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INTRODUCTION 

The first study (Barrett, Brinner, Brown, Dolev, 
Kwon, Little, Olcott, and Schaefer, 1965) in this 
series showed that the species of f ish used was more 
important to the quality of canned tuna than were 
such variables as length of fish, time the fish were 
held on deck after capture, and the fact that the 
fish had been frozen and stored in brine wells aboard 
the fishing vessel. In the first study, samples of 
tuna muscles were obtained at sea, aboard com
mercial fishing vessels. The samples were taken 
from fish that were subjected to treatments refl ect ing 
the various methods of handling fish aboard the 
commercial fi shing vesse l and were tagged for iden
tification. When the fish were unloaded at a ca n
nery, the lengths of the individua l fish were meas
ured, and additional musc le samp les were ta ken. 
All muscle samples were ana lyzed biochemicall y to 
gain an understanding of the changes in q ua lity 
that had occurred. After the tagged fish had been 
canned, the organoleptic qual ity of the can ned 
product was evaluated by an industry pa ne l. 

A statistical analysis of the data showed that 
a larger number of speci mens from each treatment 

group would be necessary to clarify the various in
terrelations between the var iables. Also, 0 h r 
changes in the sampling design seemed desirable. 
Accordingly, the study was extended in 0 a secan 
year. The second year's work, which is repor ed in 
this paper, was directed specifically oward de er
mining the relat ive effect on conned-tuna quali y 
of (1) length of f ish, (2) time of holding the fish 
on deck a fter captu re, and (3) biochemical changes 
during ho lding of f ish in frozen storage. 

In the present study of the relation of these 
three variables to the quality of conned yellowfin 
tuna, length emerged as the predominant one. The 
question then arose as to how closely the quality 
of the product could be predicted from fish length 
and whether the use of biochemical data would 
add to the precision of the forecast. Accordingly, 
this repo rt deals with two main subjects: 

I. Interrelation of biochemcial data, fish-hand
ling data, sensory data, and fish -length data. 

II . Use of fish length, with and without biochem
ical analyses, to predict quality of conned 
tuna . 

I. INTERRELATION OF BIOCHEMICAL DATA, FISH-HANDLING DATA, 

SENSORY DATA, AND FISH-LENGTH DATA 

The following three relations were studied by sta
tistical analysis: 

A. Relation of biochemical data to fish-handl ing 
data. 

B. Rela t ion of fi sh-handling data and b iochem
ical data to sensory data . 

C. Relation of f ish- length data to b iochemical 
data and sensory data. 

A. RELATION OF BIOCHEMICAL DATA 
TO FISH-HANDLING DATA 

Fish hand ling incl uded handling the tuna on deck 
for various periods of time and then p lacing them 
in brine wells for f rozen storage. O nly the time 
on deck was varied . The time the. fish were held 
in the brine we lls was essentially uniform. Thus, 
the on ly factor studied in relation to the frozen stor
age was whether the samples of the fish were taken 
before the fish were stored or after they were stored. 
The ma in topics repo ted in this subsection accord
ingly are (1 ) the relation of biochemical data to 

t ime on deck and (2) the relation of biochemical 
data to changes due to frozen storage. 

1. Relat ion of Biochemical Data to Time 

on Deck 

Although we were interested In all factors 
affecting the quali ty of canned no, we were pri
maril y interested in color and rancidity. Our biO

chem ical analyses therefore were directed especiall , 
toward ga ining information about 5e t 0 aspec s 
The biochemical variables chosen for s 'Jdy ere 
heme protein concentrat ion, Sore pea position, iron, 
pH, and th iobarbituric acid (TBA v lue, he firs 
fou r of which contribute to on unders andlng of color 
and the lost to an understanding Of r ncidlty. 

There was a good likelihood tho eme pra'eln 
concentra ion would be foun 0 affe color. D· 
rivat ives of hese pro eins arc respo 51 Ie a colo 
in conned tuna. Since lig tess of colo is a d -
sirable a n ute, i migh be e pe cd a 10 

p gmen s in ra N tuna • auld be reo 
inal colo. 
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For good color of tuna, heme protein should 
be retained in the reduced ferrous form . The state 
of oxidation can be determined by measuring the 
So ret peak position spectrophotometr ically; oxida
tion changes the position of the peak to a lower 
wave length. Thus, the relati ve amounts of pigments 
present in ei ther the oxidized or the reduced forms 
can be ascerta ined . The peak position of the ox
idized form (metmyoglobin , methemoglobin) is at 406 
millimicro ns, whereas that of the reduced form (oxy
myoglob in, oxyhemoglobin ) is at 412 millimicrons. 
Peaks fo r mixtu res of the two fall in between, de
pending upon t he relative proportions of the two 
fo rms. 

It should be stressed that the value expressed 
for total heme protei n concentration represents only 
extractab le heme proteins and therefore is infl uenced 
not only by the total amou nt of heme proteins in 
the musc\.:~ tissue but also by the amount of de
naturation tha t rendered the pigments insoluble. Total 
muscle iron, on the other hand, gives essentially the 
true value of tota l hemog lobin and myoglobin, which 
account for most of the iron in musc le. It shou ld 
be unaffected by t reatment or storage, for it is meas
ured on whole muscle by a d igestion procedure 
and thus does not ref lect any changes in heme pro
teins associated wi th denatu rat ion. According ly, 
total muscle iron g ives an indicat ion of how com
pletely heme p rotei ns are extracted . 

pH wa s fou nd to be related to the rate of oxi
dation of heme protein. Lower pH was associated 
with a faster ra te. 

TBA reacts with malonaldehyde or related com
pounds produced as a result of lip id oxidation. For 
that reason, TBA measurements give information con
cerning rancidity. 

Thus, in ou r study of the relation of time on deck 
to the results of biochemical analyses, the foll owing 
five vanab!es were investigated: (1) extractable 
heme protein , (2) So ret peak position, (3) iron, (4) 
pH, (5) TBA. 

o. Heme protein. 

(1) Procedure.-The main steps in determining 
extractable heme protein involved sampling the fish 
at sea and then ascertaining the concentration of 
heme protein in the samples. 

(aJ Samples.-Eight batches were sampled . 
Each batch nod 15 yellowfin tuna, from catches 
made by a purse-seine vessel off the Pacific Coast 
of Central A merica. The first group of samples, 
taken on 1 August 1964, was designated Group I. 
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These sa mples (fish numbered 1 to 75; Batches I 
to V) were from tuna taken out of the first two 
broils from the net . The water temperature at the 
ti me of capture was 2B.3° C. Individual batches 
of the fish were left on deck (the air temperature 
was 29.4 ° C.) for 0, 1, 2, 3, and 4 hours before 
the musc les were sampled. The second group of 
samp les, taken on 2 August 1964, was designa ted 
Group II . These samples (fish numbered 76 0 120; 
Batches VI to VIII ) were also from tuna taken out 
of the first two broils from the net. The water tem
perature was 27.3° C. Individual batches of the f ish 
were left on deck (the air temperature was 27.Bo C.) 
for 0, 2, and 5 hours before the muscles were 
sampled. (When we planned the research, we in
tended to have the same holding times on deck 
for the batches in both Group I and Group II, but 
the actual holding times for Group II had to be 
altered, owing to unfavorable circumstances when 
the second group was sampled.) 

After the indica ted t ime on deck, wedges of dorsa l 
muscle were excised from the first 10 f ish in each 
batch . Each wedge weighed about 100 grams, and 
each was taken from the left side af he fish, just 
below he origin of the dorsal fin. The wedges 
were Immed iatel y pac aged in individual, double, 
plastic bags, sealed, and placed in a - BO° C. 
mixture of dry ice and ethanol. This procedure re
quired about 5 minutes. The frozen samples were 
then put in a specially designed freezer and held 
at - 30° C. or lower until they were a na lyzed. These 
samples were designated "a -sea" samples. 

We recognize the possibility ha changes may 
have taken place in the samples held at - 30° C. 
or below. A be ter procedure for handling a large 
number of samples on a fishing vessel, however, 
is difficult to conceive. We have found that re
peated biochemical analyses made on a samp le held 
at this temperature for several months g ive constant 
values. Corroborating this finding, Bito (1 965) has 
reported that pigments in tuna held for 9 to 13 
months at - 35 ° C. were not ox id ized. 

(b) A nalyses.-In the determinat ion of 
heme prote in concentrat ion, frozen ar sem isolid mus
cle samples were f inely minced, a 10-gram port ion 
was placed in a Waring' blendor that was jacketed 
with ice water, 25 milliliters of water was added to 
facilitate blending, and four drops of actanol were 
added to reduce foam ing. The mixture was blended 
at top speed for 2 minutes, then centrifuged for 30 
minutes at 10,000 revolutions per minute (12,000 x 
gravity) in a refrigerated centrifuge. The spectra 

1 Use o f trade names f or the descr iptio n o f exper imental ma
tenals and equipment does not imply endorsement. 



of the supernatant were recorded on a Cary Model 
15 Spectrophotometer, and the concentration of heme 
protein was determined by use of known extinction 
coefficients (Brown, Martinez, Johnstone, and Olcott, 
1962). 

In our earlier studies, we had separated hemo
globin from myoglobin by making use of the ease 
of denaturation of hemoglobin and its resulting loss 
of solubility. This method failed in the present 
study, owing to recurrent problems with turbidity. A 
procedure for correcting this turbidity has now been 
developed (Goldbloom and Brown, 1966), but it was 
not available during the course of these experiments. 

(2) Results.-Extractable heme protein for the 
samples taken at sea tended to decrease with the 
time the fish were held on deck (Table 1). Never
theless, the heme protein values did not differ sig
nificantly from sample to sample (Table 2). 

b. Soret Peak Position.- The absorption spectrum 
of the heme protein extract, prepared as described 

above, was measured in the range of 406 to 412 
millimicrons by means of a Cary Model 15 Spectro
photometer. 

The posit ion of the Soret peak d iffered ignif
icantly between batches within groups (Table 2). 
The difference between batches in Group I appeared 
to be associated with the time the fish were held 
on deck, since the Soret peak generally decreased 
as t ime on deck increased (Table 1). In Group II, 
Batch VIII, which was held 5 hours on deck, hod 
a lower Soret peak position (Table 1) than did Botches 
VI and VII , which were held 0 and 2 hours, re
spectively. 

c. Iron.- Total muscle iron was determined by 
digesting portions of tuna muscle sample, token as 
described earlier, and reacting the resulting digest 
with a,a'-dipyridyl (American Association of Cereal 
Chemists, 1962). 

The values of iron determined for the various 
botches are shown in Table 1. 

Table I.-Mean values of biochemical variables studied by the use of yeUowfin tuna held for varying times on deck 
after capture and then sampled at sea 

Extractable Soret peak 
Group Batch Time heme protei n position Iron pH TB 

on concentration No. No. deck 
M ea n S. E.1 M ean S. E. Mean S. E. Mean S. E. M ean S E 

Hours Mg./g. Mp. M g./ lOO g. !If K. rna/on· 
a/dth)dd 
1,000 g. 

I 0 1.52 0.11 409 .8 0. 39 0.73 0.06 5.92 0.03 0 .66 00 
II I 1.39 0. 10 409.6 0. 34 0.63 0.04 5.88 0.02 1.05 021 

I III 2 1.46 0. 17 408.7 0.40 0.79 0.12 5.86 0.02 0.90 /) .0 

IV 3 1.1 3 0.07 408 .8 0.26 0.72 0.0 5.89 0.04 1.1 0 .29 
V 4 1.1 7 0.11 408.4 0.24 0.67 0.04 5.96 0.03 0.64 004 

- --- --- I- -- --- --- ---- - -- - --- --- --- --- r- -- I- - -
VI 0 1.37 0.08 ·W 8.4 0.34 0.68 0.05 5.78 0.02 O. 2 0.1 S 

II VII 2 1. 22 0.07 408 .6 0.56 0.75 0.07 5.77 0.01 O. 6 o 18 
VIII 5 1.28 0.08 407 .1 0.36 0.76 0.08 5. I 0.02 1.34 020 

1 Standard error. 

Table 2.-Summary of the analysis of varlance of biochemical variables studied by the use of yeUowfin tuna held 
for varying times on deck after capture and then sampled at sea 

Analyses of variance for : 

Group I Group II Biochemical 
variables (Batches I-V) (Batches VI-VIII) 

[ Between batches] [ Between batches] 

Fl D .f.2 F D .f. 

Extractable heme protein 2.24 4,45 0.94 2,27 
Soret peak pos ition ... . 2.89* 4,45 3.40· 2,2 
pH ... . ...... .. .... 1.49 4,45 1.21 2,27 
TBA .... . . .. . .. ... . 1.96 4,45 2.35 2,24 

ote.-I ron is not included because of uncertainty in sample numbers. 
1 Variance ratio . 

All batches 

[Between batches 
with in groups] [Be t"'een group] 

F D .f. F D.C. 

2.06 6,72 0.20 1,6 
3.05' 6, 2 4. 3 1,6 
1.50 6, 2 23.;3 " I ,£. 
2.0 6,69 0.21 1,6 

• Degrees of freedom. 
* significant (indicates a value that is significantly larger than would be expected by chance at the 5-percent lenl 01 prob~bIIIlY) 
** = highly significant (indicates a alue iliat is $ignificantly larger than would be expected by chance at ilie I -percent levd 01 rob~biIIlY). 
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d. pH.-The pH of the muscle extract, prepared 
as described above, was measured wi th a g lass 
electrode in a Radiometer pH meter. 

The pH determinations showed no significant dif
ferences between batches within groups, but the dif
ference between the two groups was highly sig
nificant (Table 2). 

This difference may be re lated to the size of 
the fish , since those in the second group were 
larger (longer). 

There were no notable differences in technique 
of capture. 

e. TBA value.-TBA values on samp les taken as 
jescribed earlier were determined by the method of 
T lrladgis, Watts, Younathan, and Dugan (1960). 

No difference in TBA values appeared between 
batches (Ta ble 2). Because the mean TBA value 
increased in proportion to the time the fish in the 
batches in Group II (Table 2) were held on deck, 
some lipid ox idations may have occurred during that 
time. We cannot exp lain the absence of increase 
in Group I. 

Resume' - Effect of "standing on deck".-The 
amount of extractable heme proteins and the Soret 
peak position tended to be lowered. Some heme 
proteins may have been oxidized during this period, 
result ing in a shift of the Soret peak to lower wave 
lengths. The lowering of extractabi lity of heme pro
teins was likely due to partial denaturation. The 
effect of such partial denaturation on oxidation rates 
of heme protein, however. is not known. 

2. Relation of Biochemical Data to Changes 

Due to Frozen Storage 

a. Heme protein.-After the muscle wedges of 
tuna were taken on the vesse l in the manner indi
cated earlier all of the fi sh of each batch were indi
vidually labeled wi th the appropriate specimen num
ber (International Tropical Tuna Commission plastic 
tags were used), mixed with the vessel's catch, and 
put into brine we lls. 

When the vesse l was unloaded on 21 September 
1964, muscle wedges were taken both from fish that 
had previously been sampled at sea (except a few 
speci mens that were not recovered ) and from fish 
that had not. Th ese muscle wedges were frozen 
by the same method as that used on board the vesse l 
at sea (dry ice and ethano l) and were transported 
to the Institute of Marine Resources Laboratory at 
Berkeley for biochemica l analysis. 
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The samples taken at the cannery from the fish 
that had also been sampled at sea were called "can
nery with at sea". The samples from the fish that 
had not been sa mpled at sea but only at the cannery 
were ca lled "cannery only". 

The same method of extractable heme protein 
a nd other ana lyses were used as described earlier. 

Table 3 summarizes the results. 

The differences in extractable heme protei n val
ues were high ly significant between batches within 
groups, both for cannery-with-at-sea samples and 
cannery-only samples (Table 4). These differences 
in va lues, however, were due entire ly to differences 
between batches within Group II. Although the 
heme protein concentration for the at-sea samples 
tended to decrease with the period of time the fish 
were held on deck (Table 1), this trend was not 
duplicated with the cannery samples (Table 3). 

b. Soret peak position.-Soret peak position for 
cannery samples, as for the at-sea samples, showed 
significant differences between batches within groups 
(Table 4), but these differences were due entirely 
to the differences among the three batches of Group 
II. For the biochemical samples taken at the cannery, 
no relation was evident between position of Soret 
peak and the time the fish were held on deck before 
being frozen (Table 3). Although the trend was for 
at-sea samp les to exhibit a positive relation between 
So ret peak and the time the fish were held on deck, 
the cannery samples exhibited no relation or perhaps 
a positive relation. A general lowering of the Soret 
peak position occurred between the time the samples 
were taken at sea and the t ime they were taken 
at the cannery (as can be seen by comparing Tables 
1 and 3, only the values for Batch VII I in Table 3 
were anoma lous-that is, higher than the corres
ponding value in Table 1); this lowering was ap
parently larger than the lowering caused by the 
time the fish were held on deck 

c. Iron.-I ron values were determined for indi
vidual fish, but the records were ambiguous as to 
whether the val ues were those of samples taken 
at sea or at the cannery. In any event, as was 
discussed earl ier, there should be no difference in 
iron va lues between at-sea and cannery samples of 
the same fish. 

No significant differences in iron content were 
exh ib ited among the different batches of the cannery
only samples (Table 4). 

d. pH.-Biochem ical determinations on the can
nery-only samples showed no significant differences 
in pH between batches or between groups (Table 4). 
Examination of the data for cannery-with-at-sea 



Table 3.-Mean values of biochemical variables studied by use of yellowfin tuna held for 
varying times on deck after capture, placed in brine wells, and then sampled at 
the cannery. 

Extractable Soret peak position heme protei n 

Group Batch T ime Cannery Cannery 
No. No. on with at Cannery with at Can nery 

deck only only sea sea 

M ean S.E.l M ea n S.E. Mean S.E. Mea n S.E . 

Hours Mg./ g. M g./g. M J.L MJ.L 

I 0 0.93 0 .05 0.98 0 .06 407.6 0. 38 407.9 0 .37 
II I 1.01 0.09 1.05 0.07 407 .2 0.38 407.7 0.35 

I III 2 0 .93 0 .05 0.95 0.04 408 .2 0.53 408.3 0 .39 
I V 3 0 .8 3 0.05 0 .88 0 .04 406 .9 0.45 407.5 0.47 
V 4 1.05 0.07 1.07 0.06 408 .2 0.5 3 408. 2 0.40 

- - -- r- -- --- --- --- --- --- --- - -- ---
VI 0 1.40 0 .06 1.39 0 .10 408.4 0.3 1 406.9 0 .24 

II VII 2 0 .8 7 0 .06 1.02 0.07 406.4 0.27 406 .8 0 .22 
VIII 5 1. 20 0.07 1.20 0 .06 409.4 0 .57 408 .6 0.54 

Iron pH T BA 

Group Batch T ime Cannery Cannery on Ca nnery Can nery Cannesy o. o. deck only with at onl y with at only sea sea 

Mean S.E . lVIean S.E . M ea n S.E. M ea n S.E . Mean S.E. 

H Ollrs Mg./100 g. M g. malonaldt hydel 
1,000 g. 

I 0 0.7 3 0 .06 5.90 I 0 .04 5.88 0 .03 1.00 0 .16 1.1 2 0. 16 
II I 0 .6 3 0 .04 5.80 0.Q3 5.82 0.02 1. 29 0 .20 1.24 0 . 17 

I III 2 0.79 0 .12 5.84 0.02 5.85 0 .01 1.70 0. 37 1.44 0.26 
IV 3 0 .72 0 .08 5.80 0.04 5.84 0 .03 1.30 0 .32 1. 26 0.2 1 
V 4 0.67 0 .04 5.94 0 .03 5.9 1 0.03 1.1 9 0 .20 1.12 0.16 

- - -- --- -- --- -- -- - -- -- -- --- --- r- -- --
VI 0 0.68 0.05 5.82 0.02 5.8 1 0 .Q3 0 .. 73 0 .05 0 .64 0 .05 

II VII 2 0.75 0.07 5.8 1 0 .02 5.80 0.0 1 1. 29 0.25 1.46 0 .23 
VIII 5 0 .76 0.08 5.79 0.02 5.78 0.02 1.55 0 .3 6 1.62 0 .23 

Note.- Iron was not included 10 the "cannery-with-at-sea" samples becau se of a confusion in sa mple numbers. 
1 Standard error. 

T able 4 .-Summary of the analysis of variance of biochemical variables studied by the use of yell.oW'fin tuna held 
for varying times on deck after capture, placed in brine wells, and then sampled at the cannery 

Grou p I Group II All ba.tc hes 

(Batches I-V) (Batches VI-VIII ) [ Between batches 
Biochemi cal variables [ Between batches ] [Between batches] within groups] 

F1 D./.2 F D./. F D./. 

Analys is of va ri ance for cannery-with-at-sea samples 

Extractable heme protein 1.90 4,44 13.87** 2,21 5.64 ** 6,65 

Soret peak position .. 1.59 4,44 12.75** 2,2 1 4.94 ** 6,65 
pH .... . . ..... . ... 3.87** 4,44 0.49 2,2 1 3.2 3** 6,65 

T BA ... . ......... 0 .96 4,43 2.20 2, 19 1. 29 6,62 

Analys is of variance fo r cannery-on ly sa mpl es 

Extractable heme protein 1.87 4,69 5.5 3** 2,3 4 3.48** 6, 103 

Soret peak position .. 0 .66 4,69 6.94"* 2,34 2.48* 6, 103 

Iron ..... .. . . .. ... 0 .73 4 ,66 0.38 2,33 0 .64 6,99 
pH ... .. . .. .. ..... 2.15 4,69 0 .38 2,34 1.80 6, 103 

TBA ............. 0 .44 4,67 5.36** 2,35 2. 10 6, 102 

Note.-lron was not included in the "cannery-with-a,t-sea samples" because of the confu sion in sa mple numbers. 
1 Va riance ratio . 
2 Degree of freedom. . . . 

[Between groups] 

F D./. 

2.7 1 1,6 
0.05 1,6 
1.5 2 1,6 
0 .12 1,6 

5.44 1,6 
0 .8 2 1,6 
0.28 1,6 
6.89* 1,6 
0.09 1,6 

* = significant (i ndicates a value that IS Signifi ca ntly larger than wo~ld be expected by chance at the 5-percent level of probabili ty). 
** = highly significant (indicates a va lu e tha.t is significan tly large r than wou ld be expected by chance at the I-percent level of probabil ity). 
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samples of fish revealed that the difference between 
batches in Group I was highly significant. Values 
of pH for the different batches, however, did not 
seem to be associated with time on deck (Table 3). 
The various significant differences in pH, both at
sea samples and cannery samples, appeared to be 
associated with the length of fish more than with 
treatment. This apparent correlation will be ex
amined later. 

e. TBA value.-With the sale exception of the 
cannery-only samples in the three batches composing 
Group II, no demonstrable difference in TBA existed 
between batches, either for at-sea samples or for 
cannery samples (Figure 4) . 

Resume' - Effect of "frozen storage".-Heme 
r:-rotein concentration decreased markedly during 
frozen storage of the fish aboard the vessel. These 
results confirm the findings made in the first study. 
The values for the Soret peak position were mark
edly higher for the samples obtained at sea than 
for the corresponding samples subsequently obtained 
at the cannery; only the values for Batch VIII were 
anomalous-that is, lower for the at-sea sample. 
In ge:leral, the pH decreased between the time of 
sampling at sea and the .time of sampling at the 
cannery. TBA, as expected, increased during frozen 
storage. 

The decrease of extractable heme proteins be
tween the time of storage and the time of unloading 
at the cannery and the clearly demonstrable low
ering of the Soret peak position were possibly due 
to some oxidation and slight denaturation. The de
crease in pH was likely associated with the pro
duction of lactic acid. The increase in TBA was 
undoubtedly due to a slight amount of lipid oxi
dation, whicf, takes place even at freezing tem
peratures. Similar changes in heme protein concen
tration, Soret peak position, and pH were noted 
in the previous study (Barrett et aI., 1965). 

B. RELATION OF FISH-HANDLING DATA 
AND BIOCHEMICAL DATA TO 

SENSORY DATA 

1. Relation of Fish-Handling Data to 
Sensory Data 

After the tuna were landed and the muscle 
wedges were taken at the cannery as described 
earlier, the fish were thawed, measured for length, 
butchered, cooked, and canned in a commercial can
nery. Commercial processing operations were fol
lowed as closely as possible. The tuna were handled 
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individually, however, to ensure that the '~: Oh· :)· 
the cans would 'Correspond identically with the cOding. . 
given the individual fish. . 

A panel of industry representatives from different 
tuna processing firms evaluated the canned fish for 
eight quality attributes. "Scoresheet instrudionSN 

served both as a statement of the criteria of quality 
and as a record sheet for the evaluations. · · This 
scoring system was developed from that used in 
earlier work (Barrett et aI., 1965) by discussions and 
cooperative experiment between the Bureau of Com
mercial Fisheries and technological staffs of the tuna 
industry. It is designed to evaluate only the in
herent quality attributes of the samples. Other 
scoring systems used in industry consider in addition 
other "workmanship" factors (such as freedom from 
bones, bruises, etc.) that are also a factor in con
sumer acceptance. The texture score was specif
ically designed to evaluate hand-made solid-pack 
sample and could not be used for evaluating, for 
example, commercial chunk-pack tuna. 

The subjective grades of the follOWing quality 
attributes were analyzed statistically: (1) scorch, 
(2) color, (3) flakiness, (4) general texture, (5) fiber, 
(6) odor, (7) flavor, and (8) overall quality. Be
cause the code numbers on several of the cans were 
questionable, subjective quality judgments for four 
of the fish (those numbered 36, 43, 46, and 96) 
were discarded. For each attribute 'and for each 
batch, the subjective grades assigned by the judges 
were compared by the analysis of variance. Where 
the variance showed that the judgments were not 
constant, there being significant differences between 
the scores given the same samples, the data were 
edited by Duncan's Multiple Range Test. Thereby 
the data from those judges whose scores differed 
significantly from the rest were removed. 

The procedures used and results obtained in the 
evaluation of each of the eight quality attributes 
were as follows: 

o. Scorch.-In scoring the canned tuna sample 
for scorch, the judge: 

1. Opened the can, turned out the contents care
fully, and noted the color of the headspace .. 

2. Evaluated the scorch, using a scale of from 1 
(severe scorch) to 5 (no scorch) on the basis 
simply of a light-meat sample and not on 
the basis of a yellowfin tuna sample. 

3. Chose a value that represented as closely as 
possible the average scorch of all the cans 
in the sample, when the sample was made up 
of two or more cans. 

4. Entered the score on the scoresheet. 
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!~ . ~;:~di:ftff«jirreon deck was not a significant var
i~J~ :· acibl~ S,; Judgments of scorch did not differ 
,sigmficantly · between batches within grOl!PS, but they 
did differ signifiCantly between groups (Table 6). 
As wm be- discussed later, the difference could be 
associated with .fish length. 

b. Color.-In scoring the <:anned tuna sample for 
color, the- judge: . 

1. Disregarded the headspace color and any 
cleaning defects or bruises. 

2. Broke the pieces of tuna apart and eval-

uated the color of the flesh on a scale of 
10, using the following points as guidelines: 

10: Excellent, very light, bright color 
(equivalent to the color of albacore). 

6: Medium pink; no more than slightly 
off color. 

1 : Extremely dark or severely off 
color. 

3. Checked the score on the scoresheet together 
with any off colors in the indicated categories. 

Table 5.-Data on the means of the subjective grades of canned yellowfin tuna in relation to the holding time 
of the tuna on deck 

Group Batch Time Scorch Color Flakiness General texture 
No. No. on 

deck Judges Mean S. E.1 Judges Mean S. E. Judges Mean S. E. Judges Mean S. E. 

Hours Number Number Number Number 

I 0 7 4.27 0.07 5 7.38 0.12 6 4.18 0.09 3 4.44 0.09 
II 1 8 4.08 0.07 4 7.51 0.16 5 4.08 0.08 3 3.00 0.14 

I III 2 .- 7 4.01 0.08 4 7.76 0.15 4 4.22 0.08 4 4.24 0.10 
IV 3 7 4.13 0 .07 4 8.52 0.14 4 4.20 0 .10 3 3.10 0.12 
V 4 7 4.17 0.06 3 8.26 0.14 3 4.19 0.09 3 4.67 0.09 

--- f- -- --- r- -- --- --- --- --- -- -- - - -- --- -- ~--
VI 0 7 3.37 0.11 4 7.05 0.20 5 4.04 0.10 4 4.08 0.15 

II VII 2 6 3.15 0.10 6 6.83 0.20 5 3.88 0.10 3 4.74 0.08 
VIII 5 6 3.36 0.11 6 7.08 0.16 4 3.75 0.11 3 3.29 0.15 

Group Batch Time Fiber Odor Flavor Overall quality 

No. No. on 
deck Judges Mean S. E. Judges Mean S. E . Judges Mean S. E. Judges Mean S. E . 

Hours Number Numbtr N umber Number 

I 0 8 3.68 0.09 4 4.68 0.07 6 3.73 0.08 6 4.14 0.06 
II 1 7 3.45 0.10 5 4.53 0.07 5 3.67 0.09 4 4.02 0.08 

I III 2 5 3.71 0 .13 4 4.44 0.09 6 3.65 0.08 6 3.63 0.07 
IV 3 6 3.31 0.12 4 4.45 0 .10 5 3.86 0.08 5 3.64 0.07 
V 4 5 3.46 0 .12 4 4.34 0.11 5 3.77 0 .09 5 3.80 0.08 

--- ~-- --- I- -- --- - --- --- --- -- - - -- r- - - - - - --- ---
VI 0 7 3.21 0.13 7 4.06 0.08 4 3.58 0.10 6 3.53 0.09 

II VII 2 4 2.90 0.17 5 4.19 0.10 6 3.73 0.09 5 3.56 0. 10 
VIII 5 4 3.60 0.13 4 3.64 0.09 6 3.65 0.09 6 3.52 0.08 

1 Standard error. 

Table 6.-Summary of analysis of variance of subjective grades of canned yellow6n tuna in relation to groups 
and batches of the tuna that had been held for varying times on deck 

Group I Group II All batches 
(Batches I-V) (Batches VI-VIII) [Between batches Subjective variables [Between batches] [Between batches] within groups] [Between groups] 

--
F1 D. f.2 F D . f. F D. f. F D. f. 

