross for the segment 
in ·which these costs occurred. Likewise, 
catch income belongs to the segment dur
ing which the fi sh were caught. For this 
report, we u e the average size of crew 
to the nearest whole man during the 
month. 

4. The cost of provisions and of galley sup
plies such as crockery and cooking uten
sils is split equally among the members 
of the crew and is deducted from their 
shares. 

Data for this report were obtained pri
marily from records mainta ined by bookkeep
ing and accounting firms for the ve sel owners. 
These records include: (1) copies of the settle
ment sheets together with copies of receipts 
for fish sold to wholesalers or processors during 
the period covered by each settlement and (2) 
balance sheets, profit-and-Ioss statements, tax 
forms, and other documents pertaining to the 
finances of the corporation or partnershi p op
erating the vessel. 

Access was not gained to the company rec
ords of some vessels. For these vessels, we 
obtained settlement information from the cop
ies of settlement sheets reta ined by the unions, 
but we could get neither catch nor corporation 
financial data. 

Marine Resources Operations of the Cal
iforn ia Department of Fish and Game fur
nished data on total landings by the wetfish
boat fleet. 
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To obtain estimates of costs of constructing 
new ve sels, we interviewed shipbuilders di
rectly. County tax records gave us market 
values of vessels in the existing fleet. Marine 
insurance agents provided information on in
surance rates. 

As was just indicated, complete data could 
not be obtained. Consequently, we base this 
report on sample data. The sizes of the sam
ples for (1) the annual financial data, (2) the 
costs and earnings data for monthly settle
ments, and (3) the catch data were as follows: 

(1) Annual fin ancial data. The sample in
cluded annual data on finances for 12 vessels 
from 1963 to 1965 inclusive, for 14 vessels for 
1966, and for 15 vessels for 1967. These data 
represented about 44 percent of the total ves
sel years for the fleet during the period. The 
data were not strictly comparable on a time 
axis becau e the fi sca l year used varied from 
company to company. 

(2) Revenue and costs data for monthly 
settlements. We obtained access to monthly 
settlemen t sheets for 22 ves els. The sample 
included data on revenue, itemized trip ex
penses, and crew size from 940 settlements 
from J anuary 1963 to March 1968, inclusive 
(Table 5). Three vessels entered the sample 
in 1965 and one in 1966; the other 18 vessels 
were covered for the entire period. Each ves
sel was not rep resented by a settlement for 
each month during the sample period, because 
of tieups due to repairs, modifications, and 

T able 5.-Sample size of revenue and costs data for monthly 
settlements, 1963-68 

Settlements Vessels R evenu e! Revenue relative 
Yea r in sample in sample in sample to lotal revenue 

for Heet 
-. 

Nu mb" Nu mb" Dollar! Puun t 

1963 169 18 1,41 3,000 52 .4 
1964 163 18 1,394,000 54 .7 
1965 174 21 1,499,000 73 .2 
1966 194 22 1,796,000 75 .6 
1967 188 22 1,726 ,000 78 .8 

1968 ' 52 22 346,000 --
Note : The data on total revenue and estimates are based on unpub. 

1ished land ings data furn is hed by the California Departmen t of Fish and 
Game and o n pri ce data from the presen t study . 

1 Data for only the first quarter of the yea r. 

labor disputes and because catches in some 
months were too sma ll to justify settlement. 
The settlements in the sample represent from 



52.4 percent (1963) to 78.8 percent (1967) 
of the total revenue of the wetfish-boat fleet 
(Table 5). 

(3) Catch data. We gathered data on spe
cies, weight, and price of the catch for 826 
settlements for 18 of the 22 vessels for which 
we had obtained cost and revenue data. For 
the remaining four vessels, catch data corre
lated with settlements were not available. Table 
6 shows the percentage in the sample of the 
total wetfish-boat fleet landings for each major 
species. P acific mackerel and jack mackerel 

Table 6.-San Pedro wetfish-boat landings included in 
sample by species, 1963-67 

Landings inclu ded In the sampl e relat ive to 

Species the total wetfish landin gs in : 

1963 1964 1965 1966 1967 

Pactnt Plru nt Pl rct nt Plrctnt Pau nt 

Mackerels . ... . . .. . 44 .4 46.9 58 .0 62.4 71.2 
Sardine .... , . ...... 20.2 42 .9 22 .3 10.0 5.5 
Bluefin t una . . .. .. . . 68 .0 63.0 73.0 74.1 60.1 
Albacore . . . . . .. , ... 67.1 -- 57.3 71.4 --
Bonito .. ... .... ... 30.0 30.9 19.2 55 .5 60 .7 
Anchovy ..... . . . .. . -- 0.0 0 .0 41.1 65. 1 

Average .. . . . .. . . 38 .2 38.9 38.3 52.4 54.8 

Note: Where no data are given , the land ings or the given spec ies were 
negligible ( see Table 7) . 

were combined into a single category, "mack
erel," because many of the cannery receipts 
used as the sources of data in this study did 
not specify the species of mackerel. The 
sample is skewed toward tuna and away from 
sardines, anchovies, and bonito for most of 
the years. This bias fo r the higher priced 
species is a lso reflected in a comparison of 
the elements of the last column of Table 5 
with those of the last row of Table 6. For 
example, the sample for 1963 includes 38.2 
percent of the total fleet landings but it in-

cludes 52.4 percent of the value of the landings. 
This skewness must be taken into account 
when an empirical costs-prediction model i 
constructed on the basis of the present sample. 

A portion of the catch in the sample for 
each year was classified as "other or unidenti
fied (single price paid for a mixed catch, or 
itemized cannery receipt not avai lable)." Table 
7 shows the percentage of the val ue of the 
landings in the sample classified in this cate
gory for each year. We do not know the pro
portion of this value that should pertain to 

Table 7.-Relative value of landings classified as "other 
or unidentified," 1963-68 

Sample yea r 

1963 
1964 
1965 
1966 
1967 
1968

' 
1 First quaner. 

Rel ative \'alue of land ings classi
fied 3S "other o r unidentified " 

Paunt 

2.4 
10 I 
~.3 

4.0 
6.9 
1.1 

each species. We therefore were not provided 
with a basis for increasing the percentage by 
weight listed as included in the sample (Table 
6). A decreasing percentage for sardines in 
Table 6, however, is almost certainly due in 
part to the fact that a greater percentage of 
the total landings of sardines in southern Cali
fornia are from mixed catches of mackerel 
and sardines (Greenhood, 1965) . The compo
sition of these mixed catches was estimated in 
the landings data furni shed by the California 
Department of Fish and Game but not on the 
cannery receipts that were the sources of catch 
data for this study. 

I. FINANCIAL CONDITION OF THE FLEET 

In our evaluation of the financial condition 
of the fleet, we consider the following factors: 
(A) productivity, revenue, and profits, (B) 
capital tructure and retur n on investment, 
(C) crew earnings, and (D) employment. 

A. PRODUCTIVITY, REVENUE, AND 
PROFITS 

Productivity per ve sel in term of tons 
of fi h landed howed no net gain from 1963 to 
1967 (Table ). Landing per ve el in 1967 
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Table 8.-Productivity of San Pedro wetfish-boat Aeet, 
1963-67 

Year Averag<! landings Average revenue T ota l reven ue 
pe r vessel per vessel of fl eet 

TonI Dollars Dollars 

1963 1.473 73.000 2.697.000 
1964 1.366 73,000 2,549.000 
1965 872 57,000 2,04 8.000 
1966 1.184 70 ,000 2,3 75,000 
1967 1.46 1 78 .000 2,191,000 

N ote: Th ese fi gures 3fC based o n unpubli shed data o n landmgs fur
ni shed by the C al iforni a Depa rt ment of Fi sh and G ame and on the p rice 
data in T able 3. 

ranged from 535 to 2,570 tons (Figure 6) . The 
average vessel revenue showed a net increase, 
but the total fleet revenue decreased owing to 
the decrea~e in the number of vessels . The 
vess I average annual revenue for the period 
ranged from $45,145 to $119,610 with the 
grand average being $77.557 (Figure 7). 
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Figure 6.-Frequency distribution of total landings per 
vessel for 1967 by San Pedro wetfish boats. This 
graph is based on unpublished landings data furnished 
by the California Department of Fish and Game. 

For this analysis, profits (or losses ) shown 
in Profit and Loss Statements have been ad
justed by adding salaries paid to officers of 
the corporations. Wages, commissions, and 
bonuses paid to these officers for serving as 
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crew members are part of the corporation's 
operating costs (included in crew wages ) . Sal
aries in general were a form of draws on ac
count of future profits, but in some situations 
part of these salaries might be considered as 
managerial cost. Since, from the records made 
available, it was not possible to separate these 
two types of payments, a ll salaries paid to 
officers were added to profits. With these ad
justments, the aver age values of gross pr ofit 
(before taxes ) for the whole fleet ranged from 
$5,100 per vessel in 1963 to $10,726 in 1966 
(Table 9A ) . Although some vessels showed 
losses as the end resul t of their operations, 
most clo~ed each year with a profit. Of 65 
vesse:-years ana lyzed, 51 (or 78.5 percent) 
were profitable. 

The two subgroups of vessels from Table 
9A are further characterized by the r ange of 
profits or losses in each year and by the quartile 
values of profits. Table 9B shows the range 
of profits, as well as the range of losses. In 
general, the median values (Q2 in Table 9C) 
are lower than are the mean values shown in 
Table 9A. 
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Table 9A.-Average values of gross revenue and profit (or loss) per vessel, 1963-67 

All vessels 
Year 

Gross Profi t 
Vessel. before Vessel. 

revenU4 taxes 

Nu mb" D ol/ar! Dol/ar! Nu mb" 
1963 12 77 .770 5, 100 9 

1964 12 76,0 72 7 ,600 11 

1965 12 76,847 5,660 10 

1966 14 98, 10 5 10, 726 12 

1967 15 78 , 110 5, 104 9 

Note: T hese figu res are based on data from p rofit and loss statements. 

Table 9B.-Range of profits on profitable vessels and of 
losses on unprofitable vessels, 1963-67 

Yea r R ange of profits Ra nge of losses 

Dol/ar! Dol/ar! 

1963 1,41 6 - 14,570 803 - 3,737 
1964- 1,453 - 27,568 (See note) 

1965 2,291 - 17,64 1 1,072 - 2,9 12 

1966 1,869 - 39, 558 41 5 - 9 ,36 1 
1967 1,366 - 33,741 2 10 - 6,524 

Note : I n 1964, only one vessel closed the yea r wi th a loss. 

A regression of profit on gross r evenue 
(Figure 8) shows that the breakeven point for 
a vessel in the fleet in 1967 was about $70,000 
gr oss r evenue. In that year, gross r evenue 
ranged to over $150,000. 
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Figure B.-Relation between profit or loss and gross reve
nue for 14 San Pedro wetfish boats in 1967. This 
plot is based on profit and loss statements. 

D ata for : 

Profitable vessel. Nonprofitable vessels 

Gross Profit 
G ross Profi t 

befor. Vessel. befor. revenua taxes revenu a 
taxes 

D ol/ar! Dol/ar! Nu mb" Dol/ar! Dol/ar! 

84 ,893 7,706 3 56. 400 -2,7 19 
77,7 10 8,504 1 58,058 -2,355 
82,67 1 7, 19 1 2 47,726 - 1,992 

103,95 0 13,329 2 63 ,034 - 4,888 
9 1, 113 10,577 6 58,604- -3 , 106 

Table 9C.-Quartile values of profits, 1963-67 

Yea r 
Profits in quarti le: 

0, 0, O. 
Dol/ar! Dol/ars Dol/ar! 

1963 6,256 7,06 7 10,55 1 
1964- 2, 180 6,708 11 ,534 
1965 2,7 12 4,894 12,3 10 
1966 3,97 1 8,249 3 1, 159 
1967 2.28 1 5,248 18,341 

-

B. CAPITAL STRUCTURE AND 
RETURN ON INVESTMENT 

The 1967 balance sheets for 15 vessels 
showed tota l assets of $476,700 or $31,780 per 
vessel. The assets for individual vessels ranged 
from $4,679 to $63,844. On the average, 82.8 
percent of the tota l assets were made up of 
fixed assets--that is, of the depreciat d value 
of the vessels and equipment . Current assets 
(cash in the bank, accounts receivab e, and 
other) formed the remaining 17.2 percent of 
the total assets. 

The average market value of these vessels 
as estimated by the Office of Assessor, County 
of Los Angeles, was about $41,000--that is, it 
was about 1112 times the book value. 

Table 10 shows the sources from which the 
tota l assets were financed. 

This capital structure reflects rather un
favorable financial condit ions in the fleet as 
a whole. The low amount of quick assets 
(which in this case is equivalent to current 
assets ) relative to current liabilities, as indi
cated by a r at io of about 0.5: 1, might be a 
reason for banks to refuse loans. Although 
a sizable part of total assets (27.4 percent) 
was financed by stockholders in the form of 
notes and loans, 51 percent of a ll notes and 
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Table 10.-Sources from which the total assets of al\ wetfish boats and nine of the Slronger 
corporations were fin anced in 1967 

Amount relati ve to the tOlal liabilities and capiu l 

Source, of financing Assets or .11 welfi . h boal. A .. ell or nine or lhe 
Itronger corporation. 

Accou nts payable .. ...... . ..... .. . . . . . . 

NOles payable ..... . . . .. .. .....• . •.. .. 

NOles from slod. holders .... . .. . ....... . 
T otal cu rrent liabilities ...... . ......... . 

i\ Iorl~a~es and long-term loans .......... . 
Loans fr om stockholders ............... . 
T otal long-term liabilities . . . . ......•.... 

Capital stock plus accu mulated earnlnRS 

Total liabilities and capital = assets ... 

I ndividu.1 
items 

Pu(t nt 

14.32 
8 25 

.99 

34 93 
18.40 

long-term liabilities (that those over 
$171,000) camp from can nerie3 tha t r eceive 
fish landed by this fleet. This fin ancial d -
pendence on canneries probably put th v s
sel owners in a di advantageou po ition when 
they negotiate prices for fi h. 

Th low level of equity capital for the whole 
group (a\'erage 15.1 percent) i eff cted ma inly 
by six corporat ions, which how a deficit of 
$5,000 to $36,000 (average $13,500). Table 
10 sho\\' the capital structure for the remain
ing nine compan ies. 

In this group of nine ve sels, current liabil
ities exceeded current assets by about $2,500 
per vessel, indicating a need for working cap
ital. The average equity capital fo r a ve sel 
in this gr oup was $17,500, whereas fix ed a sets 
averaged $34,000 per vessel. The average 
profit of $8,300 per vessel indicates the follow
ing rates of return on investment: 

47.4 percent - when r elated to equity capital, 
24.3 percent - when related to fixed assets. 

It should be pointed out that the high rate 
of return on equity capital (47.4 percent) is 
artificially inflated by abnormal financing 
practices for these vessels. We observed that 
a major part of profits is being drawn each 
year by the corporation's officers in the form 
of salaries or bonuses. This action leaves the 
corporations with low equity capital and with 
no working capital (see previous section). 

For a group of five vessels with equity 
capital ranging from $18,355 to $37,970 the 
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Sums 

Pu(t nt 

3 IS6 

53 JJ 

15 II 

100.00 

I nd,vidual 
Itenu 

Puu nt 

12.06 
9.38 
one 

Sum 

PaCt nt 

21 H 
----------

22 20 
II 3 

33 .5 
-----f-------

-- 45 .00 

100.00 

r turn n in v tm nt wa 13.3 p rc nt. The 
med ian valu for thi gro u] , $~ ,1 2 i used 
blow f r I l' dicting the l' turn n inv tment 
for ld ve el. n actual anti cipated value 
for qui ty capital hould b ub tituted by a 
pro p ctive ve el op rator. 

C. CREW EARNINGS 

W calculated the individual crew share 
for ach 'ettlement by dividing the crew hare 
of net proc d (gro re enue minu trip ex
pen e ) by th average number of crewmen 
(to the neare t whole man) on the ve sel dur
ing the period covered by the ettlement. 

1. Fleet Average for 1963-67 

The average crewman' earnings III the 
fleet for each year \Va calculated by multi
plying the average individual crew hare per 
settlement (above ) by the average number of 
settlements per vessel during the year (Table 
11). The average crew earning did not in
crease during the period, and the real earnings 
(actual earnings adj usted by con umer price 
index) decreased 9.2 percent. 

2. Vessel Variation in Crew Earnings 

The average crewman's annual earnings 
for each vessel from 1963 through the first 
quarter of 1968 were calculated in the same 
manner described earlier and are presented 
in Table 12. In accordance with the wishes 
of the vessel owners, we do not identify the 



Table H.-Average crewman's earnings in San Pedro wetfish-boat fleet, 1963-68 

Average A vera ge Average crew- Sampl e size A verage crewman's cre wman's man's real 
Y ear settlements share per ea rnings ea rn ing :t 

settlement per vessel per yea rl for year2 Settleme nts Vessel . 

Dollar! Nu mb" D ollar! Dollar! Nu mb" Nu mb" 
1963 438 9.44 4.134 4,134 168 18 
1964 440 9.11 4.008 3,953 159 18 
1965 445 8.22 3,658 3,551 171 21 
1966 493 8.90 4,388 4, 140 19 1 n 
1967 480 8.5 2 4,090 3,752 177 2l 
19683 324 2.36 -- -- 50 21 

Note: T he fi shing season extends over the full calendar year, With an average of about 17 fi shing days per month. 
1 The average crewman 's ea rn ings per year incl udes nontaxable prov isio ns, whi ch averaged $585 per crewman in 1967. 
2 The average crewman's real earnings (or the year were ad justed to the 1963 level with consumer price index 

(Long, 1969). 
3 First quarter. 

