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PROXIMATE COMPOSITION AND 
SODIUM AND POTASSIUM CONTENTS OF 

FOUR SPECIES OF TUNA 
by 

Neva l. Karrick and Claude E. Thurston 

ABSTRACT 

The following species of tuna were studied; albacore (Germo alalunga) , bluefin 
(Thunnus thynnus) , skipjack (Katsuwonus pelamis ) , and yellowfin (Neothunnus ma
cropterus ). Data are reported for the light and dark meat of the nape, center, and 
tail sections of the fish. 

INTRODUCTION 

Tuna support some of the most valuable 
and important fisheries of the world. They 
therefore have been studied extensively. Little 
has been published, however, on the proximate 
composition of raw tuna. 

The National Canners Association (1950), 
Kochi and Era (1957), and Tarrland, Mathie
sen, ¢usthus, and Braekkan (1958) reported 
on the composition of canned tuna, but their 
results often are applicable only to the par
ticular cans of tuna they worked with. Some
times they were not able to report the kind 
of tuna analyzed. 

The composition of canned tuna differs, of 
course, from that of the raw tuna. Precooking 
the tuna and adding oil to the can results in 
a decrease in moisture content and an increase 
in oil content. 

A few papers have reported the composi
tion of r aw tuna. Carlson, Thur ton, and 
Stansby (1960) reported the composition of 
sma ll tuna in their description of a core-sam
pling technique. Kochi and Era (1959) ana
lyzed yellowfin from the Arabian Sea. Man
nan, Fraser, and Dyer (1961) separated light 
and dark meat of the bluefin for thei r analyses. 
They stated that the differences in composition 
of the various tissues made accurate analysis 
difficult. Takeda and Shimeno (1965b) ana
lyzed bluefin caught during the spawning sea
son between April and June. They found that 
the amount of oil and protein decreased con
siderably during this period. They (1965a) 
also analyzed Thunnus maccoyii caught in Oc
tober and found great variation in the oil con
tent. Roubal (1963) found that the oil content 
of raw tuna and of tuna canned without added 
oil were about the same. He also reported the 
composition of the fatty acids in the light 

Authors , Neva l. Karrick, Rluarch Cnlmist , Bureau of Commerciol Fisher ies Food Sc ience Pioneer Research Labora tory, Seatt le , Wosh
ington 98102; and Claude E. Thurston, Cnl mist , Interna tional Nutrition Reseorch Founda tion, Arl ington, Co liforn io 92503 . 
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and dark meat of albacore, bluefin, skipjack, 
and yellowfin. 

In the Bureau's technological laboratory, we 
had analyzed specimens of tuna over a period 
of years and had noticed differences in compo
sition , particularly in the amount of oil. We 
therefore decided to get a clearer picture of 
the differences. 

The light and the dark meat of tuna are 
marketed separately - the light meat is used 
for human food and the dark meat is used for 
pet food. This report gives the results of 
ana lyses for proximate composition and for 
sodium and potassium in the light and dark 
raw meat of the nape, center, and tail sections 
of albacore, bluefin, skipjack, and yellowfin 
tunas. 

I. ALBACORE 

A . METHODS AND MATERIALS 
Described in this section are the collection 

of specimens, the preparation of samples, and 
the methods of chemical ana lyses. (The meth
ods of preparing the samples and of making 
the ana lyses were the same for all four spe
cies.) 

1. Collection of Specimens 
Seven lots of a lbacore were analyzed. Six 

lots were caught off the West Coast of the 
United States between Washington and South
ern California during 1958 to 1961, and the 
seventh lot was caught from 200 to 700 miles 
east of Tokyo during May and June 1958. One 
lot was brine frozen on the vessel. The other 
lots were either iced or dry frozen. 

Measurement of length and weight of the 
albacore (and of the other three species of 
tuna analyzed) are given in Table 1. 