Scorch ............ 1.85 4,499 1.33 2,229 1.63 6,728 110.75* 1,6 
Color ......... .... 12.09** 4,275 0.52 2,197 5.82** 6,472 8.62* 1,6 
Flakiness .. ........ 0.39 4,303 1.90 2,165 0.96 6,468 18.08* 1,6 
General texture •••••• 42.33** 4,215 3\.93** 2,116 42.81** 6,331 0.04 1,6 
Fiber ............. 2.37 4,430 5.66** 2,172 3.60** 6,602 2.68 1,6 
Odor ............. 2.05 4,288 8.97** 2,185 4.58** 6,473 13.66* 1,6 
Flavor .. , ......... 0.93 4,376 0.49 2,198 0.76 6,574 1.41 1,6 
Overall quality ...... 10.99** 4,351 0.05 2, 203 5.88** 6,554 4.73 1,6 

1 Variance ratio. 
S Degree of freedom. 

* = significant (indicates a value that is significantly larger than would be expected by chance at the 5-percen t level of probability) . 
n = highly significant (indicates a value that is significantly larger than would be expected by chance at the I-percent level of probabl!it)·). 
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samples of fish revealed that the difference between 
batches in Group I was highly significant. Values 
of pH for the different batches, however, did not 
seem to be associated with time on deck (Table 3). 
The various significant differences in pH, both at
sea samples and cannery samples, appeared to be 
associated with the length of fish more than with 
treatment. This apparent correlation will be ex
amined later. 

e. TBA value.-With the sale exception of the 
cannery-only samples in the three batches composing 
Group II, no demonstrable difference in TBA existed 
between batches, either for at-sea samples or for 
cannery samples (Figure 4). 

Resume' - Effect of "frozen storoge".-Heme 
f:,(otein concentration decreased markedly during 
frozen storage of the fish aboard the vessel. These 
results confirm the findings made in the first study. 
Th E' va I ues for the Soret peak position were mark
edly higher for the samples obtained at sea than 
for the corresponding samples subsequently obtained 
at the ca nnery; only the values for Batch VIII were 
anomalous-that is, lower for the at-sea sample. 
In 93'leral, the pH decreased between the time of 
sampling at sea and the ,time of sampling at the 
connery. TBA, as expected, increased during frozen 
storage. 

The decrease of extractable heme proteins be
tNeen the time of storage and the time of unloading 
at the cannery and the clearly demonstrable low
ering of the Soret peak position were possibly due 
to some oxidation and slight denaturation. The de
crease in pH was likely associated with the pro
duction of lactic acid. The increase in TBA was 
undoubtedly due to a slight amount of lipid oxi
datioll , which takes place even at freezing tem
perot lJ r'es, Similar changes in heme protein concen
trotion, Soret peak position, and pH were noted 
in the prev ious study (Barrett et aI., 1965). 

B. RELATION OF FISH-HANDLING DATA 
AND BIOCHEMICAL DATA TO 

SENSORY DATA 

1 . Relation of Fish-Handling Data to 

Sensory Data 

After the tuna were landed and the muscle 
'.'"edges were taken at the cannery as described 
earlier, the fi5h were thawed, measured for length, 
butchered, cooked, and canned in a commercial can
nery, Commercial processing operations were fol
lowed as closely as possible. The tuna were handled 
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individually, however, to ensure that the 'cod~ o~: :~ ,!'l 
the cans would correspond identically with the codfnO " , 
given the individual fish. ". 

A panel of industry representatives from different 
tuna processing firms evaluated the canned fish for 
eight quality attributes. "Scoresheet instructions'; ' 
served both as a statement of the criteria of quality 
and as a record sheet for the evaluations. _. This 
scoring system was developed from that used in 
earlier work (Barrett et aI., 1965) by discussions and 
cooperative experiment between the Bureau of Com
mercial Fisheries and technological staffs of the tuna 
industry. It is designed to evaluate only the in
herent quality attributes of the samples. Other 
scoring systems used in industry consider in addition 
other "workmanship" factors (such as freedom from 
bones, bruises, etc.) that are also a factor in con
sumer acceptance. The texture score was specif
ically designed to evaluate hand-made solid-pack 
sample and could not be used for evaluating, for 
example, commercial chunk-pack tuna. 

The subjective grades of the following quality 
attributes were analyzed statistically: (1) scorch, 
(2) color, (3) flakiness, (4) general texture, (5) fiber, 
(6) odor, (7) flavor, and (8) overall quality. Be
cause the code numbers on several of the cans were 
questionable, subjective quality judgments for four 
of the fish (those numbered 36, 43, 46, and 96) 
were discarded. For each attribute 'and for each 
batch, the subjective grades assigned by the judges 
were compared by the analysis of variance. Where 
the variance showed that the judgments were not 
constant, there being significant differences between 
the scores given the same samples, the data were 
edited by Duncan's Multiple Range Test. Thereby . 
the data from those judges whose scores differed 
significantly from the rest were removed. 

The procedures used and results obtained in the 
evaluation of each of the eight quality attributes 
were as follows: 

o. Scorch.-In scoring the canned tuna sample 
for scorch, the judge: 

1. Opened the can, turned out the contents care
fully, and noted the color of the headspace .. 

2. Evaluated the scorch, using a scale of from 1 
(severe scorch) to 5 (no scorch) on the basis 
simply of a light-meat sample and not on 
the basis of a yellowfin tuna sample. 

3. Chose a value that represented as closely as 
possible the average scorch of all the cans 
in the sample, when the sample was made up 
of two or more cans. 

4. Entered the score on the scoresheet. 
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':;}:~ ·;Jm~··' · 'jf.ti~~ '~n cleek was not a significant vat
ftj~f¢'vrcibf~:S}~ Judgments of scorch did not differ 
significantly ' between batches within groups, but they 
did dif£ersignifica.ntly between groups (Table 6). 
As 'will be~discussedlater, the difference could be 
aSSoda-ted with ·fish length. 

b. Color.-In scoring the -canned tuna sample for 
color; the judge: 

1. Disregarded the headspace color and any 
cleaning defects or bruises. 

2. Broke the pieces of tuna apart and eval-

uated the color of the flesh on a scale of 
10, using the following points as guidelines: 

10: Excellent, very light, bright color 
(equivalent to the color of albacore). 

6: Medium pink; no more than slightly 
off color. 

1 : Extremely dark or severely off 
color. 

3. Checked the score on the scoresheet together 
with any off colors in the indicated categories. 

Table 5.-Data on the means of the subjective grades of canned yellownn tuna in relation to the holding time 
of the tuna on deck 

Group Batch Time Scorch Color Flakiness General texture 
on' No. No. deck Judges Mean S. E.1 Judges Mean S. E. Judges Mean S. E . Judges Mean S. E . 

Hours Numb~r Number Number Numb~r 

I 0 7 4.27 0.07 5 7.38 0 .12 6 4.18 0.09 3 4.44 0 .09 
II 1 8 4.08 0 .07 4 7.51 0.16 5 4.08 0 .08 3 3.00 0 .14 

I III 2 7 4.01 0 .08 4 7.76 0 .15 4 4.22 0 .08 4 4.24 0.10 
IV 3 7 4.13 0.07 4 8.52 0 .14 4 4.20 0 .10 3 3.10 0 .12 

V 4 7 4.17 0 .06 3 8.26 0.14 3 4.19 0 .09 3 4.67 0.09 
--- ~-- --- --- --- r- -- --- --- -- -- -- r- -- --- -- ---

VI 0 7 3.37 0.11 4 7.05 0.20 5 4.04 0 .10 4 4.08 0.15 
II VII 2 6 3.15 0.10 6 6.83 0.20 5 3.88 0 .10 3 4.74 0 .08 

VIII 5 6 3.36 0.11 6 7.08 0.16 4 3.75 0. 11 3 3.29 0.15 

Group Batch Time Fiber Odor Flavor Overall quality 
on No. No. deck Judges Mean S. E. Judges Mean S. E . Judges Mean S. E. Judges Mean S. E. 

Hours Numb~r Numbtr Numb~r Number 

I 0 8 3.68 0 .09 4 4.68 0 .07 6 3.73 0 .08 6 4.14 0.06 
II I 7 3.45 0.10 5 4.53 0.07 5 3.67 0 .09 4 4.02 0 .08 

I III 2 5 3.71 0.13 4 4.44 0 .09 6 3.65 0 .08 6 3.63 0.07 
IV 3 6 3.31 0 .12 4 4.45 0 .10 5 3.86 0 .08 5 3.64 0.07 
V 4 5 3.46 0.12 4 4.34 0.11 5 3.77 0.09 5 3.80 0 .08 

--- ~-- --- r- -- --- - '-- --- --- --- -- -- ~-- --- r- -- ---
VI 0 7 3.21 0.13 7 4.06 0.08 4 3.58 0.10 6 3.53 0.09 

II VII 2 4 2.90 0.17 5 4.19 0 .10 6 3.73 0.09 5 3.56 0.10 
VIII 5 4 3.60 0.13 4 3.64 0.09 6 3.65 0.09 6 3.52 0.08 

1 Standard error. 

Table 6.-Summary of analysis of variance of subjective grades of canned yellowfin tuna in relation to groups 
and batches of the tuna that had been held for varying times on deck 

Group I Group II All batches 
(Batches I-V) (Batches VI-VIII) [Between batches Subjective variables [Between batches] [Between batches] within groups] [Between groups] 

-
F1 D. £.2 F D. £. F D. £. F D. £. 

Scorch 00. 0 00 •• 00 •• 1.85 4,499 1.33 2,229 1.63 6,728 110.75* 1,6 
Color .0 •••• •• •• • •• 12.09** 4,275 0.52 2,197 5.82** 6,472 8.62* 1,6 
Flakiness .......... 0.39 4,303 1.90 2,165 0.96 6,468 18.08* 1.6 
General texture ••.••• 42.33** 4,215 31.93** 2, 116 42.81** 6,331 0.04 1,6 
Fiber ............. 2.37 4,43D 5.66** 2,172 3.60** 6,602 2.68 1,6 
Odor ............. 2.05 4,288 8.97** 2,185 4.58** 6,473 13 .66* 1,6 
Flavor '.' ......... 0.93 4,376 0.49 2,198 0.76 6,574 1.41 1,6 
Overall quality ...... 10.99** 4,351 0.05 2,203 5.88** 6,554 4.73 1,6 

1 Variance ratio. 
2 Degree of freedom. 

* = significant (indicates a value that is significantly larger than would be expected by chance at the 5-percent level of probability). 
** highly significant (indicates a value that is significantly larger than would be expected by chance at the l-percent level of probability) . 
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Although the differences in color between the fish 
in Groups I and II and between batches within Group 
I were significant, the differences in color between 
batches in Group II were not significant (Table 6). 
Differences between batches within Group I were al
most certainly related to the time the fish were held 
on deck before they were put in frozen storage, for 
the longer the fish were held the better was the 
color (Table 5) . Apparently, two factors affected 
color: the fish's length, which was related to poor 
color (this relation will be examined statistically later), 
and the time the fish were held on deck, which was 
directly proportiondl to an improvement in color. 
The tendency for the color to improve with the time 
the fish were held on deck was also observed in 
the experiments in the study in the preceding year. 

c. Flakiness.-In scoring the canned tuna samples 
for flakiness, the judge examined the turned-out con
tents of the cans to see if the tuna separated readily. 
He scored the meat on a scale of from 5 to 1 accord
ing to the following guidelines: 

5: Very firm-pieces hold together well when 
the tuna meat is turned out of the can 
and touched with a spatula. 

1: Very flaky-pieces largely flake apart 
when the tuna meat is turned out of the 
can and when touched with a spatula. 

Batches differed little with respect to flakiness 
(Table 5), but the average difference between the 
two groups was highly significant (Table 6). The 
reasons for this difference are not known. 

d. General texture.-In scoring the canned tuna 
samples for general texture, the judge placed a 
piece of tuna in his mouth, chewed gently, and 
noted whether or not it was soft, mushy, or firm. 
He scored the meat on a scale of from 5 to 1 accord
ing to the following guidelines: 

5: Very firm-meat does not break apart 
into pieces or mush under moderate 
(normal) pressure. 

1: Very mushy-meat is very mushy or pasty, 
or breaks down readily under light pres
sure. 

Differences in texture between batches within 
groups were highly significant (Table 6), but texture 
differences between groups were no larger than would 
be expected in view of the variability of texture be
tween batches within groups. The differences be
tween batches did not appear to be related to the 
time of holding on deck. Because of the incon
sistency of the scoring (Table 5), we could retain 
the scores of only four judges for two batches and 
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of only three judges for the remaining sixbOt¢hes. "" '- ~ ~ 
The observed differences between batches may, th... "" 
fore, be due simply to the editing process. With 
so much disagreement between judges, texture does 
not appear to be useful for judging the quality of 
canned yellowfin tuna. " 

e. Fiber.-In scoring the canned tuna samples 
for fiber, the judge chewed the fibers more --firmly 
than when ascertaining general texture and noted 
whether they diSintegrated readily or were tough. 
He scored the meat on a sea Ie of from 5 to 1 accord
ing to the following guidelines: 

5: Very tender-fibers break down readily 
on being chewed. 

1: Very tough-fibers strongly resist breaking 
down on being chewed. 

The analysis of variance shows that the only sig
nificant difference in fiber was the difference between 
batches in Group II (Table 6), the reasons for which 
are obscure. The possibility that fiber may be re
lated to fish length will be examined later. 

As can be seen (Table 6), the judgments on 
some of the characteristics agreed much more closely 
than did others. For example, judgments of scorch 
were in good agreement. In contrast, judgments of 
general texture and of fiber rarely agreed. In
asmuch as each set of judgments for a given batch 
and quality characteristics was edited separately, the 
editing technique itself may have resulted in standard 
errors somewhat smaller than the variations between 
fish would have caused. Consequently, some of the 
differences between batches, differences that are 
shown by the analysis of variance in Table 6 and 
that will be discussed later, may be statistical artifacts. 

f. Odor.-In scoring the canned tuna samples 
for odor, the judge smelled the sample and scored 
it on the basis of a scale of from 5 to 1 according 
to the follOWing guidelines: 

5: Pleasant, mild, characteristic tuna odor, 
completely free of the odor of rancidity 
or of other off odors. 

1 : Very strong off odors. 

Quality, as judged by odor, tended to decrease 
with the length of time the Hsh were held an deck 
(Table 5). The analysis of variance in Table 6, how
ever, shows that this decrease was not statistically 
significant in Group I. The difference between the 
odor of the three batches in Group II was significant, 
owing to the low quality of Batch VIII, which was 
held on deck for 5 hours before it was put in frozen 
storage. 
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. ;,' : ""'·f.tovor,,~fn ~oring the canned tuna samples 
fat' flavol', fhe judge tasted the sample and scored 
it OR the basis of a scale of from 5 to 1 according 

. to the following guidelines: 

5: Excellent, mild, light, pleasant flavor 
typical of good yellowfin tuna; no trace 
of off flavor. 

1: . Strong, rancid, or other off flavor. 

The judges detected no differences in flavor be
tween batches or between groups. 

h. Overall quality.-In scoring the canned tuna 
samples for overall quality, the judge evaluated the 
sample and scored it on the basis of a scale 
of from 5 to 1 according to the follOWing gUidelines: 

5: Excellent. 

1: Very poor. 

No differences in overall quality between the 
three batches of Group II were evident. Although 
batches within Group I differed significantly, the 
differences did not seem to be related to the time 
the fish were held on deck. The main factor re
lated to overall quality appeared to be length of 
fish, which will be examined later. 

Resume' - Sensory data.-The quality of the 
canned tuna appeared to be unrelated to time (0 
to 5 hours) the fish were held on deck prior to being 
stored in the vessel's wells, with two exceptions: 
(1) the longer the fish were held on deck the better 
their color, as was indicated also by the previous 
study (reconciling this fjnding with the tendency to
ward oxidative changes in the heme proteins, how
ever, is difficult); (2) odor seemed to deteriorate 
with the time the fish were held on deck, but the 
proof of a relation between these variables is tenuous. 

2. Relation of Biochemical Data to 
Sensory Data 

Product-moment correlation coefficients (r) for the 
relation between the biochemical data and the orga
noleptic data are listed in Table 7. To a significant 
extent, heme protein concentration was inversely cor
related with flavor. It also was inversely correlated 
with scorch, color, and flakiness, although these re
lations were not statistically significant. Between 
Soret peak position and fiber a highly significant and 
positive correlation appeared. pH was significantly 
and positively correlated with scorch, flakiness, and 
fiber. It was also positively correlated with the 
other quality characteristics; however, the correla
tions were not significant. 

Table ".--Summary of correlations between biochemical and sensory variables for yellow fin tuna 

Correlations for: 

Biochemical At-sea samples Cannery-only samples 
variables 

Heme Soret pH TBA Heme Soret pH TBA protein peak protein peak 

Extractable heme protein - +0.443 +0.029 - - -0.209 -0.435 -
Soret peak position .. - - +0.471 - - - +0.325 

I 
-

Iron "" ............ - - - - -0.279 +0.211 -0.155 +0.554 
TBA .... ...... " ... -0.300 -0.496 -0.358 - -0.505 +0.471 -0.241 -

Biochemical Ca.nnery-only samples: 
and sensory 

Scorch Color Flakiness General Fiber Overall variables texture Odor Flavor quality 

Extractable heme protein -0.597 -0.565 -0.491 +0.015 -0.186 -0.660 +0.749* -0.371 
Soret peak position .. +0.448 +0.345 +0.089 -0.189 +0.871** -0.091 +0.027 +0.191 
Iron ............... -0.267 -0.184 -0.194 +0.263 +0.160 -0.229 +0.012 -0.427 
pH ••.•.•••••••.• • +0.787* +0.645 +0.776 +0.452 +0.826* +0.647 +0.489 +0.559 
TBA ............. -0.114 -0.025 -0.396 -0.180 +0.174 -0.227 +0.229 -0.161 
------- ----- ---- ------ ---- - ---- ----- ---- 1-----

Color .......... . ... +0.761" - - - - - - -
Flakiness ... . ...... . +O.845*" +0.731" - - - - - -
General texture .. ... -0.120 -0.204 +0.142 - - - - -
Fiber ......... .... +0.616 +9.285 +0.340 -0.187 - - - -
Odor ............. +0.789" +0.468 +0.839*" +0.140 +0.194 - - -
Flavor ............ +0.472 +0:7021 +0.373 -0.036 -0.131 +0.421 - -
Overall quality ....... +0.733" +0.181 +0.479 +0.001 +0.429 +0.749" +0.200 -

Note.-All values in this table are associated with 6 degrees of freedom. 
1 Barely below 5-percent level of significance (r = .707) . 
* = significant (indicates a value that is ISignificantly larger than would be expected by chance at the 5-percent level of probability) . 

*" = highly significant (indicates a value that is significantly larger than would be expected by chance at the I-percent level of probability). 
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C. RELATION OF FISH-LENGTH DATA 
TO BIOCHEMICAL DATA AND 

SENSORY DATA 

Data related to the lengths of the individual 
fish are shown in Table 8. In Table 9, the mean 
length of the fish and the standard error of the 
mean are shown by batch for: (1) fish sqmpled 
at sea, (2) fish sampled at the cannery but not at 
sea, and (3) all fish sampled in the batch. Fish 100 

. '. " . . .... :: .. : ~, - ." ~'~: :n'Ji;i::~!I 

in Batch VII was sampled at sea, butfh. sQioneflsh ' >:~f ~ 
sampled at the cannery yielded a sampl. farge ' : 
enough for only two biochemical tests (iron and TSA)··, 
It accordingly was not included in the mean length 
calculated in Table 9. 

The results of the analysis of variance of the 
lengths of the fish sampled at the cannery ("total 
fish" in Table 9) show that the lengths of the fish 
in the various batches of each group do not-differ 
more than would be expected by chance, although 

Table S.-Data related to the lengths of individual yellowfin tuna 

Batch T ime on dcek Fish Length Time cooked Batch Tame on deek Fish Length Tame cooked 
No. after brail ing at 2 16 0 F . No. after brailing at 216- F. 

Hours Numb~r em. Hours Hours Numb" CIII. HOfjrs 

I 0 1 58.4 1.5 V 4 61 76.9 2.25 
2 56.8 1.5 62 91.4 4.25 
3 65.5 U 63 68.5 2.25 
4 58,0 1.5 64 77.9 2.25 
5 75, I 2.25 65 56.3 I.S 
6 62.2 1.5 66 71.0 2.25 
7 60.8 1.5 671 

8 81.1 1.5 68 68 .3 2.25 
9 60.8 1.5 69 80.6 2.25 

10 6 3. 2 1.5 70 60.2 I.S 
II 66.5 1.5 71 73 .4 2.25 
12 63.9 1.5 72 62.0 I.S 

, 13 63.7 1.5 73 75.6 2.25 
14 58.8 1.5 74 96.7 4.25 
15 58.0 1.5 75 68.1 I.S 

II 1 16 62.4 1.5 VI 0 76 96.5 4.25 
17 56.0 1.5 771 

18 98 .5 4.25 78 94.5 4 .25 
19 76.3 2.25 79 89.0 4.25 
20 107.1 4.25 80 95.4 4.25 

. 21 73 .3 2.25 81 106.5 4.25 
22 85.9 2.25 82 98.3 4.25 
23 100.1 4.25 83 1 

24 58.6 I.S 841 

25 53.7 1.5 85 1 

26 59 ,7 1.5 86 10LS 4.25 
27 59.0 1.5 871 

28 77.0 2.25 88 96.9 4.25 
29 72 .5 2.25 89 75.3 2.2~ 
30 57.6 1.5 90 IOU 4.23 

III 2 31 103.6 4.25 VII 2 91 80.8 2.25 
32 51.8 1.5 921 

33 83 .6 2.25 93 92.2 4.25 
34 85.7 4.25 94 82.5 2.25 
35 71.5 2.25 95 103.9 4.25 
36 64 .3 2.25 96 100.6 4.25 
37 69.9 2.25 97 103.0 4.25 
38 71.9 2.25 98 107.4 4.25 
39 73 .5 2.25 99 103 .9 4.25 
40 61.1 1.5 100 107.4 4.25 
41 87.1 4 .25 101 100.9 4.25 
42 58.5 1.5 102 IOU 4.25 
43 73.0 2.25 103 102.7 4.25 
44 58 .5 1.5 104 103.3 4.25 
45 91.1 4.25 105 82.7 2.25 

IV 3 46 58 .8 1.5 VIII 5 106 103.6 4 .25 
47 59.4 1.5 107 80.1 2.25 
48 73.8 2.25 108 97.2 4.25 
49 87.7 4.25 109 100.0 4 .25 
50 57.8 1.5 110 88.0 2.25 
51 58.3 1.5 111 70.9 2.25 
52 74.6 2.25 112 77.8 2.25 
53 82.4 2.25 113 85.6 2.25 
54 77 .0 2.25 114 79.8 2.25 
55 57.5 1.5 lIS 61.2 1.5 
56 75.6 2.25 1161 

57 70.9 2.25 117 100.3 4.25 
58 60.0 1.5 118 107.5 4.25 
59 61.2 1.5 119 85.6 2.25 
60 60.8 1.5 120 89.5 4.25 

1 FIsh not recovered at cannery. 
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~~G~t:F:' ·· 1'~~' 
,::' ~: Table 9.--Data on the mean length. of yeQow6n tuna 

-
.. , . 

GrcnU) Batch Time Fish cut at sea 

No. No. on 
deck Fish 

in Mean S. E.1 
sample 

Hours Nu",b~r Cm. Cm. 

I 0 10 64.20 2.50 
II 1 10 77.19 6.26 

I III 2 10 73.69 4.58 
IV 3 10 68.73 3.68 
'V 4 9 72.34 3.58 

---- ---- ---- ---- --- ---
IV 0 6 96.70 2.34 

II VII 2 8 96.79 3.65 
VIII 5 10 84.42 4.21 

1 Standard error. 

the combined differences between batches within 
groups is just significant at the 5-percent level (Table 
10). The difference in length composition between 
the two groups, however, is highly significant. 

Additional analysis of variance of fish lengths 
segregates the variance according to batches and 
also according to whether the fish were or were 

. not sampled at sea. This analysis (Table 10) shows 
that there is no significant difference between fish 
sampled at sea and those not sampled at sea. It 
does show, however, that there is a significant dif
ference between the lengths of fish in the various 
batches and that this difference arises mostly from 
the difference between groups rather than from the 
difference between batches within groups. 

It is evident that the fish in Group II (Batches VI, 
VII, and VIII) are, on the average, significantly longer 
than the fish in Group I (Batches I to V). It is also 
evident that the fish of the several batches within a 
group may not be completely random samples from 
the same population of fish, although their lengths 
approximated randomness. Finally, there is no ev
idence that the fish sampled at sea were not drawn 
at random from the fish of a given batch. 

In this subsection, we consider the following: 

1. The relation of fish length to biochemical 
data. 

2. The relation of fish length to sensory data. 

1 • Relation of Fish Length 'to Biochemical 
Data 

a. Procedure.-Inasmuch as the identities of some 
of the fish had been lost during storage, the sta
tistical analyses were complicated. Regressions of 

nata for: 

Fish not cut at en Total li,h 

Fish Fish 
in Mean S. E . in Mean S. E. 

sample lample 

N,.mb~r Cm. Cm. N,.mbtr CIII. CIII . 

5 62.18 1.62 15 63.53 1.73 
5 65.16 3.99 15 73.18 4.54 
5 73.64 6.87 15 73.67 3.67 
5 65.70 3.18 15 67.72 2.63 
5 75.16 5.88 14 73.33 3.00 

---- --- I- - -- --- .---- ---
4 94 .52 6.59 10 95 .83 2.78 
5 98.80 4 .06 13 97 .56 2.64 
4 95 .72 5.02 14 87.65 3.52 

Table lO.-Analysis of variance of fish lengtlu 

Source of variation D. £.1 

Categories (fish 
sampled at sea 
or not ... .... I 

Batches ... ..... 7 
Interaction ...... 7 
Within subclasses 95 

Total ........ 110 

Batches ........ 7 
Between batches 

within groups . , 6 
Between g.roups .,. 1 

1 Degrees of freedom. 
2 Variance ratio . 

Sum of Mean FI squares square 
-

0.20 0.20 0 .001 (1 .95) 
15116.33 2159.48 14 .67**(7.95) 

940.84 134.41 0.91 (7,95) 
13979.83 147.16 

30037.22 

15116.35 

1960.12 326.69 2.22" (6.9 5 ) 
131 56 .23 13156.23 40.ZiOO(I,6 ) 

* = 6ignificant (indicates a value that is significantly larger Ihlln 
would be expected by chance al the 5-percent level of proba
bility) . 

** = highly significant (indicates a value that is significantly I.,~r 
than would be expected by chance at the I-percent ICHI of 
probability). 

the variables dependent on length alone were com
puted by desk calculator, Multiple regressions were 
computed on a digital computer at the University of 
California at San Diego; the program BIMD-6, ori
ginally written by the biomedical group at the Uni
versity of California at Los Angeles, was used. 

b. Results and discussion.-The botch means for 
the various biochemical measurements made on at
sea and cannery-only samples are presented in Table 
11. Also shown in this table are the batch means 
for fish lengths. 

A highly significant inverse correlation existed 
between pH and fish length for the at-sea samples 
(Table 12). The Soret peak position may have 
been inversely correlated with fish length, but the 
value of r of - 0.482 is not statistically significant. 
Because of the loss of some fish between sampling 
at sea and measurement ashore, the batch means 
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Table n.-Batch means of biochemical anaIy .. of ye110wfin tuna 

Batch means of at-lea .ample. 

Batch Group Extractable Soret peak No. No. heme protein pH TBA Lensth 
concentrate posi t ion 

1IIg./g. 111/10 Mg . malo1laldt- elll. 
hydtll.OOO t . 

I 1.525 409.75 5.919 0.656 64.20 
II \.3S6 4(J9.44 5.S79 1.054 77.19 

I III 1.459 40S.70 5.S64 0.900 73.69 
IV 1.1 34 40S .S5 5.8S6 1.179 5S.73 
V 1.1 70 40S.45 5.955 0 .645 72.34 

--- - - . - - --- I- - - - '- - - - ----- ---- ----- - ---
VI 1.368 

II VII 1.216 
VIII 1.276 

. - '=--. 
13"tch 

Group 13~tch 
I-- - - - ---------. 

Extractable !\o. 1\:0. heme protein 
co ncentrat e 

Mg./g. 

I 0-'/74 
II 1.(14'/ 

I III 0 .95 1) 
IV U. 881 
V 1.0&6 

- .0 _ ____ - . - - - - I- - - _ . - - - .-

\I 1.389 
II \'II 1018 

\'III 1.1 ()S 

Table 12.-Summary of the correlations (r) between 
length and the results of the biochemical 
analyses 

I3iochemiul va riables 

Ex tractable heme protei n .. ... .. .. . 
Soret peak position . . . .. . .. . . .. . . 
Iron . . .. .... .. .. . .. . . . . .. .. .. . 
pH ..... .. . .. . . .. . .. . . .. . ... . 
TB .. \ . . ...... .. ..... . .. .... .. . 

Lengt h correla t ions lor : 

At- sea 
samples 

-0 183 
-OA S.? 

-0.899* 
+0.117 

Cannerr-onlr 
samples 

+0.6S·P 
-O.S IS 

+0 .106 
-0.7021 
-0.053 

\:ote: This ta ble is ba>ed upon the batch means in Table II: 
all " ,I ue s in this table arc associated with 6 degrees 01 Ireedom. 

1 T hi s u lu c is on l)' sl ightly less th an r = 0 .707 . wh ich is at 
t h e ; -p erl:L'lIt le\' e\ of ~ ig n itican(e. 

.• si"niIi , "" 1 (i nd i;·at e.s a \'3l ue that is sign ificant ly larger than 
\\ (,ul,1 be ",pee ted by chance at the S-pereen t level 01 proba
bili ty). 

for fi sh length at-sea samples and the batch means 
for the biochemical determinations do not correspond 
exactly to the same fish. For this reason, and also 
in order to examine the correlations between bio
chemical characteristics and fish lengths, we com
puted the product-moment correlation coefficients be
tween fish length and biochemical variables both 
for individual fish sampled at sea and for the batches 
of these fish (Table 13). In this analysis, the only 
fish used were those for which both biochemical 
and length data were available. The negative re-

14 

40S .40 5.777 O.SZZ 96.70 
-IOS. 55 5.774 0 .S64 96.79 
407 .10 5.8111 1.J39 84.42 

. . . - -_ . . . -
means of cannery -only sampl.! 

Soret peak Iron pH TBA ungtb 

.. 

position 

--
Mp. M g./ / OO g. Mg. maJo1loi em. 

J~hyJ';-
1.000 g. 

407 .90 0.7H 5S85 0.115 63 .53 
-107.67 0.627 5.8 17 1.240 73 .18 
-108 .27 0.786 5.84& 1.437 73.67 
-lUi . 53 O.72Z 5.843 1..?6t 67.72 
408 .21 0 .667 5912 1.123 73 .35 
- . -- - _. -- "- -- - - - --- f- - . -
-106 90 n .f,82 5.S07 0 .(,41 95 .S3 
4(lb .i7 11 .751 5.Rnl 1.459 97 .56 
-108.57 U.757 5.785 1.624 87 .65 

lotion between pH and fish length was highly sig
nificant. When the data for individual fish were 
used, the inverse correlation between Soret peak and 
fish length was olso highly significant. There was 
no suggestion of a relation between length and ex
tractable heme protein, iron, or TBA. 