Table 12.-Average crewman's earnings for San Pedro wet
fish boats, 1963-67 and 1968 (1st quarter) 

Average Avera ge A verage 
Vessel crewman's crew man's 

Number share per settlements earnings 
settlemen t 

per yea r fo r yea r 

D ollar! Numb" Dollar! 

1 353 6.29 2,219 
2 358 6 .67 2,38 7 
3 292 9 .53 2,78 1 
4 322 10.48 3,3 74 
5 352 9.67 3,402 
6 366 9.53 3,486 
7 414 8.57 3,549 
8 400 8.95 3,5 82 
9 359 10.29 3,692 

10 420 8.95 3,761 
11 392 9.72 3,809 
12 467 8.57 4,004 
13 472 8.57 4,047 
14 467 8.76 4,171 
15 457 9. 14 4, 179 
16 537 8.57 4,60 1 
17 486 9.9 1 4,814 
18 534- 9 .53 5,086 
19 582 8.95 5,211 
20 580 10.27 5,957 
21 735 8.95 6,581 
22 59 1 11.36 6,716 

-
Grand average 453 9 .15 4, 164 

Note: T hese fi gures are ba sed on settl ement data . Fo r vessels entering 
the sa mpl e after 196 3, the crewman' s earnings fo r the year were adju sted 
to the 1963 level with the consumer price index (Long, 1969). 

estimates by vessel. Figure 9 presents the 
frequency distribution of the estimates in $500 
intervals. The variation in crew earnings has 
two major components--namely, (1) the var
iation in the crewman's share per settlement 
and (2) the variation in the number of settle
ments per year. The latter variation is not 
amenable to ana lysis, because it is determined 
by (1) different response to labor disputes by 
management, (2) different tieup periods for 
gear and vessel modification and repairs, and 
(3) different fi shing success. The factors af
fecting crewman's sha re per settlement, the 
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Figure 9.-Frequency distribution of crewman's average 
annual earnings 1963-67. The graph is based on 
settlement data. 

other source of variation, are examined later in 
the section on predicting earnings. 

D. EMPLOYMENT 
The size of crew on the vessels (Table 13) 

as well as the number of vessels in the fleet 

Table 13.-Average size of crew in the San Pedro wetfish
boat fleet, 1963-68 

Year Men in crew 

Numb" 

1963 10.29 
1964 10.28 

1965 9.94 
1966 9.65 
1967 9.74 

1968' 9 .52 

Note: .These figu res are based on settlement data . 
1 First Quarter. 
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decreased during 1963 to 1967. The combined 
effect of these two factors was a 30-percent 
decrease in the number of full-time jobs (Fig
ure 10) from about 381 jobs in 1963 to 238 
in 1968. These estimated totals do not include 
employment in other phases of the wetfish in
dustry, such as processing, maintenance of 
vessels, and supply. 

Figure 10.-Combined effect of decreasing size of Beet 
and decreasing size of crew on employment in the 
San Pedro wetfuh-boat Reet, 1963-68. This graph 
is based on Figure 2 and Table 12. 
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II. COSTS AND EARNINGS MODEL 
Having examined the financial condition of 

the fleet, we turn now to the costs and earnings 
model. We first ana lyze costs and then predict 
earnings. 

A. ANALYSIS OF COSTS 

Average total costs per vessel (operating 
costs or "trip expense" and owner's costs; 
crew's share not deducted) reached a high in 
1966 (Table 14) and then decreased in 1967. 
The ratio of costs to value (total costs divided 
by the value of the catch) increased to a high 
in 1965 and then decreased (coincidentally 

118 

with the advent of the anchovy fi hery ) to 
below the 1963 level. 

Tahle 14.-Average total costs per vessel (operating costs 
+ owner's costs exclusive of the payments to the crew 
on "crew's share") for San Pedro wetfuh boats, 1963-67 

Year Total costs Ratio of cost to 
value of catch 

Dollars 

1963 31.547 0.432 
1964- 31.549 .432 
1965 3 1.022 .544-
1966 37.394 .534 
1967 32.882 .422 

Note: T hese figures are based on settlement dat2 and annual financi al 
data. 
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m a in d a lmo t con tan t during 1963 to 1967 
(Table 15 ) . osts per pound of fi sh la nded 
increas d to a hi gh in 1965 a nd th n decreased 
when anchovies enter ed the la ndings. 

Table 15.-Average operating co ts per ve el and per 
pound of fish landed by the San Pedro wetfi h-boat 
Reet 1963-67 

Ye" 

1963 
1964 
1965 
1966 
1967 

Operating costs 

001/0"1 ptr tUIU/ 

10,3 17 
10,597 
9,990 

10,HI 
10,027 

-------
Cl'nil ptr pound 

0/ {irA laod,d 

0.363 
.378 
.49 
.412 
.396 

Note: Thcse figures arc based on sClllcmcnt data. 
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Figu re ll.-Fit of operati!lg costs model to actual oper
ating cos ts. The curve is a 45° line (slope = 1, 
correlation coefficient = 1) along which the points 
would lie if the model were a perfect fit. 

Using the prIces of fi h in 1967, we can 
r 'write the operati ng cost r elation in terms 
of cost pel' dollar's worth of fi h landed an
nually: 
1\ 

Y = 8,052 + 0.0275X 1 + 0.0419X, + 0.0939X, + 
0.0380X, 

(Equation 1) 
1\ 

where Y = predicted annual operating costs, in 
dollars 

Xl = va lue of macker el landings, in dollars 

X, = \'alue of tuna la ndings, in dollars 

X3 = value of bonito landings, in dollars 

X, = va lue of anchovy landings, in dollars 

We obtained the value $8,052 by multiply
ing the Y -intercept for the monthly operations 

cost regression t imes 8.81, the average number 
of settlements per year for the fleet during 
1963 to 1967. If no strikes, layups for repairs, 
or very slack fi shing months are anticipated, 
the value $10,968 (12 months multiplied by 
$914 per month, the Y-inter cept for the month
ly operating costs regre sion) should be used 
as the constant. According to this relation, 
the maximum pr dicted effect of species com
position of landings on annual operating costs 
at a gross-revenue level of $150,000 (arbitrar
il y chosen) is the difference between the pre
dicted cost for an a ll-mackerel catch and that 
for an a ll-bonito catch, or $9,960. 

2. Owner Costs 

Owner costs are those deducted from the 
owner's share of the net proceeds and are 
categorized h re under (a) parts and repairs, 
(b) netting and supplie , (c) in urance, (d) 
payroll taxes, (e) interest on loan, (f) moor
age, (g) State and county taxe , (h) depre
ciation, and (i) a miscellaneous category "office 
expen es and other co ts." 

Table 16 present average values for these 
costs for the fleet for each year from 1963 
to 1967. The purchases of new engines and 
anchovy net for many of the vessels in 1966 
account fo r the high val ues for that year. As 
a measure of dispersion, we include the coeffi
cient of variation. Methods of estimating own
er co ts are outlined below. Where appropriate, 
we use different means of estimation for pre
dicting costs for existing vessels of the type 
now in the fleet and for hypothetical newly 
constructed ves els. 

T able 16.-Average annual owner's costs per vessel, 1963-67 

Costs in : Coefficient Source of cost 
1966 1967 1963-67 average of variat ion 1963 1964- 1965 

Dolla" Dolla" Dolla" Dolla" Dolla" Dollar, Puunt 

Parts and repa irs . . . . . . . . 4.664- 5. 118 4 , 167 5,398 4 ,89 1 4,855 45.6 
Netting and su pplies . . . , . 3,158 2,007 2,720 3,842 2,45 6 2,847 63. 1 
Insurance . . . . . . . . . . . . . . 4,472 4 ,26 1 4,827 4,9 71 4,692 4 ,645 24 .8 
Pa yroll taxes ...... ..... 2,95 4 2,923 2,996 4,3 29 3,246 3,270 29.7 
Interest on loan . .. ...... 463 25 I 436 790 420 504- 121.6 
Moorage ... . . .. ...... , . 5 13 438 464 431 438 465 30.5 
Slale and cou nty taxes " . . 773 666 607 6 14 750 688 41.0 
Depreciation .. ...... .. .. 2,6 14- 3,00+ 3,075 4 ,496 4,410 3,60+ 61.3 
Offi ce expenses and other cosls 1,6 19 2,28 4 1,740 2,1 82 1,5 52 1,873 47.6 

Total . . . . . . . , . . . . . . . 21 ,230 20 ,95 2 2 1,032 27,053 22 ,85 5 22,751 19.4-

Note: These data were deri ved from statements o r profit and loss. 
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a. Parts and repairs.-Included in parts 
and repairs are expenditures for repairs and 
maintenance, including parts, of the vessel, the 
seine skiff, and the gear exclusive of the net. 
The crew furnishes labor for repairs to the 
net, and the cost of webbing is included under 
"Netting and Supplies." 

(1) Existing vessels.-The vessels are 
put into drydock once a year on a regular basis 
for maintenance and insurance inspection. No 
relation was found between size of vessel, or 
capacity, and cost of repairs. The great var
iation in cost of repairs for vessels of similar 
size is explainable by two factors pointed out 
by Green and Broadhead (1965) in their study 
of costs and earnings of tuna seiners. Some 
owners, especially those of vessels that do rel
atively poorly on the fishing grounds, habitually 
postpone upkeep and r enovation, a nd they make 
only those repairs that are absolutely needed 
to keep the vessel in operation . Also, some 
owners with mechanical skills may take care 
of many of the repairs themselves and may 
thereby save on labor costs. 

A significant relation was found between 
owner's share in net proceeds and repair costs, 
perhaps a reflection of the factors mentioned 
above. The estimating equation is of the form : 

/\ 
Y = 24 + 0.0787X, + 0.0552X3 (Equation 2 ) 

/\ 
where Y = the costs of r epairs in Year t, in dollars 

X, = the owner's share in the net proceeds in 
Year t, in dollars 

X3 = the owner's share in the net proceeds in 
Year (t - 1), in dollars 

(tb in order, 3.92, 2.36; F = 18.96 with 2,41 DF; 
r" = 0.48) 

(2) New vessels.- Presumably, owners 
of new seiners will possess adequate working 
capital and will want to keep their vessels in 
top condition. We therefore used comparable 
data on new steel shrimp trawlers, based in 
ports on the Gulf of Mexico, to e timate the 
maintenance and repair costs of new wetfish 
seiner. The sample con isted of 17 shrimp 
ve els, ranging from 61 to 85 feet r egi tered 
length (the average was 72 feet ). The actual 
costs for 1967 or 196 were increa ed by 20 
percent, to account for po ible additional main-

tenance costs on w tfi h iner uch a 
for power block and r efrigeration). 

The estimating equation i of the form: 
/\ 
Y = - 17,619 + 341.15X (Equation 3) 

/\ 
where Y = the maintenance and repair co ts, in 

dollars 

X = the r egistered length of the vessel, in 
f eet 

(t b = 3.12, p< 0.01, r ' = 0.39) 

b. Netting and supplies . - tting and 
supplies include expenditures for net webbing, 
seine cables, line, ha r dware, tool , and miscel
laneous "' upply item. Seine cables are replaced 
about once a year, at a cost of about $500. 
Worn webbing is replaced every other year on 
a routine ba is, also a t a cost of about $500, 
in addition to that r eplaced to repair the net 
when it is torn. 

A linear correlation was fo und between 
these costs and the quantity of fi sh landed. 
The least-squares regression based on data for 
1967 is of the following form: 

/\ 
Y = - 240 + 2X 

/\ 
where Y = costs in dollars 

X = tons of fi sh landed 

(t b = 3.77, p< 0.005, r ' = 0.53) 

(Equation 4) 

This r egt'ession indicates that the costs of 
nets and supplies incl'ease by $2 pel' ton of fish 
caught. The addition of the owner's share in 
proceeds, as a second possible variable in the 
regression, i not significant stati tically, 

Insurance.-Insurance is a major expense, 
Three types of coverage are carried by all boat 
owners, Hull and machinery insurance covers 
tota l loss of the vessel as \yell as damage caused 
by fire , str anding, and col iision, with a usual 
deduct ible amoun t of $500 per accident, The 
amoun t of t he insurance premium i ba ed on 
the ma rket value of the ve sel. The seine 
skiff is covered under this insurance, K et in
surance covers full value of the net (depreci
ated str aight line over 5 year, with renovation 
added to the val ue) again t 10 or damage, 
with a $500 deductible amount for fire only, 
Protection and indemnity in Ul'ance co\'er ill
ne sand inj urie of crew member and a broad 
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range of possible liability to other parties. The 
usual practice is to insure to $100,000 for a 
single claim, with a $1,000 deductible amount 
for property liability. Premiums ar based on 
a complex formula that varie with the insur
ance company and that has to do with uch 
factor as size of crew, age of ve sel, and size 
of vessel. The premiums are about $2,000 per 
year for a vessel with a crew of 10. 

(1) Existing ves s eL .-Analysi of 
costs categorized under "insurance" in the fi
nancial reports examined in the pre ent study 
revealed a nu-iability too great to allow u to 
e"timate insurance costs empirically. This \ ' a!'

iati ')n is due to difference. in CO\'erage and in 
premium-payment schedules. For purposes of 
cost prediction, hull and machinery premiums 
\\'el'e computed at 6.75 l1ercent of the market 
\'alue, net insurance premiums w re computed 
at 5 pel'cent of the \'alue of the net. and pro
tection and liability premiums were computed 
at $~(\O per crewman. In 1968, these premium 
pr o\'idecl the co\'erage described abo\'e. Yalue 
of vesseb and nets are di~cuss d belo\\' in the 
section on depreciation (h). 

The equation fOl' insunmce co ts for exist
ing \'essels is as follo\\'s : 

/\ 

Y =0.0675X, + 0.0500X, + :wox3 (Equation 5) 
/\ 

where Y = the estimated insurance costs, in dollars 
X, = the market yalue of the yessel, in dollars 

X, = the market value of the nf'ts, in dollars 

X3 = the maximum size of the crew 

(2) t\ew \'essels.-For new yes els, the 
cost of hull and machinel'Y insurance is lower 
than fOl' old \'essels. The estimating equation 
therefore becomes: 

/\ 

Y = 0.0375X, + 0.0500X, + 200X3 (Equation 6) 
/\ 

where Y = the estimated insurance costs, in dollars 
X, = the market value of the vessel, in dollars 

X, = the market value of the nets, in dollars 
X3 = the maximum size of the crew 

d. Payroll taxes.-Socia l Security taxes are 
computed as a percentage of a maximum annual 
amount of wages for each crew member. If the 
membership of the crew changes during the 
year, the taxes paid by the owner are higher 
than during a year in which the crew is stable. 
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Th f II I ast-squar r gr ssi n ac-
rcent f the variance for 5 

/I.' 
Y = 1.073 + 0.057X (Equation 7) 

wh l' 
/\ 
Y = stimated annual payroll tax 5, In 

dollars 

X = annual cr w wag s, in dollars 

(t b = 13.72, p<0.001, r2 = 0.77) 

e. Interest on loans.-The am unts paid 
by variou corporations for int r t on loans 
rang from a few dollar t m re than 2, 0 
in a giv n y a1'. Th di p rsi n of payments 
by any corporation ov l' the year i al 0 very 
high. In many pr fit-and-lo tat ment , no 
int l' t paym nt ar h wn, although the bal
anc . h t how a sub tantial loan. The a
mount in Table 2 th refor may not reflect 
the r al ituation. W u e th grand average 
value ( 501) for predicting c ts for old ve -
se ls ; but int re t on a um d loan hould 
be used for timation for new \'e el . The 
rate u. ed h l' for prediction i 7.-: percent. 

f. Moorage.-The Harbor Department 
c mput the moorage fee on the ba i of the 
length and of the typ of \'e I. f 22 ve els 
analyzed, 16 (.-0 to 79 feet long, 60- to 110-
ton capacity) paid -150 per year, and 6 ( 0 
feet and longer, 110- to 150-ton capacity) paid 
$5 ... 1.0 l1er year. 

g. State and county taxes.-In 196 , the 
California tate income tax rate for corpora
tion wa 7 percent, with a minimum of 100. 
\Ve use thi r ate in the prediction below. 
Since the companies are small corporations, 
they pay no Federal corporate income tax. 
Taxable income is reported in the per onal re
turns of the hareholder. 

The modal value for county property taxe 
was about $450. nder a new law (effective 
196 ), commercial fishing ve el regi tered in 
Lo Angeles County are asses ed at 1 percent 
of their market value. The current tax rate 
is about $10 per $100 assessed valuation, mak
ing the effective tax rate about 0.1 percent 
of market value per year. 

In terms of an equation: 
/I. 
y = 0.001X, + 0.07X, (Equation 8) 
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X, = value of vessel and gear exclu sive of 
nets in dollars (for 1st year, = 85 per
cent' of new constructi on cost or full 
a mount of unsubs idized cost for subsi
di zed vessel) 

X, = value of nets, in dollars 

i. Office expenses and other costs.-Table 
18 shows the main components of office ex
penses and other costs. 

Table 18.-0ffice expenses and other costs 

It em 

Accounti ng ... . 
Automobile . ....... . ..•.. 

D ues and con t ributions ... .. 

Cost 

Dollars 

450-500 
400-500 
200-3 00 

The rest of these costs consists of items 
such as licenses, legal fees, promotional ex
penses, telephone, donations, an d "mi cella
neous." For the pl·ed ictions below, we use the 
average figure of $1,873 for the fl eet in 1967. 

B. MODEL FOR PREDICTION 
OF EARNINGS 

With our analysis of costs, we can construct 
our model for the prediction of earn ings. In 
so doing, we consider first the pred iction of 
revenue and then the prediction of the aspects 
of earnings that depend on r evenue--namely, 
profits, r eturn on investment, and crew earn
ings. 