2. Preparation of Samples 
Cross sections of the frozen fish were taken 

as steaks at three different points: the nape, 

just behind the head and gills; the center, at 
the center and thickest part of the fish; and 
the tail, at the point where the fish starts to 
taper off toward the tail. Light and dark meat 
of each section were separated and analyzed 
individua lly. Each sample was ground in a 
Hobart grinder" vacuum packed in 1I2-pound 
cans, and stored at - 18 0 C. until analyzed. 
The belly flaps of a few of the fish were also 
separated and analyzed. 

3. Chemical Methods 
E ach sample was analyzed in duplicate for 

moisture, protein, oil, and ash. Some samples 
from each species were analyzed for their so
dium and potassium contents. The proximate 
composition was determined by the standard 
methods of the Association of Agricultural 
Chemists (1955). The methods for sodium 
and potassium analyses were those described 
by Thurston (1958). 

1 Use of trade names does not imply endorsement . 

Table I.-Measurements of tunas analyzed 

Fish in Length Weight 
Species Lots samples Ra.nge Average R a nge Average 

Num btr N-umbtr /n cnn /ncnn PoundI Pounds 

Albacore (Eastern Paci fi c) 60 6 21.9-34.5 27 .2 7.0- 26.5 14.7 
Albacore (Western Pacific) 8 1 30.7-35 .4 31.7 19.5- 30.8 24.3 
Bluefi n . .. . .......... . 19 4 23 .6-53 . 1 31.3 10.1-1 06.0 28.0 
Skipjack .. . . . . . .. . ... 59 6 16.1-27 .2 19.4 4.5- 15.9 7.9 
Yellowfin .. . . . . . .. . . .. 39 5 18.9-49 .2 25.1 6.5-101.0 13 .0 
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8. RESULTS 

Data for the albacore are given in Tables 
2 and 3 (proximate composition) and Table 
4 (sodium and potassium) . 

The proximate compo ition of he al bae r 
caught in the Western Pacific wa diff ren 
from that of those caught in the Ea tern a
cific that the two groups w re not a erag d 
together. The fish from off Japan had a high r 

Table 2.-Proximate composition of 60 albacore caught off the West Coast of the Uni ted States, summers of 1958-61 

Portion Moistu re Protein Oil Ash 
of fish Range A verage 0' 1 Ran ge Average 0' Range A verage 0' R an ge A verage 0' 

Puu"t Ptr{~"t Ptrccnt Puunt PUClnt PUCl n t Pau n! PIr,,"t P trCOll PtrCf n t Pau nt PUtl 14 t 

Li ght meat : 64.4 3.5 25 .5 1.2 10.3 4.39 1.24 0 . 15 
Nape · . 55 .6-67 .8 62.3 3.3 22 .3-26.6 24 .6 1.0 7.37-21.10 13. 16 3.96 1.02- 1.5 8 I 19 o 10 
Center 58 .4-70.2 64.3 3. 1 23.2- 27.4 25 .6 1.0 3.76- 17 .54 10 .20 3.77 1.06-1.36 1.23 009 
Ta il ... 61.1-71.4 65.6 2.8 24 .0-27.8 26 .2 1.0 1.96- 15.09 7.4 7 3.42 1.04 -1.96 I 29 0 .20 

--- --- --- --- 1---- --- - - - - --- --- ---- --- --- -
Dark meat : 69.5 2.5 22.9 1.2 6 .85 3. 10 1. 18 005 

Nape · . 62 .9-73.3 68 .7 2.5 20.0-23 .6 22 .0 0 .9 2.63 - 15 .9 1 8 .38 3.09 1.0 5-1.3 3 1.1 9 006 
Center 64 .7-73.5 70.5 2.0 21.4 -23 .8 22 .7 0 .7 2.0 3- 12.52 5 .88 2.34 1.1 2-1.2 1.20 004 
Ta il . . . 62 .3-72.5 69 .3 2.5 20 .6-25.8 24 .0 1.0 1.66- 14.4 5 6 .20 3. 11 1.07- 1.3 1 1.1 6 005 

1(7 = Standard deviation. 