The scientific literature has liitle information on 
details of biochemical changes that take place during 

Table 13.-Correlations (r) of biochemical data of at
sea samples .of tuna with fish length for 
individual fish and for batch means of 
these fish 

Correlation data for: 
Biochemical variables 

Individual fish Batch means 

Extractable heme protein ....... +O.OIS -0.319 
Sorel pea k position ... .... ..... +0.363** -0.594 
pH ..................... .. .. . -0.473* -0.865** 
TBA ............ . ...... ... +0.033 +0.171 - - - --- - - -- ---- - 1-----

Degrees 01 freedom . . ..... . 69 6 

Iron l . .. ...... .... ... ... .. . +0.009 +0.290 - --- ---- -- ----- -----
Degrees of Ireedom ... ..... 100 6 -- . 

1 All samples; ongln not given. 
* = significant (indicates a value that is significantly larger than 

would be expected by chance at the 5-percent level 01 probability) . 
** = highly significant (indicates a value that is significantly larger 

than would be expected by chance at the I-percent level of 
probability) • 
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\figprrnQr1'isih fish, particularly regarding any such 
changes that con be attributed to age. Information 
available another animal species in this regard does 
not provide a clear-cut base for explaining the ob
served relations between length and some of the 
biochemical variables. It is well documented that 
in. most animals the amount of myoglobin in muscle 
tissue increases with age, but much less has been 
reported concerning the exact effect of age on the 
tendency of heme proteins to oxidize. 

For the cannery-only samples (Table 12), the data 
suggest inverse correlations between pH and fish 
length and between Soret peak and fish length as 
well as a positive correlation between extractable 
heme protein concentration and fish length. Except 
for Soret peak position, these correlations are just 
below the 5-percent level of significance; for Soret 
peak position, the correlation coefficient is well below 
the 5-percent level. 

To examine these relations more precisely, we 
also compared the product-moment correlation co
efficients between each of these three biochemical 
variables on cannery-only samples and the lengths of 
the individual fish (Table 14). In this instance, since 
all of the fish included in the batch means for lengths 
were also included in the biochemical samples and 

Table 14.--Correlation (r) of biochemical data of can
nery-only samples of tuna with length, for 
individual 6sh and for batch means of 
these 6sh 

Correlations Correlation data for: 

calculated Extractable Soret peak for heme protein position pH D. f.1 

Individual fish .. +0.260** -0.364** -0.306** 109 
Batch means .... +0.684 -0.518 -0.702 6 

1 Degrees of freedom. 
** = highly significant (indicates a value that is significa.ntly 

larger than would be expected by chance at the I-percent 
level of probability). 

conversely, the batch means did not change. The 
product-moment correlation coefficients for the indi
vidual fish indicate a highly significant positive cor
relation between extractable heme protein and length 
and highly significant inverse correlations between 
Soret peak position and length and between pH 
and length. 

2. Relation of Fish Length to Sensory Data 

To examine the relations between length of fish 
and the various subjective quality characteristics of 
the canned product, we used the mean quality grades 
of each batch (Table 15) and the mean lengths of 
fish in each batch measured at the cannery (Table 
11) and calculated the product-moment correlation 
coefficients between the batch means of fish length 
and the batch means of each of the several quality 
characteristics (Table 16). Many of the quality char
acteristics of the canned product were highly cor
related with the length of the fish. Quality (as judged 
from scorch, color, flakiness, odor, and overall qual
ity) varied inversely and significantly with fish length. 
The inverse correlation between fish length and fiber 
was just below the 5-percent level of statistical sig
nificance. 

Batch means of fish length measured at the 
cannery did not correspond exactly to the fish for 
which the quality of the canned product was judged 
(Table 15) because four fish were eliminated from 
the calculations, owing to a confusion of codes. To 
examine correlations that were based on batch means 
for length and quality characteristics of exactly the 
same fish and also to examine the data for indi
vidual fish correlations between fish length and qual
ity, we calculated the product-moment correlation 
coefficients (Table 17), In Table 17, the values of 
"r" for fish length and quality characteristics are 
based on measurements of individual fish, and the 
values for batch means are based on measurements 
of these same fish. The score for each quality char
acteristic of the canned product from each individual 

Table 15.-Batch means of quality estimates of yellow6n tuna 

Means of quality estimates for: 
Group Batch 

No. No. Scorch Color Flaki- General Fiber Odor Flavor Overall 
ness texture quality 

I 4.27 7.38 4.18 4.44 3.68 4.68 3.75 4.14 
II 4.08 7.SJ 4.08 3.00 3.45 4.53 3.67 4.02 

I III 4.01 7.76 4.22 4.24 3.71 4.44 3.65 3.63 
IV 4.13 8.52 4.20 3.10 3.31 4.45 3.86 3.64 
V 4.17 8.26 4.19 4.67 3.46 4.34 3.77 3.80 

---- --- f---- 1----- 1--------- -------- ---- 1------

VI 3.37 7.05 4.04 4.08 3.21 4.06 3.58 3.53 
II VII 3.15 6.85 3.88 4.74 2.90 4.19 3.73 3.56 

VIII 3.36 7.08 3.75 3.29 3.60 3.64 3.65 3.52 
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Table 16.-Summary of the correlations (r) for the 
oorrelations between length and the quality 
estimates for canned yellowiin tuna 

Sensory variables 

Scorch . ....... .. . . .. .. . .. . . .. . 
Color ....... ... ... .. ....• . ... . 
Flak iness ...... . .... . .... • .... . 
Genera l t exture ....• . . .. •. ....... 
Fiber . . ... . . . .. ••. . ... ... ••. . . 
Odor .. . ......... .. ••... . .•. . . 
Fl avor . .. ..... .. ... ... .... .. . . 
O,'erall quality . . .. .. ... .. ... ... . 

Length correlations 

-0 .969** 
-0.720* 
- 0 .744" 
+0.204 
-0.6691 

- 0 .736* 
- 0. 528 
-0.7 16* 

Note: T his ta ble is based on the batch means in Table 15 ; all . 
values in the t able a re assoc iated wit h 6 deg rees of freedom . 

1 This va lu e is onl)' sli ghtly below r = 0. 707 , which is at the 
5-percent level of signi fic ance. . . . 

* = significan t ( ind icates a va lue that IS sIgn Ifi cantly larger than 
wou ld be expec t ,>d by chance at the 5-percent level of probabili ty ) . 

Table 17.-Correlations (r) of organoleptic data on 
quality of canned tuna with fish length for 
individual fish and for batch means of 
these fish 

Quali!,' 
Ltriabfe 

Scorch .... . . ... . .. . .. .. . 
Color .. . ..... . . . ..... . . . 
Fl akiness . .. . . . ... . .. . .. . 
General text ure .. .. ... • .. . . 
F iber ... . . . ... .. ..... . . . 
Odo r ... .. ... . .. ..... .. . 
Fl avor ... ... . . ..... . ... . 
O"er,l ll qua lity . . . . .. .. . . . . 

Degrees of freed om ... . ... . 

Correlation data for: 

Individ ual fi sh 

-0 .701 ** 
- 0.382** 
-0.3 74** 
- 0. 167 
-O. ~07" 
- 0 ..102** 
-0.153 
-0.3 80** 

106 

Batch means 

-0.970** 
- 0 .7 13* 
- 0. 729* 
+0199 
-0.6 59' 
-0.73 9* 
-0. 532 
-0.73 2* 

6 

I B.trel " belo,,' 5-percen t le\'el of signifi cance ( r = 0 .707 ) . 
• = significa nt (i ndicates a valu e that is sign ifi cantl y larger than 

would be expected by cha nce at the 5-percent level of probability). 
highl y sign ifican t ( ind ica tes a value that is significa ntl y larger 
than wou ld be expected by chance a~ the I-percent level of 
proba bilit y) . 

fi sh was taken as the mean score given the batch 
in which the fish appeared (Table 15). 

Results of the correlations of batch means in 
Table 17 are nearly identical with the results shown 
in Table 16. 

When the data for individual fish were used, fish 
length was, to a highly significant extent, negatively 
correlated with scorch, color, flakiness, fiber, odor, 
and overall quality. 

Resume' - Fish length.-Biochemical variables.
Differences in the biochemical constituents associated 
with fish length were more pronounced than were 
differences associated with the time the fish were 
held on deck before being put in frozen storage. 
In both at-sea and cannery-only samples, there were 
highly significant inverse correlations between fish 
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length and pH and between fish length 'a-~~~:!>:I 
peak position. Among cannery-only sampl~ there 
were highly significant inverse correlations between 
fish length and Soret peak position and between fish 
length and pH, and a highly significant positive cor· 
relation between fish length and heme protein con
centration. 

It is generally believed that, except under path
ological conditions, iron is present in muscle almost 
exclusively in the form of heme pigments. It follows 
from the somewhat constant iron contents of the fish 
examined that the total tissue heme content showed 
no tendency to correlate with length. This is barn 
out also by the apparent nonassociation with length 
of the extractable heme protein contents of the at
sea samples. When the fish were landed, however, 
a positive correlation appeared. Since only the form, 
and not the amount of the total heme pigments is 
likely to have changed in the interval, it seems that 
it is the extractobility that has changed - it appar
ently not only decreased, but in such a manner as 
to be related to length. This decrease in extractability 
may be due to slower freezing of the larger fish or 
to some biochemical characteristic that changes the 
extractability. It may be noted, for instance, that 
the pH is highly significantly correlated with length. 
A practical consequence may also be considered. 
The subjective color is apparently negatively related 
to extractable heme pigment at the cannery, although 
not at a significant level (though both relate to length) . 
Since the total heme pigments do not show any sig
nificant variation, perhaps only the extractable, and 
presumably nondenatured, fraction of the total heme 
enters into the hemochrome formation that determines 
the final subjective color. If so, this extractable frac
tion too could be controlled instead by some other 
associated factor such as pH. 

Quality of canned product.-As judged from 
color, scorch, flakiness, fiber, odor, and overall qual
ity, the quality of the canned tuna decreased as 
the length of the fish increased. Fish length seemed 
to be a more important determinant of quality than 
did time on deck-at least up to 4 or 5 hours. 

It should be kept in mind that the length of the 
fish was also associated with cooking and freezing 
time. The longer fish (those of overall inferior qual
ity) had to be ,cooked longer during the precook 
process than did the shorter fish (Table 8); they 
also required more time during the freezing process 
on board the vessel. There was no way in the present 
study, however, to differentiate between a length 
effect per se and the effects of increased freezing 
or cooking time. 



OF FISH LENGTH, WITH AND WITHOUT BIOCHEMICAL 
ANALYSES, TO PREDICT QUALITY OF CANNED TUNA 

The foregoing statistical analyses suggested highly 
significant correlations between length of fish and 
qualify of canned product. It was of interest to de
termine how well the quality of the canned product, 
as judged during various organoleptic tests, could 
be predicted from fish length alone, and from fish 
length together with biochemical measurements. In 
consequence, we used averaged, edited data from 
several judges to examine, for individual fish, each 
of the following organoleptic characteristics as de
pendent variables: 

V, Scorch 

V2 Color 

V3 Odor 
V4 Flavor 

Vs Overall quality 

(It will be recalled that on these variables, the judges 
were in relatively close agreement). We then at
tempted to predict each characteristic from the fol
lowing independent variables: 

X, Length 

X2 pH 
X3 Soret peak position 

X4 Heme protein 

For the analysis of each dependent variable in 
relation to fish length and overall organoleptic qual
ity, 108 fish were used. For the calculation of mul
tiple regressions, however, data were available for 
only 107 fish (some of the biochemical determinations 
were not made on Fish 100 in Batch VII). 

A. SCORCH 

Scorch was highly correlated with fish length 
(Table 18). A multiple regression analysis (Table 
19) showed that the accuracy of predicting scorch 
was not improved by including data from the three 
biochemical determinations, since the contribution of 
these determinations to the variance that could be 
accounted for by regression was negligible and since 

the correlation coefficient was only slightly increased. 
About one half of the total variance of scorch was 
accounted for by fish length. 

B. COLOR 

Color was negatively correlated with fish length, 
but the coefficient, though significant (Table 18), was 
small. The regression coefficient for fish length was 
significant at only the 5-percent level, and the in
clusion of the biochemical measurements somewhat 
improved the correlation coefficient (Table 19). The 
regression coefficients for Soret peak and heme 
protein were not quite significant at the 5-percent 
level; they did, however, contribute a little to the 
estimation of the color score. Fourteen point three 
(14.3) percent of the variance accountable for by 
regression was attributable, however, to fish length 
alone, the Soret peak and the heme protein contrib
uting only about 1 percent and 2 percent, respectively. 
The inclusion of the biochemical variables increased 
the correlation coefficient from 0.382 to 0.417. 

C. ODOR 

Odor score could be predicted from fish length 
alone substantially as well as from fish length in 
combination with the biochemkal variables (Tables 
18 and 19). The addition of the biochemical var
iables did not make any significant change in the 
residual variance and, consequently, in the correlation 
coefficient. 

D. FLAVOR 

No significant differences were found among 
batches with respect to flavor, and flavor was only 
marginally correlated with fish length. The multiple 
regression analysis showed that the flavor score could 
not be accurately predicted from fish length or from 
a combination of fish length and the biochemical 
variables. 

Table IS.-Regressions of sensory estimates of quality on fish length. 

Sensory Correlation coefficient Standard error 
Regression equation of estimate variables r r' (Sy .x) 

Scorch ... Yl = 6.032 - 0 .02790**Xl -0.701 0.491 0.475 
Color y, = 9.394 - 0 .023335**Xl -0.382 0.146 0.946 
Odor •.... Y3 = 5.237 - 0.01189**Xl -0.402 0.162 0.455 
Flavor ... Y. = 3.981 - 0.003476Xl -0.153 0.0234 0.376 
Overall ... Y5 = 4.631 - 0.01l33**Xl -0.380 0.144 0.462 
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Table 19.-Multiple regressions of organoleptic meaaures 
on ·fish length and biochemical determinations 

Scorch: 

Color: 

Y, = 6.6336 -0.OZ7IS"X1 + 0 .S0752X2 -0.0128ZXa 
-0.14767X. 

Multiple correlation coefficient (R) = 0.7274 
Coefficient of determination (R2) = 0.5291 
Standard error of estimate (5 . E.) = 0.46b4 
Propor! ion of total variance accounted for by 
re gression (Prop. var.): 

.5 1233 

.01169 

.0()225 

.0027S 

. 5291 

Ye = - '7.9100 -1I.I1IM'X, +0.4841IX.+0.I0923X" 
-0.1,013 I X, 

R = (UI,S 
R:! = 0 . l i53 

S. L = 0 .9481 

Prop. 'or. : X. 
X. 
X" 
X. 

.142ill 

.OU21,\ 

.00'1 ;, 

.()I·';H 

1_· . . I" 

O.h. , . y" = () .'iSB 8 -0.0112;" X. + u .3 :8u8X:! - 0 .008IJ4 X" 
-0. I St.211X, 

R = 0.4:R7 
R:! = () . 1~ 3 8 

S. [':. = (U 57 2 

Propvar.: X, 
X, 
X, 
X. 

II ,S('4 
.floll,,, 
.tH 1.1 4 H 
.1)0798 

.1 83 8 

F la,or: y, = 3.8968 -0.00342Xl + OJ09J8X:! -1'ljl)424\. 
-0.001 80X, 

O,efJII 
qllalit )' : 

R = 0.184.1 
R' = 0 .1) .140 

S. E = 0 .3798 

Prop . var.: X. 
X ·, 
X3 
X. 

.fJ283 I 

.00518 

.00026 

.00000 

.OHO 

Y5 = 1.18137 - 0.01036"X1+ 0 .74667X:! -0.00418X3 
+ O.OSI08X, 

R = 0.3993 
R2 = 0.1595 

S. E. = 0.4659 

rrop. '·ar.: Xl 
X2 
X, 
X. 

.14068 

.01i28 

.00001 

.00150 

.1595 

E. OVERALL QUALITY 
Overall quality was correlated with fish length 

and could be predicted therefrom with a standard 
error of estimate of about one half a unit on the 
quality scole used for this characteristic. When both 
length and pH were considered, accuracy of pre
diction was very slightly improved, but the regression 
coefficient for pH was not quite significant .at the 
5-percent level. The multiple correlation coefficient 
was 0.399 compared with a correlation coefficient 
of 0.380 for length alone . 

Resume'-Quality correlatons.-Length of fish was 
a useful indicant of scorch, color, odor, and overall 
quality. The addition of the biochemical measure
ments, made at the time of unloading, slightly im
proved the accuracy of the predictions, but the contri
bution of these data to the precision of estimate was 
quite small and possibly not significant. 

CONCLUSIONS 

Compared with samples used in the earlier study, 
those obtained in this study were generally of a more 
uniform quality. This uniformity mode differences 
somewhat less apparent and made the task of as
cribing relations between handling anq quality more 
difficult. The relation of length of fish to quality 
was quite clear as had been the relation, noted in 
the earlier study, of species to quality. The follow
ing conclusions are based on the combined studies 
of both years: 
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1. Deck-holding time and the changes occurring 
during frozen storage are less important to 
good quality than are differences in length 
of fish for yellowfin tuna. 

2. Changes during frozen storage are probably 
associated with oxidation. Such phenomena, 
as they relate to oxidation of heme pigment, 
have some effect on color quality. 
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fhepB of muscle is related to color quality, 
.. higher pH is associated with better color. 

4. Among the factors we have studied so for, 
fhdse important to the quality of canned 
tuna, particularly to color, are, in order of 
decreasing significance: 

a. Species. 

b. Length. 

c. Biochemical changes occurring during 
frozen storage on board vessel. 

d. Time of holding on deck after capture. 

Of even greater importance than some, or any, of 
these factors may be the temperature at which the 
fish are held aboard the vessel prior to unloading 
at the cannery. This factor, which has not yet 
been possible to examine, should be investigated in 
detail. 

RECOMMENDATIONS 

Because the inverse relation between fish length 
and quality of the canned product was clearly dem
onstrated in this study, further studies of the effects 
of handling after capture should eliminate or min- . 
imize fish length as a variable. The experimental 
design of these studies should involve careful use 

of large samples of muscle from individual fish, pre
cise determination of biochemical changes as a func
tion of time and temperature, and evaluation of the 
relation of such changes to the quality of the canned 
product. 

SUMMARY 

In 1965, we published a report showing that 
species is an important factor affecting the quality 
of canned tuna. In continuation of that study, we 
have subjected 120 ye"owfin tuna to biochemical, 
sensory, and statistical analyses to determine how 
extensively the resulting data could be used to pre
dict the quality of the canned product. Specifically, 
we examined how the method of handling affected 
the fish's biochemical characteristics, what relation 
fish length might have to the biochemical character
istics and to the quality of the product, and whether 
a knowledge of the handling procedure plus various 
biochemical characteristics could be used to predict 
quality. 

Holding the ye"owfin tuna on deck for as long 
as 5 hours before putting them in frozen storage 
caused apparent heme protein concentration to de
crease. The values of these concentrations, though 
not significantly different from sample to sample, were 
directly related to the time the fish were held on 
deck. The pH values were not significantly different 
from batch to batch held for different times on deck 
within a group, but the difference between two rep
licate groups was marked. The position of the Soret 
peak differed significantly between batches. The 
difference between batches could be related to the 
time the fish were held on deck, for the So ret peak 
generally decreased as time on deck increased, the 
lowest peak of a" being exhibited by the batch 
that was held on deck for 5 hours. Although no 

difference in TBA values appeared between batches, 
the mean TBA for the batches in the second group 
increased in proportion to the time the fish were 
held on deck; such increases were not shown by 
the batches in the first group. Total muscle iron 
was unaffected by the time the fish were held on deck. 

Holding the fish in frozen storage caused highly 
significant differences to appear. In the heme pro
tein values, however, these differences were con
fined to differences between batches within the sec
ond group. The decrease in extractable heme pro
tein during frozen storage was greater for sma" fish 
than for large fish. The Soret peak position and 
the pH for samples taken at sea were markedly 
higher than for samples taken in the cannery (despite 
the fact that one at sea-batch had a lower Soret 
peak and a higher pH). In contrast, the TBA in
creased with frozen storage. No significant differ
ences in total muscle iron were evident between any 
of the batches. 

The lowering of the Soret peak and the de
crease of extractable heme protein during frozen 
storage were probably due to oxidation and a slight 
denaturation. The decrease in pH was likely as
sociated with the production of lactic acid. The 
increase in TBA value was undoubtedly due to a 
slight amount of lipid oxidation, which takes place 
even at freezing temperatures. Similar changes in 
heme protein concentration, Soret peak position, and 
pH were noted in the previous study. 
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To determine the relation of length of fish to 
the biochemical characteristics of the tuna, we calcu
lated both regressions of the variables dependent 
on length alone and multiple regressions. The dif
ferences between the biochemical characteristics that 
could be attributed to the fish's length were much 
more pronounced than were the differences caused 
by time on deck. All samples showed a highly 
significant inverse correlation between fish length 
and pH and between fish length and Soret peak. 
The samples taken at the cannery showed a highly 
significant positive correlation between fjsh length 
and heme protein concentration; the samples taken 
at sea showed little or no such correlation, nor did 
they show any correlation between fish length and 
iron or between fish length and TBA. 

W e olso compared the product-moment corre
Ic tion coefficients between the length of individual 
cannery-sampled fish and their So ret peak position, 
pH, and heme protein concentration. A highly sig
nif icant positive correlation appeared between heme 
prote in and length, and highly significant negative 
co rrelations appeared between Soret peak position 
end length and between pH and length. 

After the tuna were canned, a panel of industry 
rep resentatives tested the contents of each can for 
color, scorch, flakiness, general texture, fiber, odor, 
fl avor, and overall quality. The grades assigned by 
the judges were compared by the analysis of variance. 
Co lor was negat ively correlated with fish length; 
obout 14 percent of the variance was attributable 
to length alone. The correlation coefficient for color, 
though small, was significant. Inclusion of the bio
chemical variables increased the correlation coeffi
cien t only from 0.382 to 0.417. 

Two factors affected color: fish length, which was 
related to poor color, and time on deck, which was 
di rectl y proportional to an improvement in color. 
Length, however, seemed to be a more important 
determinant of quality than did time on deck. The 
regression coefficients for the So ret peak and the 
heme protein contributed about 1 and 2 percent, 
respectively, to the color variance. 

Scorch was highly correlated with length, about 
one half the total variance of scorch being accounted 
for by length . Time on deck was not Significant. 
Although the scorch-length correlation was high, 
multiple regression analysis showed that the accuracy 
of predicting scorch was not improved by including 
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biochemical data, since these variables <:onfifibutecrl · ~ , · 
little to the variance that could be accounted for 
by regression. 

The differences in flakiness between bQtches were 
small, but the average differences between groups 
were more noticeable. 

Differences in texture between batches within 
groups, though highly significant, seemed to be un
related either to fish length or to time on deck. Un
reconcilable disagreements between judges regarding 
texture - and fiber - were such as to make the use
fulness of either of these qualities suspect as criteria 
of quality. 

Odor, which deteriorated with the length of time 
the fish were held on deck, could be predicted from 
fish length alone as well as from fish length in com
bination with the biochemical variables. 

Since no differences in flavor were detected 
either between batches or between groups, either 
with length of fish or with time on deck, criteria 
for predicting flavor could not be established. 

No differences in overall quality between the 
batches in the second group appeared; in contrast, 
the batches in the first group differed' significantly. 
The main factor governing overall quality seemed 
to be length of fish; time on deck seemed to be in
consequential. Overall quality, which was highly 
correlated with fish length, could be predicted from 
length with a standard error of estimate of about 
one half a unit on the quality scale. When both 
length and pH were considered, the accuracy of 
prediction was slightly improved, the multiple cor
relation coefficient rising to 0.399 from 0.380, which 
was the accuracy when length was used alone. 

The results of this study, combined with the re
sults of the previous study, show that the factors most 
important to quality, particularly to color, are, in 
decreasing order of Significance: species, length, 
storage, and time on deck. With two exceptions, 
the quality of canned tuna was unrelated to time 
on deck ~ the longer the fish were held on deck 
before being stored, the better their color and the 
poorer the odor. On the other hand, because we 
established the relation of fish length to quality . 
so conclusively, we believe that continued study of 
length as a factor for determining quality is unne
cessary. 
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EXTENDING THE SHELF liFE OF FROZEN CHUB 
(Leuc;chthys hoy;) FILLETS THROUGH THE USE OF 

ASCORBIC ACID DIPS 
by 

R. A. Greig 

ABSTRACT 

Chub fillets, prior to being frozen, were dipped in ascorbic acid solutions of three different 
concentrations to ascertain the comparative effectiveness of each solution in retarding the onset of 
rancidity in the frozen, stored fillets. Treated and nontreated fillets were examined periodically by 
sensory methods and by 2-thiobarbituric acid and peroxide-value tests. Results showed that all three 
treatments with ascorbk acid effectively extended the shelf life of the frozen fillets. 

INTRODUCTION 

Fresh-water chub (Leucichthys hoyi), which make 
I up a substantial part of the fish taken from the Great 

Lakes, are caught primarily in Lakes Huron, Michigan, 
and Superior. Large chub (eviscerated but not 
headed and weighing about 1/4 pound or more 
on the average) are marketed as a smoked product; 
small chub are sold principally for animal food. Yet, 
since the small 'chub are considerably more abundant, 
attempts have been made by the industry to produce 
a marketable product for human consumption from 
the smaller fish. Production of a frozen, breaded, 
chub fillet has thus far proved to be unsuccessful 
because storing the product for more than about 

3 months at 0 0 F. causes it to develop strong, rancid 
off-flavors. 

Previous laboratory investigations (Greig, Emer
son, and Fliehman, 1967; Greig, 1967') have shown 
that a dip of oscorbic acid will significontly extend 
the frozen shelf life of cisco (Cor('gonw~ artedii) 
and white bass (ROCCU8 chry80P!~). Baue.-nfeind, 
Smith, and Siemers (1950) showed that an ascorbic 
acid treatment will extend the shelf life not only 
of cisco but of various marine fishes as well . The 
object of the present study therefore was to determine 
the effectiveness of such treatment in extending the 
shelf life of frozen chub fillets. 

I. MATERIALS AND METHODS 

The following subsections describe the methods 
in the preparation of the fillets and in the evaluation 
of their rancidity. 

A. PREPARATION OF FILLETS 

Trawl-caught Lake Michigan chub were obtained 
in January 1966, held in the round on ice for 1 day, 
and then machine filleted. The fillets in turn were 
held on ice for 1 day and then treated, frozen, and 

stored. The treatment consisted of the fillets being 
dipped in one of three ascorbic acid solutions (Table 
1), drained for a short time on a galvanized wire 
rack, and qUick-frozen on a plate freezer (plate 
temperature, -300 F.l. After being frozen, all fillets 

I R. A. Greig . 1967. Extending the .helf 'ile 01 froren wfoIjt. 
boss (Roald (4rylo,,) through the u.e 01 oKorb.c oc:id d,pa. 
Manuscript . Bureau of Commercia' f,Jhe, .. " Technological Loboro
tory, Ann Arbor, Michigan. 

Author: R. A. Greig, el,.isl. 8ureau of Commercial fisheries Technological laboratory, Ann Arbor. Michigan 48103 

FIR REPRINT 50 from Fishery Industrial Researdl. vol. 4. no. I, a publication of 'he Bureau of Commercial fi~i.,. Pr..,.-inted /we"" '961 
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Table I.-Frozen shelf life of chub fillets treated with 
various concentrations of ascorbic acid prior 
to being frozen 

Ascorbic acid dipping Ascorbic acid Frozen 
solution Immersion concentration shelf lile 

time of of fillets 01 fillets 

Temperature fillets alter treatment stored at 
Concentration _5' F. 

Perc tnt • F. St'Conds Puctnt Months 

0.0 -- -- 0 .0 3 

0.2 50 ~o 0.01-0.025 8 

0.4 SO 20 0.03-0.050 1 7-8 

0.8 SO 20 0.07-0.0901 9-11 

1 Range of VJlue> obl,lIned from Individual analysIs 01 SIX different 
fillets. 

V\ 3re packaged in 3-mil polyethylene bags (six fillets 
to a bag), the bags were heat-sealed, and the prod
ucts were placed in storage at - 5° -+- 3° F. without 
additional packaging protection. Nontreated fillets 
were similarly frozen and stored to serve as controls. 

B. EVALUATION OF FILLETS 

Samples of each group of the fillets, usually 
six fillets to a sample, were examined monthly by 
sensory and chemical methods. While still frozen, the 
fillets were cut cross sectionally in half, and the halves 
were equally divided for the sensory and chemical 
tests. 

Samples for the sensory examination were breaded 
(while still frozen), deep-fat fried, and presented to 
taste panels consisting of from four to six laboratory 
members trained in sensory evaluation of fishery prod
ucts. The taste panels rated the samples according 
to the following scale: 

5 - not rancid 
4 - barely detectably rancid 
3 - slightly rancid 
2 - moderately rancid 
1 - strongly rancid 

An average score of less than 3 was arbitrarily .. 
lected as indicating that the product was objectionably 
rancid. The panelists also rated the samples.. as to 
whether they were acceptable, borderline, or unac
ceptable in overall flavor. This latter information 
was not numerically rated; it was obtained because 
we recognized that although the fillets might not 
be rancid, they could be unacceptible owing to 
off-flovors produced either by the treatment or by 
some other factor. 

Chemical examination for the development of 
rancidity in the fillets consisted of a peroxide and 
a 2-thiobarbituric acid (TBA) test. For the peroxide 
test, the samples were first thawed and ground three 
times. Then the oil was extracted from the samples 
according to the procedure of Bligh and Dyer (1956). 
The oil was left dissolved in chloroform, and 12-mil
liliter aliquots of this solution were used for de
termination of peroxide values (expressed in terms 
of milliequivalents of peroxide per 1,000 grams of 
oil) according to the procedure of the American 
Oil Chemists' Society (1955) official method Cd 8-53. 
Similar 12-milliliter aliquots were oven-dried to allow 
for determination of the amount of oil present. For 
the TBA test, the procedure of Tarladgis, Watts, Youn
athan, and Dugan (1960) was used, with modifications 
as reported by Greig (1966); TBA values - the 
absorbance at 536 millimicrons of 5 milliliters of dis
tillate and 5 milliliters of TBA reagent - were the 
units used. 

Chemical and sensory results were compared sta
tistically through the use of correlation coefficients. 

II. RESULTS AND DISCUSSION 

A. UNTREATED FILLETS 

Sensory results (Figure 1) showed that the un
treated fillets were acceptable and of good quality 
through about 8 weeks of storage. These fillets were 
near borderline in quality, owing to the onset of rancid 
off-flavors through 16 weeks of storage, at which 
time the panel found the samples to be objectionably 
rancid. TBA values increased rapidly through the 
first 4 weeks of storage, decreased sharply during 
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the next 4 weeks, and then increased fairly rapidly 
until the end of the test. No reason can be offered 
for the rapid increase and then decrease in TBA 
values at the 2-, 4-, and 8-week sampling times. 
The peroxide values increased fairly rapidly and pro
greSSively during the storage test. Correlation co
efficients for TBA and peroxide values versus sensory 
values were r = -0.813 (P<0.05) and r = -0.902 
(P<0.05), respectively. Thus, the chemical and sen
sory results were significantly correlated in the samples 
t~sted. 
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Figure I.-Results of sensory and chemical tests on 
untreated chub fillets stored at _5° F. 
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8. TREATED FILLETS 

Sensory results of fillets dipped in the 0.2-per
cent ascorbic acid solution (Figure 2) showed that 
this product was acceptable and of good quality 
through 30 weeks of storage; the product became 
unacceptable, owing to objectionable rancid off
flavors, after the 35-week storage period. TBA and 
peroxide values are also shown in Figure 2. Except 
for one (unexplainable) high value at the 17-week 
storage period, the TBA values increased progres
Sively during storage and reached maximum values 
when the product became organoleptically unaccept
able. The calculated correlation coefficient for TBA 
versus sensory values was r = -0.767 (P<0.05). 
Peroxide values increased somewhat similar to the 
TBA values during storage of these samples. The 
correlation coefficient calculated for peroxide versus 
sensory values for these samples was r = -0.782 
(P<0.05) . 