1. Revenue 

Predicting revenue t urned out to be diffi
cult--in fact, impossible at present. In this 
section, we describe the problem and how we 
handled it. 

a . Problem of predicting revenue.-Rev
enue proved difficult to predict because little 
relation was found in the pre ent study be
tween landings or gross revenue and vessel 
characteristics such as length, capacity, horse
power of the main engine, or age. Three pos
sible causes of this lack of observed relation 
are (1 ) t he nature of the fishery, (2) an over
riding factor of skill , and (3) insufficient data. 
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(1) Nature of fishery .-Because the 
vessels are seldom loaded to capacity (the usual 
load of mackerel is 10 to 50 tons ) , differential 
capacity is of minor importance. The excep
t ion to this underloading of the vessel occurs 
in the anchovy fi sher y, in which the vessels are 
loaded to capacity on most trips. Because the 
fi shing grounds a r e within a few hours run 
from the harbor at most and, in some places, 
within a few minutes run, t:le importance of 
differentia l horsepower is minimized. Also, 
the catches of some species are subject to limits 
::Jet by processor s. 

(2) Overriding skill factor .- Setting a 
pur e sein e around a school of fi sh requires 
great skil l. Schooling behavior varies widely 
from species to species and even from one 
school to another within a particular species, 
and empty hauls ar e common . Differences in 
t he fi shing ability of ve sel captains may there
fore be the major source of variation in land
ings and reven ue. 

(3) Insufficient data.-Few data were 
available for the present st udy on fi shing ef
fort (days at sea, scouting ti me, and number 
of net sets ) correlated with landings data. The 
staff of Marine Resources Operations of the 
Californi a Department of Fish and Game, how
ever , i now collecting effort data for the fleet. 
When adj ustments can eventually be made for 
differences in fi shing effort, we may find that 
differences in efficiency are correlated with ves
sel characteristics. 

b . Solution to the problem of predicting 
earnings.- Because of our difficulty in pre
dicting r evenue, we use arbitra ry levels of 
r evenue to predict the costs and earnings in 
the following section. Our range of values in
cludes levels of revenue attained by vessels 
in the fleet in recent years (Figures 6 and 7). 

2. Profit, Return on Investment, and 
Crew Earnings 

Profit, return on investment, and crew earn
ings may be predicted for given levels of gross 
revenue by the use of the cost relations devel
oped earlier. The fo llowing subsection gives 



details both for the older vessels of the type 
now in the fleet and for hypothetical new ves
sels. 

o. Existing vessels.-In this section, we 
are concerned with sample calculations--that 
is, with showing our technique to calculate 
predictions of profit, return on investment, 
and crew earnings. Table 19 is a guide to il
lustrate the method used to estimate profit and 
return on investment. The following example, 
which is keyed to Table 19 by column numbers, 
illustrates the details of computation. Sources 
of the relations or values used in the compu
tations are indicated in parentheses. 

Given : Vessel size = 100 tons capacity 

Then: 

Market value = $45,000 (modal value 
for fleet; actual market 
value should be substi
tuted by the prospec
tive vessel opera tor) 

Gross 
revenue = $150,000 

Catch 

Nets 

= One-half mackerel and 
one-half anchovies, by 
value 

= One for anchovies and 
one for mackerel , at 
$12,000 each 

Column III 

Table 19 

1. Operating costs (by Equation 1) = 
$8,052 + 0.0275 X value of mack
erel landings + 0.0419 X value of 
tuna landings + 0.0939 X value of 
bonito landings + 0.0380 X value 
of anchovy landings = $8,052 + 
0.0275 X $75,000 + 0.0380 X 
$75,000 = $12,965 ..... .... . ... 1 

2. Tons of mackerel = value of mack
erellandings -7- price per ton (from 
Table 3; the current price should 
be substituted by the prospective 
vessel operator) $75,000-7-
$75.42 per ton = 994 tons . ... . . 2 

3. Tons of anchovies = the value of 
the anchovy landings -7- the price 

Column in 
Table 19 

per ton (from Table 3; the current 
price should be substituted by the 
prospective vessel operator) 
$75,000 -7- $20 per ton = 3,750 tons 5 

4. Total tons of fish - Column 2 + 
Column 3 + Column 4 + Column 
5 - 4,744 tons ... . .... . . . . . ... 6 

5. Minimum number of trips, assum
ing a capacity load each trip = total 
tons (Column 6) -7- capacity of ves
sel = 994 tons + 3,750 tons -7- 100 
tons = 48 trips ( = about 1 trip 
per week) . . ... ... . ........... . 7 

6. Net proceeds = gross revenue -
operating costs (Column 1) 
$150,000 - $12,965 - $137,035 8 

7. Percentage to crew (from Table 4) 
- 61 percent .. . . ... . . .. .. .. . . . 

8. Gross crew share = percentage to 
crew (Column 9) X net proceeds 
(Column 8) -7- 100 = 61 percent X 

9 

$137,035 -7- 100 = $83,591 . ..... 10 

9. Individual crew share = gross crew 
share (Column 10) -7- size of crew 
(from Table 4) = $83,591 -7- 1~ or 
10 = $7,599 to $8,359 per individ-
ual ... . ... .. .. ... . .. . ....... .. 11 

10. Owner's share = net proceeds (Col
umn 8) - gross crew share (Col
umn 10) - $137,035 - $83,591 
= $53,444 . . . . . . . . . . . . . . . . . . . .. 12 

11. Parts and repairs (using Equation 
2) = $24 + 0.0787 X owner's 
share (Column 12) + 0.0552 X 
owner's share in the preceding year 
(assumed here to be same as for the 
year 1969) = $24 + 0.0787 X 
$53,444 + 0.0552 X $53,444 = 
$7,180 ..... . . ...... .. ...... . . . 13 

12. Netting and supplies (using Equa
tion 4) = - $240 + $2 per ton 
X tons of fish landed (Column 6) 
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Table 19.-Sample calculations of predicted earnings for existing vessels, at gross revenue = $150,000 

Column I Column 2 Column 3 Column 4 Column 5 Colum n 6 Column 7 

Catch composition by value 
Vessel 

capacity Operating 
cost Mackerel T una Bonito Anchovie9 T otal fish Trips 

TonI DollarI T onI T onI TonI T OnI T onI Nu mb" 

Approximate composition of 1967 Reet 70 15,270 994 60 441 1, 125 2,6 20 38 

landings (Figure 4), i.e., 50 p erce nt 100 15,no 994 60 441 1,125 2,620 27 
macke rel, 10 percent tuna, 25 percent 120 15,270 994 60 441 1, 125 2,620 22 
bonito, and 15 percent anchovi es 150 15 ,270 994 60 441 1, 125 2,620 18 

70 12,965 994 0 0 3,750 4,744- 6 8 

50 percent mackerel and 100 12 ,965 994 0 0 3,750 4,744- 48 
50 percent anchov ies 120 12,965 994 0 0 3,750 4,744 40 

150 12,965 99~ 0 0 3,750 4,744- 32 

70 13,752 0 0 0 7,500 7,500 108 
100 13,752 0 0 0 7,500 7,500 75 

100 percent anchovies 120 13, 752 0 0 0 7,500 7,500 63 
150 13,752 0 0 0 7,500 7,500 50 

I I Column 8 Column 9 
I 

Column 10 Column \I Column 12 Col umn 13 
Vessel '-

Catch co mposi tion by value ca pacity 

I 
Net Proportionate G ross I ndividual Owner' s Pans and 

proceeds c reW share crew sha re crew sha re share repair! 

I DollarI Puunt DollarI D ollarI DollarI DollarI 

Approximate co mposi tion of 1967 Reet 

I 

70 134,730 62.5 84,206 8,42 1-9,356 50,524 6,789 

landings ( Fi gure 4), i.e ., 50 percent 100 134,73 0 6 1.0 82, 185 7,471 -8,2 19 52 ,545 7,060 
mackerel , 10 perce nt tuna, 25 . pe rce nt 120 134 ,i) 0 60.5 8 1,512 7, 41 0-8, 151 53,218 7, 150 
bonito, and t 5 percent anchOVies 150 134,73 0 58 .5 78,8 17 6,568-7,165 55,9 13 7,51 1 

70 137,035 62.5 85 ,647 8,565-9 ,516 51,388 6 ,905 

50 percent mackerel and 100 137,035 6 1.0 83 ,591 7,599-8,359 53,444 7, 180 
50 percent anchovies 120 137,035 60 .5 82 ,906 7,537-8,291 54 , 129 7,272 

150 137,035 58.5 80 , 165 6 ,680-7,288 56,870 7,639 

70 136,248 6 2.5 85 , 155 8,' 16-9,462 51,093 6,865 

100 percent anchovies 
100 136, 248 61.0 83, III 7,556-8,3 11 53, 137 7,139 
120 136, 248 60 .5 82, 4 30 7,494 -7,971 53,818 7,23 0 
150 136, 248 58 .5 79 .705 6 ,642-7,246 56,5 4 3 7,595 

-
Column 14 Column 15 Column 16 Column 17 Colum n 18 Column 19 

Catch composition by valu e 
Vessel 

capacity Netting and Payroll I nteres t State and 
suppliei I nsurance 

taxes on loa ns 
Moorago county taxes 

DollarI Dollau DollarI D ollarI D ollarI D ollarI 

Approximate compositio n of 1967 Reet 70 5,4 0 6,658 5,873 504- 450 1,480 

landings (Figure 4) , i.e., 50 percen t 100 5_480 6,858 5,758 504- 450 1,480 
mackerel. 10 percent t una, , - percen t 120 5,480 6,858 5.719 50~ 540 1,480 -) 

bonito, and 15 percent anchovies 150 5,480 7,058 5,566 504 540 1,480 

70 9,248 6,65 5,955 504 450 1,23 5 

50 percen t ma ckerel a nd 100 9,248 6 ,858 5,838 504 450 1,235 
50 percent anchov ies 120 9,248 6,858 5,799 504- 540 1,235 

150 9 ,248 7,058 5,642 504 540 1,235 

70 15 ,24 0 6,658 5,927 504 450 780 

100 percent anc hov ies 
100 15,240 6,858 5,810 504 450 78 0 
120 15 ,240 6,858 5, 772 504 540 780 
150 15 ,2 40 7,058 5,616 504 540 780 

Column 20 Colum n 21 Column 22 Colu mn 23 Column 24- Column 25 

Catch composit ion by value Vessel 
cap ac ity Ollice T otal owner' s et profi t 

E qu ity capitaJ Retu rn on 
D epreciation expenses cost! investment investment 

D ollarI DollarI D ollarI DollarI D ollarI PtrClnt 

App roximate co mposition of 1967 Reet 70 3,604 1,873 32,7 11 17,8 13 28, 162 63 .3 

landi ngs (Figure 4 ) , i.e ., 50 percent 100 3,604- 1,873 33 ,067 19,478 28 , 162 69. 2 
mackerel , 10 percent tuna, 25 percent 120 3,604 1,873 33, 208 20,010 28,1 6 2 7 1.2 
bonito, and 15 perce nt anchovies 150 3,604- 1,8 73 33,6 16 22,297 28, 162 79.2 

70 3,604 1,873 36,442 14,946 28, 162 53 .1 

50 percent mackerel and 100 3,604 1,8 73 36,790 16,65 4 28, 162 5').1 
50 perce nt anchovies 120 3,604 1,873 36,943 17, 186 28, 162 6 \.0 

150 3,604 1,873 37,353 19,517 28 , 162 69.3 

70 3,604- 1,8 73 41 ,90 1 9, 193 28 ,162 32.6 

100 percent anchovies 100 3,604 1,8 73 42,258 10,879 28 , 162 38.6 

120 3,604- 1,8 73 42,401 11,417 28, 162 40 .5 

150 3,604 1,8 73 42 ,8 10 13,733 28, 162 48.8 
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Column in 
Table 19 

= - $24 + $2 X 4,74 = $9,24 14 

1 . Insurance (u ing E quation ) = 
O. 67 X market value of ve sel + 
0.05 X value of nets + $200 per 
cr wman X maximum crew ize 
(from Table 4) = 0.0675 X $45,00 
+ 0.0500 X $24,000 (as uming t wo 
new nets at $12,000 each) + $200 
X 11 = $6,85 ... . .. . ... .. . .. 15 

14. Payroll taxe (u ing Equa ti on 7) = 
$1 ,073 + 0.057 X gro crew hare 
of net proceed (olumn 10) 
$1 ,073 + $.057 X $83,591 = $5, 3 16 

15. Interest on loans (u ing average 
value for 1967 from Table 16; the 
prospective vessel operator hould 
sub titute his actual estimate ) = 
$504 . . .. .. . . .. .. . .. . . . .. . . . . .. 17 

16. Moorage (using average paid by 
vessels under 80 feet long, Moorage 
ection) = $450 ...... . . . . . . . .. 18 

17. State and county taxes (u ing Equa
tion 8 ) = 0.001 X market value of 
ve sel + 0.07 X previou year' 
profit (a sumed here to b $17,000 ) , 
with the limitation tha t this term 
may not be les than $100 (the pr o-
p ctive vessel opera tor should sub

stitute $100 a the State tax du ring 
hi first year of operation) = 0.001 
X $45,000 + 0.07 X $17 000 = 
$1,235 . . ... . . ....... . . . . . . . .. . 19 

1 . D lrecia tion (using average value 
for 1963 to 1967 from Table 16; the 
pro pect i e ve el op rator houl d 
ub titute hi actual e timat ) = 
3604 . . .... . .. . ........ . .. .. . 20 

19. ffice expen e a nd other co t 
(u inO' a er age value for 1967 from 
Table 16) = $1 73 .... . . . .... . 21 

20. T tal 0\ n r' co = par and r -
pair ( lumn 13) + n tting and 
uppJi (olum n 1 + 

lumn 1 payr II 

olumn in 
Tabl I . 

umn 1 

umn 17 
tat 

19) 

1-

olumn 

21. t] r ti t 01-
umn 12) - t 
umn 22 ) 

16,654 . . . . ... . . . .. .. . . .... . .. ~t 

22. Equity capita l in\' , tm nt (from 
apital t ructur a nd I turn on In

ve tm n t ecti n; th actual anti 
cipa ted capital inv , tm nt :houle! h 
substitu ted by t he pro."p cLi\' \' : -
el op r ator) ~ , 16~ ........ ~ I 

23. R turn on im'e. tment n t profi t 
(Column 23 ) -;- capital in\"tm nt 
( olumn 2 1) - I G,GG I .. ~ ,lf j ~ 

= 59.1 percen t . . . ... . ........ ~:; 

b. New vessels. - B fo]' Jlr dic Ill $! Jl],of
it and retuJ'n on in\'e: tment [() J' n w \ P •• 'I . 
\\'e mu t hypothesize a cClpital : truct ul ' ( Tal,]!' 
20) . 

T abl 21 illu t J'ate: th m th llo 1I1'ri til 
predict ea rni ng for hypoth ti ca l new \ l' . t'l ' . 
The \'e . I type, ar .. I ct d from Ta l lie 17. 
The following example is k y d to T al.! ~ I hy 
column numb r . . 

. i\· n : Y .. I iz 

Ye el co t 
(including 
kiff, two 

ne • and 
pray, re

frigerati on) 

r \' nu 

11 () tlln . capacIty 
(v.· .. 1- ,\'1' 'umb r 
:) in Tabl 17) 

'~~ ),(lOU (Tit hit' 17 

1;)0,0 "' 
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Table 20.-Capital structure for new vessel owners, under various levels of government vessel-construction subsidy 

Capital structure with no subsidy: 

Vessel type Fixed capital 
(from 

T able 16) Refri ge r- Nets Tota l Working T otal Borrowed Net Vessel Sk iff allan capital 1 capital capita1 2 worth 

Dollars Dollars Dollars Dollars Dollars Dollars Dollars Dollars Dollars 

1 120,000 8,000 19,000 24,000 171 ,000 8,55 0 178,5 50 11 3,000 65,550 
2 140,000 9,000 19,000 24,000 192,000 9,600 200,600 127,000 73,600 
3 160,000 9,000 19,000 24,000 212 ,000 10.600 22 1,600 140,000 81 ,600 
4- 140,000 10,000 21,000 24,000 195,000 9 ,75 0 203,750 129,000 74 ,750 
5 170,000 11 ,000 21,000 24 ,000 226,000 11 ,300 236 ,3 00 150,000 86.300 
6 285,000 14 .000 23,000 24,000 346,000 17,300 362,300 230,000 132,300 
7 200,000 14 ,000 23,000 24,000 26 1,000 13,050 273 ,050 173,000 100,050 
8 190,000 14 ,000 23,000 24,000 25 1,000 12,550 262 ,550 166,000 96,550 
9 400,000 15,000 25,000 24,000 464,000 23,200 486,200 308,000 178,200 

10 260.000 14 ,000 25,000 24,000 323,000 16, 150 338, 150 214 ,000 124 ,1 SO 
II 230,000 14,000 25 ,000 24 ,000 293,000 14 ,650 306,650 194,000 11 2,650 
12 290 ,000 15,000 25 ,000 24,000 354,000 17,700 370,000 235,000 135 ,700 

Capital st ru ctu re with 40-percent subsidy: 
Vessel type 

(f rom Fixed capital 
Table 16) Working T otal Borrowed Net 

Vessel 3 Nets Total capita}l capital capiul2 worth 

Dollars Dollars Dollars Dollars D ollars Dollars Dollars 

I 88,000 24,000 11 2,000 8,550 120,550 75,000 45,550 
2 101.000 24,000 12 5.000 9,600 134 ,600 83 ,000 5 I ,600 
3 11 3,000 24,000 137,000 10,600 147,600 9 1,000 56,600 
4- 103 ,000 24,000 127,000 9,750 136,750 85,000 51 ,750 
5 121,000 24,000 14 5,000 11 .300 156,300 97,000 59, 300 
6 193,000 24 ,000 217 ,000 17,300 234,300 145 ,000 89,300 
7 14 2,000 24 ,000 166,000 13 ,050 179,050 111 ,000 68,050 
8 136,000 24,000 160,000 12.550 172,550 107,000 65 ,550 
9 264,000 24,000 288,000 23,200 3 11 ,200 192,000 119,200 

10 179,000 24,000 203,000 16, I SO 219, 150 135,000 84, 150 
II 16 1,000 24,000 105,000 14,65 0 199,650 123,000 76,650 
12 198,000 24,000 222 ,000 17,700 239,700 148,000 91,700 

Capital st ructure with 50 percent subsidy' 
Vessel type 

(from Fixed capita l 
T able 16) Working Total Borrowed Net 

Vessel 3 Nets T otal capitaP capita l capita12 worth 
---

Dollars Dollars Dollars Dollars Dollars Dollars Dollars 

I 73,500 24,000 97,500 8,550 106,050 65,000 41 ,050 
2 84,000 24 ,000 108 ,000 9,600 11 7,600 72,000 45 ,600 
l 94,000 24,000 11 8,000 10,600 128,600 79 ,000 49,600 
4- 86,000 24,000 110,000 9,750 11 9,7 50 73,000 46, 750 
5 101 ,000 24,000 125 ,000 11 ,300 136,300 83 ,000 53 ,300 
6 16 1,000 24,000 105,000 17,300 202 ,300 123,000 79,300 
7 11 8,000 24,000 14 2,000 13,050 155 ,050 95,000 60,050 
8 114 ,000 24,000 138,000 12 ,550 150,550 92,000 58 ,550 
9 220,000 24,000 244,000 23,200 267,200 163,000 104 ,200 

10 150,000 24,000 174,000 16, 1 SO 190, I SO 11 6,000 74, 150 
II 135,000 24,000 159,000 14 ,6 50 173,650 106,000 67,650 
12 165,000 24,000 189,000 17, 700 206 ,700 126,000 80,700 

1 \\'orking capi tal consi sts of 5 perce nt of full va l ue of fixed capita l. 
Borrowed iapilai consists of 66.6 perce nt of fixed cap ital. 