Table 3.-Proximate compoeition of 8 albacore caught 200-700 miles east of Tokyo, May-June 1958 

Portion Moistu re Protein Oil Ash 

of nsb Range Average 0'1 R ange A ve ra.ge 0' Ra nge A verage 0' R a nge A ve rage 0' 

Ptrcu,t Pace"t Pir""'t Pactnt Paunl Puu nt Puu n t Puct nl P u clnl Puct n' PU rt tl t PUct rt t 

Light meat: 72.0 0 .9 27 .5 0 .9 0 .77 0 .36 1.34 004 
Nape · . 70.7-74 .1 72 .0 1.0 25 .6-29 .2 27.4 1.0 0 .49- 1.83 0 .88 0.4 3 1. 27 - 1 46 1.35 0 .05 
Center 71.1 -73 .8 72.0 0 .8 25 .9-28 .6 27 .5 0 .8 0 .4 - 1.20 0 .69 0 .23 1.31 - 1.42 1.36 00) 
Tail " . 7 1.1 -74 .3 72.0 1.0 25 .6-28 .8 27.6 0 .9 0 .44 -1.39 0 .75 0 .35 1.2 - I 40 1.33 004 

--- --- - - - --- 1- --- --- - --- --- --- r--- - --- r- - --
Dark meat : 72 .6 1. 3 22 .6 0 .8 3. 18 0 .92 1.27 009 

Nape · . 69 .0-73 .7 72 .3 1.4 20.8-23 .5 22 .5 0 .8 2.56-6 .29 3.53 1.09 1.21 -1.5 1 1.32 011 
Center 69 .8-74 . 1 72.9 1.3 21.3-23.0 22.4 0 .6 2.25 -4 .56 3. 10 0 .64 I I -130 I 24 004 
Tail " . 72 .1-74 .1 72.6 0.9 23 .2-23.8 23.5 0 .3 1.82 -3.64 2.63 0 .70 1. 16- 1.29 1.24 005 

1 (f = Standard devi at ion. 

Table 4.-Sodium and potassium In dry-frozen albacore 

Sample Sod iu m Poussl um 
Source 

Port ion of fis h F ish R ange Avera ge 0' 1 R ange Aven,e 0' 

No . M g.! 100 ,. M g.! l OO g. M , .! 100 g. Mg .!l OO g. I M g.l / OO g. M g.l / OO g 

Light meat: 30 45 8 354 49 
West Coast ape '" . 3 7-61 49 6 235-399 335 46 
of the Center " . 30-48 39 6 277-43 362 46 
Uni ted SUtes, Tail . . ... 34-60 47 7 2 2-4 38 364 49 
summers of 1--- --- - - - -- -- - ---- ---- ---- ---- -- - -
1958-6 1 Oar~ meat : 30 60 6 H 17 

ape ' " . 47-74 6 3 6 319-3 Z 146 I I 
Center .. . 51 -68 59 5 32)-406 1 349 I I 
Ta il .. . . . 47-66 56 5 311-384 347 1 17 

L ight meat : 8 4 2 6 I 44 7 I 19 
200-700 miles Nape '" . 3 7-56 4J 6 41 6-465 4H 15 
eut of Center " . 34-4 6 3 4 4Z 73 45 4 17 
To~yo. Ta il •• '0' 37·57 45 6 40 I H) ZJ 
May and June - - -- -- -- - --- - - ---- t- -- -- --- - ---- - -- --
1958 Dark meat : 8 64 5 J6 I 

ape 0 • •• 59-77 67 7 H -424 3 ) lZ 
Center " . -65 62 2 344 -3 2 3 II 
Ta il . . . .. 60-68 63 3 J50-)8) J70 IZ 

1 CT Suodard deviat ion . 



content of moisture, a somewhat higher con
tent of protein in the light meat, and a much 
lower content of oil than had the fish from 
off the United States. 