Sensory results of fillets dipped in the O.4-per
cent ascorbic acid solution (Figure 3) showed that 
this product was acceptable and of good quality 
through about 25 weeks of storage; the product be
came objectionably rancid after the 32-week storage 
period. The chemical evaluation of these fillets con
sisted of the TBA test only. TBA values increased 
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Figure 2.-Results of sensory and chespical tests on chub Dllets dipped in a O.2-per
cent ascorbic acid solution and stored at -So F. 
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rapidly throughout 18 weeks of storage andt'uif, 
decreased steadily during the remainder of the study 
(35 weeks). The correlation (r = -0.229) between 
sensory and TBA data for fillets treated at the 0.4-
percent level of ascorbic acid was not significant. 

Figure 3.-Results of sensory and TBA tests on chub 
6Uets dipped in a O.4-percent ucorbic acid 
solution and stored at _5° F. 

According to sensory data (Figure 4), fillets dipped 
in the a.8-percent ascorbic acid solution were of good 
quality through 35 weeks of storage. This product 
then was found near borderline in acceptance by 
the panel through about 43 weeks of storage; the 
product became objectionably rancid after the 45-
week storage period. TBA data (Figure 4) showed 
that oxidation of the samples was prevalent as early 
as the seventh week of storage as shown by the sub
stantial increase in values at that time. TBA values 
did not substantially increase after that time, indi
cating that oxidation of the product was well ad
vanced. The TBA results, therefore, disagreed with 
sensory data and the correlation coefficient calcu
lated for TBA versus sensory results of r = - 0.173 
(not significant at 5-percent level of confidence) a
greed with this finding. 
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Figure 4.-Results of sensory and chemical tests on chub 6llets dipped in a o.8-per
cent ascorbic acid solution and held at - S 0 F. 
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~o,res assigned to the development of rancidity. The 
" ' poneli$ts, however, also rated the samples for over

qll flavor. From this latter rating, we concluded 
that ranCid off-flavors were almost the only flavors 
that were considered undesirable in any of the fillets. 
Nevertheless, throughout the study, some panelists 
found the fillets treated with the highest concentra-

tion of ascorbic acid to be slightly "acidic" or "1em
onlike". ihey did not rate the fillets unacceptable 
because of this flavor, however. 

Both types of sensory information lead to the 
conclusion that the shelf life of chub fillets stored 
at -5° F. can be extended about threefold if they 
are dipped 'in an ascorbic acid solution (at any of 
the strengths empolyed in this study) before they 
are frozen . 

SUMMARY 

The effectiveness of ascorbic acid for retarding 
the onset of rancidity in frozen chub fillets was ex
amined. Fillets were treated by being dipped in 
ascorbic acid solutions of different concentrati'ons 
before being frozen; untreated fillets also were pre- , 
pared to serve as controls. All fillets were stored 
at -5° F. 

The samples were subjectively evaluated by a 
taste panel. They also were objectively evaluated 
for rancidity development through the use of two 

chemical tests: TBA and peroxide. Sensory results 
showed that the nontreated fillets had a shelf life 
of about 3 months before they became unacceptable. 
The fillets dipped in 0.2-, 0.4-, and 0.8-percent 
ascorbic acid solutions had shelf lives of 8, 7 or 8, 
and 9 to 11 months, respectively. Peroxide values 
generally supported the taste-panel findings as shown 
by correlation coefficients. TBA results were erratic 
and generally did not statistically support the sensory 
data. 
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CONTROL OF SALMONELLAE 
IN FISH MEAL 

by 

B. J. Carroll and B. Q. Word 

ABSTRACT 

Environmental studies showed the presence of Salmonellae in three fish-meal plonts examined. 
Data derived from thermal studies indicate factors that should be taken into account when a meal 
requires reprocessing, owing to postprocessing contamination with Salmonellae. 

Protein was not significantly damaged under the time-temperature combinations studied. 

INTRODUCTION 

Reports of salmonellosis in domestic animals 
have been widespread in recent years. Many of 
the outbreaks have been attributed to Salmonellae 
infestation of animal-feed ingredients. Fish meal, 
an important ingredient in animal feeds, has fre

quently been implicated as a source of Salmonellae 
(Boring, 1958; Bischoff and Rhode, 1956; Adam, 
1957; Watkins, Flowers, an.d Grumbles, 1959; More
house and Wedman, 1961). These reports and 
others have caused a number of European countries 
to demand "Salmonella-free certification" for all im
ported fish meal. Fish meal, however, is not the 
only feed ingredient involved in salmonellosis. Bone 
meals, feather meals, and rendered products have 
also been implicated (Galton, Harless, and Hardy, 
1955; Gray, Harley, and Noble, 1960; Rasmussen, 

Hansen, Jacobs, and Wilder/ 1964; Morehouse and 
Wedman, 1965). 

The elimination of Salmonellae from {oods des
tined for human consumption has received much at
tention (Angelotti, Foter, and Lewis, 1960), and 
animal-feed ingredients have also been subjected to 
scrutiny (Rasmussen, Hansen, Jacobs, and Wilder, 
1964). 

The purpose of this paper is to report on a pre
liminary study made on the control of Salmonella 
in fish meal. The main divisions of the research 
were concerned (1) with environmental studies to 
determine the extent to which Salmonellae are to 
be found in and about the premises of fish-meal 
plants and (2) with thermal studies on the post
production destruction of Salmonellae in fish meal, 
since the environmental studies proved positive. 

Author~: B. J. Carroll, Microbiologilt, and B. Q. Ward, RUIQrch Microbiologilt, Bureau of Commercial Fisheries Technological Laboratory, 
Pascagoula, Mi:;sissippi 39567. 
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I. ENVIRONMENTAL STUDIES OF SALMONELLAE CONTAMINATION 
In reporting our environmental studies, we con

sider first the specific details of Salmonellae con
tamination and then the broader picture of the 
problem. 

A. EXPERIMENTAL WORK AND SPECIFIC 
FINDINGS 

To determine the extent of Salmonellae contam
ination in and abou1" production facilities, we col
lected three types of samples - bottom sediment, 
water, and in-plant materials - at three Gulf Coast 
menhaden plants. In all, we collected and analyzed 
391 samples. 

1. Bottom Sediment 

All bottom samples were collected with an alco
hol-f lamed Petersen dredge'; 50-gram samples were 
taken. 

The following procedure was used to test the 
samples for the presence of Salmonellae: The sed
imentl"Jas mixed with 450 milliliters of Tetrathionate 
Broth Base to which Brilliant Green had been added 
(BGT). The material was incubated at 35° C. for 
from 24 to 48 hours at which time several Brilliant 
Green Agar (BGA) plates containing sodium sulfa
diazine were streaked. The plates were incubated 
for 24 hours at 35 ° c., and typical colonies were 
transferred to Triple Sugar Iron (TSI ) slants according 
to the methods outlined in Agriculture Research Serv
ice 91-36 (United States Department of Agriculture, 
1962). A ll typical TSlcultures were subjected to 
complete serological examination . 

No Salmonellae were found in the 44 sediment 
samples taken from the immediate plant areas. 

2. Water 

The water samples were collected and were tested 
for the presence of Salmonellae as follows: All the 

water samples were collected with an alcohol-flamed 
Kemmerer water sampler, and SOO-milliliter amounts 
were filtered through an H A (0.45 micron) Millipore 
mebrane filter. After filtration was completed, the 
filter pad was placed in 250 milliliters of BGT and 
incubated for from 24 to 48 hours. The Salmonellae 
present were then isolated and identified in the .same 
way as outlined for the sediment samples. 

Salmonellae were demonstrated in 12 percent of 
191 water samples collected. 

3. In-Plant Materials 

The in-plant samples were collected and were 
tested for the presence of Salmonellae in the following 
manner: Fish or scrap at various stages of production 
or refuse from past operations were sampled. We 
attempted to utilize 50-gram portions, but at times 
this size of sample could not be obtained. In these 
instances, the volume of the media was adjusted. 
Each sample was treated according to the procedure 
outlined for sediment samples. 

Salmonellae were demonstrated in 9.1 percent 
of 156 samples collected from various points within 
the three plants. 

B. OVERALL FINDING AND DISCUSSION 

Of the total number of samples collected, 9.2 
percent were positive for Salmonellae; they repre
sented 11 different serotypes. Often, positive samples 
were sporadic, with indications neither of a set con
tamination pattern nor of a seasonal influence. 

A consideration of questionable practices and po
tentially hazardous ,circumstances that could arise 
between the capture of fish and storage of fish meal 
is beyond the scope of this study; however, a com
prehensive study is envisioned. Attention by fish
meal processors to the findings should further min
imize such difficulties as have occasionally been 
experienced. 

II. THERMAL STUDIES 
Our thermal studies involved two aspects: (1) the 

effect of heat on the micro-organism under study and 
(2) the effects of heat on the nurtitional quality of 
the meal - specifically on the resistance of the pro
tein in fish meal to damage by the heat needed 

1 Trade names refe rred +0 in thi s publication do nat imply en
dorsement of commercial "Jroduct s. 
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in the destruction of Salmonellae during the repro
cessing of meal. 

A. MICROBIOLOGICAL ASPECTS 

We had two groups of experiments. The first 
(time-temperature experiments) was to determine the 
effectiveness of various processing variables by the · 
use of several temperatures and heating periods .. The 
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, seC(Sf\d" ·(.hemiQI destruction experiments) was to de-
'termine the effectiveness of various time-temperature 
combinations in the destruction of Salmonellae in 
several reprocessed commercial fish meals. 

1. Time - Temperature Study 

a. Procedure.-For each time-temperature combi
nation, nine containers of meal were inoculated, 
sealed, heated, cooled, and examined for survivors, 
as follows: 

(1) Meals.-Two high-quality menhaden fish 
meals (Table 1) were used. 

Table I.-Proximate composition prior to heating of 
the two major meals tested 

Constituents 

Protein ••. ' .... .. ..•..... 
Fat (ether soluble) ......•. 
Water ....••. • ..•....... 
Ash .. . ...••. . ......•... 
Calcium •• .. . . .• .. .•.••.. 
Phosphorous .. . .. . . ..... . 

Concentration in: 
~----~----------

Meal A 

PacelLi 

63.00 
10.61 
6.55 

19.35 
5.54 
3.80 

Meal B 

Ptrani 

61.29 
10.80 
7.96 

19.15 
5.52 
3.89 

(2) Containers.-Two types of meal containers 
were used to determine rates of heat penetration -
soft-glass thermal-death-time tubes and 5-milliliter 
glass ampules. The use of either container yielded 
similar heat-penetration characteristics; accordingly, 
for convenience, most of our data were obtained by 
use of the glass ampules. 

In filling an ampule, we added meal and com
pacted it by gently tapping the ampule until it was 
full. The filled weights and the subsequent heat
penetration curves were found to be very nearly 
uniform with ampules so prepared. 

(3) Serotype used.-For the determination of 
specific thermal death time, a single serotype (Salmo
nella senftenberg 775W) was used. S. 'sen/tenberg 
775W was selected as the test strain on the basis 
of its thermal resistance in liquid media (Angelotti, 
Foter, and Lewis, 1960). The methods used in making 
the determinations were those of Ball (1943), Anellis, 
Lubas, and Rayman (1954), Schultz and Olson (1940), 
Stumbo, Murphy, and Cochran (1950), and Bigelow 
and Esty (1920). 

(4) Inoculation.-We used two methods of 
inoculation. 

In the first method, the inoculum was introduced 
into the meal (5 grams) with the least amount of 
buffer possible, usually 0.001 milliliter, which rep-

resented only an 0 .02 percent increase in the con
centration of moisture in the meal. An 0.10-milli
liter syringe was used for the inoculation, the point 
of inoculation being as near as possible to the geo
metric center of the column of meal. 

The second method of meal inoculation was used 
with equal success. The meal was inoculated in 100-
gram amounts, which were then thoroughly mixed 
for 5 minutes in a Waring blendor operated at a 
slow speed. The inoculated meal was' subsequently 
introduced into the ampules for heating tests. No 
signif icant differences in thermal destruction was 
attributable to the different inoculation procedures 
used. 

(5) Storage.-After the meals had been in
oculated, they were divided into two groups for the 
determination of thermal death time. In one group, 
thermal-death-time determinations were made within 
2 hours after inoculation. In the other group, the 
meals were allowed to stand 2 months before the 
thermal-death-time determ inations. 

In the designation of our samples, we have been 
somewhat arbitrary. We have termed fresh con
tamination "artificial" because, in laboratory exper
iments, work is usually done immediately following 
such deliberate introductions. Similarly, we have 
termed 2-month-old inoculations "natural" because 
in natural contamination one can usually say only 
that it occurred in the past. Designations should 
be equated perhaps, with words such as "fresh" 
and " aged". 

(6) Temperature and time.-Temperature and 
time were determined as follows: A No. 22 gauge 
(B and S) thermocouple was inserted through a rub
ber stopper into the center of the meal column, and 
the ampules were placed into a 3r c. waterbath 
and allowed to eqUilibrate. Once the temperature 
of the meal stabilized at 3r c., the ampules were 
quickly transferred to another bath preset to the 
desired temperature. The temperature of the bath 
was maintained within +0.5° C. After the meal 
in the ampules had attained the bath temperature, 
the ampules were quickly transferred to ice water. 
The time necessary for the meal to reach the bath 
temperature and cool again to 3r c. was recorded. 

(7) Test for survivors.-After the heat treat
ments, survivors were tested for as follows: The 
contents of the ampules were aseptically added to 
bottles or tubes containing 100 milliliters of BGT 
broth and incubated for 24 hours. Plates of BGA 
were streaked and incubated for 24 hours at which 
time typical colonies were transferred to TSI slants. 
Confirmation of survivors was made by serological 
procedures. 
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(8) Heat-fenetration curves.-Using the 0'1-

erage values 0 several determinations, we calcu
lated the heat-penetration curves for the meals ac
cording to the method of Ball (1943) and of Anellis, 
Lubis, and Morton (1954). 

b. Results and discussion.-Upon initiation of 
thermal-destruction studies of the portions of the meals 
that had been stored for 2 months, they were found 
to contain a residuum of about 430 cells per gram. 
In contrast, the meals analyzed within 2 hours after 
inoculation were found to contain 2.0 x 10" cells 
per gram . 

The thermal -dc·ath-time experiments produced a 
wide ra nge rJf F values (minutes of exposure at a 
cer tai n temperature resulting in a nondetectable cell 
::,;vell. Most of the variations, however, can be at
tr . )uted to one or more of the following factors : 

50 

-;0 
0 

! 
;J 
c: 

.5 
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~ 10 -
~ 

C) 
Z 
~ 
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:%: 5 

0 

" .. ~ ' ... ' ""<'1 . ~ . . . . 
composition of the meal, number of organisms ."...m, .~ ~ 
and time since contaminant introduction (llartiflcfOfly" 
contaminated meal versus "naturally" contaminated 
meal). The last mentioned factor seemed, In this In
stance, to be central to any consideration of the F 
value discrepancies. Rasmussen, Hansen, Jacob1, 
and Wilder (1964) noted similar differences in studies 
of naturally contaminated versus artificially contam
inated materials. 

One would think that the meal containing 2.0 
x 10· cells per gram would require longer heating 
periods for complete cell inactivation than would 
the some meal containing only 430 cells per gram. 
However, in this instance, the opposite is true. The 
overage F16 ~ (minutes exposure at 1650 F. resulting 
in a nondetectable cell level) values of the "arti
ficially" contaminated Meals A and B (heated 2 hours 
after inoculation) were 7.8 and 6.5 respectively, 

"Two-Month Meal" 
F
I65 

=.24.0 

150 160 

TEMPERATURE (DF.' 

170 180 
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Figure I.-Heat resistance of Salmonella senftenberg 775W in Fish Meal A, about 2.0 
x 10° cells per gram in the zero meal, and about 4.3 x lOZ in the 2-month meal. 
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~i>·~$t~ .• ~r<jge F165 values for the "naturally" 
.. ' l!l~f4fJlifiti'ted Meals A and B (heated 2 months after 

inpc-vldtfon) Were 24.0 and 18.5 respectively (Figures 
1 and 2). 

. This same phenomenon was then demonstrated 
with Meals A and B inoculated 1 week before thermal
death-time determinations. The cell density during 
this period was reduced from the original 2.0 x 10· 
to ·about 1 x 106 cells per gram. The average F165 

values obtained on the 1-week-old meals were 16.5 
and 17.0, respectively. No verified explanation for 
these differences can be offered at this time; how
ever, several possibilities exist. Some of these pos
sible explanations have been suggested by Rasmus
sen, Hansen, Jacobs, and Wilder (1964). Our data 
indicate that thermal resistance under our conditions 
is more a function of time than of cell numbers. By 
this statement, we mean that the length of time be-

tween inoculation or contamination and heating def
initely influences the F values obtained. Possibly, 
this period affords the cells an opportunity to migrate 
into the residual fats or protein particles present. 
Further examination of this possibility is planned . 

Although the reasons behind these differences are 
not yet clear, one fact must be recognized: thermal
death-time determinations obtained using freshly in
oculated fish meal are unreliable when applied to 
a natural situation. 

2. Thermal Destruction 

Experiments were made to determine the effec
tiveness of various time-temperature combinations in 
the destruction of Salmonellae in several reprocessed 
commerciol fish meals. 

100r----------------------------------------------------, 

.. 
: 
:) 

c 

! 
III 

~ 
~ 

C) 
Z 
~ 
-c 
III 
::z: 

50 

10 

5 

150 . 

0 

0 

160 

TEMPERATURE (OF.) 

"Two- Month Meal" 
F =18.5 
165 

0 

"Zero Meal" 
F
'65 

=6.5 

170 180 

Figure 2.-Heat resistance of Salmonella senftenberg 775W in Fish Meal B, about 2.0 x 
lOS cells per gram in the zero meal, and about 4.3 x IOZ in the 2-month meal. 
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o. Procedure.-For each time-temperature combi
nation, nine ampules prepared as described earlier 
were inoculated, sealed, heated, cooled, and ex
amined for survivors. For these thermal-destruction 
studies, all of the serotypes were mixed in equal 
numbers to give a single inoculum. 

The following organisms were used: Salmonella 
Den ft en !J e1'g 775W, S . cerro, S. m ontevideo, S. thomas
ville, and S. oranieni)ll1".q. We selected these par
ticular serotypes because they have been among the 
most frequent isolates from fish meal. All of the 
above cultu res were obtained through the courtesy 
of the United States Public Health Service's Commu
nicoble Disease Center, Atlanta, Georgia. 

The cultu res were each subjected to complete sero
if)g ica l and biochemicol examination before the start 
of the inoculum preparation . Initial cultures were 
mo de in T rypticase Soy T ryptone broth (TST) and in
cuba ted for 48 hours. Secondary transfers were made 
to TST and incubated for 24 hours at which time the 
cultures were centrifuged and washed three times in 
sterile phosphate buffer IButterfields) and adjusted 
to the desired inoculum level by means of a Bausch 
and Lomb Spectronic 20 set at 620 millimicrons. 

An inoculum thus prepared to contain about equal 
numbers of S. selljt cn ba[} 775W, S. cerro, S. monte
v ideo, S. thomasv ille , and S. oranienblO'g was added 
to ster ile meal to a final concentration of about 2.0 
x 10° cells per gram. Thermal-destruction deter-

.. , .~ .. : ~ i 
minations were conducted on the meals atO, "', 96, .. J!. 

and 144 hours following inoculation and at 2 month. 
after inoculation. 

b. Results.-The results, shown in Table 2, Indicate 
that S. senftenbcrg 775W was not the most heat
resistant strain used. S. montevideo and S. oranUm
burg, on several occasions, demonstrated a greater 
tolerance to heat than did the 775W strain. The 
results also indicate that no single set of conditions 
applied was completely satisfactory. Although a 
particular set of conditions may appear adequate 
for one meal, it may, applied to another, be either 
inadequate or excessive. 

As indicated in Table 2, the meals were heated 
at 150°,160°,170°,180°, and 190° F. for various 
time intervals. Regardless of the initial storage time, 
surviving Salmonellae could always be demonstrated 
in meals that had been heated to 1500 F. for 40 
minutes or to 1600 F. for 30 minutes. In freshly 
contaminated meal (artificiall, 10 minutes of heating 
at 170° F. was adequate for the destruction of all 
Salmonella strains, but after storage of contaminated 
meals for periods of 144 hours to 2 months, even 20 
minutes of heating was inadequate. At 1800 F., 10 
minutes of heating was adequate for all meals stored 
less than 96 hours, but 10 minutes of heating no long
er sufficed to free these meals of Salmonellae after 
2 months of storage. At 190° F., 5 minutes of heating 
did nOf consistently result in Salmonellae-free meal, 

Table 2.-Thermal destruction of an equal mixture of Salmonella senftenberg 775W, S. cerro, S. thomaswille, 
S . m ontevideo, and S . oranienburg in Fish Meal A 

Time after Sal monel I ae Heating Heating Sampl<'S Samples Surviving terotypes 
inocu la ti on temperature period heated posit ive 

HOUri ,1 pp rox . n o. OF. JIIinuln Numbtr Numb" 
per gram 

0 2.0 x 10" 150 15 9 9 All serotypes present 
0 2.0 x \0" 160 IS 9 3 S. ItftjltftbtrC, S. ordftuftbllrc 
0 2.0 x 10" 170 10 9 0 No survivors 
0 2.0 x \06 180 4 9 2 S. stftjltftb"c. S. ord1litftburC, 

S. IlaomdJvillt 
0 2.0 x \06 190 5 9 I S. stftjltftblrc, S. 0,d1litftbu,C, 

S. trrro . S. moftltvidto 

48 1.5 x 106 ISO IS 9 2 All serotypes present 
48 1.5 x \06 160 IS 9 3 All serotypes present 
48 1.5 x \06 170 15 9 I All serotype. present 
48 1.5 x 106 180 6 9 I S. stftjltftb"C 
48 1.5 x 105 190 10 9 0 No survivors 

96 2.2 x 10' ISO 30 9 I S. mOftttvidto 
96 2.2 x 10· 160 20 9 1 S. mOllttv idto, S. st1ljttf&btrC, 

S. urro 
96 2.2 x 10' 170 20 9 0 No survivors 
96 2.2 x 10' 180 10 9 0 No survivors 
96 2. 2 x 10' 190 10 9 0 No survivors 

144 7.0 x loa 150 35 9 3 All serotypes present 
144 7.0 x 10' 160 30 9 2 All serotypes present 
144 7.0 x 10" 170 20 9 I S. monttvidto, S. o,dftu1lbu,g 
144 7.0 x \0" 180 12 9 0 No survivors 
144 7.0 x 10" 190 10 9 0 No survivors 

1,440 4.3 x 102 150 40 9 9 All serotypes present 
1,440 4.3 x 10. 160 30 9 9 All serotypes present 
1,440 4. 3 x 102 170 20 9 1 S. moftltvidto, S. O,dft;tftb",C 
1,440 4.3 x 102 180 10 9 4 S. mofttlvidto, S. O,dft;tftb",g 
1,440 4.3 x 102 190 10 9 0 No survivors . 
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;}t '&\l'?'hitatMQ for ' 10 minutes consistently destroyed all 
. ~'Ioe regardless of the length of storage. 

These data 'indicate that postproduction heating 
of meals at the lower temperatures (150°, 160°, 
170°F.) require excessive time periods to produce 
Salmonellae-free meals consistently. From the data, 
the best combination appears to be 190° F. for 10 
minutes, since this time-temperature combination con
sistently reduced any Salmonellae present to non
detectable levels. However, a note of caution must 
be added regarding complete reliance on the obove
mentioned combination: the inactivation of Salmo
nellae in fish meal is influenced by a multiplicity of 
factors (for example, percent oil, particle size, percent 
moisture, serotypes present, number of organisms 
present, and length of time following contamination), 
so the most economic postproduction processing con
ditions should be decided upon only after these factors 
have been evaluated for the meal in question. 

B. PROTEIN-HEAT -RESISTANCE ASPECT 

1. Method 

To determine any adverse effects produced as a 
result of various postprocessing heat treatments, we 
heated and had tested about 100 pounds of two 
meals. 

The meals were packed into No. 202 x 214 cans 
and sealed. The specific heat treatments used were 
as follows: 150° F. for 30 minutes; 165° F, for 
20 minutes; 180° F. for 5 minutes; and up to 230° 
F. without holding. The controls were held at 0° F. 

Prior to the heat experiments, we made numerous 
heat-penetration determinations to determine cor
rection factors for the necessary processing periods. 
These determinations were made using an Ecklund 

nonprojecting thermocouple mounted in the side of 
the can as described by Aistrand and Ecklund (19511. 
Continuous temperature readings were mode on a 
leeds and Northrup Model 8692 potentiometer. Our. 
ing the heating periods, several can-contoined thermo
couples were placed at various points in the water
bath, which enabled us to monitor the temperature 
continuously. 

The protein-evaluation phase of this investigation 
was conducted by the Bureau of Commercial fisheries 
Technologicql Loboratory at College Park, Maryland. 
A chick bioassay was utilized for this purpose. Each 
assay was based on three replicotes of 10 chicks 
each for each meal according to T ukey's Test 
(Snedecor, 1957). 

2. Results 

No proteins were significantly damaged by any 
of the time-temperature combinations I Table 3 1. 

Table 3.-Protein evaluation by mean. of a 2()'day chick 
assay, at the 15·percent protein lnoel, of 6.h 
heated at various times and temperature. 

- - _ .. _- - " 
Prot~in SOlHft' 11l'.1' tr~Jtm(' 1I1 

:\ \ Cf , I ,' t' H.rl .• f 1 \ " 

( 11Il. k \Iondll .... ',\\\ Ih 1('" , ' °·"". 

• F. .11." It I fl (;'tl"t, 
"", (' 'If 

Soybean meal (I 1'17 ( ,f) 

Soybean m~al 
plus 0 .3 per· 
( ent meth· 
lonlne 0 ,:1 Iitil 

Fi,h \J... t\ .\ II 2 ;_' I. 

I ~Il HI ~~~ I . 

1(,5 ~II 271 ~ -' 
IBII , ~ ~ ~ 

130 !~ .. 

Fi,h :\Id B 0 ~-II ' : 
I,ll HI 1;" ; 

If •• ~o 1~~ -~ 

ISO , ,,~ 

~ .1(1 2 ~ 1 -:, . 
---'-- L..- _ . _ ___ . -. ._ . . - ... 

SUMMARY 

In a determination of the extent of Salmonellae 
contamination in and about menhaden-meal pro
duction facilities, 9.2 percent of the samples col
lected were positive; 11 different serotypes were 
faund. 

Results of Salmonellae thermal-death-time studies 
indicate that the length of time between initial inoc
ulation or contamination of fish meal and thermal
death-time determinations definitely influences the 
process required to inactivate all Salmonellae. Pro
cessing results derived from artificially contaminated 
meal are not usually valid when applied to naturally 
contaminated meal. 

S. sen/tellbel'Y 775W did not consistently display 
exceptional heat resistance. S. mOll'l'I'icl,·o and S. 
oranienblLrg on several occasions disployed greo!er 
heat resistance than did the 775W strain. . 

Of the postprocessing variables investigated. only 
the combination of 190° F. for 10 minutes consisten!ly 
reduced the Salmonellae present to nondetectable 
levels. 

Postproduction processing condllions for the elim· 
ination of Salmonellae in fish meal should be form
ulated only after careful consideration has been 
given to such variables as oil content. moisture con-
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tent, particle size, number of Salmonella~ pr~s~~t, 
serotypes present, and the length of time SI~C~ Inltl~1 
contamination. The last var iable in this investi
gation appears to have markedly influenced the 
results obtained. 

" 

Data from a 20-day chick bioassay at a IS-perCent 
level revealed no significant protein damage in two 
fish meals that were exposed to the follOWing post 
production heat treatments: 1500 F. for 30 minutes, 
165 0 F. for 20 minutes, 1800 F. for 5 minutes, and 
up to 230 0 F. without holding. 
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IRRADIATION OF PACIFIC COAST FISH 
AND SHELLFISH. 

6--PRETREATMENT WITH SODIUM 
TRIPOL YPHOSPHA TE 

by 

J. Spinelli, G. Pel roy, and D. Miyauchi 

ABSTRACT 

The effects, during storage, of dipping fish fillets and steaks into sodium tripoly
phosphate-salt solution prior to irradiation were evaluated relative to drip, sensory fac
tors, and protein alteration and to spoilage microtlora. In general, the dipping treat-
ment proved beneficial. 

INTRODUCTION 

The purpose of food irradiation is to extend 
the shelf life of a product and to maintain as 
closely as possible its freshlike characteristics 
during the storage period. Although low-dose 
irradiation (less than 1 megarad) delays the 
appearance of gross quality changes by de
$troying a large part of the bacterial popu
lation, other changes not associated with mi
crobiological growth occur during storage and 
affect the ultimate quality and appearance of 
the irradiated product. These changes include 
loss of drip, alteration in color, alteration in 
texture, and some loss of flavor. 

The extent to which these changes ad
versely affect the quality of the irradiated 
product depends largely on the species of fish, 
the method of butchering the fish, and the 
length of time the product has been stored. 
Generally, fillets lose most of their drip during 
the first 10 days of storage. Alterations in 
color, particularly in whitefish, are noticed 
after 2 weeks of storage. In halibut steaks and 

in Pacific ocean perch fillets, texture changes 
begin to occur after 2 weeks of storage and 
are quite apparent after 3 weeks of storage. 
The flavor of some fish fillets is lost noticeably 
after 10 days of storage. This loss has been 
implicated with the degradation of inosine 
monophosphate (Spinelli and Miyauchi. 19f)7) '. 

It has been known for some time that var
ious forms of condensed phosphates, such as 
pyro- and poly-, increase water-holding capa
city when incorporated into proteinaceous 
foods (Sherman, 1961; Hellendoorn, 1962). 
Also it has been asserted that fish fillets treated 
with solutions of sodium tripoiyphosphate 
and salt (sodium chloride) prior to freezing 
prevents loss of both drip and flavor from 
the thawed-cooked product (Mahon. 1962; 
Boyd and Southcott, 1965). 