3 For subsidized vessels, the fixed capital in the vessel includes the skiff and the ref rigerat ion . 
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erel landin -0- pri p r ton 1'01' 

1967 (from Tabl "; th ll lTt'nt 

price hould be ub ti tut d by the 
pro pective ve 1 p r a tor ) 
$75,000 -0- $7"".50 per t n = 1.03 t 
tons ... . ....... . . ..... . .. . 

3. Tons of anchovie = the va lue of 
anchovy landings -0- the price per 
ton of anchovies (from Table 3; the 
current price should be substituted 
by the prospective vessel operator) 
= $75,000 -0- $20 per ton = 3,750 
tons .... . . .. . .. . . ... ......... . 

4. Total tons of fish = Column 2 + 
Column 3 = Column 4 + Column 
5 = 4,784 ton ... . . . .. . . ... . . . 

5. Minimum number of trips, assuming 
a capacity load each trip = total 
tons (Column 6) -0- capacity of the 
vessel = 4,784 -0- 110 tons per trip 
= 44 trips .... ...... . . ....... . 

6. Net proceeds = gross r evenue 
operating costs (Column 1) 
$150,000 - $12,964 = $137,036 

7. Percentage to crew (from Table 4) 
= 60.5 percent . ..... ... ..... . . 

8. Gross crew share = percentage to 
crew (Column 9) X net proceeds 
( olumn 8) = 60.5 percent X 
$137,036 = $82,907 . .. ....... . . 

Individual crew shar e = the gros 
crew hare (Column 10) -0- the ize 
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Table 21.-Sample calculations of predicted earnings for new vessels, 

Catch composition 
by value 

Approxi male composition of 1967 Reet 
landings (Figure 4), i.e., 50 percent 
mackerel, 10 percent tuna , 25 percen t 
bonito, and 15 percent anchovies 

50 perce nt ma ckerel and 
50 percent anchovies 

100 percent anc hovies 

Ca tch composition 
by value 

Approximate composition of 1967 Reet 
landings ( Fi gu re 4 ), I. e., 50 percen t 
mackerel, 10 percent tuna . 25 percent 
bonito, and 15 percent an chovies 

50 percent mackerel and 
50 percent anc hovie6 

100 percent anchovies 

Vessel 
capacity 

Ton s 
66 

11 0 
154 
2 10 
2M 

66 
11 0 
154 
2 10 
2M 

66 
110 
154 
2 10 
2M 

Vessel 
capacity 

Tons 
66 

110 
1H 
2 10 
264 

66 
110 
154 
210 
264 

66 
11 0 
1H 
210 
264 

Colu mn I 

Operating 
cost 

Dol/arJ 
15, 11 9 
15, 11 9 
15, 11 9 
15, 11 9 
15,119 

12,964 
1 2,96~ 
12,964 
12 ,96~ 
12,964 

13,75 2 
13,7 52 
13,752 
1 J, 7 52 
13, 752 

Column 14 

Neuing and 
supplies 

Dol/arJ 
5, 102 
5, 102 
5, 102 
5,102 
5,102 

9 ,328 
9,328 
9,3 28 
9,328 
9,328 

14 ,760 
14 ,760 
14 ,760 
14 ,760 
1~ ,760 

Column in 
Table 21 

(unsubsidized portion) exclusive of 
nets + 0.2 X value of nets = 0.057 
X $202,000 + 0,2 X $24,000 = 
$16,314 , ... . ... , .. .... . , . .... . 20 

19. Office expenses and other costs 
(using the average value for 1967 
from Table 16) = $1,873 .. .... . 21 

20, Total owner's costs = parts and re
pairs (Column 13) + netting and 
supplies (Column 14) + insurance 
(Column 15) + payroll taxes (Col
umn 16) + interest on loans (Col
umn 17) + moorage (Column 18) 
+ State and county taxes (Col
umn 19) + depreciation (Column 
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Column 2 

Mackerel 

TonJ 
1,03 4 
1,034 
1,034 
1,034 
1,034 

1,0 34 
1,03 4 
1,034 
I ,OH 
1,034 

0 
0 
0 
0 
0 

Column 15 

Insurance 

Dol/arJ 
9,500 

10,975 
12 , 11 2 
13,688 
15,975 

9,500 
10,975 
12 , 112 
13,688 
15,975 

9,500 
10,975 
12, 11 2 
13,688 
15,975 

Column 3 

Tu na 

T onI 
60 
60 
60 
60 
60 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

Column 

Payroll 
taxes 

Dol/arJ 
5,878 
5,724 
5,494 
5,494 
5,494 

5,955 
5,799 
5,564 
5,564 
5,564 

5,927 
5,772 
5,539 
5,5 39 
5,5 39 

Column 4 Column 5 Column 6 Column 7 

Bonito Anchovi .. T otal fis h T rips 

T onJ TO'ns Tons Numb" 
452 1, 125 2,67 1 4 1 
452 1, 125 2,67 1 25 
45 2 1, 125 2,67 1 18 
452 1, 125 2,67 1 13 
452 1,125 2,67 1 11 

0 3,750 4 ,784 73 
0 3,750 4,784 44 
0 3,750 4,784 31 
0 3,750 4,784 23 
0 3,750 4 ,784 19 

0 7,5 00 7,500 11 4 
0 7,500 7,500 69 
0 7,500 7,500 49 
0 7,500 7,500 36 
0 7,500 7,500 29 

16 Column 17 Column 18 Column 19 

I nterest Moorage on loans 

Dol/arJ Dol/arJ 
9,525 450 

11 ,250 450 
12,450 450 
14,550 540 
17,625 540 

9,525 450 
11 ,250 450 
12,450 450 
14,500 540 
17,6 25 540 

9,525 450 
11 ,250 450 
12,450 450 
14 ,550 540 
17,625 540 

State and 
county taxes 

Dol/arJ 
292 
226 
25 1 
293 
354 

192 
226 
25 1 
293 
354 

192 
226 
25 1 
293 
354 

Column in 
Table 21 

20 ) + office expenses and other 
costs (Column 21 ) $4,897 + 
$9,328 + $10,975 + $5,799 + 
$11,250 + $450 + $226 + $16,314 
+ $1,873 = $61,112 . ... , . . . . . . . 22 

21. Net profit = owner's share (Col
umn 12) - total owner's costs (Col
umn 22 ) = $54,129 - $61,112 = 
- $6,983 . .. . . , .. , ... . . . ... . .. . 23 

22. Capita l investment (net worth in 
Table 20 ) = $86,000 . . ... .. , . . .. 24 

23. Return on investment = net profit 
(Column 23) -7- capita l investment 
(Column 24) = -$6,983 -7- $86,300 
= - 8.1 percent.. . . . .. .. . .... 25 



at gross revenue $150,000 and with no onstruction ubsidy 

Catch composition 
by valu e 

Approxi male com position or 1967 fl eet 
landings (Figu re 4) , i.e., 50 pe rcent 
macke rel , 10 percent tun a , 25 percent 
bon ito , and 15 percent anchovies 

50 percen t mackerel and 
50 percent an hovie. 

100 percent anchovies 

V<ss.t 
ca paci ty 

TonI 
66 

110 
15+ 
210 
264 

66 
110 
154 
2 10 
264 

66 
110 
154 
210 
264 

Column 8 

Net 
proceeds 

Dol/ar! 
134, I 
134.8 I 
134,881 
IH,88 1 
134,88 1 

137,036 
137,036 
137,03 6 
137,03 6 
137,0 36 

136,248 
136,248 
136,248 
! 36, 248 
136.248 

Column 20 

Column 9 Column 10 

Proportionate Gro\!I 
crew share crew shue 

P~r(("l 

62.5 
60.5 
57.5 
57 .5 
57.5 

62.5 
60 .5 
57 .5 
57 .5 
57.5 

62.5 
60 .5 
57.5 
57 .5 
57.5 

Column 21 

Dol/ar! 
84.101 
81,603 
77,557 
77,557 
77,557 

85,647 
82,907 
78,7'16 
78,796 
78,796 

85,155 
82,430 
7 ,343 
78,H3 
78,H3 

Column 22 

Column II 

Ind,vidu.l 
cre\l,' ,hare 

Dol/ar! 
8,410-9,36-
7,41 - , I bO 
6. 46 3-';' .051 
6,463 7,051 
6,463-7,05 I 

8,565-'1.516 
7,537- ,29 1 
6,566-7,163 
6,566-7,163 
6,566-7, I 63 

8,5 I 6-'1,462 
7,494-8,241 
6,529-7.122 
6,529-7,112 
6,51'1-7, 122 

Column 23 

---,...-, ----. 
Column 11 

Dol/d,! 
10," 0 
13,1-
'; .3~ 4 

57,114 
57,324 

11,1 'I 
51 11'1 
5 .240 
5 ,14U 
5 ,2 40 

5 I ,0'1) 
5.1 I 
57,'>05 
5-,QOi 
~-,QO:; 

Column 24 

Column IJ 

PorI .nd 
rcp~ut 

Dol/dO 
1, )(, 
4. '1-
i.~ I; 

10,6 6 
13,0 4 

2,16 
4, q7 
7,2 5 

IO,bQ6 
11 ,0 4 

2,16 
4, '1-
7,1 5 

10.6<)(, 
1.1 0 4 

Column 1\ 
Catch composit ion 

by value 
Vessel 

ca pacity 
~------r--------r~-----'r-------~----~~~-----

Office T otal 0\\ ner's I F...qult)' capital Return on D eprecia tion '\et profit . ___________________________ -+ ________ -+ _______ -r ___ ex_p~en-s-.. --+_--~c-o~st-' _+-________ ~I_'_n_\e_st_me_nt __ +_-'n-\-e-tm-e-nt 

Dol/a,! Dol/a , ! Dollo,! Dolla,! I Dollo,! P"lf"1 T 01u 

66 
110 
154-
21 0 
264 

Approximate composition of 1967 Reet 
landings ( Fi gure 4 ), i.e., 50 pe rce nt 
ma ckerel, 10 perce nt tu na, 25 perce nt 
bonito. and 15 perce nt anchovies 

50 percent mackerel and 
50 percent anchovies 

100 perce nt anchovies 

66 
11 0 
154-
2 10 
264 

66 
110 
154 
210 
264 

14, 376 1,8il 49,164 1,416 ;1,1,00 1 '1 
16.3 14 1,873 56, I I -i,531 oO,iOI) - 4 I 
17,739 1,873 62,i56 -5,412 'II..;'f) ; t, 
20,133 1,873 72,3 69 - 15.045 112.1,;0 - IJ I 
23,6 10 1,873 83,657 -26,333 11; -I)U Iq 4 

14 ,376 1. 873 53,367 -1,'178 -3.WO 
16.3 14 1,873 61, 11 2 -6.9 1 8(,,)00 
17,739 1,873 67,052 -8,812 '16.5;0 
20 , 133 I , 73 76,665 -I .415 112,b50 
23,6 10 1,873 87,953 -1'1,i11 I i;,700 

14 ,376 I. 73 58,771 -7,678 7).600 
16,3 14 1,873 66,5 17 -12,6'19 S/),1(JI) 

17,739 1,873 72,459 - 14 ,554 Q6.'\0 
20, 133 1,873 82,072 -24,167 112.6iO 
23,6 10 1,873 93.300 -35,455 I i,,;OO 

- S I 
-91 

-16 I 
-11 q 

-104 
-14 -

15 I 
-21 \ 

________________________ ~ ________ L_ ______ ~ ______ ~ __________ ~ ______ J_ _____ _ 

III. ECONOMIC FEASIBILITY OF FLEET EXPANSION AND 
NEW-VESSEL CONSTRUCTION 

1. Summary Table 'We can use our model to calculate the 
feasibi lity of expand ing the fleet and of con
structing new ve sels, We consider first the 
expansion of the fleet with existing vessels 
and then con ider the addition of new con
struction, 

Table 22 summarize predicted earning-: 
for old vessels under Yal'ying conclition. of 
gr oss revenue, 

A. FLEET EXPANSION 
WITH EXISTING VESSELS 

In this section, we pre ent a table um
marizing predicted earning for old ves els, 
and then analyze the table and reach a con
elu ion a to the economic feasibility of fl eet 
expan ion with e i ing urplu ve el f rom 
other fi h rie , 

2. Analysis of Summary Table and 
Conclusions 

Wi thin the limits of the . ummary tahle 
(Table 22), the cr w hare i. mo:t atf c d 
by the size of the yes el (maximum IT t at 

200,000 gl'O re\'enue - 3,01.») and i. I 
affected by the pecie compoc ition of h catch 
(maximum eff ct at 200,000 groc'. r \' nu 

179) , The highect crew, hal' a any I \" I 
of revenue i achi \' d on a 70- on \'e.. I wi h 
a half-mackerel, half-ancho\'Y catch, by ndu 
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Table 22.- Summary table of predicted annual earnings for existing vessels 

Summa ry of earnings data when landin~s are composed, by value, of : 

Vessel Sa me species in sa me proponions as in 
Gross s ize 100 percent mackerel 

revenue ( capa-
landings fo r 1967 ( Fi gure 4) 

" cit)') I crew Profit Return on Landings I crew Profi t Return on 
Landings share Of loss investmen t share or loss invest ment 

Dolla,! Tons T ons Dolla,! Dolla,! PUCl nt Tons Dolla,! Puant 

50.000 70 871 2.745 -4 ,88 2 -17.3 663 2,258 -3 ,1 87 -11 .3 

100 871 2,411 -4,534- -1 6 .1 663 2,204 -2,970 -10.5 

120 871 2,392 -4,H2 - 15 .8 663 2, 186 -2,878 -10.2 

150 871 2, 102 - 3,9 13 - 13.9 663 2, 11 4 -2,343 - 8.3 

100, 000 70 1,742 6, 068 5,828 20 .7 1,326 6,080 7,328 26.0 

100 1, 742 - ,33 0 6,829 24 .2 1,326 5,340 8,34 1 29 .6 
120 1,742 5,287 7,1 42 25 .4 1,326 5,297 8,745 31. 1 

150 1,742 4,647 8,696 30.9 1,326 4,656 10,071 35 .8 

150, 000 70 2,620 9, 350 17,813 63.3 1,988 9,396 19, 188 68. 1 
100 2.620 8,2 19 19 ,478 69.2 1,988 8,25 4 20,86 1 74 .1 
12() 2.620 8, 151 20,010 7 1. 2 1,988 8, 186 22 ,004 78. 1 
15() 2,620 7,1 6 5 22,297 79 .2 1,988 7, 196 23,694 84 .1 

200,000 70 3,4 84 12,696 29 ,035 103. 1 2, 652 12,719 30,544 108.5 
100 3,44- I 1, 152 31, 373 111.4 2,652 11 , 132 32,88 1 11 6,8 
120 3,4 84 11 ,06 1 32 , 121 114 .1 2,65 2 11 ,08 1 33,629 11 9.4 
150 3,484 9,723 35,353 125 .5 2,652 9,740 36,8 17 130 .7 

Summary o f ea rnin gs data when la nd in gs are composed, by value. of: 

\ ·esse! 
Gros~ s ize 50 percent mackerel , 50 percent anchovies 100 percent anchovies 

revenue (ca pa 
cit)') 

I crew Profit Landin gs 
share or loss 

Dolla,! Tons Ton s Dolla,! Dolla,! 