The a lbacore from the Eastern P acific had 
the highest oil content of a ll the tuna analyzed. 
Although the oil was uniformly high in these 
fish , the oil content was higher in the nape than 
in the other sections. A comparison between 
the light and dark meat shows that the light 
meat contained more protein and oil and less 
moisture than did the dark meat. 

Samples of belly flap were analyzed from 
two lots , one from Japan and the other from 
the United States. The fish from Japan had 
about the same concentration of oil in the belly 

flap as in the li ght meat - 0.73 percent. The 
concentration of oil in the lot of United States 
fi sh from which the belly-flap samples were 
taken was high - 9 to 17 percent; and the 
concentration of oil in the belly flaps was very 
high - 36 percent. The concentration of pro
tein in the latter samples was low, averaging 
18 percent. 

The sodium content of the albacore was 
within the range of t hat required for dietetic 
foods. The sodium content of the dark meat 
was just slightly higher than that of the light 
meat. The values for potas ium content cov
ered a broad r ange, appa rent ly with greater 
differences in the light meat t han in t he dark 
meat. 

II. BLUEFIN 

Only 19 bluefin (fewer than the number of 
samples from any of the other t una) were 
analyzed. The fish were caught from Southern 
California to Ecuador and were dry frozen. 
Data for the bluefin tuna are given in Table 5 
(proximate composition) and Table 6 (sodium 
potassium) . 

The amount of oil in the bluefin tuna was 
about half of t hat in the albacore from the 
Eastern Pacific. The light meat of the blue
fin contained more oil than did that of the 
skipj ack and yellowfin , although the dark 
meats contained about the same amounts. The 
oil content was variable. F or example, the 
concentration of oil in one lot of 10 bluefin 

tuna taken in June varied from 3.5 to 9.5 per
cent. The oil conten t was both greater in 
amount and more variable in the light meat 
than in the dark. 

The protein content was also higher in the 
light meat. A comparison among the different 
sections from the fi sh shows that the meat 
from the nape was highest in oil and lowest 
in protein, whereas the meat from the tail 
was the reverse. 

The content of sodium in the light meat was, 
like that in the albacore, slightly higher in the 
dark meat. The content of potassium covered 
a fairly broad range. 

Table 5.-Proximate composition of 19 bluefin tuna caught off Southern California and Mexico, 1958-61 

Portion 
Mois ture Protein Oil Ash 

of fish Range Average U 1 Range Average U Ran ge Average u Range Average U 

P lrcUI.t Pactnt Ptrunt P(rant Pactnt Puunt Puant Puctnt Puctnt Puunt PuCtnt Puen,t 

Light meat 69 .2 2.6 25 .2 1.1 5.50 3.05 1.29 0 . 11 
Nape .. 62 .1-72 . 1 67 .7 2.5 22 .6-25.4 24 .2 0 .9 3.54- 14 .34 7.96 2.83 1.12-1.80 1.26 0 .14 
Center 64 .9-73 .7 69 .5 2.2 23 .3-26 .7 25.4 0 .8 1.71 - 10.13 5. 14 2.15 1.20-1.79 1.31 0. 13 
Tail . .. 65.4-74 .3 70 .6 2.3 25.0-26 .9 25.9 0 .5 0 .73-8.43 3.42 2.17 1.21-1.40 1.29 0.05 

1--- -- - --- --- - -- -- - --- --- - --1---- --- ---
Dark meat 70 .3 1.3 24 .2 1.4 4.61 1.30 1.32 0 .09 

Nape . . 67.4-72.8 69.8 1.5 2 1.9-25 .6 23 .3 1.1 3.6 1-8 . 16 5.76 1.27 1. 19-1.54 1.34 0 .10 
Center 67.9-72.2 70 .9 1.1 22 .8-26 .8 23.9 1.1 2.80-5 .66 4 .08 1.20 1. 22- 1.48 1.33 0 .07 
Tail ... 67.7-72.3 70.0 1.2 22 .9-27 .7 25 .3 1.1 1.28-5.7 1 3.98 0 .94 1.11 - 1.45 1.28 0 .07 