I J. Spinelli and D. Miyouchi. Irradiation of Poc,fic c..a.t f,'" 
and shellfish. V. The effect of S' IMP on t+.. flavor of ",ocltOled 
fish fillet, . Bureau of Commercial Filheries Technological labo#olory. 
Seattle. Washington 98102, 1961, 14 monutctipt page • . 

Authors: J. Spinelli and D. Miyouc:hi, Ru, •• ell CII,.ut" and G. Pel roy, Mic,.6UtJ.,iJt. Bureau of Commercial Fi ..... i •• TodlnoIogical lab
oratory, Seattl., Washington 98102. 

fll IEPRINT 52 from Fishery Industrial •• search, vol. .. no. I. a publication of the Bureau of C~cial fisheri.s. I'rOCl"inrod Ottobor 1967 
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Some preliminary work on the use of so
dium tripolyphosphate has been done at the 
Bureau of Commercial Fisheries Technological 
Laboratory, Seattle. Petrale sole fillets were 
treated, prior to irradiation, in a 10-percent 
sodium tripolyphosphate solution containing 4 
percent of salt. The loss of drip was reduced 
practically to zero during 28 days of storage, 
and. after this period, both the color and ap
pearance of treated fillets were superior to 
the color and appearance of nontreated fillets. 

To evaluate more fully this preliminary 
work on whether pretreatment of fillets with 
sodium tripolyphosphate or combinations of 
sodium tripolyphosphate and salt would com
plement the irradiation process, we studied the 
effectiveness of these treatments on several 
species of fishes that are suitable for radiatiop. 
processing. The effects, during storage, of 
these treatments were evaluated relative to (I) 
drip, sensory factors, and protein alteration 
and (II) spoilage microflora. 

I. DRIP, SENSORY FACTORS, AND PROTEIN ALTERATION 

A. DRIP 

1. Materials and Methods 

\\·f· jlrepared samples and made measure
nwn t...; as f () !lows: 

a. Sample preparation.-In the prepara
tion (If samples. we were concerned with the 
li sh. the sodium tl'ipolyphosphate-salt solutions, 
tht' dipping- treatment. the packaging method, 
;tIld the method of irradiation and storage. 

(1) Fish.-The English sole, petrale 
stlle. and Pacific ocean perch used in these ex
Ileriments were obtained from local commer
ci;t\ prnceSS01'S and were from 2 to 9 days old 
wht'll landed; halibut was 10 to 18 days old 
I I h~lI landed. 

(:~) Sodium tripolyphosphate-salt solu
~ --The optimum concentration of sodium 
t l'il"d.\',d1flslllwte-salt solutions and the contact 
tillll' I,cl\\'een solution and fish needed to re
brd drip were determined by dipping the fish 
in \"aril)llS concentrations of these solutions 
for different periods of time. All solutions of 
sodium tripolyphosphate and salt were pre
pared on a percent-weight basis. 

(:~) Dipping treatment.-Fish fillets or 
.,teaks were dipped for about 22 seconds in 
t ht' ;-;ud i urn t ripolyphosphate-salt solutions and 
drailwd for 1;) minutes. Control samples were 
:-;illlil:lrl~' dipped in water. The temperature 
of thl' dippillJ.! :o;olutions was about 70° F. 

(4) Packaging method.-About 5 
pounds of the fillets were vacuum packed in 
laminated mylar-polyethylene pouches (1J2 x 2 
mil medium density) or in No. 10 cans. 

(5) Irradiation and storage.-Imme
diately after being packed, the samples were 
irradiated in the Brookhaven National Lab
oratory Mark II Food Irracliator at the Uni
versity of \Vashington, Seattle. All samples 
were stored at 33° to 35° F. 

b. Measurements 

(1) Sodium tripolyphosphate deter
mination.-The amount of sodium tripoly
phosphate solution (or water, in the case of 
the controls) that was absorbed by the fish 
was determined by weighing the fillets before 
and after treatment. 

Analyses for total phosphorus content of 
both treated and untreated fillets were then 
made to determine the amount of sodium tri
polyphosphate that was absorbed by the fish. 
In the analysis, whole fillets were blended, 
and phosphorus was determined on aliquots 
by the methods of the Association of Official 
Agricultural Chemists (1960). 

(2) Drip determination.-After stor
age of the cans or pouches, their contents were 
spread on screens and allowed to drain for 
30 minutes. The fillets and the collected drip 
were weighed, and the drip was calculated 
on a percent-weight basis. 

;l. 
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2. Results 
o. Absorption of sodium tripolyphosphote.

Fish dipped for from 15 to 30 seconds in so
lutions of either 7.5-percent or 10-percent so
dium tripolyphosphate containing 2 percent of 
salt absorbed between 2.5 percent and 3.0 per
cent of the dipping solution. The concentration 
of tripolyphosphate in the treated and un
treated fillets indicated that the uptake of 
sodium tripolyphosphate was fairly uniform. 

Figure 1 shows the concentration of phos
phorus in Pacific ocean perch fillets dipped 
in solutions of sodium tripolyphosphate-salt 
ranging in concentration from 0 to 10 percent. 
The amount of sodium tripolyphosphate (as 
phosphorus) absorbed by the fillets shows an 
almost linear relation to the sodium tripoly
phosphate concentration-that is, 10 milli
grams of phosphorus was absorbed for each 
2.5-percent increase in the concentration of 
sodium tripolyphosphate in the dipping solu
tion. 

Values from individual Pacific ocean perch 
fillets (dipped in 7.5 percent sodium tripoly
phosphate solution containing 2 percent of 
salt) taken from different lots and different 
experiments show a mean phosphorus uptake 
of 32 milligrams per 100 grams of fish (Table 
1) . This amount of phosphorus is equivalent 
to about 136 milligrams of sodium tripolyphos
phate per 100 grams of fish or 0.136 percent. 

Table I.-Phosphorus concentrations in Pacific ocean 
perch fillets dipped in a 7.S·percent solution 
of sodium tripolyphosphate containing 2 per
cent sodium chloride. 

Concentration in untreated fillets Concentration in treated fillets 

Replicate Replicate Repl icate Repl icate Replicate Replicate 
I 2 3 I 2 3 

Mg./I00 g. Mg./I00g . Mg./I00g. Mg./IOOg. Mg./I00g. Mg./I00g. 

90 108 81 117 113 132 
83 74 85 110 112 115 
83 67 77 115 98 110 
88 72 78 117 108 120 
88 78 74 115 106 115 

Range 67-108 98-132 

Mean 82 114 

Mean I 
phosphorus 

uptake 
32 

~ 
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~ 130 
~ 
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~ t..;: 

~ 
80 

~ 
~ 
~ 60 

~ 
~ 

0 2.5 
SODIUM TRIPOLYPHOSPHATE IN 
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Figure I.-Phosphorus concentration in Pacific ocean perch 
fillets dipped in sodium tripolyphosphate solu
tions containing 2 percent of sodium chloride. 

b. Effectiveness of the treatments in retard
ing drip.-We were concerned with the effect 
of both the tripolyphosphate and the salt on 
the retardation of drip. 

(1) Effect of tripolyphosphate.-To 
determine the effect of tripolyphosphate in re
tarding drip in different species of fishes, we 
used fillets from Pacific ocean perch, petrale 
sole, and English sole. In addition, we used 
steaks from halibut. 

(a) Pacific ocean perch, petrale 
sole, and English sole fillets.-Figure 2 shows 
the amount of drip that forms in irradiated 
Pacific ocean perch fillets during storage. Also 
shown is the relation between the amount of 
drip that is formed during storage and the 
concentration of sodium tripolyphosphate-salt 
solutions. The formation of drip is effectively 
retarded only when the concentration of so
dium tripolyphosphate in the dipping solution 
exceeds 5 percent. No appreciable decrease 
in drip formation was noticed when the con
centration of sodium tripolyphosphate was in
creased from 7.5 to 10 percent. Similar data 
were obtained with petrale and English sole 
fillets. 
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Figure 2.-Loss of drip during storage of irradiated 
Pacific ocean perch fillets pretreated with 
various concentrations of sodium rripolypho .. 
phate containing 2 percent of ~ium chloride. 

(b) Halibut st eak s.-Figure 3 
shows the amount of drip that was found in 
trea ted and untreated fish after 3 weeks of 
shH'age. The amount of drip that formed in 
h:l1ibut steaks is significantly higher than the 
amount that formed in Pacific ocean perch, 
petrale sole, and English sole. Also, more 
variation was found in both the treated and 

Englisl'> S.ole 
Fi ll ets 

Pet ra le Sole '"' ~ 
I 

"'il lets 
Pocific Ocea 
Perch Fil lets 

}.,: f-t 
... f-i 
.:< Halibut Steaks 

~:<'t 

6 

I 

I 

~ 
:A 

[;l Treated 0 Not Treated 

2 3 
DRIP (percent by weight) 

I 

Figure 3.-Loss of drip in fish that were irradiated at 
0.2 megarad and then stored for 3 weeb 
at 33 0 F. The drip in fish that were treated 
with tripolyphosphate-salt solution prior to 
irradiation is compared with the drip in fish 
that were not treated. 
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untreated halibut steaks. This di1ferenceiD 
species may be due to the fact that haUbut 
sometimes is 10 to 18 days old when landed 
commercially. Some cellular damage and pro
tein denaturation probably occur in the flah 
stored for this length of time. Cellular dam
age would have an influence on the amount 
of fluids that the tissue is capable of retaining; 
denatured protein does not react with phos
phates in the same way that undenatured 
protein does (Fukazawa. Hashimoto, and 
Yasui, 1961). 

(2) Effect of salt.-We found. as was 
found earlier by Mahon (1962), that salt in
creases the effectiveness of sodium tripoly
phosphate in promoting water-holding capa
city. Ilowever, whereas Mahon (1962) found 
that maximum effectiveness in treating fish to 
be frozen r~luirecJ (1) solution strengths of 
1 ~-percent sodium tripolyphosphate contain
ill~ -1 percent of salt and (2) a dipping time 
of 2 minutes, we found that the formation of 
drip could be effectively retarded by dipping 
the fish for about 22 seconds in a 7.S-percent 
solution of sodium tripolyphosphate containing 
only 2 percent of salt. 

B. SENSORY FACTORS 
The sensory factors determined were (1) 

physical characteristics (feel) and (2) color, 
texture, and flavor and odor. 

1. Physical Charaderistics 
Immediately after the fillets were dipped, 

the surface of the fillets became gelatinous 
and slippery to the touch. This characteristic 
might be a disadvantage for the process if the 
fish are to be rehandled manually prior to ir
radiation. The slipperiness decreased fairly 
rapidly during storage but was still noticeable 
after 3 weeks. 

2. Color, Texture, and Flavor and Odor 

o. Sensory exominotion.-Sensory changes 
in color, texture, and flavor and odor were fol
lowed during storage by an experienced panel 
of four to six judges using a to-point differ-



.' .-.... . .... . , 

enee rating scale (Miyauchi, Eklund, Spinelli, 
and Stoll 1964) I. 

, 

The fillets were cooked by steaming them 
for 10 minutes in 4- by 114.- by 4-inch closed 
aluminum trays. To compensate for any treat
ment-induced flavor change, we organolepti
cally compared the treated fillets with non
irradiated but treated control fillets. 

b. Results of sensory examination for color, 
texture, and flavor and odor 

(1) Color.-Freshly cut fish fillets have 
a bright hue that gradually fades during stor
age of the fillets on ice. Retailers find that 
bright fillets have greater sales appeal than 
dull-appearing fillets do. Hence, unsold fillets 
are often washed to help restore their original 
hue. 

We found that phosphate-treated fillets 
maintained their original hue during the entire 
storage period whether they were irradiated 
in cans or in polyethylene bags. 

The color of the treated cooked fillets was 
also superior to that of the untreated fillets. 
Untreated fillets (particularly Pacific ocean 
perch fillets) that have been stored for more 
than 2 weeks often tend to be darker than 
cooked fresh fish. No darkening was observed 
in phosphate-treated fillets after they were 
cooked. 

(2) Texture 

( a) Fillets treated with 10-percent 
sodium tripolyphosphate and 2 percent of salt. 
The comparative overall sensory scores and 
texture scores between fillets treated with 10-
percent sodium tripolyphosphate solution con
taining 2 percent of salt are shown in Table 2. 
After the fillets were stored for 3 weeks, the 
sensory scores of the treated fillets did not 
vary significantly from those for the untreated 
fillets. The texture of the ocean perch was 
significantly improved in the treated sample. 

2 D. Miyauchi, M. Eklund, J . Spinelli, and N. Stoll . Application 
of radiation-pasteurization process to Pacific crab and flounder. Final 
summary for the period November 1963 to November 1964. United 
States Atomic Energy Commission, Div ision of Isotopes Development, 
Report No. TID 21404, Isotopes-Industrial Technology TID (19th edition), 
Contract No. AT(49-1l)-2058, November 1964, 109 pages. Processed 
paper filed at the Bureau of Commercial Fi sheries Technological 
laboratory, Seattle, Washi ngton 98102. 

The low texture score for the untreated ocean 
perch is a reflection of toughening of the fish, 
which became quite apparent after 2 weeks 
of storage. In the species of sole, poor texture 
scores were due to a softening of the fish. 

Table 2.-Mean overall sensory scores and texture lICores 
of irradiated fillets treated with 10·percent 
sodium tripolyphosphate solution containing 
2 percent of sodium chloride 

Overall sensory Texture score 
Storage score 

Species time Untreated Treated Untreated Treated 
fillets fillets fillets fill ets 

WttkI 

0 --- --- 9.0 9.0 
Pacific I 7.2 7.8 8.3 9.0 

ocean perch 2 7.0 7.8 7.4 8.5 
3 7.0 7.5 7.1 8.7 

0 --- --- 9.0 9.0 
1 8.5 8.0 9.0 8 .1 

Petrale sole 2 8.0 8.0 8.2 8 .2 
3 7.2 6.8 7.2 7.8 

0 --- --- 9.0 9 .0 
1 8.7 7.3 8.8 8.3 

Engl ish sole 2 8.3 7.2 8.2 8.2 
3 6 .7 7.3 7.4 8.0 

Note: All samples were irradiated at 0 .2 megarad and stored at 33 0 F. 
The scores are the means of six indiv idual judgments. 

(b) Fillets treated with 7.5-percent 
sodium tripolyphosphate and 2 percent of salt. 
-Comparative sensory changes were studied 
with Pacific ocean perch fillets using a 7.5-
percent sodium tripolyphosphate solution con
taining 2 percent of salt. The results (Table 
3) from this experiment were essentially the 
same as those obtained when the fillets were 
treated with 10-percent sodium tripolyphos
phate solution containing 2 percent of salt 
(Table 2). 

Table 3.-Overall sensory scores of treated and untreated 
Pacific ocean perch fillets irradiated at 0.2 
megarad and stored at 33 0 F. 

Overall sensory scores 

Storage Untreated Irradiated Treated Treated and 
time control l untreated control' irradiated 

fillets fillets fillets fillets 

WttkI 

0 9 .2 7.5 9.1 8.0 
1 9.0 7.2 9.0 7.4 
2 8.8 6.4 8 .8 7.2 
3 8.5 7.2 9 .1 7.0 
4 8 .6 5.6 9 .0 6.2 

1 Frozen control. 
Nott: All treated fish were dipped for 15 seconds in a 7.S-perctnt 

sodium tripolyphosphate solution containing 2 percent of salt. 
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(c) General observations.-The loss 
of fluid after cooking was considerably less in 
all the treated fillets. This loss ranged from 
15 to 21 milliliters per 100 grams of untreated 
fillets and from 9 to 15 milliliters per 100 grams 
of treated fillets. The retention of fluids prob
ably helps maintain the texture of the Pacific 
ocean perch. 

Softening apparently is an intrinsic char
acteristic of sole. The phosphate treatment 
does not seem to affect this property. 

(3) Flavor and odoL-In judging 
flavor and odor, we were concerned with (a) 
saltiness, (b) rancidity, and (c) any changes 
in normal fish flavor and odor other than 
saltiness or rancidity. 

(a) Saltiness.-The addition of 4 
percent of salt to sodium tripolyphosphate so
lutions resulted in objectionable saltiness when 
the fi sll were examined organoleptically. The 
addition of 2 percent of salt, however, did not 
result in objectionable saltiness. 

(b) Runcidity.-All the fish in this 
study were irradiated in a vacuum. Previous 
work showed that when halibut, petrale sole, 
and English sole were irradiated in air, ran
cidity became apparent after about 10 to 14 
days of storage. Although investigators have 
shown that rancidity can be retarded in frozen 
fish by the addition of phosphates, we found 
that when the irradiation was in air, rancidity 
in treated samples could be detected after the 
same period of time as in untreated samples. 
The rancidity was not salt-induced, however, 
because the rancidity was evident regardless 
of the presence or absence of salt in the sodium 
tripolyphosphate solution. 

(c) Normallish flavor and odo1'.
Other than saltiness and rancidity, no other 
changes in normal fish flavor and odor were 
found. 

C. PROTEIN ALTERATION 

The comparative changes that occurred 
in the muscle protein of English sole and Pacific 
ocean perch fillets were determined by meas-
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uring changes in the total salt-soluble, myo
fibrillar, and nonprotein nitrogen content pe-
riodically during storage of the fillets. Tyro
sine also was measured to ascertain any evi
dence of protein degradation during storage. 

Tables 4 and 5 show the results of this 
study. Each value is the mean of three de
terminations. Comparisons between treated 
and untreated fillets at each sampling interval 
were made on paired fillets. Samples for 
these analyses were taken from a complete 
cross section of the fillet. 

During 4 weeks of storage, the nitrogen 
fractions of treated and untreated fillets did 
not differ significantly. The small increases 
in tyrosine values would indicate that treat
ment with sodium tripolyphosphate has little 
influenc2 on the rate of protein degradation. 
The amount of myofibrillar protein that was 
extractable decreased significantly in both spe
cies of fish after 2 weeks of storage, but the 
amount of myofibrillar protein that could be 
extracted from either treated or untreated 
fillets did not differ significantly. Since sev
eral workers have correlated protein solubility 
with te:~ture, and since the amount of soluble 
protein was essentially the same in both treated 
and untreated fillets, we were surprised to find 
a textural difference between treated and un
treated fillets. 

One explanation for the textural difference 
would be that the treated fillets retain con
siderably more water and other soluble con
stituents during cooking. The effect of re
tained water and other ionic material un
doubtedly exerts some influence on the final 
sensory textural charaCteristics of the fish. 

Another explanation for the textural dif
ference would be that a portion of the struc
tural protein of the fish tissue has been modi
fied by the phosphate treatment. It is known 
that the absorption of ions by the tissue pro
teins changes the internal forces of attraction 
in the protein and that those changes exert 
an influence on the physical nature of the 
protein even after denaturation by heat (Sher
man, 1962). 
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Tote 4.--Compariaon of changes in the nitrogenous constituents in untreated English sole6llets and fillets treated 
with !O-percent sodium tripolyphosphate solution containing 2 percent of salt, irradiated at 0.25 megarad. 
and stored at 33 0 F. 

Salt-soluble Myofibrillar Nonprotein Tyrosine 
Storage nitrogen nitrogen nitrogen value l 

time r-' 
,Treated Untreated Treated Untreated Treated Untreated Treated Untreated - fillets fillets fillets fillets fillets fill ets fillets fillets 

Days Mg.NIg. Mg.NIg. Mg.NIg. Mg.NIg. Mg.NIg. Mg.NIg. Mg.!g . Mg.!g. 

0 29.7 28.9 19.7 18.0 3.2 3.1 0.04 0.04 
7 27.8 27.4 19.3 18.0 3.3 3.5 0.04 0.04 

14 29.7 29.0 19.0 19.2 4.0 3.9 0.05 0.045 
21 24.8 25 .8 15 .3 14 .2 3.7 3.6 0.05 0.05 
28 20.5 23 .5 10.9 12.9 4.1 4.1 0.065 0.065 

1 Tyrosine used as a standard. 

Table 5.--Changes in the nitrogenous constituents in Pacific ocean perch fillets treated with 10·percent sodium trio 
polyphosphate solution containing 2 percent of salt, irradiated at 0.25 megarad, and stored at 33 0 F. 

Salt-soluble Myofibrillar Nonprotein Tyrosine 
Storage nitrogen nitrogen nitrogen value' 

time Treated Untreated Treated Untreated Treated Untreated Treated Untreated 
fillets fillets fillets fillets fillets fi llets fillets fillet s 

Days Me.NIg. Mg.NIg. Mg.NIg. Mg.NIg. Mg.NIg. Mg.NIg . Mg.!g. Mg.!g. 

0 33.0 33 .0 22 .3 22.2 4.2 4.4 0.Q3 0.Q3 
7 30.5 28.3 18 .5 16.9 4.2 4.3 0.04 0.04 

14 31.0 30.0 17.5 16.6 4.1 4.1 0.04 0 .04 
21 29.1 29.2 14.4 14.6 4.3 4.3 0.05 0.05 
28' 24.7 25 .0 12.7 12.2 4.7 4.6 0.065 0.06 

I Tyrosine used as a standard. 

II. SPOILAGE MICROFLORA 

A. PROCEDURE 
Pacific ocean perch fillets were treated in 

7.5-percent . polyphosphate solution, vacuum 
packed in cans, irradiated at 0.2 megarad, and 
stored at 330 F. Microbiological determina
tions were made by methods described by 
Miyauchi, Eklund, Spinelli, and Stoll (1964) 2. 

2 See footnote '. 

B. RESULTS 
After storage of the fillets for 17 days, 

Lactobacillus was the predominating organism 
in the non dipped irradiated fillets, whereas 
AchTomobacteT was the predominant orga
nism in the polyphosphate-treated irradiated 
fillets (Table 6). At the time of spoilage, how
ever, Lactobacillus predominated in both the 
treated and untreated fillets. 

Ta:ble 6.-Microflora from untreated and polyphosphate.treated Pacific ocean perch fillets after irradiation and storage 
at 33 0 F. 

Microflora 

Type 01 Radiation Storage Total Bacteria 
fillets dose time isolates Yeast Not 

Achromo- Coryne- Lacto- BacilluJ identified 
bact" lorms bacillus 

Mrad. Days No. No. % No. % No. % No. % No. % No. % 

0 0 S5 3 5 17 31 I 2 1 2 I 2 32 58 

---- t---- r--- r -- -- -- r- - r- -- ~- --- -- -- -- t---

Untreated 0 .2 0 26 25 96 0 0 0 0 0 0 1 4 0 0 
fillets 17 36 2 3 0 0 84 97 0 0 0 0 0 0 

29-31 123 0 0 0 0 123 100 0 0 0 0 0 0 
36 68 0 0 0 0 68 100 0 0 0 0 0 0 

Polyphosphate 0.2 0 6 4 66 0 0 0 0 0 0 1 17 1 17 
treated 17 118 106 89 0 0 11 9 0 0 0 0 2 2 
fillets 29-31 120 0 0 0 0 120 100 0 0 0 0 0 0 

36 166 0 0 0 0 166 100 0 0 0 0 0 0 
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In another experiment, Lactobacillus was 
found to be the predominant organism at the 
time of spoilage of seven samples of ocean 
perch fillets that had been treated with poly
phosphate solution, vacuum packed, and irra-

diated at 0.2 megarad. 
From this work, it appears that polyphos

ph ate treatment has little effect on the compo
sition of the spoilage microflora of vacuum
packaged irradiated fillets. 

SUMMARY 

Dipping fish fillets and steaks into sodium 
tripolyphosphate-salt solutions of appropriate 
concentrations (7.5-percent sodium tripoly
phosphate containing 2 percent of salt) prior 
~o irradiation is compatible with the irradia
thn-pasteurization of these products. 

Pretreatment has an economic advantage 
in that, during storage, drip is minimized, the 
original appearance of the fish is largely re
tained, and the texture is less altered, partic
ularly with such species as halibut and Pacific 
ocean perch. Dipping does, however, result 
in a marked but not serious increase in sIipper-

iness of the fish. Other factors relating to 
flavor or to odor were not affected. Treat
ment with sodium tripolyphosphate-salt solu
tions did not significantly alter the salt-soluble, 
myofibriIIar, and nonprotein nitrogen content 
of the fillets during storage. 

No significant differences were found in 
the spoilage flora between treated and un
treated vacuum-packed fillets. 

Thus, the overall effect of dipping fillets 
and steaks into sodium tripolyphosphate-salt 
solutions of appropriate concentrations was 
beneficial. 
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EXTENDING THE SHELF LIFE OF 
FROZEN WHITE BASS (Roccus chrysops) 

THROUGH THE USE OF ASCORBIC ACID DIPS 
by 

R. A. Greig 

ABSTRACT 

The effectiveness of ascorbic acid and ascorbic acid plus citric acid in retarding the 
development of rancidity in white bass fillets during frozen storage was evaluated. Sen
sory and 2-thiobarbituric acid tests run on both treated and untreated samples showed 
that ascorbic acid retarded the development of rancidity in the frozen fillets. 

INTRODUCTION 

Fresh-water white bass (Roccus chrysops) 
are caught primarily in Lake Erie and Lake 
Ontario; relatively few are present in other 
Great Lakes and in the Mississippi Drainage 
System. They are marketed almost exclu
sively as fresh fish, either as a "pan-ready" 
(headed and gutted) item or as fillets. Some 
processors, however, freeze the whole fish and 
hold them until periods of slack production, 
at which time they are thawed, processed, and 
sold on the fresh market. 

White bass are not usually marketed as a 
frozen product, mainly because of its relatively 
short shelf life when frozen. Commercial proc
essors report that white bass, frozen in-the
round, cannot be held beyond 6 or 8 months 
at 0 0 F. because off-flavors develop in the 
thawed, cooked product. In agreement with 
the estimates of commercial processors, Lane 
(1964) found that whole -white bass held at 
0 0 F. had a shelf life of from 5 to 9 months, 
but he did not report the reaSons for this lim-

ited shelf life. These findings applied to whole 
white bass only. No information was found 
concerning the shelf life of other frozen white 
bass products, such as fillets. Yet. since the 
surface that is exposed to air in fillets is lar~l' 
relative to the weight of flesh, fillets nvrmally 
are more susceptible to oxidative rancidity 
than whole fish are. So, theoretically at 'east, 
frozen white bass fillets should have a shorter 
shelf life than white bass frozen in-the-round. 

Greig, Emerson, and Fliehman (19(j7) rc
ported that ascorbic acid was effective in re
tarding the development of rancidity in several 
species of frozen fresh-water fish other than 
,vhite bass. The purpose of the work reported 
here therefore was to determine whether chem
ical pretreatment would be effective in extend
ing the frozen shelf life of white bass filleL ... 
This pretreatment involved the use of ascorbic 
acid. It also involved the use of ascorlJic ado 
plus citric acid to show whether citric acid 
would act synergistically and thereby incre.lse 
the effectiveness of the ascorbic acid. 

Author: R. A. Greig. Cu.ist, Bureau of c:omn-dal Fisheries Technological Laborolory. Ann Arbor. M,c:higon 48103 
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I. MATERIALS AND METHODS 

A. PREPARATION OF SAMPLES 
The white bass fillets used in this study 

were obtained from a commercial source. The 
fillets (skin-on) had been cut from white bass 
that had been caught in a trap net in the central 
basin of Lake Erie and held on ice for 1 day. 
They were obtained on the day they were cut 
from the fish and were randomly divided, on 
that same day, into three groups. The fillets in 
the first group were dipped in a 3-percent a
scorbic acid solution for 45 seconds; those in 
the second group were heated in the same 
manner with a solution containing 3 percent 
of ascorbic acid plus 1 percent of citric acid. 
Those in the third group were left untreated. 
All the fillets were individually quick frozen 
on a plate freezer, sealed in 3-mil polyethylene 
bags (3 fillets to a bag), and stored at -5° 
-+- 3° F. 

B. EVALUATION OF SAMPLES 
The fillets were examined by means of sen

sory and chemical tests. 

A taste panel composed of six laboratory 
workers provided the sensory data. The fro
zen samples were breaded and deep-fat fried 
for presentation to the taste panel. The taste 
panel rated the samples on a 5-point scale: 

5 - No detectable rancid off-flavors or 
off-odors. 

4 Barely detectable rancid off-flavors 
and off-odors. 

3 - Slightly rancid off-flavors and off
odors. 

2 Moderately rancid off-flavors and off
odors. 

1 Strongly rancid off-flavors and off
odors. 

A score of less than 3 was taken as evidence 
of objectionable rancidity. 

A 2-thiobarbituric acid (TBA) test was 
used to reveal obj ectively the development of 
rancidity in the samples. The procedure of 
Tarladgis, Watts, Younathan, and Dugan 
(1960) was used with the following exceptions : 
(1) 5-gram instead of 10-gram samples were 
used and (2) the TBA reagent was dissolved 
in triply distilled water instead of in glacial 
acetic acid. The size of sample was cut in 
half because of the excessively high absorbance 
readings obtained in the later stages of oxi
dation with the use of 10-gram samples. (This 
finding is unpublished data obtained on other 
fresh-water fish.) The different solvent for 
the TBA reagent was used because of more 
recent work by Tarladgis, Pearson, and Dugan 
(1964), which showed that there was less 
chance of side reactions with the water solvent 
than with the acetic acid solvent. The results 
of the TBA test are reported as TBA "values" 
-the bsorbance (at 536 millimicrons) ob
tained from 5 milliliters of TBA reagent and 
5 milliliters of sample distillate. 

Ascorbic acid concentrations were deter
mined on the samples used for the TBA test. 
The procedure (obtained from the Hoffman 
LaRoche Company, Patterson, New Jersey) 
was as follows: 10 grams of ground fish was 
blended for 1 minute in 150 milliliters of 4 
percent metaphosphoric acid. The entire con
tents were transferred quantitatively to a 250-
milliliter volumetric flask and diluted to vol
ume with distilled water. This mixture was 
filtered, and 10-milliliter a liquots of the filtrate 
were titrated with a solution of 2, 6 dichlo
robenzenoneindophenol that had been standar
dized against pure ascorbic acid dissolved in 
metaphosphoric acid. 

II. RESULTS AND DISCUSSION 

Sensory data (Figure 1) indicated that the 
untreated control product was not objection
ably rancid until it had been stored for 7 
months; however, several panelists rated cer-
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tain of these fillets as having rancid off-flavors 
as early as the 3-month test. Fillets treated 
with eith2r ascorbic acid or ascorbic acid plus 
citric acid did not develop rancid off-flavors 



throughout the entire 13 months of storage. 
Samples treated with ascorbic-citric acid, how
ever, had a fairly strong, objectionable lemon- · 
like flavor. Also, a few of the fillets that had 
been treated with ascorbic acid alone had a 
moderate lemonlike flavor. These samples, 
which were in the minority, may have ab
sorbed more acid than the others. 

TBA values supported the findings of the 
taste panel as to the development of rancidity 
in the various samples. After the fillets had 
been stored for 3 months, the TBA values in 
the non treated samples increased appreciably; 
TBA values in the chemically treated samples, 
on the other hand, did not increase appreciably. 
These data indicate that the development of 
rancidity in the white bass fillets was effec
tively retarded by the chemical treatments. 