50,000 70 1,56 1 2,799 -6,0 37 
100 1,56 1 2,459 -5 ,678 
120 1,56 1 2,4 39 -5 ,583 
i 50 1,56 1 2, IH -5,Q38 

100,000 70 3, 122 6 , 157 4,576 
100 3,122 5,408 5,604 
120 3,122 5,3 65 5,917 
150 3,122 4,7 15 7,361 

150 ,000 70 4 ,744- 9,5 16 14 ,946 
100 4 ,7 44 8 ,3 59 16 ,644 
120 4,7 H 8. 29 1 17,186 
150 4,7 4+ 7,288 19,517 

200,000 70 6, 2H 12,87 5 24,728 
100 6, 2H II ,3 09 27 ,037 
120 6 ,2H 11 ,217 27 ,893 
150 6 ,244 9 ,860 31,026 

For the vessel operator, profit and return on 
investment are most a ffected by the composi
tion of the catch (maximum effect at $200,000 
gross revenue = $13,386, between 100 percent 
mackerel and 100 percent anchovy catch). A 
dichotomy of interest exists between the crew
man and the vessel owner in that the effect 
of vessel size on profit and return on invest
ment is opposite to that on crew share (max
imum effect at $200,000 = $2,730 ). The high
est profit and return on investment a t any 
level of revenue is on a 150-ton vessel with 
an all-mackerel catch. The break-even point 
for a 150-ton vessel ranges from a gross r ev
enue of about $65,000 for an all-mackerel 

132 

Return on I crew Profit Return on 
inves tmen t Landings share or loss invest men t 

Ptrct nt Ton! Dolla,! Dolla,! Ptrctnt 

-21.4 2,500 2,78 1 - 7,93 4 -28 ,2 

-20.2 2,500 2,44 3 -7,635 -27. 1 
-1 9 .8 2,500 2,4 23 - 7, 54 1 -26.8 
-17 .9 2,500 2, 130 -7,001 -24 .9 

16 .2 5,000 6, 121 9 19 3.3 
19.9 5,000 5,377 1,9 11 6 .8 
21.0 5.000 5,33 3 2,200 7.8 
26 , 1 5,000 4, 688 3,528 12,5 

53. 1 7,500 9,462 9, 192 32 ,6 
59 .1 7,500 8,3 11 10,879 38.6 
61.0 7,500 7,97 1 11 ,41 7 40 .5 
69 .3 7,500 7,246 13,733 48,8 

87 .8 10,000 12 ,802 17,324 61.5 
96 .0 10,000 11 ,245 19,683 69.9 
99 .0 10,000 11, 15 3 20,445 72 .6 

110.1 10,000 9,804 23,4 31 83. 2 

catch to about $90,000 for an all-anchovy catch. 
We conclude that , g iven favorable market con
ditions, it is economica lly feasible to expand 
the wetfish fleet with surplus vessels from other 
fi sheries at present levels of landings and 
prices. 

B. FLEET EXPANSION AND BOAT 
REPLACEMENT WITH NEW BOATS 
Using the same approach as with old ves

sels, we first present our tables summarizing 
the data and then present our analyses of the 
tables and our conclusions regarding the eco
nomic feasibility of new-vessel construction. 



1. Summary Tables 
Tables 23A, 23B, 23C, and 24 summarize 

predicted earnings under varying conditions of 
gross revenue, size of vessel, composition of 
catch, and construction subsidy. For these 
computations we assumed an arbitrary 7.5 per
cent interest rate on borrowed capital, which 
in turn was set also arbitrarily at 66.6 percent 
of fixed capital (Table 20). In this way the 
return to total capital has been split into two 
parts: return to borrowed capital (in the form 
of interest paid, as part of fixed costs) and re
turn to equity capital (in the form of profits, 
as shown in Tables 23A, B, and C) . The rate 
of return to equity capital depends then on 
the assumed interest rate on corrowed capital. 
Since this interest rate may vary greatly, it 
is appropriate to calculate the rate of return 
to total capital as an alternative way of ex
pressing the return on investment. For this 
purpose the interest costs were added to profits, 
and the new profit values were then related 
to total capital from Table 20. These r ates 
of return to total capital are summarized in 
Table 24. 

2. Analysis of Summary Tables and 
Conclusions 

As was found for vessels of the type now 
in use (Table 22), the crew share is most 
affected by the size of the vessel. Profit is 
also greatly affected by the size of the vessel 
(maximum effect at $250,000 gross revenue 
with a 50-percent subsidy = $14,310). Profit 
is most affected by the species compo ition of 
the catch (maximum effect at $250,000 gro~s 
revenue with 50-percent subsidy = $17,982). 
The highest profit at the $250,000 level of 
gross revenue is attained on the 154-ton ves
sel with an all-mackerel catch. At lower levels 
of gross revenue, the profit is greatest with the 
smallest vessel (66 tons capacity). The high
est rate of return on investment is also with 
the smallest vessel, at all levels of gross reve
nue. The break-even point for a 66-ton vessel 
with no subsidy and with an all-mackerel catch 
is about $140,000, which is near the upper end 
of the range of gross revenue for the existing 
fleet in 1967 (Figure 8) . A new 66-ton vessel, 
landing a catch with the same species compo-

sition as that in the 1967 landing of the fle t, 
would have to have a gro s revenue of 0 er 
$250,000 to achieve the level of profit obtained 
by the top boats in the exi ting fl et in 1967 
($30,000, about a 30-percent return on inve t
ment for a new 66-ton ves"el ) . This re enue 
is well above the maximum achieved by any 
boat in the existing fl eet in any year. With a 
50-percent construction subsidy, the amount of 
revenue needed drops to about $~25,000, which 
is still a very high figure r elative to the revenue 
obtained by the fleet in the past. For an all
anchovy catch, the break-even point for a 66-
ton vessel with a 50-percent subsidy is about 
$145,000 gross revenue (7,250 ton of ancho
vies, or 110 capacity load ), and the profi t at 
$250,000 gross r evenue (12,500 tons of an
chovies, or 190 capacity loads--a probably un
achievable rate of catch) is on ly $22,321, an 
amount less than the profit for the top vessels 
in the existing fleet in 1967. 

The predicted unprofitability of new vessels 
is caused by the high investment base. The 
lowest cost of a new vessel (from Table 20) 
is $147,000 (vessel with skiff and refrigera
tion) , whereas the average market value of a 
vessel in the existing fleet is $45,000. This 
difference in value causes an extremely high 
increase in the fo llowing categories of fi xed 
costs : insurance, depreciation , and interest on 
capital. The increase in fixed costs is pa rtly 
offset by lower repair costs on new vessels. On 
two comparable vessels, for example, shown 
in the ample calculations of foregoin g sections, 
the total owner's costs at a level of $1 50,000 
gross r evenue have r isen from $36,800 on an 
old vessel to $61,112 on a new one. This means 
a 66-percent increase in owner' cost effected 
by higher investment costs, while the owner 's 
share in net proceeds from fi hing remains on 
the same level (about $54,000). 

We mu t conclude that, at pre ent catch 
rates and fish prices, the construction of new 
wettish seiners, even with construction sub
sidies, for either vessel replacement or fl eet 
expansion is not economically f a ible. This 
situation may change in the future if the effi
ciency of wetfish seining can be improved 
through technological re earch or if new mar
kets can be developed that wil l yield higher 
price for wetfi h. 
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I-' 
CJ.:) ..,. 

Gross 
r~vcnue 

Dollars 

100,000 

150,000 

200,000 

250,000 

G ross 
reven ue 

Dollars 

100,000 

150,000 

Vessel 
sizQ 

( ca pa-
ci ty) 

Ton! 

66 
110 
154-
21 0 
2M 

66 
11 0 
154-
210 
264 

66 
11 0 
I s<\' 
210 
264 

66 
110 
154-
210 
264-

Vessel 
s ize 

( capa-
c ity) 

TonI 

66 
110 
154 
210 
264 

66 
110 
154-
210 
264 

Table 23A,-Summary table of predicted annual earnings for new vessels, with no conslwction subsidy 

Summary of ea rnings data when landings are composed, by valu e, of: 

Sarno species in same proportions as in 
land ings for 1967 (Figulc 4) 

100 percent mackerel 50 percent mackerel. 50 percent anchovies 100 percent anchovies 

1 crew Profir Return on I (rew Profit Return on 1 I uew Profit Return on I crew P rofit Return on 
L andings share or loss investment Land ings share or loss investment Landingi share o r loss invest ment 

Landings share o r loss in vest ment 

Tons Dollars Dollars PU((1tt Ton I Dollars Dollars Ptrunt Ton! Dollars Dollars [> au nt Ton! D ollars Dolla rs Puctnt 

1,78 L 6.058 -12,873 - 17.5 1,179 6,194 - 11 ,404 - 15.5 3, 190 6, I 58 - 15,204 -20.7 5.000 6, 121 - 19,001 -25.8 

1,78 1 5,278 - 18,930 -21.9 1,379 5,396 - 17 ,4 19 -20.2 3, 190 5,165 -2 1.230 -24.6 5,000 5,333 -25,040 -29.0 

1,78 1 4,560 -22,339 -23. 1 1,379 4,663 -20,765 -21.5 3, 190 4,635 -24,493 -25.5 5,000 4,608 -28,419 -29.4 

1,78 1 4, 560 -3 1,952 -28.4 1,379 4,663 -30,378 -27.0 3, 190 4,635 -34,206 -30.4 5,000 4,608 -38,032 -33.8 

1,78 1 4,560 - 43,240 -31.9 1, 379 4,663 - 41 ,666 -30.7 3, 190 4,635 - 45,494 -33.5 5,000 4,608 - 49,320 -36.3 

2,67 1 9,367 1,41 6 1.9 2,069 9.571 3,476 4.7 4,784 9,5 16 -1.978 -2.7 7,500 9,462 -7,678 - 10.4 

2,67 1 8,160 -3,533 - 4.1 2,069 8,338 - 1,269 -1.5 4,784 8.291 -6,983 -8. 1 7,50(J 8,243 - 12 ,699 - 14 .7 

2,67 1 7,05 I -5,432 -5.6 2,069 7,204 -3.037 -3. 1 4,784 7, 163 -8,8 12 -9.1 7,500 7, 122 - 14 ,554 - 15. 1 

2,67 1 7,05 I - 15,045 - 13.4 2,069 7,204 - 12,650 - 11. 2 4.784- 7,163 - 18,42 5 - 16.4 7,500 7,122 -24,167 - 21.5 

2,67 1 7,05 I -26,333 - 19.4 2,069 7,204 -23,938 - 17.6 4,78 .. 7, 161 -29,7 13 -2 1.9 7,500 7,122 -35,455 -26.1 

3,56 1 12,676 14 ,864 20 .2 2,7 59 12,94 8 17,609 23 .9 6,378 12,874 10,5 12 14.3 10,000 12,803 3,407 4.6 

3,5 6 1 11,042 11 ,088 12.8 2,759 11,280 13,908 16. 1 6,378 11,2 17 5,854 6.8 10,000 11,153 -358 -.4 

3,56 1 9,542 10,724 11 .1 2,759 9,745 13,730 14 .2 6,178 9,69 1 6.513 6.7 10.000 9,636 -242 -.3 

3,56 1 9,542 1,740 1.5 2,759 9,745 4,7 46 4.2 6,178 9,691 -2,6H -2.3 10,000 9,636 -9,855 -8.7 

3,56 1 9,542 -9,426 -6.9 2,759 9,745 -6,2 10 - 4.6 6,378 9,69 1 -13,932 -10.3 10,000 9,636 -2 1, 14 3 -15 .6 

4,45 2 15,984 28 ,3 10 38.5 3,449 16,325 31,743 43.1 7,974 16,233 22,867 31.1 12 ,500 16, 14 2 13,99 1 19.0 

4,45 2 13,925 25,475 29 .5 3,449 14 ,222 29,001 33 .6 7,974 14 ,142 20,101 23.3 12,100 14 ,063 11 ,200 13.0 

4,452 12,031 26,524 27.5 3,449 12,286 30,298 31.4 7,974 12,2 19 21,258 22 .0 12 ,500 12, 151 12,3 16 12 .8 

4,452 12,03 1 17,5 40 15.6 3,449 12,286 21.3 14 18.9 7.974 12,2 19 12,214 10 .9 12,500 12, 151 3,332 3.0 

4,452 12,031 6,99 1 5.2 3,44 9 12,286 10,765 7.9 7,974 12,219 1,72 5 1.3 12.500 12, 151 - 7,723 - 5.7 

T able 23B,-Summary table of predicted annual earnings fo r new vessels, wi th 40-percent construction subsidy 

Summary of earnings data when landings are composed, by value , of: 

Sarno spec ies in sa me prof0rlions as in 
landi ngs for 1967 (' igu re 4) 100 perce nt mackerel 50 percent mackerel, 50 percent anchovies 100 percen l anchovies 

I crew Profit Retu rn on 1 crew ProGt R etu rn on 1 crew Profit Return on L anding. I crew Profi t Return on 
L and ings sha re or loss invest men t L andings sha re o r loss investment Landi ng~ share or loss invest ment share or loss investment 

T onI Dollars Dollars P UClllt T OIlI Dollars Dollars Puu nt T Ott} Dollars Dollars P,runt TonI Dollars Dollars Puct'nt 

1,781 6,058 -5,754 - 11.2 1,379 6, 194 -4,285 -8.3 3, 190 6, 158 - 8,085 - 15.7 5,000 6, 121 - 11,882 -23.0 
1,78 1 5,278 - 10, 338 - 17.4 1,379 5,396 -8,827 - 14 .9 3, 190 5,365 - 12,638 -21.3 5,000 5,333 - 16,448 -27 .7 
1,78 1 4,5 60 - 12,727 - 19.4 1,379 4,663 - 11 ,153 - 17.0 3, 190 4,635 - 14 ,981 -22 .9 5,000 4,608 -18,807 -28 .7 
1,781 4,560 -20,4 71 -26.7 1,379 4,663 - 18,897 -24.7 3, 190 4,635 -27 ,725 -29.6 5,000 4,608 -26,551 -34 .6 
1, 78 1 4,560 -29, 19 1 -31.8 1,379 4,663 - 27,6 17 -30 .1 3, 190 4,635 -3 1,44 5 -34.3 5,000 4,608 - 35,27 1 -38 .5 

2,67 1 9,367 8,070 15.6 2,069 9,57 1 9,722 18.8 4, 784 9,516 4,805 9.3 7,500 9,462 -559 -1. 1 
2,67 1 8,160 4,728 8.0 2,069 8,338 6,633 11 .2 4, 784 8, 296 1,504 2.5 7,500 8,243 -4, 107 - 6.9 
2,671 7,05 1 3,907 6.0 2,069 7,204- 6,16 1 9.4 4,784 7, 163 700 1.1 7, 500 7, 122 -4 ,942 -7 .5 
2,67 1 7,051 -3,564 - 4.6 2,069 7,204 - 1,169 - 1.5 4,784 7,163 -6,944 -9. 1 7,500 7,122 - 12,686 - 16.6 
2,67 1 7,051 - 12,638 - 13.8 2,069 7,204 -9,889 - 10.8 4,784 7,163 - 15,664 - 17. 1 7,500 7, 122 -2 1,406 -23.3 

---
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Table 23B.-Continued 

Summary of earnings data when landings are composed, by v alue, of: 

Vessel Sam! species in same proponions as in 
Gross size land ings for 1967 (Figu re 4) 100 percent mackerel 50 percent macke rel , 50 percent anchovies 100 percent anchov ies 

revenue (capa-
city) 1 crew Profit Return on I crew Profit Retu rn on I crew Profi t Return on Landings 1 crew Profit 

Land ings 
sha r~ or loss investment L a ndin gs 

shar~ or loss investme nt La ndings sham or loss investment share or loss 
-

D ollars T ons TonI D ollars D ollars P Uct1l t TonI D ollars D ollars Puunt TonI D ollars Dollars Ptrctnt T ons Dollars Dollars 

66 3.56 1 12,676 21,518 41. 7 2,759. 12,948 23,449 45.4 6,378 12,874 17, 165 33.3 10.000 12.803 10,059 
110 3. 561 11 .042 19. 11 8 32.2 2.759 II ,280 21,5 15 36.3 6 ,3 78 11 ,217 14 .8 18 25 .0 10.000 11.153 7.695 

200.000 154 3,56 1 9,542 19,708 30.7 2,759 9.745 22.71 3 34.6 6.378 9.69 1 15.496 23.6 10.000 9.636 8.339 
210 3.561 9.542 12.471 16.3 2.759 9.745 15.47 5 20.2 6.378 9.69 1 8.258 10.8 10.000 9.636 1.079 
264 3,561 9,5 42 4,322 4.7 2,759 9,74 5 7,326 8.0 6,378 9,69 1 17 0 10,000 9,636 -7,54 1 

66 4,452 15,984 34 ,964 67.8 3,449 16, 325 37 ,176 72.0 7,974 16,233 29 ,520 57 .2 12,500 16, 142 20,644 
110 4,452 13,925 33,505 56 .5 3,449 14 ,222 36,3 97 6 1.4 7.974 14 ,142 28, 131 47.4 12,5 00 14 ,063 19,259 

250,000 154 4,452 12,031 35,508 54 .2 3,449 12,286 39, 281 59.9 7,974 12,2 19 32,3 58 49.4 12,500 12, 151 21,299 
21 0 4,452 12,03 I 28,270 36.9 3,449 12,286 32,04 3 41.8 7,974 12,2 19 23 ,004 30.0 12,500 12,151 14,062 
264 4,452 12,03 I 20, 121 21.9 3,449 12 ,286 23 ,894 26.0 7,974 12,2 19 14,901 16. 2 12,500 12,151 5,9 12 

Table 23C.-Summary table of predicted annual earnings for new vessels, with 50-percent construction subsidy 
-

Summary of earnings data when landings are composed, by valu e, of : 

Vessel Sarno species in sa me proport ion s as in G ross size 100 percent mackerel 50 perce nt mackerel , 50 percent anchovies 100 percent anchovies 
revenue (capa - la ndin gs for 1967 (Figure 4) 

city) I crew Profit Retu rn o n 1 crew Profit Return on I crew Profit Return o n Landings I crew P rofit Landings share or loss investment Landings share or loss invest ment Landings share or loss investmen t share or loss 