1 (1 = Standard deviation. 
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Table 6.-Sodium and potassium in 9 dry· frozen blue6n tuna caught off Southern Cali forni a 
and Mexico, 1958-61 

Sodium POlusiu m 
P ort ion of fi sh 

R ange A verage a 1 R ange Average a 

Mg./100 g. II1 g./100 g. M g./ 100 c· M g./100 C· Mc ./1OO C· Mc./1OO C· 

L ight meat : 53 I I 368 29 
Nape . . ......... 46-74 54 8 326-386 355 18 

Ce nter .... .. . ... 4 2- 11 9 47 4 325-407 376 27 

T ai l . . .. ..... .. . 5 1-89 63 II 302-410 375 3J 
---- 1-- --- ---- -- -- ---- r-----

Da rk meat: 80 12 328 25 
N ape ... .. .. . ... 6 4- 106 88 13 300-350 3 17 22 
Center . . .. .. ... . 60-89 77 7 295-384 335 28 

T ai l ....... .. .. . 57-95 74 II 296-354 332 21 

1 (1 = Standard deViati on . 

III. SKIPJACK 

Six lots of skipj ack were analyzed. They 
consisted of 59 fish caught during the summer 
of 1958 to 1961 from Southern California to 
Peru. Treatment of the fish on the vessel 
varied: three lots were brine frozen, two lots 
were dry frozen , and one lot was held in ice . 
Data for the skipjack are given in Table 7 
(proximate composition) and Table 8 (sodium 
and potassium). Variation in proximate com
position that occurred within lots was similar 
to the overall variation; no differences in com
position can be attributed to differences in 
treatment except that the amount of ash was 
from 0.5 to 1 percent higher in the brine-frozen 
fish. 

The oil content of the skipjack was lower 
than that of the albacore (United States ) and 
the bluefin but was more than that of the yel-

lowfin . The oi l content was lower in the light 
meat than in the dark meat, but th pr t in 
con tent was higher in the light meat. A com
pari on of the different ections how tha 
the light meat in the nape, unlike that of the 
albacore and bluefin, did not contain more oil 
t han the rest of the fi sh did. The dark meat in 
the nape, however, was higher in il content 
than in the center or tail section . The greater 
the amount of oi l present, the greater was the 
di fference in oil content between the meat in 
the nape and in the center. The ample of 
belly fl ap from the ki pjack were from fi h 
with a low oil content, and the oil content of 
the belly fl aps wa intermediate betw n that 
of the light meat and of th dark meat of the 
fi sh. 

The light meat of brine-froz n fi h ab
sorbed large amoun of sodium. The small r 

Table 7.-Proximate composition of 59 wpjack tuna caught off the coast from S outhern California to PUll , . ummen 
of 1958-61 

Panion Moisture Protein Oil 

of fi sh Range Average a l R ange Average a Range A verage a Ra nge 

Pu(tnt Puunl Puunt Puunt Puunl Puunl Puunt Puunt Ptrct,.t PUUrtt 

Light meat : 70.9 1.5 26.5 0 .6 2 . 13 1 65 1 66 on 
ape .. 66 .9-73 .5 71.1 1.4 - .3-27 . 26.4 0.6 o H · .44 2.06 I • I Z}·3 }t 1 61 039 

Center 65 .2-7 .0 70.6 1.7 24.6-2 .2 26.6 0 .7 040-9 .39 2.39 1.94 I } 050 
T ail " . 6 .0-73.3 71.0 1.3 25 . 1-27. _6.6 0 .6 039-5.94 1.92 1.46 I 4 065 

--- ---
69.2 2.2 24 . 1 1.4 2.2 I }6 016 
6 .6 2.4 21 .5-26.0 23 . 1.3 254 I } 01 4 

enler 69 .4 2 . 1 21 .5-26.6 2 1.3 15 IH 013 
To il 69 .5 1.9 21. 1-Z .6 24 .7 I.l IH O!O 

l a = 



tail sections, as one would expect, absorbed 
greater amounts of sodium. 