The concentration of ascorbic acid (Table 
1) varied considerably between samples, but 

5 

(1)4 
w 
a:: 
o 
u 
(1)3 

~ 
a:: 
o 
(1)2 
z 
w 
(I) 

e 

o 2 3 7 

it remained relatively constant as a function 
of storage time. 

Table I.-Ascorbic acid concentration In the fillets 

Storage Concent ration of ascorbic acid 
time 

at -50 F. Sample 11 Sample 22 

Months Percent Percent 

0 0 .3 0 0.27 
I 0.26 0.22 
2 0.25 0.27 
3 0.28 0.26 
4 0.36 0.25 
5 
6 
7 0.31 0.29 
8 
9 0.3 4 0.32 

10 
11 0 .30 0.28 
12 0.25 0.26 
13 0.25 0. 27 

1 Fillets dipped In 3-percent ascorb ic acid for 45 seconds prior to 
being frozen . 

2 Fill ets d ipped In 3-percent ascorbi c ac id plu s I-percent cit ric ac id 
for 45 seconds prior to being frozen . 
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Control ...... . ..... . ...... e -__ e Control . .... .... . . .. . . . . . .. 0 __ 0 
Ascorbic acid treated . ..... . A __ A Ascorbic acid treated . . . .... . b. __ b. 

Ascorbic citric acid treated ... • __ • Ascorbic citric acid treated . . . 0 __ 0 

Figure I.-Results of sensory and TBA tests on white bass fillets held at - 5 ° F. 
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CONCLUSIONS 

Ascorbic acid retards the development of 
rancidity in stored, frozen, white bass fillets. 
Fillets treated with a 3-percent solution of a 
scorbic acid should have about twice the shelf 
life (at 0° F .) of corresponding nontreated 

fillets, though some of them may develop a 
moderate lemonlike flavor. The ascorbic-citric 
acid combination gave no improvement over 
the a ::: corbic acid in retarding the develop
ment of rancidity in white bass fillets. 

SUMMARY 

Chemically t reated and untreated white 
bass fillets were studied throughout 13 months 
af frozen storage. The treated fillets were 
dipped in a solution containing either 3-per
cent ascorbic acid or 3-percent ascorbic acid 
plus 1-percent citric acid before being frozen 
and stored. The frozen products were per
iodically subjected to sensory and TBA tests. 

Sensory data showed that untreated white 
bass fillets developed objectionably rancid off
flavors after about 7- months of storage at 

-5° F. but that fillets treated with either 
ascorbic acid or ascorbic-citric acid did not de
velop rancid off-flavors even after 13 months 
of storage. In genera l, the TBA data support
ed the sensory ratings. 

All fillets treated with ascorbic acid plus 
citric acid and a few fillets treated with a
scorbic acid alone had a sour, lemonlike flavor 
at every stage of testing. Most ascorbic-acid 
treated fillets , however, developed no off-flavors 
at all. 
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RELATIVE CATCHING EFFICIENCY OF 
A 70-FOOT SEMIBAllOON SHRIMP TRAWL AND 

A 94-FOOT EASTERN FISH TRAWL 
by 

Walter T. Pereyra, Hiromu Heyamoto, and Robert R. Simpson 

ABSTRACT 

The purpose of the experiment was to equate the relative catching efficiencies of 
a 94-foot Eastern fish trawl and a 70-foot semiballoon shrimp trawl. With the limita
tions that were imposed on experimental work by practica l considerations, a simple, pre
cise equation relating the catch efficiencies of the two trawls could not be developed. 
Nevertheless, the work yielded results by which one can make a more obj ective compar
ison of shallow- and deep-water trawl data. 
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INTRODUCTION 

The work reported here - comparing the 
efficiencies of two dissimilar t rawls - is an 
offshoot of a larger, more compr ehensive study. 
This larger study has been in progress since 
1961, at which t ime the Bureau of Commercial 
Fisheries and the Atomic Ener gy Commission 
began a cooperative investigation of the de
mersal fishes and invertebrate in the area 
southwest of the mouth of the Columbia River. 
Among the aims of this long-term joint in
vestigation are to determine how various spe
cies of fishes and invertebrates are distributed 
on the outer Continental Shelf and on the Con
tinental Slope to depths of from 50 to 1,050 
fathoms and how the di t ributions vary by 
season and year. 

In carrying out this work, vve would have 
preferred to sample the entire bathymetric 
range 'with a 94-foot, 400-mesh, commercia l 
Eastern otter trawl, since we have used this 
gear in other demersnl surveys. This trawl 
is normally towed on a double war p (Figure 
1). To fish the gear in 1,050 fathoms using 
the double-warp towing ar rangement would 
call for a ve sel equipped with at least 3,600 
fathoms of 1f:z-inch cable equally divided on 
two drums. Herein lay the difficulty: each 

of the vessels being used to pull the trawl was 
equipped with a combination winch that con
tained only 1,000 fathoms of cable on each 
drum. If the standard double-warp arrange
ment was used, the cable would be too short 
relative to the depth fished, and thus sampling 
would be unreliable. Yet, to adapt the vessels 
so that they could handle the Eastern otter 
trawl at the depths to be sampled would be 
inordinately expensive. 

Instead of using the double-warp config
uration with the commercial Eastern otter 
trawl (hereafter called "fish trawl"), we de
veloped a system for towing a bridle-rigged, 
70-foot, semiballoon shrimp trawl (hereafter 
called "shrimp trawl") on a single warp (Fig
ure 2) in an attempt to avoid expensive adap
tation of the vessels. In addition to being 
fished differently, the shrimp trawl had a 
shorter footrope (70-foot rather than 94-foot) 
than the fish trawl had, and the wings and body 
of the net were constructed of smaller meshes 
(l1;2-inch rather than 4-inch) than were the 
wings and body of the fish trawl. 

Since two dissimilar gears were used to 
sample the trackline (94-foot fish trawl at 
depths less than 500 fathoms and 70-foot 

t 
25- FATHOM DANDYLI NES MAIN TOWING WARP 

Figure I.-Double.warp trawling arrangement used with the fish trawl. 
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MAIN TOWING WARP 

! 

Figure 2.--Single-warp trawling arrangement used with the shrimp trawl. 

filhrimp trawl at depth equal to 500 fathoms 
or greater), a meaningful equation relating 
the catching efficiencies of the two trawls 
needed to be developed to equate objectively 
the shrimp-trawl and fish-trawl data. The 
purpose of this study therefore is to describe 
the method and results of our attempt to equate 
these two trawls. 

One of the easier methods of obtaining an 
equation between two trawls would be to fish 
both trawls at depths where the fish trawl 
and the shrimp trawl were effective, derive a 
relation between the catching efficiency of the 
two, and extrapolate for those depths where 
the use of the fish trawl was not practicable. 
Initially, to make such an equation, we had 
hoped to make a series of paired hauls during 
which two vessels, each fishing one of the two 
trawls being compared, would fish in the same 
place and at the same time but would switch 
the trawls regularly to avoid bias introduced 
by the particular vessel used. Since the ulti
mate aim of the equation is to be able eventu
ally to compare the deep- and shallow-water 
components of the demersal community real
istically, the two-vessel com.parisons would 
have to be made at a number of depths to 
determine the differences, if any, in the trawl
catch relation with depth. However, since 
only the Commando, a 65-foot purse-seine-type 
vessel (chartered from the College of Fisheries, 

University of Washington) was avai lable for 
the projected study, we had to abandon the 
two-vessel design. 

The best alternative approach to obtaining 
the data needed to develop the desired equa
tion seemed to be through the use of one vessel 
to tow both gear types over a short period of 
time during which no change in population 
is assumed. With such a scheme, we could 
account not only for the variations caused by 
the type of gear but for those caused by tidal 
currents, die!' fluctuations in the availability 
of different species to capture, changes in the 
fish and invertebrate populations during the 
experiment, and differences due to depth. 

To understand the relation of the catching 
efficiency of the two trawls, we a lso needed, 
in addition to catch-rate equations, a knowl
edge of their relative gear selectivities, since 
catch rate and gear selectivity are closely inter
related. Accordingly, to accomplish our spe
cific purpose, we carried out a factorially de
signed experiment that allowed us to compare 
(1) the catch rates of the two trawls and 
(2) the gear selectivities of the two trawls. 

1 An eco logical term derived from th e Lat in word (dies) for day. 
I t refers to th e 24-hour period that usua ll y includes a day and the 
succeeding n ig ht. 

51 



I. COMPARISON OF CATCH RATES 

A. PROCEDURES 
Described in this subsection are both the 

procedures for gathering the dat a and those 
for ana lyzing them. 

1. Data-Gathering Procedures 
In discussing our data-gathering proce

dures, we consider first the experimental de
sign and then the execution of the experiment. 

o . Design of the experiment.-To permit 
an objective comparison of the relative catch 
rates of the shr imp hawl and the fi sh trawl, 
we developed the 25 factorial design shown in 

START -------------;-, 
t , 

Shrimp trawl Fish trawl 

Ti me 100 fat homs 100 fathoms 

0 800 Nort h South 

1000 Sou th North 

1400 South South 

1600 North North 

T ime 50 fathoms 50 fathoms 

0800 South North 
-

1000 North South 

1400 North North 

1600 South South 
, , 

, , , 

Figure 3. The design resulted from a con
sideration both of the "fixed" factors involved 
in the experiment - such as depth of haul 
and time of haul - and of the safety and 
economic factors associated with a trawling 
operation. 

(1) Fixed factors in the design.-From 
a statistical standpoint, five variables - gear 
type, depth of haul, time of haul, direction 
of ha ul , and replication - were fixed in the 
experimental design. 

(a) GeaT type.-The fish trawl was 
similar to the one described by Greenwood 

r- ------- ------ -., r------ -- -- -- -- 'r 
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North 
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I , 
Fish trawl 
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I 
I , 
I 

END 
, I t. ____ ____ ___ ..: L _________ J L ___________ -ol 

Figure 3.-Design of 2 5 factorial experiment. North and south denote the direction In which the haul 
was made. Time is the hour (PST) at which the haul . was begun.. 
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(195 ) except that all w b in w 
that 4-inch in tead of 4%,-inch m 
in the wing , c:quare and elly f 
intermediate ection and c d nd w r n-
tructed of 31/z-inch m h. Thi trawl had 

11 aluminum fl at inche in diam l' 

equally paced on th h adr pe and a llA. -inch
mesh liner in the cod nd. The hrimp tr wI 
(Greenwood, 19 9) wa c n tructed f 11/:r 
inch nylon me h throughout; it had alu-
minum floats, inche in diam tel', quall 
spaced on the head rope. 

(b) D pth of haul. - Trawlin g 
depth of 50 and 100 fath m re pecti ely, 
were selected for haul at two fi 
one located at Latitude 46°09' 
tude 124°13' We t and the ther 
46°04' North, Longitude 124° 9' W t. P i
tions were determined by mean f I r'm an i 
echo sounder. 

(c) T im of haul.- c· u e me 
species of fi hes move ertically in diel cycle 
it is quite I 0 ible that early m rning or late 
afternoon haul might be made at a time when 
the fi he are not in th ir daytime habita. 
Four hauls \\ ere ther fore I aced durinO' th 
day so that this po ible effect could be taken 
into con ideration in the analy i . 

(d) Dil' , tion of haul.- Haul w re 
made in a northerly and utherly dir cti n 
that the po ible effect of tidal CUlT nt on 
the catch could be e\ al uated. Alth urrh cur
rent in th tudy ar a ary dail in th 
inten it and direction th n t tran 1 rt f 
urface water i to th uthwe t. 

(e) 
v. a reI eat d 
if an 
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Figure 4.-Arrangement for connecting the towing.warp and the b ridles used with the shrimp trawl. This arrange
ment utilizes a triangular plate and fou r b all·bearing swivels, three of which are attached to the plate. 

2. Data-Analyzing Procedures 

The data were tested by analysis-of-vari
ance using the BMD 02V program developed 
by the Biomedical Department of the Univer
sity of California at Los Angeles. From an 
understanding of the significance of the main 
ffects and their interactions, it was then pos

sible to estimate the relative differences in 
catch rates between the gears by using the 
ratio of their catch rates. 

a. Data normalization.-Moyle and Lound 
(1960), Roessler (1965) , and Taylor (1953 ) 
howed that the number of individuals of a 
pecies in a eries of catches follows a skewed 

di tribution - namely the negative binomial 
di tribution . Owing to the mall number of 
tows in our tudy, the tYI e of di~tri bution could 
not be determined . Nevertheless, v,e had no 
l' a on to su pect th occurrence f a different 

,1 

type, so we assumed the negative binomia l 
distribution in this experiment. 

Moyle and Lound, Roessler, and Taylor 
counted the individuals in the catch; wher eas, 
depending upon the circumstances, we counted 
and 'weighed the individua ls. The weight 
should vary propor tionately with the count, 
provided that the size distributions of the spe
cies do not vary markedly between catches -
that is, provided the same population is always 
sampled . Since we made replicate tows over 
a short period of t ime and in the same a rea, 
we felt that any change in population was 
negligible. F Ulthermor e, inspection of length 
data for the dominant species f rom replicate 
tows did not reveal any noticeable differences 
in length composition of the catches. There
fore, \\-e assumed the negative biomia l distri
bution for the weights of species in the re
petitive hauls and applied the logari thmic 



transformation 

Y = log (x + 1) 

to our data to normaliz them before te ting 
them by analysis-of-variance. 

b. Analysis-of- variance procedures.- The 
analysis-of-variance was carried out on all 
the species of fi shes and invertebrates that 
were taken in sufficient numbers to make the 
results of the analysis meaningful. In addi 
tion, we analyzed the following catch cate
gorie3: total catch, total fi shes, cartilaginous 
fishes, flatfishes, roundfishes (excluding rock
fishes) ,2 rockfishes, and total invertebrate . 

(1) Interaction evaluation.-An over
all error term to test the first-order interaction 
was calculated by adding the sums of squares 
of a ll interaction terms greater than the fir t 
order to the sums of squares of the residual 
error 'term. First-order interactions were 
tested at the 25-percent level of probability 
with 1 and 16 degrees of freedom. 

(2) Main-effects evaluation.-The five 
main effects of gear type, depth of haul, time 
of haul, direction of haul, and replication were 
tested for significance at the 5-percent and 1-
percent levels of probability. To get the over
all error term with which to test these main 
effects, we added a ll nonsignificant interactions 
within a category to the preceding error term 
(residual) . 

c. Procedure used to calculate the ratio 
estimators. - The ratio between the catch rate 
of the fish trawl and that of the hrimp trawl 
was used as a measure of the difference in 
catch rates between the two trawls. Because 
ratios of this type were to be used in equatin o' 

untran formed catch data all calculation of 
ratios were based on untran formed data. 

Both the arithmetic-mean (parametric) 
and the median (nonparametl'ic) method of 
evaluatino' the ratio "ere u ed. The arith
metic-mean approach in 01 ed calculating the 
mean of both the numerator . and the denom-

• E en though the rockfish es constitute 0 subgrouping ~f the 
roundf ishes. they o re o nolyzed ond dIScussed separately, aWing to 
the ir indi idual d istinctness a s a group. T~erefare. whenever . the 
term " roundfishes" is used. we are referring to the round Ishes 
e clu si e of the rockf ishes. 

num l' 

valu in the d n minal r 
ra tio f th m dian . 

f th \\' 

terms OCCUlT d the m an w \\' u 
a the medi an. Th m dian m th d wa in-
cl uded becau of 1) th 
binomial di tribution , ~) th 
size, and ( ) th wid variati n in th 

nd r the e c n lition ,th m dian i 
more de cl'ipti\ e of a r age c nditi 
i the mean and ha a nan \V r loom . 

a ociated with it (M yl and Lund 

r ally 
than 

Ol'iginally \ove had h p d that an \' rail 
r atio e timator - with it c l're I ndil1 11-

fidence interval - f t he a ra at h n t 
of the fi h trawl to that of th hrim} trawl 
could be calculated for a ll t he d minant I i 
and major categori f th catch. Thi ti-
mation then would be a go d maul' f th 
catching-efficiency r la tion betw n th tw 
trawls ; but becau e th p rc nta<Y f rawl
replication and trawl-depth int ra ti n wa 
high (as will be hown ) , thi all r ach wa 11 

feasible. 0, in t ea I of u in thi appr a h, 
we divided the 32 haul in to 4 t f haul 
each, taking int con iderati n th 
cations and 2 depth. Thu ach r i n-
depth combination had a di cr t igh 
haul four with th fi h t r awl and f Ul' 

with the hl'imp trawl. 

B. RESULTS AND DISCUSSION 

1. Results 

The ra t f catch di 
b tw en <Year Th y al 
ably wi thin ach ar am ng cr . d 
fact r f d I tho tim f d y. dir c i n. an I 
l' l licati n Tc bl 1- . Th analy. If \':' r-



Categories and species 

FISHES 

CaJ"tilaginous fishes: 

Drag 13 
9/9/64 
P.M. 
North 

POII."dJ 

Drag 14 
9/9/64 
A.M. 
South 

POII."dl 

Dra, IS 
9/9/64 
P.M. 
North 

POII."d, 

Catch with 6.h trawl 
'~-----.------~----~-------Dra, 30 Ora, 31 Dra, 32 

9/14/64 
P.M. 
North 

Dra, 16 
9/9/64 
P.M. 
South 

Ora, 29 
9/14/64 

A.M. 
North 

POII.MS 

9/14/64 9/14/64 
A.M. P.M. 
South South 

POIloUS POII.US Pnul 

Total 
catdl 

Pnul 

P oliJlolrtma spp. .•. . ••• __ __ -- -- -- ----
SqualuJ aca"IAiol . .. . ••. __ __ __ -- 3.0 __ -- __ 3.1 
Raia kincaidii .. . .... . . 0.2 5.0 10.0 5.0 3.0 7.0 12.0 25.0 67.2 
RaJa rAina . .. . .. . .. . . . 30.0 40.0 85 .0 10.0 5.0 50.0 60.0 100.0 380.0 

~----4-----~~----4_------r_----_r----~~----_r----~~-----
45.0 95.0 15.0 11.0 57.0 72.0 125.0 450.2 Total 30.2 ........ ... .... 

1------4-----~~----4_------r_----_r----~~----_r----~~-----
Flatfishes : 

CitharicAthYI Jordidu, . . . __ __ 3.0 0.2 3.2 
.JtAtWlh" JtomiaI . . •.. 150.0 __ 50.0 100.0 200~0 300~O 300.0 .00.0 1,500.0 
EopJtlta jordani . . • _ _ 20.0 __ 5.0 6.0 10.0 10.0 65.0 116.0 
GI"pl octphaluJ zacAirlu .• 150.0 125.0 500.0 200.0 100.0 100.0 250.0 300.0 1,725.0 
L,'oPJ(tla (XiliI •..•.•.• 20.0 15.0 __ 5.0 50.0 20.0 5.0 50.0 165.0 
MicroJlomUI pacificuI •. , 150.0 200.0 2.100.0 135.0 400.0 300.0 450.0 600.0 4,335.0 
ParophrYJ vaulUJ .. . •.. 10.0 20.0 50.0 8.0 2.0 1.0 2.0 20.0 1\3.0 

~----~~------~------+-------~------4-
Total .. ... _......... 480.0 380.0 2,703.0 453.2 758 .0 731.0 1.017.0 1,435.0 7,957.2 

1------4-----~~----4_------r_----_r----~I------_r----~~~---
Rou ndfi shes : 

E ngrauliJ mo,dax 
H y pomtJuJ prtfiOHLJ ••• • 
Th alt icA/hYJ pa cificuI ' " 
~H frlu((iuJ productllJ . • • • 
.1 naplop oma fimbria . . . .. 
Ophi odo" don ga/uJ . . •.. 
R adul inu J a fprtlluJ . .. . . 
Agonid. un identi fied . .. . . 
A l1u rrhichthv s octilatuJ . . 
D tlo /(·, ... i.r ~ ;ga nltQ 

2.000 .0 
1,600.0 

3,000.0 
120.0 

4,000.0 
600.0 

2,990.0 
85 .0 

4,ooo~O 
400.0 

2,0 

4,500.0 
1.500.0 

2.ooo~O 
1,000.0 

450~O 
1,500.0 

22,940~O 
6.805.0 

2.0 

L \'fO l1 N t O altuttniis .. . . - -
L)'cado pJiJ pa cifica . . . . . 0.2 I~O __ -_ 1.0 1.0 1.0 rO fi 

r-----~r-------~------+-------1_------;_------1-------_+------~--------
T otal .. . . .. . . , ...... 3,600.2 3,121 .0 4,600.0 3,075 .0 4,403 .0 6,006.0 3.001.0 1,951.0 29,757.2 

Rockfishes: 
St baJ toJ" tlongalus .... , 
St bast odtI tn l omtlas , . " 
S, boJt odtJ f/aviduI .. , . • 
St'baJ t odt'S pauciIpiniJ . . • 
S .. ~aj l odtI pinnigtr •. . ..• 
S,baI /od" sp. . .. " .. . • 

~----~-----4------1-------~----~----~~----~----~~-----

2.0 

10.0 

1.0 
2.0 

10.0 

2.0 
3.0 

3.0 

4.0 
8.0 

o~z 
6.0 

~----~--------r-------+-------1_------;_-----

1.0 
6.2 

13 .0 
8.0 

21 .0 

T otal . .............. 12.0 13 .0 8.0 __ 12.0 6.2 __ __ 51.2 
~----~--~-1~----4:------~~--1-----~------_r----~-------

T otal fishes........... 4,122.4 3.559.0 7,406.0 3,543 .2 5,184 .0 6,800.2 4,090.0 3.511.0 38,215.8 
~----1------1------4:------~----4------1------_r----~-------

IN\'ERTEBRATES 

Sea pens, unidentified •• ,.' 
M,/, iJ iu m fimb,ialum . . . . ' 
Ot her anemones ...•...•• 
Pa ndaluI i ordani ."" .. . , 
P a ndal UJ plal y ctrOI , ... , •. 
Hippolytid shrimp , ••... • • 
Cragonid shrimp .. . , . • " . 
Can cir magistlr .••••••••• 
PoiinictI pallidus ..•••.••• 
Cal uJ halidonul ., •. ,., ••• 
Patinop u ttn cQurinuJ •.••• 
OCIop UJ sp . . . . . .• .•• , ••• 
R OHio paci fi ca ...• . •..••• 
P yco",opodia h,lian/hoid" •• 
Pu udarc hafJltr pardii . .. ,. 
Luidia laliala .• • .•••• , •• 
Dumaltuias imbricota ..••. 
Brisasttf townundi 
Ga,gonutphaluJ caryi ••••• 
A Ilironyx sp. .' ••. •• •.•• 
Ophiura sp. ,., .•••••••.• 
Nemertine worm . ..•.•••• 
Echiuroid worm ....•• ,.,. 

0.2 
10.0 
0.2 

10.0 
0.2 

50.0 

1.0 

1.0 
1.0 

0.2 

2.0 

0.2 

80.0 

2.0 

2.0 

0.2 

0 .2 
0.2 

0.2 

7fo 

4.0 

2.0 

0.2 

1.0 
4.0 

10.0 

13.0 

2.0 

1.0 

0.2 

0.2 

0.2 
0.2 
0.2 

0,2 

0.2 
0.2 

0.2 

40~O 

Co 
0.2 
0.2 

0.2 
S.O 

0.2 

12.0 

1.0 

0.2 

0.2 
1.0 

0~2 

80.0 

I~ii 

I~O 

2.2 
22.4 
0.2 

23.0 
0.2 

41fo 

2fz 
0.4 
0.4 

9~Z 
1.0 

0,6 
0,2 
0.2 

~----~----~~----4_------r_----_r----~r-----~----~-------
TM~i~u~m~ .. ' .... ~~~7~3~.8~*~~8~6~A~~~~8~1.~8=~~~31~.~2=~9~1~8~~~*~~4~3~~~~~~7~8.~6=*~~8~3¥.~4=~~4~%~.2~ 
TOTAL CATCH " "'" 4,196.2 3,645.4 7,487.8 3,574.4 5,202 .0 6,843.2 4,168.6 3,594.4 38,712.0 
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abrimp trawls: at SO fatboma, September 1964 

Categories and species 

FISHES 

Cartilaginous fishes: 
Polistotre""" sPP. . •••••• 
Squalus aca"thias ••••.• 
Raia ki"caidii ...•.•... 

Drag 5 
9/6/64 
P.M. 
South 

Pou"ds 

2.0 

Drag 6 
9/6/64 
P.M. 
North 

Pou"ds 

5.0 

Drag 7 
9/7/64 
A:M. 
North 

P011.flds 

2.0 

Catch with sb.-imp trawl 

Drag S 
917/64 
A.M. 
South 

POUMS 

2.0 

Drag 17 
9/10/64 

A.M. 
South 

POUMS 

2.0 

Drag IS 
9/10/64 

A.M. 
North 

Pou"ds 

2.0 

Drag 19 
9/10/64 

P.M. 
North 

Pou"ds 

3.0 

Drag 20 
9/10/64 

P.M. 
South 

Pou"ds 

3.0 

Total 
catch 

Pou"ds 

21.0 

Raja ;hiM ...•••.•••• __ __ __ __ __ 1.0 2.0 __ 3.0 
r-~~r-~~+-~~+---~+---~-r-----+-----4-----~--~-

Total 2.0 5.0 2.0 2.0 2.0 3.0 5.0 3.0 24.0 

Flatfishes: 

15.0 
Cithariththys sordidus '" 
Athewthes stomias ••.•• 10.0 __ 10.0 5.0 54.0 2.0 io 10.0 
Eopsetta jorda"i ....••. __ __ __ 0.2 __ __ __ 0.2 
Glyptoaplialus uchirus •• 0.2 0.2 2:0 5.0 1.0 0 .2 1.0 1.0 10.6 
Lyopsetta exi/is .••.•••• 0.2 0.2 __ 0.2 0.2 0.2 __ __ 1.0 
Microstomus pacificus ...• __ 0.2 1.0 3.0 __ 1.0 __ __ 5.2 
Parophrys 'vetulus ..••.• __ 2.0 1.0 1.0 __ __ __ __ 4.0 

r-----~------r---~~------~----~.----~------.4_------~-----
Total 10.4 2.6 14.0 24 .2 6.4 3.4 3.0 11.0 75.0 

Roundfishes: 

1.0 1.0 

100.0 100.0 

0 .2 0.2 

0.2 
0 .2 

50~0 
2.0 

0~2 

50.0 

0 .2 

0.2 
0.2 

100.0 
30.0 

0 .2 

1.0 

165.0 
2.0 

0~2 

200.0 
50.0 

0 .2 

200.0 
100.0 

0.2 
4.0 
0.2 

965.0 
184.0 

0.6 
0.2 

Engraulis mordax ••.•••• 
Hypomnus pretiosus •.••• 
Thaleichthys pacifiClts •• , 
Muluccius productus ....• 
Anoplopoma fimhria . • •.. 
Ophiodon elo"gatus .•••• 
Raduli"us asprellus ..... 
Agonid. unidentified .••.• 
Anarrhichthys oallatus .• 
Deloiepsis gigantea .....• __ __ __ -- -- __ __ 0.2 
Lyconutn aleutensis ...• __ 0.2 __ __ 0.2 __ __ __ 0 .6 

0.2 

Lycodopsis pacifica •.. . •• 0 .2 __ __ __ 0.2 0.2 __ __ 0.6 
1--~~r-~~+-~~+-~~+-~~-r-~--+-----4-----~-----

Total ...•........... 101.4 101.4 52 .6 50.4 131.0 168.2 250.2 300.2 1.155 .4 
r-----r-----+-----+-----~----_r.----4_----~----~~---

Rockfishes: 
Sehastodn elo"gatus .•••. 

0.5 
Sehastodes entomelas .••. 
Sebastodn f/avidus ....•• 
Sebastodes paucispinis .•• 
Sebastodes pinniger ..•.. __ __ 6.0 
Sehastodn sp. ......... __ __ 0.2 0.2 

~----~~------+-------+-------+-------~--
Total 5.0 6.2 0.2 

3.0 

3.0 

8.0 

6.0 
0.4 

14.4 

74.8 76.S 113 .8 114.0 174.6 1.268.8 139.4 261.2 314 .2 Total fishes ••••.•.•••• 
~----~------~-----r----~~----~----~------~------~-----

INVERTEBRATES 

Sea pens. unidentified ...•• 
Metridium fimbriatum .••.. 
Other anemones .••.••... 
Pandalus jordani ...•••..• 
Pa"dalus plat yaros ...... . 
Hippolytid shrimp •..•..•• 
Cragonid shrimp ..•....•. 
Canar magister •••••••••• 
Polinias pallidus ..•.....• 
Colus halidonus ....••.•• 
Patinoputen caurinus . . .•• 
Octopus sp ....•...••.••• 
Rossia pacifica ..•........ 
Pycnopodia helianthoides •• ' 
Pseudarcharster parelii . .• • 
Luidia fo/iata •.. .. ..••.• 
Dermasurias imbricata •. . •• 
Brisaster townsendi 
Gorgonuephalus caryi 

0.2 
0 .2 

50.0 

1.0 

0.2 
1.0 

0.2 

0 .2 
1.0 

0 .2 

0 .2 
50.0 

0.2 

2.0 

3.0 

0~2 

0.2 
1.0 
1.0 

60.0 

0.2 
1.0 

0.2 

0 .2 
0.2 

1.0 

0.2 

0.2 
1.0 

90.0 

0.2 
0.2 
2.0 
0 .2 

0'.2 
0.2 
0.2 

0~2 

I~O 

0.2 
1.0 
1.0 

30.0 

0.2 
3.0 

0'.2 

I~O 

0.2 

1.0 
2.0 

10.0 

0.2 

0.2 

1.0 

0.2 

1.0 

15.0 

0.2 

1.0 

0.2 

0.2 
1.0 
2.0 

20.0 

0.2 
1.0 
0 .2 

2.0 

0 .2 

1.0 
6.2 
6.2 

325.0 

0.2 
1.4 
8.0 
0.4 
0.4 
1.4 
0.6 
0.6 
2.0 
0.2 

10.2 

2.4 

A steronyx sp. .••••••..•. -- --
Ophiur~ sp. .••.. .. ••.•• __ __ 0 .2 0.2 0.2 __ __ __ 0.6 
NemertlRe worm •.•.••••• __ __ 0.2 __ __ __ __ __ 0.2 
Echiuroid worm ....••••• __ __ 0.2 __ __ __ -- -- 0 .2 

I------~------r------r----~~----~----~------~------~----
Total invertebrates .••. 'F==:;:§:54~.~2=1==::;:35~5~.6==F=::;::6i§5~.8§==F==;:9~5§'.~S=t==~3~7~.0==F=~1~4~.6~t==~1~7-;:..~4:::::jF==~26~,~S==F:::::o=~3~6~7~.2~ 
TOTAL CATCH....... 16S.0 169.6 140.6 172.6 176.4 189.2 278.6 341.0 1.636.0 
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Categories and species 

FISHES 
Cartilaginous fishes: 

Polistotrema 'PP. 
Squaf.us acanthias 
Raja kincaidii ........ . 
Raja rhina ...... . ... . 
Hydrolagus col/i,i ..... . 