Dol/arS TonI TonI Dol/ars Dol/arS Peran t TonI D ollarS Dol/arS Puctnt TonI DollarS Dol/ar! Ptrant T onI D ol/arS Dol/arS 

66 1,78 1 6,058 -3,960 -8 .7 I.3 79 6,194 -2,49 1 -5 .5 3, 190 6, 158 - 6, 29 1 -1 3.8 5,000 6,121 -10,088 
110 1,78 1 5.278 -8, 148 -1 5.3 1,379 5,3% -6,637 -12 .4 3, 190 5.J65 - 10,448 -19.6 5,000 5,333 -14,258 

100,000 154 1,78 1 4,560 -10,3 48 -17.7 1,379 4.663 -8 ,774 -15 .0 3, 190 4,63 5 -12 ,602 -21.5 5,000 4,608 -1 6,428 
210 1,78 1 4,560 -1 7,7 14 - 26.2 1,379 4,663 -16.140 -23 .7 3, 190 4,635 -1 9,968 -29 .5 5,000 4,608 - 23,794 
264 1,78 1 4,560 -25,660 -31.8 1,379 4,663 -24,086 -29.8 3, 190 4,635 -27,914 -34.6 5,000 4,608 - 31,740 

66 2,6~ I 9 ,367 9,747 21.4 2,069 9,571 11 ,806 25 .9 4,784 9,5 16 6,48 1 14 .2 7,500 9,462 1,135 
110 2,671 8, 160 6,78 1 12.7 2,069 8,338 8,891 16.7 4,784 8,296 3,55 I 6. 7 7,500 8,243 -1 ,9 17 

150,000 154 2,67 1 7,05 I 6, 130 10.5 2,069 7,204 8,368 14.3 4,784 7, 163 2,9 71 5. 1 7,500 7, 122 -2,563 
210 2,67 1 7,05 I -807 -1.2 2,069 7,204 1,484 2.2 4,784 7, 163 -4,187 - 6. 2 7,500 7, 122 -9,929 
264 2,67 1 7,051 -8,753 -10.8 2,069 7,204 -6 ,358 - 7.9 4,784 7, 163 -12,1 33 -1 5.0 7, 500 7,122 - 17,874 

66 3,56 1 12,676 23,194 50.8 2,759 12,948 25 ,905 56.8 6,378 12,874 18,842 41.3 10,000 12,8 03 11 ,736 
110 3,561 11 ,042 21, 164 39.7 2,759 11 ,280 23,984 45 .0 6,378 11 ,217 16,865 3 1.6 10,000 11 ,153 9,742 

200,000 154 3,561 9,542 21,93 1 37.4 2,759 9,745 24,936 42.6 6,378 9,69 1 17,719 30.3 10,000 9,636 10,562 
210 3,561 9,542 15,047 2~ . 2 2,759 9,745 18,052 26 .7 6,378 9,691 10,83 5 16.0 10,000 9,636 3,678 
264 3,561 9,542 7,621 9.4 2,759 9,745 10,626 13 .2 6,378 9,691 3,409 4.2 10,000 9,636 - 4,008 

66 4.452 15,984 36,640 80.4 3,449 16,325 40.005 87 .7 7,974 16, 233 31,196 68.4 12,500 16, 142 22,321 
110 4.452 13 ,925 35,S5 I 66.7 3,44'l 14 ,222 39,077 73.3 7,974 14 , 14 2 30,178 56.6 12,500 14,063 21,276 

250,000 154 4,452 12,03 I 37.73 I 64.4 3.449 12,286 41,504 70 .9 7,97+ 12 ,2 19 32,465 55.4 12,500 12, 151 23,522 
210 4.452 12,03 I 30,847 45 .6 3,449 12,286 34,620 51.2 7,974 12,2 19 25,580 37 .8 12,500 12, 151 16,638 
264 4, 452 12,03 I 23,42 1 29.0 3,449 12,286 27,194 33 .7 7,974 12 ,219 18, 194- 22 .5 12,500 12, 151 9,2 12 

Return on 
investment 

Ptrctnt 

19.5 
13.0 
12.7 

1.4 
- 8.2 

40 .0 
32 .5 
32.5 
18.3 
6.4 

Retu rn on 
investment 

Pt retnt 

-22 .1 
-26.8 
-28 ,1 
-35.2 
- 39.3 

2.5 
-3.6 
-4.4 

- 14.7 
-22.1 

25.7 
18.3 
18.0 
5.4 

-5.0 

48.9 
39.9 
40 .2 
24 .6 
11 .4 
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Gross 
revenue 

Dol/arJ 

100,000 

150,000 

200,000 

250,000 

Vessel 
size 

( capa-
ci ty) 

T On! 

66 
11 0 
154-
210 
264 

66 
110 
154-
210 
264 

66 
110 
154-
210 
264 

66 
110 
154 
210 
264 

As in 1967 
(Fig. 4) 

PU cl nt 

-1.7 
-l .2 
- l .8 
-5 .7 
- 6.9 

5.5 
l .l 
2.7 

-{l .2 
-2.l 

12.1 
9.4-
8.8 
5.l 
2.2 

18.8 
15.5 
14 .8 
10.4-
6.6 

Table 24.-Summary table of predicted returns to capital for new vessels 

N o const ru ction subsidy 40-pe rcent construction subsidy 

Composition of landings by value : Composition or landings by value: 

50 percent 50 percent 
100 percent mackerel 100 percent As in 1967 100 percent mackerd 100 percent A, in 1967 

mackerel 50 percent anchovies (Fig. 4) mackerel 50 percent anchovies (Fig . 4) 
anchovieg anchovie, 

PuCtnt PUClnt PuCtn t Puct nt Puctn! PUCt"! PUCl nt Purr"t 

-0.9 -2 .8 -4 .7 O.l 1.4 -IA -4 .2 1.2 
-2.6 -4 .2 -5 .8 -2 .0 -1 .0 -l 4 -5.9 -IA 
-l .2 - 4.6 -6. 1 -2.7 -1.8 -4 .0 -6.2 -2 l 
-5 .2 -6.4- -7.6 -5 .6 -4 .8 -6.8 -8.7 -5 .6 
-6.5 -7.5 -8.6 -7.5 -6.9 -85 - 10.1 -7 .8 

6 .4 l .7 0.9 10.6 11 .8 8. 1 4.2 12.8 
4.2 1.8 -0.6 7.6 8.9 5.6 2.0 9 .5 
l .6 1.3 -0.8 6.9 8.2 5.0 1.7 8.6 
0.6 -I.l -l .1 2.8 4.0 l.l -1.7 4.1 

-1.7 -l .l -4 .8 -{l.6 0.5 - 1 9 - 4.l O.l 

I l.5 10.0 6 .4- 20.6 22 .0 17.l 12 .0 24.l 
10.6 7.2 4.6 16.8 18,4 14 . 1 9.5 200 
10.0 7.2 4.6 16.0 17.8 13.6 9.4- 19 I 
6.l 3.8 1.5 10.8 12.l 8.7 5.1 13.2 
3.0 1.0 -0.9 6.4- 7.6 4.6 1.4- 8.2 

20 .5 16. 1 11 .7 30.6 32 .2 26 .5 19.9 35 .7 
17.0 13.2 9.5 26 .0 27.9 22 .6 16.9 lO.6 
16.2 12.8 9.4 25 .2 27.4 23 .4 16.9 29 .6 
11 .7 8.7 5.8 18.7 20.6 16.1 11 .6 22 .3 
7.6 5.2 2.6 I l.0 14 .6 10.8 'l.0 15.9 

- - -

50-percent construct ion subsidy 

Composition of landings by value: 

50 percent 
100 percent macke rel 100 percent 

mackerel 50 percent anchovies 
anchovic!I 

Puctnt PuCtnt Puclne 

2.4 -0 .7 -4 .0 
-O.l -l .1 -5 .9 
-1.2 -l .8 -6.l 
-4 .7 -6.9 -9 .1 
-7. 1 -8 .9 -10.8 

14 .6 10.1 5.5 
11 .0 7. 1 l.1 
10 .1 6.5 2.8 
5,4 Z.1 -1.1 
1.5 -1.3 -4 .1 

26 .6 20 .6 14.5 
n .1 16.9 11 .7 
21.1 16.3 11 .5 
14 .9 10.8 6.6 
9.7 6.2 2.6 

38 .6 31. 1 23 .5 
33.2 26.7 20.1 
l2. 1 26. 1 20.2 
24.5 19.3 14. 1 
17.7 13.3 9.0 



SUMMARY 
The San Pedro wet fish-boat fleet has 

dwindled to half its size of 10 years ago. 
Large underused stocks of wetfish (jack mack
erel and anchovies ) exist in the California 
Current region. If these resources are to be 
harvested, the wetfish fleet must expand 
through the construction of new vessels or 
through the acquisition of surplus vessels from 
other fisheries . The purposes of the present 
study were to describe and document the fi
nancial condition of the fleet, to develop a 
model of wetfish-boat costs and earnings, and 
by means of this model, to examine the eco
nomic feasibility of fleet expansion and vessel 
replacement. 

The findings of the study were that the 
fleet is antiquated, corporate profits are low, 
corporate net worth is low, working capital 
is inadequate, crew earnings are very low and 
are not inc ea ing in pace with inflation, and 

employment in the fleet has decreased by 30 
percent in the last 5 years. 

Analysis of costs in several categories 
yielded equations to be u ::ed in predicting 
earnings at var ious levels of revenue and with 
various combinations of vessel size and compo
sition of the catch. Their use showed that, 
of the fou r principal wetfish species, mackerel 
cost the least to land (per unit of value) , an
chovies and tuna cost about the same (more 
than mackerel) to land, and bonito cost the 
most to land. 

Predicted crew earnings, profit, and return 
on investment based on the relations devel
oped in the analysis of costs showed that 
although the expansion of the fleet through 
recruitment of existing vessels from other 
fisheries is feasible, fleet expansion or vessel 
replacement through construction of new ves
sels is not economically feasible at present 
rates of catch and prices of fish. 
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COMMERCIAL FEASIBILITY OF IRRADIATING 
HADDOCK AND COD FILLETS-l. 

QUALITY OF HADDOCK AS LANDED AT 
BOSTON, MASSACHUSETTS 

by 

John D. Kaylor and Edward J. Murphy 

ABSTRACT 
Successful commercial pr eservation of f r esh fi sh fi ll ets by irradiation requires that 

r aw material of a level of qua lity suitable for irradiation be available. To determine 
the amount of haddock, M elanogrammus aeglefinus, landed in Boston by the ew England 
offshore fleet that meet this level, we surveyed the Boston haddock fishery. About 7 
per cent of the haddock landed were of a level of quality high enough to warrant th ir 
being irradia ted . Because haddock and cod, Gadus m01'hua, are hand led simi larly, thi 
conclusion also applies to cod. Thus, the quality of fish woul d not be a problem in the 
irradiation pr eser vation of fresh haddock and cod fi llets . 
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INTRODUCTION 

A was indi a t d in lIr lJ1 r 

(Kaylor and Mul'l hy, L 70) to this, ri s, h 

purpos of th w rk r p rl ct h r was 0 ci -

termine the proporti 11 of had I k la nel ci a 

I ' n hal ar fr . h n ugh 
I ing in a ia 

I. EXPERIMENTAL OBSERVATIONS 

A. PROCEDURE 

1. Method of Sampling 
For th purpos of this. un' 'y, W W r 

interested chi fly in th landing,' of h o(f-
hore fleet (111 dium-siz d and larg' -,'il d 

trawler , ), h ca u: th offshor tra\\ I r ,' . 'ly 
out on the fl . hing hank. long I' than th ,'m'dl I' 

trawlers of the in,' hor t1, t do, A: a ()Jl

sequence, th ofI'shor fl t lall Is a J.!'l";1 I' 

proporti()n of fish that ar old r in t ' l'm. of 
the time that has lap. cl . inc th yar aught. 

We tried two. ampling plan. - an n-:hip 
plan and an on-wharf plan, w n both 
methods of sampli ng, \\' CO\' r d th imp rtan 
variations in . easonal t m]) ratur and w I' 

able to sample 3-1 p l'C nt f th m dium-:iz ci 
and large-sizeo trawl J'. of th ft:hing 
fleet from one to fly tim 

a, On-ship plan , - Om on- hip . a mplin 
plan, \\'h ich was l'as 0 up n ,tat i. tical c n
siderations, \\'a as follo\\'s: 

1. For trips of 20,000 to 10 ,00 pound., 
take from each p n a ample con, i ting 
pr eferably of 2:') fl h but n t I th an 
20 fish, 

2, F or trips of 40,000 to 60,0 0 pounds , 
take from each pen a ample c n i ting 
preferably of 20 fi h but not Ie than 
15 fish. 

3. For trips of 60,000 to 100,000 pound, 
take from each pen a sample consi ting 
preferably of 15 fi sh but not less than 
10 fish. 

We tried this sampling plan for three trip 
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a h of Trn\\ I 1''' 1 and 
(If Trawl r 2 Tahl 1 

b, On-wharf 

f( 110\\',': 

I , Tak , <l 

h' Ir, 

~, 'on inu 
fih ha\' 

\\' . HIt hi 
:ampling in . umm r 
autumn, 

2 . Method of Testing 
\\' ct rm in h mp 

ann th qu. Ii y f the fi h, 

h 
in 
1 I' k n 
th \' 
in th 

rip 

, . 
n 

th 

nd ut 

II h 

ratur f th fl h 
f II w 

f h 

the p in f i charg f1' m the 
\V igh boxe n the wharf, 

'A e m a ur d the t mp r atur b in ertin ,' 
tainle - teel temp rature- en ing prooes int 

each haddock, immediately forward of the fir t 
dor al fin and through the thick fl h portion 
down to the backb ne and about half an inch 
along the side of it. Each probe \Va con-



Table I.-Freshness survey of haddock landed at Boston 1965 

T rawler F ish Organoleptic etsimation 

Number Date sampled T emperatu re 
Damage Skin Eyes Gills T exture Odor 

Nu mba • F. 1------- Sealt 0/ 1-4, with 1 bling tht high"t val ul ----- - -
I Jan . t 2 63 32.2 1.1 

Jan . 26 80 32.4- 1.1 
Feb. 8 90 32.8 1.1 
Sept. 9 180 35 .4- 1.6 
Sept. 22 160 35 .4 1.8 

2 Feb . 9 32 32.2 1.0 
Aug. 3 t 120 34.0 1.6 
Sept. 13 180 H .7 1.6 
Oct. 5 III 33.6 2.0 

ov. I 65 35.3 2.0 

3 Aug. 30 180 34 .0 1.6 
Sept. 8 180 35.4 1.6 
Sept. 28 160 33.9 2.2 
Oct. 13 105 33 .6 2.0 
Nov. 3 65 34.6 1. 8 

4- Aug . 26 60 36 .2 1.7 
Oct. 6 109 32 .8 2.0 
Oct. 18 131 34 .3 1.8 
Oct. 28 15 34 .0 1.7 

5 Sept. 7 160 36.3 1.5 
Sept. 16 100 34 . 1 1.7 
Sept. 27 100 34 .3 1.9 
Oct. 7 85 32.8 2.1 

6 Jan. 18 4-6 32.4 1.3 
Feb. 1 62 32. 1.0 
Feb. 10 80 33.7 1.0 

7 Aug. 23 160 36.0 1.6 
Sept. 23 60 37.4- 1.6 
Oct . 11 107 34 .6 1.9 

8 Aug. 27 liZ 34 .2 1.8 
Sept. 2 160 33.7 1.3 
Nov . 4- 120 36.6 1.8 

9 Aug. 27 120 36. 1 1.6 
Oct. 4- 107 33.4 1.9 

10 Oct. 8 100 33 .5 1.8 
Nov 2 71 33.2 2.1 

11 Aug. 24- 150 34 .9 1.9 

12 Oct. 14- 100 H .O 2.1 

13 Sept. 1 160 33.9 1.6 

14- Sept. 3 92 33 .0 1.3 

15 Oct. 15 100 -- 1.9 

16 Oct. 22 80 34 .1 1.8 

17 Oct. 2 1 16 35.0 1.2 

T otal . .... . ...... 4,594 4,494 

Average ............... . . . ................. 1.6 

nected to a Model 42 SF Tele-Thermometer 
(Yellow Springs Instrument CO.). ' This in
strument has an accuracy of ± 1 0 F. in the 
range of -40 0 F. to 302 0 F. We allowed the 
instrument to come to equilibrium before we 
recorded the temperature reading. 

1 The use of trade names is mere ly to facili tate descripti ons of the 
exact experimental procedure; no endorsement of commercia l products 
is implied. 