The amount of potassium in the different 
lots was not significantly different, a lthough 

the variation in samples of the dark meat was 
greater and the amount of potassium may be 
slightly lower in the dark meat than in the 
light meat. 

Table 8.--Sodium and potassium In dry. and brine· frozen skipjack tuna caught 011 the Coast from Southern Cali· 
fornia to Peru, summers of 1958·61 

Samples Sodium P otass ium 

T reatment F ish Portion R ange Avera ge u 1 Range Average u of fi sh 

Nu mb" Mg./ IOO g. Mg./ I OO g. Mg ./ IOO g. M g./ I OO g. Mg./ I OO g. Mg ./IOO g. 

D.ry 19 Ligh t mtat : 48 9 376 17 

frolen Nape .. .. . 38-72 53 \I 353-407 379 14 
Center . . . . 38-55 4 5 6 342-405 381 17 
T ai l ' ... .. 36-57 4 5 6 334-402 370 16 

------ ----- ----- f- ---- ----- ----- -----
D ark meat: 59 9 35 5 38 

Nape .. . .. 45-78 6 1 9 284-4 39 356 37 
Center .... 46-75 58 9 303-437 353 39 
T ail .. . . . . 42-68 54 8 287-439 353 38 

Brine 10 Light meat : 387 127 407 14 

frozen Nape . . .. . 229-339 29 3 36 38 8-429 405 II 
Center . .. . 253-6 13 377 108 394-439 416 14 
Ta il .... .. 3 18-686 492 124 382-41 0 400 9 

--- - -- ----- ----- 1--- -- ---- - ----- - ----
Dark meat : 72 9 366 24 

Nape ... . . 58-82 73 7 34 1-400 365 23 
Center .. . . 56-78 67 7 335-4 16 367 26 
Tail . . . ... 63-104 74 \I 339-406 365 24 

1 a Standard deViation 

IV. YELLOWFIN 

Five lots of yellowfin were analyzed. They 
consisted of 39 fish caught from Southern Cal
iforn ia to Ecuador. Ten fish were iced , 7 were 
dry frozen, and 22 were brine frozen . Data 
for the yellowfin are given in Table 9 (proxi
mate composition) and Table 10 (sodium and 
potassium). Two lots contained both dry-fro-

zen and brine-frozen fish. The only difference 
between them was in the ash content, which 

was higher in the brine-frozen fish; the in

creased amount was almost exactly that calcu
lated from the uptake of sodium chloride and 
potassium chloride. 

Table 9.-Proximate composition of 39 yellowfin tuna caught off the Pacific Coast of Mexico and South America, 1958-61 

Port ion 
M oisture Protein Oil Ash 

of fi sh Range A ve rage u 1 R ange A ve rage U Ran ge Average U R ange Average u 

Ptr ( t1tt Ptr((nt Ptr(( nt Pu(( nt Pu((nt Pu(( nt Ptr(( nt Pu((nt Puunt Puclnt PUUllt Pucud 

Light me.t: 72 .9 1.4 25 .5 0 .9 1.22 0 .97 1.77 0 .42 
N.pe . . 70 .3-75.6 73 _1 1.3 23 .2-26 .7 25 .3 0 .8 0 .53-3.92 1.3 1 0 .95 1.30-2 .27 1.64 0 .29 
Center 69 .9-75 .7 72.9 1.4 23 .4-26 .9 25.6 0 .8 0.46-4 .10 1.21 1.01 1.29-2.53 1.76 0 .37 
T. i1 ... 69.5-75 .9 72.6 1.4 23.0-27. 5 25 .6 1.0 0.47-4 .2 7 1.15 0 .95 1.27-2 .66 1.92 0.52 

-- - --- f- -- --- f---- -- - ---- --- --- ---- --- ---
Dark mea t : 70 .6 1.9 23.4 1.1 4_18 1.98 1.67 0.42 