Drag 9 
9/8/64 
A.M. 
South 

Pounds 

5.0 
3.0 

10.0 

Drag 10 
9/8/64 
A.M. 
North 

Pounds 

.1.0 

Drag II 
9/8/64 

P .M. 
South 

Pounds 

10.0 
5.0 

30.0 
l.O 

~------~------+--
IS.0 l.O 4S .0 

Table IB.--c.rc&. made wicb ...... 

Catch with fish trawl 

Drag 12 
9/8/64 

P .M. 
North 

Pounds 

2.0 
5.0 

75.0 
5.0 

87.0 

Drag 25 
9/13/64 

A.M. 
North 

Pounds 

0.2 
3.0 
8.0 

65 .0 

76.2 

Drag 26 
9/13/64 

A.M. 
South 

Pounds 

fo 
70.0 
20.0 
10.0 

103 .0 

Dra, 27 
9/1 /64 

P.M. 
South 

POlifUls 

8:0 
3.0 

30.0 
4.0 

45.0 

Dn,28 
9/1 /64 

P.M. 
Nonh 

POlifUls 

IS~O 
10.0 

350.0 
3.0 

378.0 

Total 
catch 

PailfUls 

0.2 
46.& 

104.0 
580.0 

28.0 

758.2 Total 
~------+-------~-------+------~--------t-------4--------+------~---------

Flatfishes: 
Citharichthys sordidus . . , 0.2 0.2 
.JthmIthn stomias . .. .. 50.0 25.0 75.0 sfa 100.0 75.0 35.0 7{O 520.0 
EopJftla jordani . . . . . . . . 0.2 5.0 0.2 0.2 5.6 
GIYPlo((phal"s zo chirus . . 50.0 10.0 500.0 40.0 400.0 15.0 125.0 300.0 1,440.0 
L yopSftta ailiI ..... . .. 20.0 7.0 75.0 20.0 40.0 5.0 15.0 50.0 232.0 
Microstom!" pacificus . .. . 450.0 50.0 300.0 130.0 300.0 300.0 300.0 400.0 2,230.0 

T otal 
........ " ..... J---.--S-70- .-0 -1-----92-.0--+----9-50-.0--+-----27-5-.0--4-- -8·"-0-.Z--t--4-00-.0-t--4-7-S-.4-+--S-2-S-.2-"-'-4-,4-2-7-.8-

Rou ndfishes: 
Thal , ichths pacific us ... 
Gadlis 111a-crouphalllJ ..•• 
J/aluccillI productus •. . . 
.47toplop oma Ii mbria 
O;>hiodon t/ongatus 
Cottod, unidentified 
R adulinus asprtlluJ 
Agonid. unidentified 
X :'Jia ..- i mus la li/ro ns 
At-rodo n cortl'LianuJ .• • . 
Bothr oui.f . ~ p. . .......• 
Lycodnp .ris pal-i/ica ... . . . 
Brr)rmophycir margina!a .. 

T otal 

0.2 
15 .0 
2().U 
50.U 
10.U 

0.2 

0.2 

60.0 
3.0 

0.2 

1.0 

1-----+---
95.6 64.2 

85.0 
50.0 
15 .0 

0.2 

2.0 

152.2 

7.0 

0.2 

1.0 

1.0 

9.2 

0.2 
5.0 
1.0 

80.0 
5.0 

2.0 

93.2 

O.Z 

/O~O 
50.0 

0.2 

1.0 

fa 
1.0 

644 

3.0 
Z.O 

35.0 

0.2 

2.0 

42 .2 

2.0 

6fo 

0.2 

2.0 

69.2 

0.6 
25.0 

178.0 
340.0 

30.0 
0.2 
0.2 
1.4 
1.6 

2~O 
11.2 

590.2 
r-------i---------+--------+--------+--------1---------~------_4--------~---------

Rockfishes: 
Sfbasla'/,s alutaI ... ... . 
SI'b,zs!odes b""l:iJP~niJ .. • . 
Stbaslodts (ram(", 
S ,haIfodfJ diploproa 
Seba sf od" ,longatuI .. . . 
S(bastodo rntomelos ... . 
Sch aItod" f/a"idus 
Stba i lodn Ju/':..'omacu lutuJ . 
S(oastodes paucispinis .. ' 
S£bastodo pinnigc r ... . . . 
SebaJtodes proriger .. . . . 
Sebaslodn rubarimus 
Stb astodti rubrivinctuJ •• 
Stba st ad" saxicola ..... 
Sebastodn 'LaCentru! .•.•• 
Sibastod" sp. . .. .... •• 
St baJto[obus alauanu! ... 

Total 

Total fi shes .. . ....... . 

I :--;VERTEBRATES 

Sea pens, unidentified . ... . 
Mttridiurn fimbriaturn .... . 
Aphroditid worm .......•. 
Travisia sp. . .......... . 
Bri stle W')rm .•••• •• •• ••• 

Pa"dalus jordani ....... . 
Eua!us macropthalma ..... . 
Cragonid shrimp .... .... . 
Chori/ia longiptS . .. . .. . . . 
Pagurus sp . .. . • •..... .. . 
Lopho/ithodes foraminatus •. 
NaticQ clausQ ...•.••.••. 
ColuI halidonuI ......... . 
.4ntiplanlI puv erJQ .... . . . 
Fu sitriton ore gonfnsis . . •• . 
Pelecypod, unidentified ... . 
Soltmya, agassioi .. . ..... . 
Octopus sp .. . .. . . . .. .. . . 
ROJIia pacifica ......... . 
Starfish, unidentified .. . .. . 
Rathbunastu califarnicus .. 
Stylasttrias forrai ••.•..• . 
Poraniopsis in/lata . . ..•... 
Puudarchasta partl,i • . •.. 
Luidia fo!iata . ' .....••.• 
H (nricia sp. . .. . •...•... 
PluQJttr ttJIt/alus arcualu! 
Alloctntrotus fragi!is . .•... 
BriJQJter lownundi ... •.• . 
A sttronyx sp. . .•••...••• 
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20.0 

20.0 

.1.0 
1.0 

5.0 
10.0 

60.0 
~5.0 

5.0 

149.0 

832.6 

0.2 

0.2 

0.2 

0.2 

0.2 
0.2 

0.2 
0.2 

20.0 
5.0 

150.0 

2.0 
0.2 
~.O 

40.0 
0.2 

~.O 

201.4 

360.6 

0.2 

0.2 

0.2 

3.0 

0.2 

1.0 

0.2 

100.0 

2.0 

8.0 

50.0 

5.0 

165 .0 

1,3 15.2 

0.2 

5.0 

0.2 

0.2 

1.0 

0.2 
0.2 

200.0 

150.0 
35.0 
15.0 

50.0 

5.0 
100.0 

3.0 

3.0 
5.0 

10.0 
75.0 

If a 
466.0 

837.2 

0.4 

o~z 
O.Z 
0.2 

0.2 

2~O 
0.2 

to 
1.0 

IO~O 
0.2 

25.0 

1.0 

18 .0 

fa 
15.0 

35.0 

101.0 

1,110.6 

0.2 
1.0 
0.2 

10.0 

0.2 

0~2 
0.2 

4~O 

o~i 
2.0 

200~a 
5.0 

150.0 

200.0 

10.0 

1.0 

0.2 
3.0 
1.0 

25.0 

390.2 

957.6 

1.0 
1.0 

10.0 

0.2 

0.2 
0.2 

3.0 
0.2 

o.i 
1.0 

0.2 

300.0 

1.0 

25.0 

7.0 

75.0 

7.0 

415.0 

977.6 

0.4 

5.0 

0.2 

3.0 
0.2 

o.i 
0.2 

1.0 

175 .0 

1.0 

2.0 

fa 
0 .2 

40.0 

35~a 

256.2 

1,52S.6 

0.2 

0.2 
0.2 

150~a 
5.0 

1,070.0 
35 .0 

222.0 
0.2 

137.0 

fa 
7.0 

107.0 
11 .0 
10.2 
3.0 

12.2 
293 .0 
101.0 

I3fa 
2,143.8 

7,9Z0.0 

2.S 
2.0 
0.2 

0~2 
0.6 

0~2 
0.8 
0.2 

0~6 
1.0 

20.0 
0.6 

2~i 
4.8 

582~a 
15.2 
0.2 



Ibrimp trawb at 100 f.thoDU, September 1964 

Categorie. and species 

FISHES 

Drag I 
9/5/65 
P.M. 
North 

Pound, 

Dra.g 2 
9/5/65 
P.M. 
South 

Pounds 

Drag 3 
9/6/64 
A.M . 
South 

Pounds 

Catch with shrimp trawl 

Drag 4 
9/6/64 
A.M. 
North 

Pound, 

Drag 21 
9/11/64-

A.M. 
South 

Pou"d, 

Drag ZZ 
9/11/64-

A.M. 
North 

Pound, 

Drag ZJ 
9/11/64-

P.M. 
South 

Pou"ds 

Drag 24 
9/11/64 

P.M. 
North 

Pou .. ti, 

Total 
catch 

Pow"ti, 

1.0 
Cartilaginous fishes: 

Polistot,ema spp. ••••••• 0.2 1.2 
Squa/us acanthias ...•••. 1.0 1.0 
Raja kincaidii • •.• ••.•• 3.0 fo 1.0 I .0 
Raja ,hina ..•.. . •...• fii J .O 
Hyd,ola,us colliei ••••••• 0 .2 0 .2 

Total 
r---~r---~r-----+-----+-----+-----4-----4-----~--~-

3.2 2.0 4.2 11.4 1.0 1.0 

Flatfishes: 
Citha,ichthys so,didus • • ' 
Alhererlhes stomias •.•. • I~O 1.0 2.0 10~O 3~O 5.0 2.0 24.0 
E oputta jo,da"i ••... . . 
G/yptouphalus fAchi,us • . 5.0 5.0 1.0 10.0 0.2 2.0 2J.! 
Lyoputta e"ilis ••.•..•• 1.0 5.0 1.0 5.0 0.2 0.2 0.2 1.0 11.6 
Microstomus pacificus •.•. 10.0 25 .0 10.0 0 .2 1.0 4.0 50 .2 

r_----~----~r-----~------r_----_r------~----~------~-----
Total 17.0 35.0 3.0 27.0 3.4 10.4 6 .2 9 .U 111.0 

Rou ndfishes : 
Thaleichthys pacificus . . . 
Gadus macrouphalus .••• 
M erluccius product us .• • • 
Anoplopoma fimb,ia ... • • 
Ophiodon tlongatus • •... 
Couid, unidentified ..... 
Radu/inus asprtllas 

0.2 

3.0 

1.0 
0 .2 

0.2 

5.0 
2.0 

0 .2 
0.2 
0.2 

1.0 

6.0 

0.2 
0.2 

10.0 

5.0 

0 .2 

0 .2 

8.0 

2.0 
10.0 

0.2 

4.0 

2.0 
I S.O 

0 .2 

5.0 
8.0 Z.O 

0 .2 

2.1.6 

28 .0 
37.0 

0 .4 
0 .8 
1.1, 
0.2 

0 .2 0 .2 

Agonid, unidentified ... . . 
X eneretmus lati/,ons •• . . 
Ap,odon eo,'etianus ... . . 
Bothrocara sp. . .• . ••.•. 
Lycodopsis pacifica •....• 0.2 0.2 0 .2 1.0 
Bro,mophycis marginata .. 0.2 0 .2 

~----_r----~~----~------~-----r------~----~------~-----
15 .8 20.2 21.0 13. 2 2 . ~ 92.8 Total 

Rockfishes: 
Sebas/odt! alutus ....•.. 
Sebastodtr brevispi"is •.. 
Sebastodts cramer. . ••. . . 
Sebastodtr diplop,oa 
Sebastodtr elo"gatus •.. • • 
Sebaslode, entomtlas •..• . 
Sebastodes /lauidus 
Sebastodtr helvomaeulatus . 
Sebastodtr paueispinis '" 
Sebastodts pi"niger ....• 
Sebastodes proriger . .. . . . 
Sebastodes ruberrimus . , . 
Sebastodes rubrivinctus .• , 

4.6 

50.0 

5.0 

8.0 

5.0 

1.0 

Sebastodes sa"ieola .••.•• 3.0 
Sebastodt! fAuntrus .•.•• - -
SebastodtI sp. •• .. • •.•. 1.0 0 .2 

7.6 

10.G 

10.0 
3.0 

10.0 

25 .0 

5.0 

20.0 

20.0 

2.0 

0 .2 

2.0 
3.0 
0 .2 

15.0 

5.0 

2.0 

10.0 
5.0 

0.2 

5.0 

15 .0 
0.2 
2.0 

1.0 
5.0 
0 .2 

20.0 

0 .2 

3.0 
1.0 
0 .2 
1.0 

150.0 

31 .2 
0.2 
2.0 

12.0 
3.0 
0 2 

49 .') 
IHI 

1.8 
11.2 Sebastolobus alaseanus •• , 10.0 

~-----~~------~------+-------+-------+-------~------~-------+-------
28.4 25.4 276 .6 .. • • . . . • . . .. • .. 56.0 19.2 33.0 50.0 27.4 37.2 

~------~------~------+-------4-------4-------~------~-------+-------
80.8 64.2 43.6 92 .8 55 .2 69 .6 

Total 

47.8 J i .8 ~'11 8 Total fishes •...• •• •• • • 
~------~------~------4-------4-------4------~------~-------+--------

INVERTEBRATES 

Sea pens, unidentified 
Metridium fimbriatum 
Aphrotitid worm .•••••... 
T ,avisia sp. . ••.••.•.•••• 
Bristle worm .•..••.•...• 
Pandalus jo,dani ••..•. . .• 
Eualus macropthalma 
Cragonid shrimp •......•• 
Cho,ilia 10"g'PtI .•.• • .••. 
Pagu,us sp . .••..•••....• 
Lopho/ithodes /o,aminatus •• 
Natiea ciausa .•• • .. . • • .• 
C olus halidonus ..•• . .•••• 
A ntiplantI pe,vtrIa ....••• 
Fu,itrito .. o,egontfui, 
Pelecypod, unidentified ••• . . 
Solt"')la agassizi .•• . •• • •• 
Octopus sp. • .••••.••... 
Ronia pacifica .••.•••••• 
Starfish, unidentified .• • • .• 
RathbulltUtt, cali/o,nicus ." 
Stylasterias /o,neri •••.• • • 
Po,alliopsis i .. /lata •••.•. • • 
Puudarchast" ,artlii ••• • • 
L"idia /oliata ••..• • .• • •• 
H t"';cia sp. • ••••• . •.••• 
Pt"4Jt" ttIulat"s arcuat"s 
AI/ount,otus Iragili, .••. . . 
Bm4Jtt, tOfllflu..Ji ••••••• 
AsI"o.y% sp .•.•••••• • •• 

0.2 

\.0 

30.0 

0.2 
0 .2 
0 .2 

0 .2 
0 .2 

1.0 

0.2 

I~O 
3.0 

1.0 

15 .0 

1.0 
0.2 

0~2 

O~Z 

0~2 
1.0 

15~O 
15 .0 

0.2 

0.2 

5.0 

0.2 

0.2 

0.2 
0 .2 
0.2 

0.2 
\.0 
0.2 

fo 
6.0 

0 .2 

0.2 

0 .2 

0.2 
1.0 

0.2 

0.2 

0 .2 
0.2 

1.0 
0.2 

0 .2 
0.2 

120.0 
45 .0 

0 .2 

O~Z 

10~O 
0.2 

O~Z 

0.2 
0~2 

0~2 

2.0 
0 .2 

O~Z 
0 .2 

0~2 
1.0 

15 .0 

1.0 

0.2 
20.0 

0.2 
0.2 

0 .2 

2.0 

0.2 
0.2 

1.0 
0 .2 

10.0 

0 .2 

0 .2 

0 .2 

0.2 
0 .2 

3.0 

0. 2 
0.2 

10 
15 .0 

0 .2 

0.2 

0.2 
3.0 
0 .2 

o~i 

0 .2 
02 

2.U 

15 .0 
10.0 

In 

4 . ~ 
02 
0.4 

9 1.2 
0 .4 
0.2 

0 6 
1.0 
0.2 
2.4 
O.b 
0 .4 
0.2 
0 .2 
0.8 
U 
O . .? 

11.4 
04 
0.4 
1.4 
2.4 
O.? 
02 

156.0 
109.0 
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Catch with fish trawl 

Categories and Drag 9 Drag 10 Drag II Drag 12 Drag 25 Dra, 26 Dr., 21 Dr:f 28 speCIes 9/8/64 9/8/64 9/8/64 9/8/64 9/13/64 9/1 /64 9/13/64 9/1 /64 
A.M. A.M . P.M. P.M. A.M. A.M. P.M. P.M. 
South North South North North South South North 

INVERTEBRATES-Con. POU1IdI POU1IdI POU1ldI POU1IdI Pou1Ids Pon,ds Pouus PtHlNI 

Ophiura sp. 0 ••••••••••• -- -- -- 0.2 0.2 -- -- --OphiopholiI sp. 0' ••••••• • -- -- I~O I~O (0 fo 6:0 ,:0 ParaIlichopUI ca/i/ornica " . 1.0 --
Mo/padia inftrmtdia -- -- -- -- -- -- -- --P(ntamtra pItudoca/cigaa .. -- -- -- -- -- -- -- --PIO/UJ JquamaluJ .. . ... . . -- -- -- -- -- -- -- --Sponge .. . ... . ......... -- -- -- -- -- -- -- --Branchiopod ......... .. . -- -- -- 0~2 -- -- -- --
Tunica te .. . ......... ... -- -- -- -- -- -- --

Total ill vertebr a tes ...... 27 .6 5.0 208 .0 19.0 224.4 25.2 16.2 161.6 

TOTAL CATCH ....... 860.2 365.6 1,523 .2 856.2 1,335.0 982.8 993.8 1.696.2 

Table IC.--Scientific name and common name or phyletic category lor all identified .peciee in Tab" lA aad 1B 

Scientific name 

Cartilaginous fi shes : 

Common name 
or 

phyletic category 

1'0/iJlolrtma spp .... . .. . . .. .. ... H~fish 
Squa/uJ acanlhiaJ . .. . .. ... .. ... Dogfish 
Raja k incaidii .. . . ... .... ...... Black skate 
Ra)a ,hina .. .. ... . ......... . . Longnose skate 
HydrolaguI colli'i . . . . .... . ..... Ratfish 

Flatfishes: 
Cilha,ichlhYJ IOrdiduI ..... Pacific sanddab 
AlhutJlhn Jlomia! ... . ... . .... Arrowiooth ftounder 
E opulla jordani . . ...... .. ..... Petrale sole 
GIYPloCfphaluI tachiruJ . ........ Rex sole 
LyoPJtlta ,xiliJ . . . ............. Slender sole 
/,,/icroJl omuJ pacificuJ ........... Dover sole 
Paroph'YJ v ,lu/uJ ...... . . ...... English sole 

Roundfishes: 
EngrauliJ mordax ..•.....•..... Northern anchovy 
Thaitich lhYJ pacificul . . .. . . .. .. . Eulachon 
HypomtJuJ prtlioJUJ . .. . . . ...... Surf smelt 
GaduJ macroClphalu, .... ... .. ... Pacific cod 
M ,,/uaiu, productu, ..•........ Pacific hake 
A noplopoma fimbria ............ Sablefish 
Ophiodon ,longal"1 .••.•• . •... • . Lingcod 
Rad"linuI aIp"II"1 . .... . . . . . . .. Slim sculpin 
X ,ntr,lm"I lali/r01H . .. .. . . . .•• . Blacktip poacher 
Aprodon corltzianu, .. • . .. ..• . .. Bigfin eelpout 
Bolhrocara sp. . .. .. ..... . . .... Eelpout 
LycodoPJi' pacifica ...... . . . •••. Blackbelly eel pout 
Anarrhichlhy, Dallal", ..•......• Wolf-eel 
Bro,mophyci, marginala ...•..... Red brotula 
Dtlol,p,iJ giganlta ...... . .••.•. Giant wry mouth 
Lycon((t" al,ul'1IJil ...... . . . •• . Dwarf wrymouth 

Rockfishes: 
S,ba,lodtl alutuJ .....•. . •. . •. . Pacific ocean perch 
S,baIID<i" brlfJi,pini, ..• .. • ..... Silvergray rockfish 
S,barlodtJ tramtri .... . .....•... Blackmouth rockfish 
S,bartodtJ diploproa .....•..•.•. Splitnose rockfish 
S,baJlod" ,Iongat"s ....•.•••••• Green.triped rockfish 
S,baJlod" ,nlomtiaJ .•..• . .....• Widow rockfish 
Stba,todtI /iavid", • . ..••.••.••. Yellowtail .rockfish 
S,ba,lod" h,/vomaculaluJ •••..•. Rosethorn rockfisb 
S,baIlodtI pauciJpiniJ . •••••...•• Boca.ccio 
StbaJlodtJ pinnigtr ........ ••. .. Canary rockfish 

60 

Scientific name 
Common name 

or 
phyletic category 

S,baIlod" prori,,, .•..••.••••.. Redstripe rockfish 
StbaIlod" rubtrrimUI ••..••.•••• Rasphead rockfish 
Stballodn 14Jticala .•• • •• • .. • ••. Stripeuil rockfish 
StbaJlodn uu.trru . . •• • • • •.••. Sharpcbin rockfish 
StbaJlolaiJuI alaJCa1lus •..•••• , • • • Shorupine channel rockfish 

Invertebrates : 
Mtlridium fimbriatum ....••• • •• )e, anemone 
TroviJia sp ... ....... ... ......• Polychaete worm 
Po1tdolUJ ;ardo1ti ... . . . •••••..• Pink shrimp 
PandaluJ plalyuroJ .....•••..••. 3pot shrimp 
Eualu, macrOPlhalma ....•••••.• Hippo/y tid shrimp 
Conetr magiJI" •.••••.••••..•. Dungeness crab 
Chori/ia /ongiptJ •.•.. . .•••.•.. Spider crab 
Pagu,ul 'P. . .. . ....• ...•.. .•• Hermit crab 
Lapho/ilhod" /oraminatus .••.••.• Box crab 
Nalica claula • ...•• .•••••••• .. Gastropod (snail) 
Po/i1tias palliduJ . •••. . •.• •• ••• Gastropod (snail) 
Colus holido1lus ••..••....•••.• Gastropod (snail) 
AnliplantI ptrvtrJa .....•••••••• Gastropod (snail) 
FUJitrilo .. Ortgont1l1iJ .•••••.•••• Gastropod (snail) 
Patinop((tt .. cau,i1lus ••..••.•••• Weathervane scallop 
Soltmya agaHi.i ...•••••.•..•.• Pelecypod (clam) 
Oclopus sp. . ...••.• , . ...•.• . . Octopus 
ROHia pacifica •.••••.•.•.••• • . Squid 
Pycnopodia htlia1lthoid" ..•••.•.• Sun star 
Ralhb"naJltr cali/a'1Iicus .••••••• Sea star 
Sty/aIttrias /arrtri ••..••.•••••. Sea Itar 
PoraniopJiI i1l/iata ••..•.••••••• Sea star 
PJutdarchaJttr pIJrtl/i • •.•••••.•. Sea star 
Luidio /o/iata •• , .•. • •••••••••• Sea star 
H'1Iricia sp. . .•....•• • ••••••••. Sea star 
Dtrma,tuias imbricata •••••••• ,. Sea star 
PtuaIttr ttHtiatuI arcuatus •••••• Sea star 
A II oantrotUJ /ragi/is .•••• , •••••• Sea urchin 
Bri,aJttr tow1IJl1ldi ••.•••••••••• Sea urchin 
Gorgan((tpha/.u caryi ••••••••••• Basketstar 
AJltrony" sp .•••.••••• ; .•••••• Brittlestar 
Ophiura sp. . ••.•...•••••••••• Brittlestar 
Ophiopho/i, sp. . •••••••••..•••• Brittlestar 
Parastichopus ca/i/ar1lica ••••••••• Sea. cucumber 
Mo/padia i .. ttrmtdia •••••••••••• Sea. cucumber 
Ptnlamtra pstudoca/cigtra •••.••.• Sea. cucumber 
PJo/UJ Jquama/UJ •••••• , •••••.• Sea. cucumber 

Tot, 
cate: 

PtHI. 

2 

6~ 

8.61 



'w. and species 

'EBRATE8-Con. 

8p .•••••••••• 
u raii/",fJita •• , 
.t,"",4is •••••• 
,snuioralri,era •• 
.",at#s •••••••• ............... 
I ........... . 

Drag I 
9/5/64 
P.M. 
North 

PO#MS 

0.2 

1-.0 
0.2 
0.2 

Drag 2 
9/5/64 
P.M. 
South 

PO#MS 

3.0 
0.2 
0.2 

Drag 3 
9/6/64 
A.M. 
South 

PO#f&4S 

7.0 
0.2 
0.2 

0.2 

Catch "ith .hrimp tra.,,1 

Drag 4 
9/6/64 

A.M. 
North 

0.2 
0.2 
0.2 

Drag 21 
9/11/64 

A.M. 
South 

0.2 

io 
0.2 

0~2 
0.2 

rn.g 22 
9/11/64 

A.M. 
North 

POIlo"4S 

0~2 
6.0 
0.2 
0.2 
0.2 
1.0 

Drag 23 
9/11/64 

P.M. 
South 

POIloMS 

0~2 
0.2 

0~2 

Drag 24 
9/11/64 

P.M. 
North 

0.2 

4.0 

0.2 

Total 
catch 

Pouuls 

0.6 
0.2 

25.2 
1.4 
1.4 
0.2 
1.4 
0.4 

,ertebrates •••• '1==~3~9:;.0~F=~52~.~2 ===1F==~2~4~.4===1F==~16~9,::.B~F=~3~5 '~0===1==o;3:;:2~.0=F==3~2~.2~:F==~3~5 .~B=F==4;;:2~0~.4~ 
CATCH .~..... 119.B 116.4 68.0 262.6 90.2 101.6 80.0 73 .6 912.2 

Table 2.-Catch, by weight 

Catch at: 
Major 50 fathoms in: 100 fathoms in : Total 

categories catch 
Fish trawl Shrimp trawl Fish trawl Shrimp trawl 

POIlo"ds Po#nds POllnds POIiMS POlloftdl 
FISHES: 

Cartilaginous fishes ..... 450.2 24.0 75B.2 11.4 1,243.B 
Flatfishes .......... .. . 7,957.2 75 .0 4.427.8 111 .0 12,571.0 
Roundfishes: 

Rockfishes .......... 51.2 IU 2,143 .8 276.6 2,486.0 
Other roundfishes ..... 29,757.2 1,155.4- 590.2 92.8 31,595.6 

f------ ----- ----- r----- ----
Total fishes ..... ...... 38,215.8 1,268.8 7,920.0 491.B 47,896.4 

INVERTEBRATES ...... 496.2 367.2 693.0 420.4 1,976.8 

TOTAL CATCH ....... 38,712.0 1,636.0 8,613.0 912.2 49,873 .2 

Table 3.-Catch, by percentage of weiaht 

Catch at: 
Major SO fathoms 100 fathollll categories 

Fish tra,,1 Shrimp tra,,1 Fi.h t,.,,1 Shrimp t .. ,,1 

Per""t Peru"t Peru.t P,r".t 
FISHES: 

Cartilaginous fishes ...... 1.2 1.S 8.8 1.2 
Flatfishes ••••• 0 •••••• 20.6 4.6 51.4 12.2 
Roundfishea : 

Rockfishes ........... 0.1 0.8 24.9 10.3 
Other rou ndfishea ..... 76.9 70.6 6.9 10.2 

~--------- ---- r-----
Total fishes ...... ..... 98.8 '17.5 92.0 53 .9 

INVERTEBRATES ...... 1.2 2%.5 8.0 46.1 

TOTAL CATCH ....... 100.0 100.0 100.0 100.0 

Total 
catch 

PI'''.' 

2.5 
25.2 

5.0 
63.3 

----
96.0 

4.0 

100.0 
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iance made to test these differences showed sig
nificant first-order interactions for all major 
catch categories and dominant species (Table 
4). In view of the diversity of the faunas 
sampled, the most significant interactions were 
displayed by gear type with replication and 
by gear type with depth. 

As was expected, differences between the 
trawls were highly significant for most species 
and catch categories (Table 5). On the other 
hand, the differences attributed to time of day 
and direction of haul effects were mostly not 
significant. Some differences were significant 
for the two other main variables. 

Because of the trawl-depth and trawl-rep
lication interactions, the data were divided into 
four groups. Ratios of the means and medians 
of the four fish-trawl and shrimp-trawl hauls 
within each of these sets are presented in Table 
6. Although the ratios within any major cat
egory or dominant species cover a fairly broad 
range, a general pattern emerges. Of the five 
categories, flatfishes show the highest ratios, 
followed by roundfishes (other than rock-

Table 4.-Significance of 

Major categories Trawl Trawl Trawl Trawl 

and X X X X 
dominant species repli- dtpth time diree-

.cation tion 

Categories: 
Total catch ................ 
Total fi shes ................ 

Cartilaginous fishes .. . ...... 
Flatfi shes . . . ............. 
Roundfishes : 

Rockfishes . . . . .. ....... . 
Other roundfishes . . ... . .. 

T ota l invertebrates ........... * 

Species: 
Turbot ... . .. ............. 
Slendor sole . ..... . .. . .. ' ... * 
Do,,« sole ................. * 
Rex sole .................. * 
Sablefish • ••••• ' •••••••• 0" * 
Hake ........... . ..... . .. * * 
Ocean perch .............. . • * 
S,bastodn cramlri ..... . ..... 
S,bastodn laxicola .......... * 
Pink shrimp ................ * 
Dungeness crab ...... ' .... .. * 
Rathbunasttr calilarnicus .... . . • 
Luidia laliata '" 0 ••••••••••• 

AlloCtntratUJ IragiliJ ......... 
ParaJtichopuJ cali/ornicuJ . ..... • 

fishes), cartilaginous fishes, rockfishes, and 
invertebrates. With the exception of the rock
fish species, the species within any category 
generally had a greater range in ratios than 
their particular categories had. 

2. Discussion 
The degree of interaction in the experiment 

was high, making interpretation of the results 
difficult. The significant trawl-depth inter
actions indicate that the relative differences 
in catches between trawls changed with depth. 
This fact makes the extrapolation of the results 
from this experiment into deep-water risky 
at best. The trawl-depth interactions appear 
to be a function of changes in the reactivity 
of the fishes to the trawls with depth, as will 
be discussed later. No explanation is offered 
for the large number of traWl-replication inter
actions. 