2.0 2.0 2.4 2.0 2.3 
1.6 1.5 1.8 1.8 1.9 
1.0 1.7 1.8 1.7 1.9 
2.0 1.9 2.0 2.0 1.9 
2.2 2.5 2.7 2.5 2.5 

1.0 1.1 1.5 1.5 1.8 
2. 1 2.5 2.6 2.6 2.4 
1.9 2. 1 2.2 2.0 V) 
2.2 2.6 2.6 2.6 2.4 
2.2 2.4 2.2 2.2 2.2 

2. 1 2.3 2.6 2.5 2.3 
2. 1 2. 1 2.3 2. 1 1.9 
2. 1 2.4 2.4 2.6 2.3 
2. 1 2.4 2.5 2.4 2.2 
2.3 2.6 2.8 2.9 2.4-

2. 1 2.4 2.5 2.5 2.3 
2.1 2. 1 2.3 2.3 2.2 
2.0 2. 1 2.2 2.1 2.0 
1.4- 1.4- 1.7 1.7 1.6 

2.1 2.2 2.4 2.3 2.2 
2. 1 2.2 2.4 2.2 2.3 
2.1 2.4- 2.5 2.4 2.4 
2. 1 2.2 2.2 2.3 2.2 

2.0 2.0 2.0 2.1 2.0 
1.0 1.5 1.5 1.7 1.7 
1.0 1.8 1.9 1.9 2.0 

2. 1 2.9 2.9 2.6 2.5 
2. 1 2.4 2.2 2.2 2.2 
1.8 1.8 1. 8 2.0 1.7 

2.1 2.4- 2.5 2.7 2.2 
1.9 1.8 2. 1 2.2 1.9 
2.0 1.7 1.7 1.9 1.6 

2.0 2.3 2.6 2.6 2.2 
2.2 2.4- 2.2 2.3 2.2 

2.0 2.1 2.2 2.2 1.9 
2.3 2.5 2.6 2.7 2.4 

2. 1 2.4 2.9 3.0 2.6 

2.1 2.0 2. 1 2. 1 1.9 

2. 1 2.3 2.5 2.5 2.2 

1. 8 1.7 2.0 1.9 1.5 

2.1 1.8 1.8 2.1 1.8 

1.8 1.6 1. 8 1.6 1.8 

1.2 1.4 1. 2 1.4 1.4 

1.9 2.1 2.2 2.2 2.0 

b. Q ua lity.-Described in this section are 
the criteria of quality we used and the basis 
for acceptance or rejection of a trip for the 
purposes of this survey. 

(1) Criteria of quality used.-In plan
ning the survey, we tried to develop suitable 
criteria for freshness and other quality char
acteristics. The cr iteria we chose consisted of 
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only four categori which were a igned nu
meral inri icat ing their re lati\'e core value . 
In he crit ria. only the Yery fre he t or perfect 
fl. h w r a. igned a yal ue of 1 for each or 
ganolep ic character i t ic uch as damage, kin 
ye:, and gill; the lo\"e t quality fi h were 

a:.ign d a val ue of 4 for the corresponding 
characteri. tic. . Table 2 how the detailed 
criteria. 

Th cla:siflcation of quality characteri tics 
into only four categorie had t,,'o advantages. 
Fir. t. it wa 1)<1 ed on a y tern that, in previou 
work. we had found succe ~ fully de cribes the 
cI ang s taking place in the fi sh a they age. 
. ec md. the :y tern could r eadily be adapted 
for u. e 111 automatic data pr oces ing. 

(:2) Ba.' i. u ed for acceptance or r e
jection of a t r ip load.- Organoleptic examina
tions formed the basis for all ou r judgments 
()[ acceptance or reject ion. Although we re
corded :-;ix :ubjecti \'e fac tor (Table 1) , \" e 
ll.<:d Oldy the last four of the, e factors (eyes, 
gills, texture. and odor) to decide 'whether to 
,(ccept III' reject a t ri p load. 

T() decide on the proporti on of haddock of 
a frl'slllw,,;:-; IC\'cl suitable for irradiation proc
(';-' illg, \\'C' had tn adopt certa in cut off points. 

On the ba i of pa t "ork, we decided that 
haddock and crod haddock) , ould be accept
able if: 

1. 

1. The a erage core for appearance of 
ere , color of gill , texture of fie h, and 
odor of gill ca ity was Ie than 2.5. 

2. The average score for odor of gill ca ity 
did not exceed 2.3. 

3. Le than 1 percent of the fi h sample 
had a core of 4 for both color of gills 
and odor of gill cavity. 

B. RESULTS 

Temperature 

Table 1 hows the result of the temperature 
measurement on a trip ba is, and Table 3 
summarize the data on a ea onal basi . The 
temp rature of fi rh caught in the winter i 
definitely lower than that of fi h caught in 
the ummel' or in the autumn, but the differ
ence is smal l. 

2. Quality 

R ported here are (a) the number of trip 
" r ej ected" on the basi of quality and (b) 

T able 2.-0rganoleptic criteria for judging fresh fish 

I • , r 

II .. m.l'" 
',J the . ~.h 

, h, 

. • • e 

'rpot~ .. , 
t e 

e n 

• he 

-
If'lt .. 

·h, 
ft .. 

(; r , lh. 

• 11 

1 I~ 

-

C hara cteris tics 
- ----------- --- --

:'\0 phpllJI d.1mJg~ Skin int3ct (except fo r eviscera t ion cu ts) . 
SIIj.:hl JJmJJ.!e or surru~ion of blood unde r the skin. M inor break in skin surface. 
Fork ho~es or torn flesh e\ dent rushed. Belly blown wit h so me vi scera visi ble in whole fi sh . 

• Hadl) lOrn or crushed Belly blo" n with viscera protrudi ng in whole fi sh . 

J 

• 

Slln .abcr has hl~h sheen, not faded. l\loderate amou nt of clea r, evenl y d is tributed slime . \Vhole appearance 
bfl~ht as thouf,:h .all\e 

Skin JudJce ~ome",h3l faded in lustt r . Slime lh icl er and beginning to become opaqu e. 
:. n bded. dull Scales lome. SI. me thICk and opaq ue . 
'-',n \Cry f.ded \ cry dull. cales loose and det""h .. ,ily. Sl ime t hick , opaque, and knotted or ropy. 

(,ku. h, Rht. ,I,~htl) protrud,ng to bulging (depending on , pecie.), bl ack pupil, tran ' pare nt cornea , 
l ",nt. ,I,.htl) cloud). sl,ghtl)' dull, not protruding. P up,l tendi ng to become cloudy. 
fhJ • Allor commonl}' sunktn Cornea opaque Pupil defiOl tely cloudy o r mil ky, 
: unltn, ,'eT)' dull ornt3 discolored - reddish or yellowish. P upi l opaq ue . 

--------~----------------
BTl ht to dul red to brl~ht pink, dependlnlt on sptCles. Free of sli me. No odor . 
I .... co'or IntenSl I) Dull red to pink Slightly ,ltmy. I lay have .Iight odor . 
PH'.!... to p.lle PIf'\.. "11m}, ~umbtr 3 odor cI.auification (see Odor). 
FaJtJ pink. to dl colored. tan yellow, grey. or brown :-lumber 4 odor clas.ificatlon (,ee Odor) . 

Fie h \tr} fum lnd elutic (In riRor mortis - body rigid). I nden ted finge r mark . d isappear read ily , 
~l. I, 10lln eI. tIC II)' Indented finger mark. disappea r .Iowly. 
fled\ moJerJtd)' lOft ReSIliency lOll Preuure muks remain. 
FlMh <of •• nJ limp. r,ts readily on be,n, pre ed 

OJ r ,h ... It,,"ie of fr.,hll' ClU h. fi,h of lhe p.rtlCul.r , pecies. 
f'rol t c.llly no oJor • 'eulul or Vtry rlint fishy odor 
~l h. ruh) odor 

tron, flth),. ,mmonl.l al. or other ,tpurn.nt odors luociated ",·ath decomposition In vary! " 1 del rtes, 



Table 3.-Seasonal difference of haddock landings at Boston 1965 

Average or all measu rements of each fa ctor 

Season Trips Samples T emper- Subj ecti ve data on: 

ature Damage I Skin I Eyes I Gills I T ext ure I Odor 

N o. No. o F. \- ----- - Su bjut iv( ( valuation on a scale 0/ 1 to 4 ------ -
Winter ... . . . 7 453 32.6 1.1 
Summer ..... 15 2. 174 34.8 1.6 
Autumn ..... 2 1 1,967 34 .3 1.9 

. . 
Note : See T able 2 fo r a definition o f the subjecti ve evaluation . 

the seasonal variation in the quality of the 
haddock. 

a. Number of trips rejected . - For our 
purpose, we rejected nine complete trawler 
landings even though most of the fish in each 
trip would have passed inspection according 
to our criteria. Only 1 haddock scoring 4 
on the basis of gills and odor could negate 
the entire trip if less than 100 fish were 
sampled. Occasionally, no fish had a score of 
4 for both gills and odor, but we rej ected the 
entire trip simply because the general level 
of freshness as judged by the condit ion of the 
eyes, gills, texture, and odor was too low by 
our standard. 

I 
1.4· 

I 
I.S 

I 
1.8 

I 
1.8 

I 

2.0 
2.0 2.2 2.4- 2.4- 2.2 
2.0 2.1 2.2 2.2 2.0 

This rejection does not mean that the fish 
were unfit for consumption or that they vio
lated food laws. Instead, it means that, al
though the fish were acceptable for immediate 
consumption or freezing, most of them had 
been caught for too long a time to permit them 
to have as long a shelf life after irradiation 
as fresher fi sh would. 

b. Seasonal va riation in quality. - Table 
3 summarizes the data on quali ty according 
to season. In every category, the quality of 
fi sh caught in the winter was superior to that 
of those caught in t he summer and in the 
autumn . 

II. COMPUTER ESTIMATION OF CORRELATIONS AMONG TEST DATA 

When this survey was begun, we were in
terested in determining what orrelation , if 
any, we would find , with the aid of a computer, 
(1) between organoleptic evaluations and 
temperature and (2) among all six organoleptic 
factors, each one against the remaining five. 

A. PROCEDURE 
The data from each trawler trip were 

punched on a card and fed into a computer 
that had been programed to give correlations, 
first on a trip basis and then on the basis of 
one large population instead of on the basis 
of 34 separate populations. 

B. RESULTS 

1. Trip Basis 
When the data were programed on a trip 

basis, the results were inconclusive, because 
the differences among the factor s of each trip 

were not large enough for the computer to 
distinguish. 

2. One-La rge-Population Basis 

When the data were program ed on the 
basis of one large population, however , the 
results were strikingly different. By means 
of the data obtained with the aid of the com
puter, we now found differences that only a 
skilled fi sh inspector could recognize before. 

a . Co rrelations of organoleptic evalua
tions with temperature.-The tem p era t ures 
were quite uniformly low (Table 1) , and the 
difference between winter and summer temper
atures (Table 3) was relatively small. Never
theless, the computer showed a correlation 
between organoleptic score and temperature 
that was significant at the 1-percent level of 
pr obability. 
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b . Correlations within the group of six 

o rganoleptic factors studied.- Th hi g h s t 
degre of corr lation wa found w ithin th 
group of the six organ I ptic factor. In th is 
group, the low sl con Inti n w r b tw n 
da mage and th r maining fiv rg- nol ptic 
factors and between skin and the l' maining 
five organoleptic fact 1's. 

This resull supported our original clloi 
of u ing only four faclors ( y 1', gills, t xtur , 

an d r) up n w hi h t pr final judgm nt 
t acc I t r r j ct tri J ' ho\' n j r a ble l. 
Fl rth rm r , th daLa btain d with th c m-
put r agr d c pI t Iy wi h w hat kill 

mot 
f the 

two fa t rs wa highly ' ignifi . nt, in licatJl1g 
a valu that i laIg r than \\ould b xp ct d 
bv chanc a th l-p rcent I I f pr babili y. 

SUMMARY 

\ Te , ul'\,eyed haddock landing: in Boston. 
l\Iassachusetts, to det rmine \\'h 'ther the I \ I 
of fre Imess \\ as high enough to warl'Hnl the 
use of radiation to extend the sll If lif of fr :h 
filleL. 

The ~lllTey was mad ) during til' \\ Illter, 

ummel', and autumn so as to r n 'et t1w -!rect 
of temperature differences of the principal 
seasons, with spring and autumn 1 ing con-
sidered equintlent. Criteria for ~lIbJeeti\ 

measurement' of fre, hn ss w l'e de\ lop d 
and applied to over 4,fiOO individual, ampl 

of hadclo k . bJ t i\ m aSUr f m-
peratllr \\ '/" ma I b) T I -Th rm n ter. 

• II dala \\. r f d into a c put r that was 
pl'l)gram d to gi COlT lati n. am ng th 
t mp 'rature m a.'ur'm n . and 1h xp rt ub-
J eti\ judgn n1 ' . h mput r h w tha 

uhi eli\ xaminatlOn had significant 0 

highly . igmti ',lIlt COl r lati n' at th 1-p rcent 
I v I of prob.llJilit), but the JU Igm nt of hi hly 
sk ill (1 fl . h amin J" wa,' up I'i r tu h 
tindil S( f th omput 1 in di tingui hi g and 
reconlinS( fin di tinction. 

CONCLUSIONS 

During the ",in tel , summer and autumn 
of 196;), 7 .6 percent of the haddock exam
ined by us at the Boston Fish Pier was fr h 
enough to justify the u e of irradiation. Be
cause haddock and cod are handled alike, thi ' 

onclll ion .t!.o appli ,tv d hl! , the 
fr hn . of fi h \ ult! not b a PI' blem in 
the ina liati n PI' n'ation f hadd ck nd 

d fillet . 
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COMMERCIAL FEASIBILITY OF IRRADIATING 
HADDOCK AND COD FILLETS-2. 

TEMPERATURE PATTERNS DURING SHIPMENTS 
OF FRESH FILLETS BY TRUCK AND .BY RAIL 

by 

John D. Kaylor a nd Edwa rd J. Murphy 

ABSTRACT 
For fresh haddock and cod fillets to be irradiated and shipped commercially to distant 

points in the nited States, the fillets must be kept near the temperature of ice during 
di tribution. To check on the temperatures to be expected, we surveyed the principal 
method of commercial di tribution of fresh fishery products. We found that present 
commercial methods of distributing fresh haddock fillets result in fillet temperatures that 
average less than 40 0 F. , a temperature that would be sufficiently low to permit shipment 
of irradiated fillets to the most distant par ts of the country. 
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INTRODUCTION 
The ult imate goal in the pr esent series of 

studies was to determine whether it is com
mercially feasible to irradiate fresh cod and 
haddock fi llets for shi pment by common car 
rier to distances well beyond presen t-day 
markets, and keep them at a high level of 
freshness. 

To ensure a minimum expendit ure of ex
perimental fun ds, we decided that the first 
step in this study was to determine what pro
portion of fresh haddock landed a t Boston, 
Massachusetts, has the high qua li ty that would 
j ustify irradiation. This study sho·wed that 
about 78 percent of the haddock (and pre-

sumably a lso of cod ) were suitable for this 
purpose and that the quality of fresh cod 
and haddock therefore would not be a limiting 
factor. 

To ensure further a minimum expenditure 
of fund s, we decided to determine whether 
tempera tures of fillets in channels of com
mercial di st ribution would be a limiting factor . 
The purpose of the work reported in this 
paper, ther efore, was to determine patterns 
of temperature that would be encountered dur
ing commercial shi pment of f resh fille ts by 
t r uck and by rail f rom Massachusetts fi shery 
centers to distant markets. 

I. SHIPMENT BY TRUCK 

Shipments by t r uck were of four kinds : 
(A) processor-d istri butor hi pments, (B ) fro
zen-food shipments, (C) refr igerated f resh
fish shipments, and (D) ni t rogen-gas refri ger
ated shipments. 

A. PROCESSOR-DISTRIBUTOR 
SHIPMENTS 

1. Procedure 

Described here a r e: (a ) preparation of 
the samples, (b) recording of the data, (c ) 
types of shipping containers u ed, and (d) 
methods of shipment. 

a. Preparation of samples.- To measure 
the temperature of fi llets that are transpor ted 
by common carrier , we obtained t he permis
sion and cooper ation of fishery firms to use 
their regula r commercial sh ipments of fillets. 
In addition, we purchased haddock fill ets on 
the open market and shipped them under com
mercial conditions to supplement the data 
gained from the industry shipments. 

The internal temperature of the fi llets was 
obta ined by inserting steri lized temperature
sensing probes into the center of fill ets wrapped 
in cellophane and packed in fillet cans or in 
fibr e boxes, with the wire leads running to 
the outside of the bulk shi pping containers. 
These containers were wooden bar rels or 
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wooden boxe , depending upon the distance 
t he fi h wer e to be sh ipped. This ar rangement 
required us to enter the vehicle to record the 
temperatur es. In some in tances, however, 
we 'v"ere able to use long wire leads run from 
the shipping container s through the truck-body 
dra in holes to the outside of the t r ailer. The 
second a r r angement permitted us to read and 
r ecord fi llet temperatures without opening 
tra il er doors during shipment . Normally, the 
t railer doors ar e not opened until the trailer 
arri ves at it destination. 

b. Recording of data .- The temperature 
was measured with a widespan t r ansistorized 
thermometer (YSI Model 42SF Tele-Therrnom
eter ' ) , which was carefully calibr ated before 
each shipment. It had an accuracy of -+- 10 F . 
and a range from -40 0 F . to + 302 0 F ., divided 
into three subranges. Temperatures of the 
a ir in the vehicle were obta ined by means of 
a bimetallic spring-wound, 7-day r ecording 
thermometer with a circular paper chart. Out
side a ir temperatures were obtained by means 
of a general-purpose, a ll-metal thermometer in 
which the temperature-sensing element was a 
bimetallic double helix coil. A Bureau of 
Commercial Fisheries food technologist ac
companied each shipment from the originating 
shipping point to the city of destination. His 

1 The mention of trade names is mere ly to facilita te description; 
no endorsement is impl ied. 



duties were to record the temperatures of the 
fillets, make observations on handling practices, 
and ship the fillets back to Gloucester by air 
for further testing. The methods of distri
bution we studied reflected widespread in
dustry practices, and we made the shipments 
to embrace the extremes of temperature con
ditions to be found in present and prospective 
market areas. 

c. Types of shipping containers. - Fresh 
fillets are shipped most commonly in 10-, 20-, 
or 30-pound-capacity oblong meta l cans or, le£s 
commonly, in waxed fibreboard containers of 
10- or 20-pound capacity. These containers 
are buried in ice inside bulk shipping contain
ers of two types. The most common bulk 
shipping container is a wooden box that will 
hold five 20-pound containers and about 80 
pounds of ice. This wooden container is being 
replaced, to a small extent, by a heavi ly waxed 
fibreboard container. Both the wooden and 
fibreboard containers are shipped exclusively 
by truck. The second type of shipping con
tainer is a wooden barrel that is capable of 
holding five 20-pound fillet cans and about 150 
pounds of ice. 