Nape . . 67 .2-7 4 .5 70.4 2.2 2 1.1-24 .9 23. 3 1.0 1.79- 10.70 4 .60 2. 19 1.25-2. 17 1.58 0 .25 
Cente r 68.2-73 .4 70 .7 1.6 21.1-25 .6 23.4 1. 1 1.3 1-8 .96 4 .12 1.63 1.1 6-3 .25 1.60 0.41 
Ta il ... 66 .7-7 4.4 70.7 1.9 21.3-25.5 23 .6 1.0 1.3 7-9 .57 3.69 1.85 1.19-3 .2 1 1.82 0 .51 

1 U Standard deviation. 
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The amount of oil in the light meat of the 

yellowfin was the lowest of any of the tuna 

sampled from the Eastern Pacific. The oil 

content, nevertheless, was variable and was 

higher in the dark meat than in the light meat. 

The amount of oil in the dark meat was about 

the same as that in the dark meat of bluefin 

and skipjack. 

Both the light and the dark meat of the 
brine-frozen fish absorbed large amounts of 
sodium. The absorption of sodium by the dark 
meat is probably not due to a species difference 
but is more likely to be a function of the concen
tration of brine, length of time in the brine, 
or both. The amount of potassium in the dif
ferent lots was not significantly different, al
though the amount of potassium may be 
slightly lower in the dark meat. 

Table 10.--Sodium and potassium in dry. and brine· frozen yellowfin tuna caught off the Pacific Coast of Mexico and 
South America, 1958-61 

Samples Sodium P ot assium 

Treatment Fi sh Po rtion of fi sh Range A verage 17 1 R ange - A verage 17 

Nu mb" M g./ IOO g . Mg ./I OO g. M g./ I OO g. M g./ I OO g. M g./ I OO c. Mc'/100 g. 

Dry 7 Light meat : 94 3 1 380 27 
frozen Nape .. , . 36-97 8 1 20 357-429 383 22 

Center .. - 4 1- 114 87 22 356-408 383 17 
T ail .. ... 34 -145 11 5 36 34 1-450 375 36 

------ -- --- - - -- - ----- - - --- ----- e- -- ---
Dark meat : 9 1 20 335 18 

Nape .. , . 6 5-100 86 13 286-355 330 21 
Center " . 60- 112 85 18 308-35 5 33 7 16 
Ta il . .. . . 63- 147 10 1 24 303-3 58 339 17 

Brine 12 Li ght meat: 384 110 401 33 
frozen Nape . ... 235-486 30 1 66 332-446 409 32 

Center . .. 293-4 55 346 58 337-450 416 27 
Tail ... .. 441 -706 506 72 303-408 379 26 

- - -- - - ----- ----- ---- - - - -- - ----- -- --- -
Dark meat : 279 145 36 1 41 

, Nape .. , . 77-435 186 104 275-48 3 367 59 
Center " . 100-310 188 57 284-39 7 368 28 
T ai l ..... 372-532 449 56 270-3 77 348 27 

10' Standard deViation . 

GENERAL OBSERVATIONS ON THE FOUR KINDS OF TUNA 

All the tuna had a very high content of pro
tein, and the light meat had a higher content 
than the dark meat. The concentration of 
oil in these samples varied from 0.4 to 17.5 
percent. The variation appeared to be due, 
at least partially, to differences in the species. 
The oil content has been thought to be higher in 
dark meat than in light meat. This was true 
for skipjack and yellowfin but not for albacore 
and bluefin. 

The composition of tuna from the various 
areas did not differ, with the exception of one 
lot of albacore obtained from off Japan. Thus, 

worldwide samples a re needed before any con
clusion can be drawn about the effect of lo
cation of catch on the composition of tuna. 

Most of the samples (88 percent) were ob
tained between June and September. Al
though no differences were noted in the three 
lots not caught during this period, the sam
pling was too small to be meaningful. 