Since the degree of interaction in the ex
periment was high, we do not know whether 
the significant differences observed for main 
variables, other than gear and depth, were real 

-first-order interactions 

R,plica- Rtplica- Repliea- Depth o.pth Dir<e-
tion tlon tion X X X di- tion 
X X dirte- time rection X 

depth time tion time 

* • 

* • • • 
• • 

• 

* 

* * * 
• 

* * 
* * • 

* * * 
* ~ • 
* • 

2 * II II 

* 
1 • 

* S,gnificance at the 25-percent level of 
No 

probability with I and 16 degrees of freedom. 
- = significance. 
1 = No depth interaction, as this species was taken only at 100 fathoms. 
2 = No depth interaction, as this species was taken only at 50 fathoms. 
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Table '.~igni6cance of main effecta 

Significance of: Major categories 
and dominant 

species 
Degrees of 

freedom Trawl Depth Time Direction 

Categories.: 
Total catch •.•••••••••••••• 
Total fishes ••••..•.••••••• 

Cartilaginous fishes •••••.. • 
Flatfishes •.••••.•• " • • •• 
Roundfishes: 

Rockfishes 
Other rou ndfishes ..•••••• 

Total invertebrates 

Species: 
Turbot •. . •.•.•..•..•••••• 
Slender sole . . .•...• ... ...• 
Dover sole • • •. , •.•..•••• •• 
Rex sole ••.•.•••••.•.••.. • 
Sablefish •...•.•...••.••••• 
Hake •••••••...••••.....• 
Ocean perch ••••.•...•••.•• 
Stbastodts cramtri ........ . . 
StbastodtS sa"i,ola .......••. 
Pink shrimp • •••.•....••... 
Du ngeness crab ••..••....•• 
Rathbunasttr ,ali/or,.i,us .••.. 
Luidia /o/iata .......••... • 
AI/oet,.trotu! /ragi/is •• .•.... 
Parasti,hopus ,ali/o,..i,us 

1,25 
1,23 
1,20 
1,24 

1,18 
1,22 
1,24 

1,25 
1,22 
1,24 
1,22 
1,25 
1,18 
1,9 
1,8 
1,6 
1,22 
1,7 
1,8 
1,9 
1,10 
1,9 

** 
** 
*. 
** 

.* 

.* 

.* 
*. .* *. 
• * .* •• 

** 

** 
** 

* = Significant at the 5-percent level of probability. 
** = Significant at the I-percent level of probability. 
- = Not significant. 
1 = No depth effect, as species was taken only at 100 fathoms. 

** 
** 

* 

** 
** 

* 

* • 
** 

• = No depth effect, as species was taken only at 50 fathoms. 

Table 6.-Ratio of fish-trawl to shrimp-trawl catches 

Catch ratio of fi sh-trawl to shrimp-trawl 

Major categories 50-fathom catches I DO-fathom catches 
and 

* 

* 

.. 

dominant species Replication I Replication 2 Replication I Replication 2 

Mean Median Mean Median Mean Median 

Categories: 
Total catch ••••••• eO . 29.1 23 .2 20.1 20.0 6.4 7.3 
Total fishes ..... .......... 49.7 40.3 22.0 21.3 11.9 11.5 

Cartilaginous fi~hes .. 16.8 18.8 20.4 21.5 30.0 33.0 
Flatfishes ............. 78.4 38.3 165.6 181.1 23.0 19.2 
Roundfishes: 

Rockfishes .... ·0.·· 2.9 3.9 6 .1 1 6.2 4.4 
Other roundfishes .. 47 .1 43.6 18 .l 17 .7 8.9 10.2 

Total invertebrates ...... 1.0 1.2 2.3 2.8 0 .9 0 .5 

Species: 
Turbot ....... . ....... 8.6 7.5 63 .2 85.7 58.8 62 .5 
Slender sole ......... 66.7 50.0 312 .5 350.0 10.2 6 .7 
Dover sole .... 10 ••• • • 615.5 291.7 1750.0 1 20.7 21.5 
Rex sole .0. '0. 10 •••• 131.8 159.1 234 .5 175 .0 28.6 6.0 
Sablefish ........ ,0 •• • • 1202.5 1 24.2 31.3 55 .0 1 

Hake .... 0 .... 0.00 ••• 40.0 39.9 16.5 164.4 8.7 8.0 
Ocean perch ••••••••• 8 3 3 • 4.7 7.1 
Stbastodts . cramt,; ..... a a a a 1.7 0 .7 
Stbastodts saxicola .. , .. 3 3 • 3 4.9 6.9 
Pink shrimp .0 ........ 0.08 0.09 0.04 0 .01 0.15 0.11 
Du ngeness crab ....... 54.5 62.5 48 .8 100.0 • • 
Rathbunast" ,alijor,.icus 3 3 3 a 2.5 2.5 
L"idia /oliata ........ 1.2 1.5 0.6 1.0 • • 
A lIo",.t,otus ,ragilis ., . 8 3 a a 1.7 1.7 
Pa,asti,hopus cali/or,.icu 3 a a • 0.3 0.5 

1 Three of the four catc hes with the sbrimp trawl were zero; hence there was no m~ian 
S Some of the m~ian values for this category or species are missing as indicat~ by 1 
a This species was taken only at 100 fathoms_ 
• This species was taken only at 50 fathoms. 

Mean Median 

14 .5 13 .7 
21.7 20.3 
97.1 89.6 
87 .6 85 .6 

9.8 11.6 
4.7 4.0 
3.2 2.9 

14 .3 18.8 
68 .8 137.5 

250.0 500.0 
381.8 2125.0 

6 .6 6 .4 
1.4 0 .8 

10.8 9.3 
9.1 0.3 
8.3 11.0 
0.70 1.2 
• • 
1.6 1.8 
• • 

20.7 75.5 
1.3 1.1 

value. 

Repliution 

* 

* 

** 

I Range of ratio; 

Mean Median 

6.4 - 29 .1 7.3 - 23 .2 
11.9 - 49.1 11 .5 40 .3 
16 .8 - 97. 1 18 .8 - 8'1 .6 
23.0 - 165 .6 19 .2 - 181.1 

2.9 - 9.8 J.9 - I l .r, ' 
4.7 - 47 . I 4.0 - '" ~ I , 

0.9 - 3.2 0 .5 2.9 

8.6 - 63.2 7.5 85 .7 
10.2 J I 2.5 6 .7 - HO.O 
20.7 - 1750.0 2J.5 - 500.0' 
28 .6 - 381.8 6 .0 - 212 ; .0 
6 .6 - 1202.5 6 .4 & J t.J. 
J.4 - 40 .0 0 .8 164 .4 
4.7 & 10.8 7. I & 9 .l 
1.7 & 9.1 0 .3 &< 0.7 
4.9 & 8.l 6 .9 & 11.0 
0.04 - 0.70 0 .01 - U 

48 .8 & 5U 62 .5 & 100.0 
1.6 • 2. S 1.8 I< 1.5 
0.6 &< I.Z 1.0 & J.5 
J.7 &< 20.7 J.7 & i5 . S 
0 .3 I< J.l 0 .5 I< 1.1 
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or fictitious. The differences in results be
tween depths were probably real, since the 
abundance of fishes and invertebrates is known 
to change with depth. As for the gear differ
ences, Margetts (1949) and Parrish (1949 and 
1951) have shown that size and method of 
operation. alone or in combination, can in
fluence both the absolute and the relative 
catching efficiency of fishing gear, so that the 
observed differences are to be expected. 

Selecti\'it~' factors aside, the catches of the 
two trawls should be in direct 1l1'Oportion to 
the size of the trawls. SCUBA-equipped 
divers estimated the average spread of the 
:;hrimp trawl, as rigged and f1shed in this 
experiment, to be 22 feet (wing tip to wing 
tip). with an a,'erage \'ertical opening of about 
6 feet. As for the spread and \'ertical opening 
nf the fish trawl. Alverson. Pruter. and Honholt 
(196l) gave \'alues of 40 and 6 feet. respec
tiYely. Thus. the horizontal spread of the fish 
trawl is ahout 1.8 times that of the shrimp 
tra,d. Since the vertical openings of the 
tra,,'ls are nearly the same, their mouth areas 
should be propVl'tional to their horizontal open
ings (1.8 to 1). Yet. owing to differences in 
the shape of the two nets, the mouth opening 
of the fish trawl is nearer to 2 or 2ti~ times 
that of the shrimp trawl. 

The catch ratios of certain benthic inver
tebrate species. such as the two starfish species 
Lllidict jo/iata and Rathbunastl'1' californicus, 
were in direct proportion to the horizontal 
spread of the trawls. This proportionality 
might be expected, since both species are rel
atively immobile and are of sufficient size to 
prevent the smaller meshes of the shrimp 
trawl from having a selective advantage over 
the larger meshes of the fish trawl. 

The catch ratios of other invertebrate spe
cies, such as the pink shrimp (Pandalus jol'
dani) and the Dungeness crab (Cancer ma
gister), however, varied markedly from the 
expected ratio of 1.8. Pink shrimp passed 
readi ly through the large meshes of the wings 
and body of the fish trawl, thereby giving the 
shrimp trawl a decided advantage in catching 
ability fol' this species. The r~verse was true 
for Dungeness crab - the fish trawl had a 
decided advantage. 
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The catch ratios for the rockfish sp«des 
tended to be slightly higher than 1.8 - nearer 
the range reflected by the ratio of the area 
of the mouth openings of the two trawls. Con
sidering the differences in the geometrical con
figuration of the two trawls as well as the 
size, off bottom distribution, and known pas
sive behavior of rockfishes, we would expect 
these ratios in the absence of gear selectivity. 

The catch ratios of roundfish (excluding 
rockfish) and flatfish species, especially of 
flatfish, departed widely from the expected -
the catch of all species of roundfishes and flat
tishes by the fish trawl was considerably 
higher than the catch of these species by the 
shrimp trawl. 

Why should the fish trawl be so superior 
in catching roundfishes and flatfishes when the 
difference between the mouth areas of the two 
trawls is probahly not much greater than 2? 
The explanation lies in the way the two trawls 
were rigged. tOJ,!ether with the manner in 
which these two groups of fishes reacted to 
the configurations. 

The wings of the shrimp trawl were at
ulched directly to the doors, and the trawl 
was towed on a single cable, with 25-fathom 
bridles connecting the doors to the end of the 
towing cable. The two bridles made a V of 
the wire in front of the trawl. 

The fish trawl, on the other hand, had 25-
fathom dandylines connecting the wings to the 
doors; it was towed with two warps, one at
tached to each door. Unlike the shrimp-trawl 
arrangement, the fish-trawl arrangement left 
the area in front of the trawl clear. In ad
dition, the arrangement of the dandylines p0-

sitioned the doors considerably outboard from 
the trawl during towing, thereby increasing 
its effective sweeping area. 

From an experiment to test the effect of 
placing a length of wire between the door and 
the net wing (the Vigneron-Dahl modification 
of the otter trawl), Bagenal (1958) concluded 
that fish "feel" vibrations from the wire as 
it passes through the water and over the bot
tom and that they react in such a manner 
as to avoid these tactile stimuli. Blaxter and 
Parrish (1966), using tank tests, also observed 
that fish avoid moving netting and other parts 
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r!t;~~";:!): :-: , . 
"of ',tbefishing gear; however, they discounted 

. the significance of tactile stimuli in herding 
and suggested that visual stimuli are more 
important. Yet,regardless of the type(s) of 
stimulation involved, if the flatfishes and 
roundfishes in our experiment had reacted 
negatively to the dandylines and doors, they 
would be repulsed from the path of the shrimp 
trawl by the wire V of the bridles; in con
trast, they would be herded into the path of 
the fish trawl by the spread dandy lines and 
doors. Such reactions would decrease the ef
fectiveness of the shrimp trawl and increase 
that of the fish trawl. The magnitude of the 
fish-trawl-to-shrimp-trawl catch ratio would 
thus reflect, at least in part, the intensity of 
reaction of the fishes. Hence, both the repul
sion by the wire V in front of the mouth of 
the shrimp trawl and the herding by the out
board doors and dandylines of the fish trawl 
would appreciably affect the fish-trawl-to
shrimp-trawl catch ratio. We therefore have 
to be cautious in ascribing the differences in 
catch ratios solely to the manner in which one 
or the other of the trawls was rigged. 

The catch results indicate that flatfishes 
react more negatively than roundfishes do and 
that rockfishes react least of all. Observations 
by divers in areas where rockfishes are abun
dant tend to support this hypothesis - at least 

in regard to the rockfishes. - The high reactiv
ity displayed by flatfishes in the experiments 
of Blaxter and Parrish (1966) also substan
tiate our results. The fact that both the flat
fishes and the gear are in contact with the 
bottom could partially explain the apparently 
greater reactivity of the flatfishes. 

Besides being useful in explaining the 
herding or repulsing effects of the trawl con
figurations, the results of experiments by 
Blaxter and Parrish (1966) offer a plausible 
explanation of trawl-depth interactions. In 
their experiments, they found that herding de
creased markedly at low intensities of light. 
Thus, with the difference in light intensities to 
be expected between the 50- and 100-fathom 
depths in our study, the herding effects should 
differ. This fact could account for the differ
ences in the relative advantage of the fish trawl 
over the shrimp trawl with depth. The catch 
ratios were generally higher at 50 fathoms 
than at 100 fathoms (Table 6). King and 
Iversen (1962) and Pearcy and Laurs (1966) 
have shown by analysis of size data from 
day and night midwater trawl catches that 
larger organisms are captured at night, sug
gesting greater avoidance of the gear during 
the day. This conclusion of higher avoidance 
under conditions of greater light intensity are 
also in agreement with our conclusions. 

II. COMPARSON OF GEAR SELECTIVITIES 

A. EXPERIMENTAL APPROACH 
To permit evaluation of size selectivities, 

length data were taken for the dominant spe
cies in the catches of both gears at both depths. 
All length measurements are total length from 
the front of the snout to the end of the tail. 

B. FINDINGS 
The selective capacity of a trawl can be 

adduced both from the variety and from the 
size of the fishes in its catches. Thus, to com
pare the selectivity of the two gears, we com
pared the composition of their catches in terms 
both of species and of length-frequency distri
butions. 

1. Species Composition 
Differences in the species composition of 

the two trawls can best be evaluated by con
sidering the number and type of species caught 
and their relative dominance in the catches. 

o. Species cought.-Almost 100 species of 
fishes and invertebrates were caught (Table 7). 
Eleven species of fishes and six species of in
vertebrates caught by the fish trawl were not 
caught by the shrimp trawl (Table 8). On 
the other hand, 6 species of fishes and 22 spe
cies of invertebrates caught by the shrimp 
trawl were not caught by the fish trawl. Al
though the species that were exclusive to one 
gear made up nearly half the total number of 
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Table 7.-Number of species taken by both the fi.h trawl and the Ihrim.p trawl 

Species caught at: 

Major 50 fathoms 100 fathom. Both depth. combined 
categories 

Fish Shrimp Fish Shrimp Fi.h Shrimp Total Total Total trawl trawl trawl trawl trawl tra.,l 

FISHES: Numb" Numb" Numb" Numlu, Numb" N",mb" N",rd,r N" .. bn N ... b,r 

Cart ilaginous fishes ..... . 3 Z 4 5 5 5 S S 5 
Flatfishes .. . . .... . . . .. 7 6 7 6 4 6 7 6 7 
Roundfi shes : 

Rockfi shes . ..... .. .. 5 ) 5 15 II 16 16 11 \6 
Ot her rou ndn shcs ... . . 5 10 12 II 9 Il 12 IJ \8 

- - - e- - -- f- -- - -- - 0 - _ ---- ---- ---- ---- ----
Total fishes .... . . ..... 20 21 28 37 29 38 40 3S 46 

INVERTEBRATES .. .... I~ 19 23 21 34 39 29 46 S\ 

Tot al ca tch . . . .. ... . . . 34 40 51 58 63 77 69 81 97 

Table 8.-Species taken exclusively by the shrimp trawl or by the fi.h trawl 

Species taken exciu si\'eiy by the shrimp tra'" l Sp.cies uken Clclu.ivrly by tbe fish trawl 

!\ames !'\ umber of (I I eu rrences Number of occurrencrs __ ~~ ________________ o __________ ~ ________________ _ 

Fishes: 
Br o.r mophye i5 ma r gi natkJ 

E nr. r(luIiJ mordax . . ... .. . . .•.... . . 
H"p o mollJ prctiOJUi ..... • .. ..... . . 

L :.t Q ·/.((/c'I all'utouis .. . . .. . . . . . . .. . 
Delolcpsis giga nt, a 0 0 • • • •• 0 0 0 0 0 0 0 0 0 

.4prod on cortc': ianuJ .. ' . . , .. 

I nYt'rtebrates : 
T ra-:. ,iJia sp ... , ' ........ . . . • ... .. 

Hristle \\'orm .. . . . . . ... . ....... . . 
tOnidentified hippolyt id shrimp 0 0 •• 0 0 

Ella/uJ macr op thalma .......... • • .. 

L"nidentined cr agonid shrimp 0000. 0 • 0 0 

L opit olithod,.s foramina t us 0', 0 •• • o •• 0 

P olinic(J pallidus 0 •• • 0 ••••••• 0 • 0 0 • 

F usit ril on ort goncnJiJ . .. ... ....•.. 

L"n id entified pelecypod 0 0 . 0 • •••• 0 • 0 0 

So/~mya agaHi:.i . ... • . . .. . . . • •• .. . 

p)Ocnopodia hdianthod" 0 0 • 0 0 • 0 ••• 0 0 

Porani opsis inflata ... . . . ... • ....• . 
J/ r' nr icia sp. 

PtaaJtfr los e/alus arellatUJ . .• . • •.• . 
Ophiopholis SPo • ••• •• 0 0 • 0 • 0 0 • 0 0 • • 0 

M olpadia i nl a mrdia 000 00.0 • •• 0 • • 0 0 

P f nta P'l aa pUlldocalc i gfra .••. .. . ... 

Pso/US sQuamatus ..... . . ... • • • • •.• 
l;nidentined sponge ., 0 0 • ••••••• • 0 • • 

Unidentified nemertine worm . .. . . ..•. 
l;n identified echiuroid worm ...... . 0 • 

U niden t ified brachiopod 0 0 0 0 0 • 0 • 0 •• 0 • 

I 
8 

8 
I 
2 
2 

7 
7 

1 
I 
2 

species caught, their frequency of occurrence 
and their abundance relative to the total catch 
were usually not great (Table 1). Thus, their 
occurrence in one gear and not in the other 
could possibly be attributed to chance alone 
rather than to the physical makeup of the gear. 
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Fi sh .. : 
Cithari. hlhy s sordidus .. 0 0 0 0 0 ••••••• 

oln arrhicittit)os ocr/lalus . ... 0 • • •••• • • 

Gad II.J maaoc£pha/uJ .•.. • ..••..••.• 
Opitiodon r/on~alus .. 0 • 0 • 0 0 • • • • • • 

BoflJrocara sp . . . ........ . ... ..•• . . 

LOnidtntifitd couid 0 ••• ••••• •• • • ••• 

S,boslod" brc"ispinis . 0 •• ••••• • •• • • 

Srbostod.., pou(isp i"is 0 0 • • • • •••• • • 0 • 

Srbastod" prorigtr 0 ••••••••••••••• 

StbaJtodfJ rub",imuJ •• ... • •.•••• • • 

S~haJtod(J rubri .. ,j ,ut'H • • . •...•• , • • • 

Invertebrates: 

Pandalus plalyetros .• • . . . . .•..•.•• 
Chorilin 10" Ki pfI 0 •• 0 ••• • •••••• • ••• 

Dfrmaftt'TiaJ imhricata .•••••.•• • ••• 

Gort;o no(t' plaaills tary i •• •.• •• ••••••• 

:( sltronyx sp . . . . . . ..... • • . . ...... 

L:nidentified tunicate .... 0 • 0 •• 0 •• ••• 

4 
4 
I 
1 
I 
3 
2 
I 
3 

I 
3 
2 

Major exceptions to the generalization that 
frequency of occurrence and abundance of the 
"exclusive" species were not great were evi
dent in catches of Pacific cod (Gadus macro
cephalus) , lingcod (Ophiodon elongatus), and 
bocaccio (Sebastodes paucispinis) in the fish 



trawl and of surf smelt (Hypomesus preti
O,sus) ,an unidentified cragonid shrimp, and 
sea cucumbers (Molpadia intermedia and Pen
tamiwa pseudocalcigera) in the shrimp trawl. 
Each of these species was taken either in a 
high percentage of the drags or in quantity 
in individual drags. 

The smaller size of mesh is undoubtedly 
the major' cause of the selective advantage 
of the shrimp trawl. Because all of the species 
of fishes and most of the species of inverte
brates that were exclusive to the shrimp trawl 
were quite small, they would be retained by 
the small mesh of the shrimp trawl but not 
by the larger mesh of the fish trawl. Even 
though the fish trawl was fitted with a small
mesh (1l/2-inch) liner in the cod end, this 
modification was not completely effective in in
creasing the species-catching efficiency of this 
gear. The small forms apparently escaped 
through the larger meshes in the wings and 
in the intermediate section of the net before 
they reached the cod end, where they could 
be retained. 

The ability of the fish trawl to capture 
I Pacific cod, lingcod, and several species of rock

fishes exclusively and repeatedly can be attrib
uted partially to its configuration. The large 
size and the greater amount of headrope over
hang of the fish trawl could account for its 
advantage in taking the larger, faster-swim
ming fishes (Pacific cod, lingcod, and bocaccio) 
and in taking the rockfish species, which tend 
to be off-bottom. Another explanation might 
be that the larger meshes of the fish trawl 
do not build up as repelling a "wall of water" 
in front of the gear during towing as do the 
smaller meshes of the shrimp trawl. No ex
planation, other than chance occurrence, is 
offered for the exclusive capture of several in
vertebrates by this gear. 

b. Dominance patterns.-The particular 
species that dominated the catch of a given 
category changed with depth. At 50 fathoms, 
roundfishes were dominant in the catch of 
fishes taken by both types of trawls. At 100 
fathoms, flatfishes were dominant in the catch 
of fishes by the fish trawl, and rockfishes in 
the catch of fishes by the shrimp trawl. 

The dominance patterns of species, without 
regard to category, varied more dramatically 
as a result of changes in depth and gear than 
did the patterns of the categories themselves 
(Tables 1 and 9). 

At 50 fathoms, Pacific hake (Merluccius 
pl'odnctus) was the dominant species taken by 
both gears; the relative numbers of other spe
cies varied radically. Shrimp, which ranked 
second in the shrimp-trawl catches, were taken 
in too few numbers by the fish trawl to be 
placed in the rankings. Dover sole (Microsto
mus pacificus) ranked high in the fish-trawl 
catches but were virtually unrepresented in the 
shrimp-trawl catches. The extreme in varia
tion was shown by hagfish (Polistotrema spp.) 
-it was fifth in dominance in the shrimp-trawl 
catches at the 50-fathom depth but was not 
even taken with the fish trawl. 

At 100 fathoms, flatfishes dominated the 
fish-trawl catches, whereas invertebrates, espe
cially the sea urchins Allocentrotus fragilis 
and Brisaster townsendi, dominated the 
shrimp-trawl catches. Pacific ocean perch 
(Seba.stodes alutus) was moderately repre
sented in the catches of both gears at this depth. 

A number of factors operating together 
probably caused the observed dominance pat
terns. Undoubtedly, the small size of mesh 
and the nonfish-catching design of the shrimp 
trawl contributed substantially to its ability to 

Table 9.-Dominant spe<;ies caught, in decreasing order of weight of catch 

Species caught at SO fathoms in: Species caught at 100 fathoms in: 

Fish trawl Shrimp trawl Fish trawl Shrimp trawl 

Pacific hake Pacific hake Dover sale Sea urchin ( Al/oan/,otuJ) 
Sablefish Pink shrimp Rex sale Pacific ocean perch 
Dover sale Sablefish Pacific ocean perch Sea urchin (B,iJaJ/a) 
Rex sale Arrowtooth flounder Sea urchin (AlloantrotuJ) Pink shrimp 
Arrowtooth flounder Pacific hagfish Raja ,hina Dover sale 
Du ngeness crab Rex sale Arrowtooth flounder S,baJ/odtJ JaXilOia 
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take more of the smaller invertebrate forms 
than of the other forms abundant in the area 
being studied. In contrast, the fish trawl's 
larger mesh size and its fish-catching design 
made the fish trawl more effective at taking 
fishes. This effectiveness varied, as previously 
shown, with species. 

2. length-Frequency Distribution 
Because the ability of the shrimp trawl to 

catch fishes was limited, only three species 
were taken in sufficient quantities by both 
gears at anyone depth to permit a meaning
ful comparison of their fish-size selectivities. 

....... 20 
..... 
c::: 
<b 
~ 
"'-
<b 
c:t 15 
'-

c::: 
<:) ..... ..... 
;:, 

10 ~ 
\:: ..... 
. ~ I 
~ Fish Trawl 

, 
~ 

5 'I' 
I 

~ I 
;:, 
~ 
<b 0 tt 0 30 35 40 

TOTAL 

These three species were sablefish (Anoplo
poma fimbria) and Pacific hake at 50 fathoms 
and Pacific ocean perch at 100 fathoms. 

a. Sablefish.-Analysis of the length-fre
quency distribution of sablefish taken at 50 
fathoms shows that both gears caught sallie
fish up to 53 centimeters long in about the same 
proportion (Figure 5), but the fish trawl also 
took sablefish of greater length. Despite this 
apparent inability of the shrimp trawl to catch 
the larger fishes, the mean lengths of the 
sablefish taken by the two gears were not sig
nificantly different (Table 10). 

Shrimp Trawl 

45 50 55 60 65 
FISH LENGTH (em.) 

Figure 5.-Sable6.sh length-frequency distribution at 50 fathoms. 

Table lO.-t-test analyses of the mean lengths of three species of fishes that were taken in quantity by the two gean 
at one depth 

Species Depth Gear Number of fish Mean Variance1 t-value Signifi-
measured length cances 

Fathoms em. 

Sablefish . .. . . .. . .. .. . . . . .. .. . . 50 FT 119 45.5 24.85 1.586 n.s. 
ST 109 44.6 9 .58 

H ake . . ... . ...... .. . . . . ..... . . SO FT 173 54.0 7.21 2.140 • 
ST 321 53.4 8.88 

Pacific ocean perch ...... ...... .. . 100 FT 140 34.8 24.62 5.753 •• 
ST ISO 30.8 45 .93 

= FT fi sh tr awl 
ST = shri mp trawl 
I The va ri ances were tested fo r homogeneity prior to each t-test . 
2 n. s .. = not signi fica nt at the 5-percent probability level; * = significant at the 5-percent probability level' ** 

probabllt ty level. • 
significant at the I-percent 
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' :: b~- Pacifio hake.-The length-frequency 
distribution for Pacific hake taken at 50 fath
oms shows that those taken by the fish trawl 
were slightly longer than those taken by the 
shrimp trawl (Figure 6). The statistical va
lidity of this difference is supported by the 
significant difference between the means of the 
respective samples (Table 10). 
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Figure 6.-Pacific hake length-frequency distribution 

at 50 fathoms. 

.~ 
15 

...... 
~ 
.q ...... 
~-.... 10 
.~ ~ 
~Q) 

~ Trawl 
~Q) 
~~ 5 t::: 
Q) 
~ 
tt-
~ 
lC 0 

0 15 20 25 

c. Pacific ocean perch.-Whereas the 
length-frequency distributions of sablefish and 
Pacific hake approached normality, those of 
Pacific ocean perch did not (Figure 7). The 
multiplicity of sizes sampled resulted in high 
variances (Table 10). Both gears caught 
fishes over most of the ranges of length found. 
but the fish trawl caught a higher percentage 
of larger fishes (greater than 31 centimeters), 
and the shrimp trawl caught a higher per
centage of smaller fishes (31 centimeters and 
less). Paradoxically, the shrimp trawl took 
the largest as well as the smallest fish in the 
samples. The validity of the differences in 
selectivity was supported by the results of t
tests (Table 10). These results show that the 
difference between the mean lengths of fishes 
taken by the two gears is highly significant. 

", /\ 
I " ' I \ 

" I \ I '\ Fish Trawl I \ I \/ "' ... \., 
\ 
\ 

30 35 40 45 50 
TOTAL FISH LENGTH (em.) 

Figure 7.-Padfic ocean perch length-frequency distribution at 100 fathoms. 
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CONCLUSIONS 

This experiment has demonstrated that a 
precise eCtuation for the relative catching effi
ciency of the fish trawl and the shrimp trawl 
cannot be derived from a simple ratio of their 
catch rates. The failure of such a solution is 
attributable to the following: (1) the inher
ent, contiguous nature of the distributions of 
species in space results in large within-species 
variability in catch rates and makes the esti
mated ratios unreliable; (2) the interactions 
of trawl with depth and of trawl with replica
tion distort the extrapolations in time and 
snace of calculated ratios; and (3) the catch 
selectivity of the two trawls is highly dispar
ate. The effect that the systematic error as
sociated with the contiguous nature of the dis
tributions of species has on the ratios can be 
partially corrected for by applying the proper 
transformation to the data. But very little can 
be done to correct for the trawl interactions 
or the differences in catch composition because 
these tV,TO factors val'y with the species in
volved. 

From the results, it is apparent that faunal
comparison studies in which large areas or 
several depths are to be examined should be 
so designed that one gear at least will be used 
to sample all areas or depths. As a minimnm 
requiremnt, two of the gears should overlap 
in their coverage of a study area or depth. 

Because the ratios of the catch rates are 
unreliable as a measure of the differences in 
the catching efficiency of the two trawls, they 
can be used only for gross comparisons of 
orders of magnitude. Even then, caution must 
be exercised if correction factors are used, 
since (1) as we have shown, the ratio esti
mators and selectivity factors for the individ
ual s)ecies within any catch category vary 
widely from one depth to another, owing to 
the trawl-depth interactions, and (2) the de
mersal community changes radically with 
depth. 

SUMMARY 

Before the catch data that were collected 
during an investigation made at the mouth of 
the Columbia River could be evaluated, the rel
ative catching efficiencies of the two sampling 
gears used - a 94-foot Eastern fish trawl and 
a 70-foot semiballoon shrimp trawl - needed 
to be determined. The catching efficiencies 
of the two trawls were to be equated by a 
comparison of their catch rates and their 
gear selectivities. 

In an attempted development of this equa
tion, thirty-two 1!;2-hour drags were made dur
ing which both gears and one vessel were used 
in a 25 factorially designed experiment. Five 
experimental factors were taken into consi
deration. These were gear type, depth of haul, 
time of haul, direction of haul, and replication. 

Statistical analyses of the catch data dis
closed a number of significant interactions, 
especially those of gear type with replication 
and gear type with depth. Most of the ob
served differences in catch rates can be attrib-
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uted to the gear effects. Time of day and the 
direction of hauls in this experiment appar
ently did not contribute significantly to the 
differences in catch rates. Inspection of var
ious ratios of the catch rates of the fish trawl 
to those of the shrimp trawl showed that, with 
the exception of ratios for most invertebrate 
species, these ratios tended to be higher than 
one would expect from a consideration of the 
physical dimensions of the trawls alone. This 
disparity was greatest for flatfish species. Ap
parently the manner in which the trawls were 
rigged greatly influenced the observed results. 

Comparison of the selectivities of the two 
gears disclosed that the species composition, 
dominance patterns, and size selectivities of 
the two gears differed widely. These differ
ences were also ascribed to differences in the 
trawls, particularly to their c.onfigurations. A 
small-mesh liner in the cod end of a trawl 
did not ensure the retention of the smaller 
forms encountered. 
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