When the fillets are packed in boxes, they 
are always shipped in insulated, refrigerated 
trucks to destinations usually located no farther 
from Boston than cities in Kentucky and Ohio. 
When the fillets are packed in barrels, they are 
shipped to more distant points, such as cities 
in Texas, and are transported entirely by rail 
in non insulated, non refrigerated freight cars 
along with general merchandise. Because of 
the longer distances to which they are shipped, 
the barrels are re-iced one or more times in 
transit, depending upon the temperature and 

the distance of the destination to which the 
shipment is being made. 

d. Methods of shipment.-Formerly, some 
fish processors acted as their own distributors, 
although comparatively few such individuals 
are active in the industry now. The distribu
tor whose operation we studied has a small 
fleet of trucks and makes sales in Western 
Massachusetts and nearby Eastern New York. 
Round trips are made weekly in well-insulated, 
two-compartmented trucks in good physical 
condition and take about a day. Fresh sea
foods, which a re carried in the forward 
compartment, are invariably well iced. No 
mechanical r efrigeration is available in this 
compartment, so ice is the sole means of re
frigeration. The doors to the fresh-seafood 
compartment may be opened as many as 30 
times during deliveries. Frozen foods are car
r ied in the rear compartment where the 
temperature is maintained by an electrical 
system of refrigeration. 

2. Results 

Table 1 indicates that, in general, the 
temperature of fresh fillets at the beginning 
of any trip are higher than desirable (over 
40 0 F .). Although the temperature of the 
fillets generally drops by the end of the sales
distribution trip, the interval is too short (less 
than a day) to achieve the most desirable cool
ing effect by means of ice a lone. 

B. FROZEN-FOOD SHIPMENTS 

1. Procedure 

Long-distance hauls of fresh fillets are made 
in well-insulated mechanically refrigerated 

Table I.-Temperature of fresh haddock fillets shipped by processor's truck from Gloucester, Massachusetts, to the 
Albany, New York, area, 1965 

Length of T emperatu re of fillets at: 
Wei ght of time fill ets End of trip Month fillets were in 

Start of trip 
shipped transit Average M aximum Minimum Average M ax imum Minimum 

Pounds HourI ' F. ' F. ' F. ' F. ' F. ' F. 
January ••• •• 0 •• • •• 2,500 27 54 44 50.0 33 33 33.0 

January . . . .. , .... . 3,000 26 48 41 44 .2 38 35 36.6 

July . .. .. ... ... . . 4,500 22 50 42 45 .1 39 39 39.0 

September . .. .. . , .. . 3,500 22 56 48 52 .0 42 42 42 .0 

November ......... . 2,000 20 44 39 42.5 41 37 39.0 

Note I : The tru ck was Insulated but was not refngerated . 
Note 2: The average temperatures s hown were the averages of 60 recordings per trip . 
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t railer t rucks, which carry froz n eaf ood as 
the main cargo to points as far as F lorida. 
These vehicles carry the frozen afoods in 
the main section of the mechanically r efrig r
ated trailer and carry the box d iced fl~h in 
small portion of the real' of the trailer. su
ally, the frozen and fresh seafoods ar s pa
rated by a cam'as or plastic drop curtain or 
sometimes by 4-inch insulated wall. The tril s 
to Florida commonly take 5 or 6 day, d pend
ing on the number of deli\'ery 'Lops the dri\' r 
must make. 

A common feature of thi method of hip
ment by truck is that the fre. h fillet at th 
rea of the trailer become partly froz n by 
the time the \'ehicle <lrri\"es in i\ ol'thern 
Florida. At this point, the fre h flllet!:, are 
usually transferred to a different truck that 
is used exclusi\'e ly for deli\'ery of fresh food 
products. The partly frozen fr h flllets are 
allowed to tha\\' before final deli\"ery. 

2. Results 
Table :2 sho\\' that the temperature of 

fl'esh fillets is akays 10\\'ered to below 32° F. 
regardle:3s of the initial temperature of filleL 

c. REFRIGERATE D FRESH-FISH 
SHIPMENTS 

1. Proced ure 
Fresh seafoods exclusi\'ely are shipped 

seyeral times a \\'eek from Boston to Ohio 
cities in well-insu lated, mechanically refriger-

at d trai l r truck. h fil l t cans ar e 
buri d in ic in w or in h avi ly 
wax d fib1' board b x . c v rs f the 
wo d n x ar fa t n d cur ly by nail ', 
an I ho f th fi b1' bard b x ar fa t n 1 
by wir trapi ing. Thr ugh ut th trip, th 
t mp raLur f th air in the trail l' i main
tain d at about 2 0 F. by m an f m chanica I 
r frig rati n. Th c mbinati n of ic imme
diately surrounding th fill t c ntain rand 
th m chanically r frig rat d air in the trailer 

n ur that th t mp I'a ur of th fill i 
maintain I at lightlyab \'e Lhe fr zing point 
of th fl lIets. 

2. Results 
Table 3 how that thi method of tran p 1'

tation alway ucc ed in lowering the temp r 
atur of the fr h flllet t id ally I \\' level 
by th tim th hipm nt aniv at the city 
of d tination. Thi. low ring invariably oc
CUI" l' gardle of the t mp ratu1'e of the fillet.:; 
at the tart of the trip. 

D. 

1. 

NITROGEN-GAS REFRIGERATED 
SHIPMENTS 

Procedure 
ub tantial amount of fre h fillet chiefl) 

flounder) are hipped from .I. -ew Bedford 
l\Ia achu ett , in in ulated, nitrogen-ga re
frigerated trailer truck. We wi hed to com
pare the temperatu re pattern of thi method 
of di tribution again t that of the dominant 

Table 2.-Temperature of fresh haddock fi ll ets shipped by fro zen-food truck from Gloucester, Ma sachu etts, to Miami, 
Tampa, and Jacksonville, Florida, 1965 

Le n~th of T emptrature of nllets at : 
time 

\\'eight of nllets Stan of tnp :--'lonth nllets were held, 
shipped 

At In ~ ra x imurn i\ l inimum A\'eragc ). (aximum :-.rrDI tranSit 

PoundI HourI HourI . F. . F . . F. . F. 
February .. , . 240 -- 117 39 37 37.5 19 
~larch . .... . 240 -- 120 53 46 49.0 _8 
May ........ 160 -- 119 H 36 38.8 32 
May .... .. .. 160 -- 119 41 35 38.2 30 
August ...... 100 -- 119 46 42 43.7 30 
Septembe r . .. 100 -- 137 47 42 44 .8 20 
October ..... 160 22 11 3 42 33 36.0 H 
November .. , . 100 19 77 SO 49 49 .5 3 1 

;\ote I: The truck wa s refrigerated and insulated: the minimum load was ~-t.OOO pounds . 
~ote 2: )' IPDI (:\ Iarine Produ cts Development I rradiator. Bureau of Commercial Fi sheries. Gloucester , l\1assachusetts). 
Note 3: Th e average temperatures shown were the averages of II I recordings per trip. 
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End of trip 

)'l inimum Average 

. F. . F. 
16 I .5 
26 2 .9 
30 31.0 
28 29.2 
2+ 2 .0 
19 19.5 
23 23.2 
30 30.5 



refr igerated fresh-fish shipments by mechan
ically refriger ated truck. Shipments f rom 
New Bedford are made in round fi llet cans 
rather than in the customary oblong fillet cans. 
The round cans have soldered side seams to 
.make them watertight, because the custom for 
nearly 30 years has been to add about a pint 
of brine to the containers immediately before 
they are closed. These fillet cans are buried 
in ice as are the oblong fill et cans. 

2. Results 

Table 4 shows the temperature pattern of 
a commercial shipment of flounder fillets from 
New Bedford, Massachusetts, to Baltimore, 
Maryland. Although the temperature of the 
trailer is uniformly low, the temperatures of 
the fillets are not as low as are those found 
in the conventional mechanically refrigerated 
trailer trucks that are used exclusively for 
hauling shipments of fresh fi shery products. 

Table 3.- Temperature of fresh haddock fille ts shipped by refrigerated fresh-fish trucks from Boston, Massachusetts, 
to Cleveland, Ohio, 1965 

Length of Temperature of fill ets at : 
time 

Weight of fillets Start of trip End of trip Month fillet s were held 
sh ipped 

At In tvIaxirnum M ini mum A verag:! ivIax im ur:l M inimum A ve l tlge MPDI t ransi t 

Pounds Hours Ho u. rs • F. o F. 0 F. o F. 0 F. 0 F. 
M a rch .... . . 240 -- 67 42 38 39 .0 32 30 30 .9 
M arch . . .... 240 - - 66 44 32 39. 4 3 1 28 29.6 
April .. . . . . . 240 -- 66 46 45 45 . 1 32 30 3l.4 
June .. .. .. . . 240 -- 66 52 48 49 .6 32 3 1 31.6 
Au gust . .. .. . 240 3 66 6 2 51 54 .8 29 29 29 .0 
November .... 240 -- 66 39 J4. 37.2 32 30 30 .8 

Note 1 : The tru ck was refrige ra ted and insulated ; t he minimum load was 2-4 ,000 pounds. 
Note 2 : MPD I C~l{ arine Products Development Irradiator, Bureau of Com mercia l Fisheri es, G louces ter , IVlassachusctts). 
Note 3: The average temperatu res s how n wefe the averages of 108 recordings per trip . 

Table 4.-Temperature of fresh Rounder fillets shipped by nitrogen-gas refrigerated truck from New Bedford, Massa
chusetts, to Baltimore, Maryland, 1966 

Length of T emperature of fillets at: 
Weight of t ime fille ts 

M onth fillets were In Start of tr ip End of trip 
sh ipped transi t Nl axi mum M inimum Avera g<;! :!\ Iaxirnum l\1inirnum Avera'5e 

Pounds HourI 0 F. 0 F. 0 F. 0 F. . F 0 F . 
April 240 48 42 40 41 47 32 40 

Note 1 : The t ruck wa s refr igerated and in sul ated ; the minim u m 10aJ "o"as 20 ,000 pound s. 
Note 2 : The average temperatures show the averages of 60 recordin gs. 

II SHIPMENT BY RAIL 
The oldest commercial method of interstate 

distribution of fresh fillets is by rail. We made 
rail shipments from Boston, Massachusetts, to 
three cities: J acksonville, Florida; Texar
kana, Texas; and Seattle, Washington. 

A. SHIPMENT TO 
JACKSONVILLE, flORIDA 

1. Procedure 
The preparation of samples and the re

cording of data were identical for both truck 
and rail shipments. The containers for rail 
shipments differed from those used in truck 

shipments. We followed the customary in
dustry practice of placing five 20-pound fi llet 
cans in a wooden barrel with about 150 pounds 
of ice. The top of each barrel was covered 
with a specially treated combination of plastic 
and burlap to provide a flexible cover, which 
was coopered in place. 

The barrels were shi pped by regular non
insulated, nonrefrigerated railway f reight cars 
that carry general freight. The temperature 
of the air in the cars frequently rose into the 
80's and 90's Fahrenheit. The barrels, there
fore, were re-iced in transit one or more times, 
depending upon the amount of ice that was 
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melted. The flexible covers of the barrels a id 
re-icing in transit, whereas wooden boxes with 
covers that are nailed fast are too inconvenient 
to re-ice. 

2. Results 
Table 5 shows how effectively this method 

of distribution operates either to maintain 
fillets at initially low temperatures or to pre
vent excessive rise of temperature during the 
hot season. 

B. SHIPMENT TO 
TEXARKANA, TE XAS 

1. Procedure 

All shipments by ra il were made in bar rels 
as described in the preceding procedure. 

2. Results 

Table 6 shows how effectively desirable low 
temperatures (less than 40 0 F .) are main
tained with this relatively primitive method 
of distribution. 

C. SHIPMENT TO 

SEATTLE, WASHINGTON 

1. Procedure 

All shipments by rail were made in barrels 
as previously described. 

2. Results 

Table 7 shows that during long shipments 
of about 4 to 5 days, the rise in temperature 
of the fillets i slight and well below the border
line temperature of 40 0 F . 

Table 5.-Temperature of fresh haddock fillets shipped by rail from Bos ton, Massachusetts, to JacksoDville, Florida, 1965 

L<ngt h of T<mperature of fiU<ta at : 
limo 

Weight of fillets Start of tr ip End of trip 
Month fillets were hdd 

shIpped 
At In j\lax im'ltn f\ l mimum Average ~1ax i mum ~ [inimu m l\[PDI transi t 

Pounds Ho urI Hours • F. . F. . F. • F . . F . 
January . . . . . 120 72 38 32 32 32.0 34 33 
Ma y ....... 120 78 39 J4. 33 33 .3 J4. 33 
August ...... 100 92 H J.I. 33 33 .3 37 33 
October ..... 100 H :8 36 32 33 .5 34 33 

~ote l : The gene ral freight car \\ as nonrefngeraled and nonlOsul ated . 
~ote 2 : !\lPD I ( ~ l arine P roducts Devdopment Irradi ato r, Bureau of Commercial Fisheries, Glou cester, l\ las5.ilCbusetu). 

'ate 3: The ave ra ge temperatures shown were the a verages of 55 recordings per tr ip . 

Average 

• F . 

33.3 
33 .8 
36.0 
33 .2 

Table 6.-Temperature of fresh haddock fillets shipped by rail from Bo tOD, 'Iassachusetts, to Texarkana, Texas, 1965 
and 1966 

Le n ~th of T emperatu re of fi ll ets at : 
lime 

Weigh t of fillets Start of trip End of tr ip 
M on tb sa mples were held 

shipped 
At In M aximum lvfinimum Average Max imu m M ini mum MP DI transi t 

PoundJ Ho ur5 H ou ri . F. • F . • F. • F. . F . 
April . . ..... ZOO -- 50 40 33 3H 36 J4. 
April ...... . 2oo -- 49 39 36 37.6 33 33 
July . .... . . . 200 -- 49 39 32 3; .9 H 35 
October ..... 200 72 51 36 35 34 .6 33 33 
Dece mber " . . 200 75 52 34 H 34 .0 34 34 
Febru ary . . . . 200 73 51 34 33 33.2 34 33 

Note I : The general freight car was non ref rige ra ted and non insulated . 
Note 2 : MPDI (M arine Prod uct s Development I rradiato r, Bureau of Commercial Fis heries, G loucester, ~fassachusetts). 
Note 3: The average temperatures shown were the ave rages of 96 recordings per trip . 
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Average 

• F . 

34.4 
33 .0 
38 .0 
33 .0 
34.0 
33. 5 



Table 7.-Temperature of fresh haddock fillets shipped by rail from Boston, Massachusetts, to Seattle, Washington, 
1965 and 1966 

-
Length of T emperatu re of fillets at: 

t imo 
Weight of fi ll et s Sta rt of tr ip End of trip Month fillets were held : 

shipped 
At In M ax imum Min imum A verage M ax imum Minimum A verage MPDI transit 

Pou nd! HourI HourI o F. o F. o F. o F. o F. o F. 
September ... . 300 73 91 33 33 33 .0 35 J4. 34 .4 
October .. . .. 600 70 III 33 32 32.7 35 33 34 .6 

Note 1 : The general freight ca r wa·s nonrd ri gerated and noni nsul ated. 
Note 2: MPDI (Marine Products Development Irrad iator , Burea u of Commercial F isheri es, G loucester, Ma ss achusetts) . 
Note 3 : The average temperatures show n are the averages o f 139 recordings per trip . 

SUMMARY 

Before embarking on a costly program of 
research to test the commercial feasibility of 
irradiating haddock and cod fillets, we wanted 
to determine whether or not some practice in 
the industry would preclude the success of ir
radiating fish. We particularly wanted to 
know two things : (1) whether the haddock 
being landed in Boston, Massachusetts, are 
sufficiently fresh to warrant their being irra
diated to extend their shelf life and (2) 
whether the temperature of the fillets when 
shipped by common carrier is sufficiently low 
to ensure that irradiated fillets will arrive at 
distant points in the nation in a fresh condition. 

The first study in the series showed that 
the freshness level of haddock was more than 
adequate. 

The study reported here looked into the 
problem of temperature of fresh fill ets being 
shipped by common carriers. We investigated, 
during all seasons of the year, the temperature 
of fresh fillets shipped by two means of trans
portation: truck and train. 

We found that shipments by truck could 
be divided into four categories: (1) processor-

distributor shipments, (2) f rozen-food ship
ments, (3 ) r efr igerated f resh-fish shipments, 
and (4) nitrogen-gas refrigerated shipments. 

One method of shippin g by t r uck for short 
distances was found to be too short in duration 
to achieve the maximum cooling of fresh fillets 
under the conditions of shipment. Shipment 
by r efr igerated t r ucks designed for transpor 
tation of f rozen foods resulted in partial f reez
ing of the fresh fillets. The most common 
method of shipping f resh fishery products 
using a combination of ice and mechan ical 
refrigera tion maintained the fresh fillets at 
optimum temperatures. One study of a more 
recent method of h uck ref r igeration using 
nitrogen gas showed tha t it had no advantage 
over the dominant method of refrigeration. 

Three studies of sh ipment by rail showed 
that fresh fillet t emperatures were maintained 
at optimum temperatures by a method of re
frigeration that has been in long use - namely, 
shipment of the fresh fi llets in cans packed 
in ice in wooden barrels, which are r e-iced en
route when needed. 

CONCLUSIONS 

The survey showed that all the common 
commercial methods of transporting fresh fish 
interstate ensure fillet temperatures of 40 0 F. 
or lower. This temperature would be suffi-

ciently low to permit shipment of irradiated 
fresh fill ets in good condition to the most 
distant parts of the continental United States. 
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