The amount of sodium found in the var
ious samples depended on whether the fish 
were dry frozen or brine frozen . The amount 
of sodium in the dry-frozen fish was slightly 
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higher in the dark flesh than in the light flesh. 
In the brine-frozen fish , which contained from 
4 to 19 times more sodium, the light flesh ab
sorbed considerably more sodium, however, 
than did the dark flesh. The smaller tail sec
tions absorbed more sodium than did the 
thicker nape and center sections. 

The amount of potassium was higher in 
the light meat than in the dark. In brine
frozen fish, more potassium was absorbed by 
the light meat than by the dark meat. Un
like the findings with sodium, however, the 
tail did not contain more potassium than did 
the rest of the fish . 

SUMMARY 

Light and dark raw meat of nape, center, 
and tail sections of albacore, bluefin, skipjack, 
and yellowfin caught over a 4-year period 
(1958-61) were analyzed to determine prox
imate composit ion and sodium and potassium 
contents. 

All the tuna had a very high concentration 
of protein (20-29 percent), light meat having 
a higher percentage than dark meat. The 
greatest variation was found in the amount 
of oil, which ranged from 0.4 to 17.5 percent. 

Albacore from the Eastern Pacific had the 
highest oi l content, followed by bluefin, skip
jack, yellowfm, and a lbacore from the Western 
Pacific. Oil content in dark meat of skipjack 
and yellowfin was higher than in light meat, 
but t his was not true for a lbacore and bluefin. 

Brine-frozen tuna absorbed alt and con
tained from 4 to 19 times more sodium than 
dry-frozen fi sh did . Light meat absorbed a 
greater amount of sodium than did dark meat. 
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USE OF SODIUM ACID PYROPHOSPHATE TO 
RETAIN NATURAL MOISTURE AND 

REDUCE STRUVITE IN CANNED KING CRAB 
(Paralithodes ssp.) 

by 

Robert Jones 

ABSTRACT 

Sodium acid pyrophosphate in varying concentration wa add d at tw I v f 
pH to king crab during canning. Salt also was added. 

Adding 0.25 and 0.35 percent of sodium acid pyropho I hat incr a d th 
tion of moisture by almost 2 percent. Struvite either did not d velop 
very little during storage of the product for 1 year. 

Addition of pyrophosphate in concentration greater than O. percent ad r Iy 
affected the taste of the product. Addition of pyrophosphate in c ncentraLion I than 
0.25 percent did not improve the product. 

INTRODUCTION 

The quality of canned king crab can be 
improved by the elimination of struvite and by 
the retention of natural moisture. truvite 
is common in this product e en after short 
periods of torage. Although struvite is harm
less, its re emblance to broken gla s make i 
presence un de irable in the canned product. 
The moi ture that i 10 t from the ti ue of 
the crab durinO" the variou tep of the proc
e ing of them repre en 10 e in yield and 
result in ad er e change in texture and re
duced juicine . 

On p mean to incr a e the reten-
tion of moi ure and to reduce the formation 
of tru ite i t add polypho phate compounds 

to th crab mat. Th 

iz 
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prevent them from forming. Although the 
Japanese have done con iderable work on the 
development and prevention of truvite in 
canned king crab, their findings apparently 
have not been applied commercially. 

The effectiveness of pyrophospha te in red 
meat to increase the retention of moi t ure and 
in canned seafoods to prevent struvite from 
formin g led us to inve tigate its use to im
prove the quali ty of king crab products . This 
investigation was carried out in two main 
stages : The first stage consisted of model
scale studies and certain laboratory experi
ments. The second stage consisted of an ex
periment made in a commercia l king crab 
cannery. 

Model-Scale and Laboratory 

Studies 

The model- cale experIments in the first 
st< ge of Oul' investigation indicated that the 
retention of moisture can be improved in 
cooked king crab meat by the addition of 
sodium tripolyphosphate or sodi um acid pyro
phosphate together 'with salt. In the e model
scale experiments, the pH, salt, and polyphos
phate levels a ll influenced the binding of 
moisture. 

Following the model-scale studies, we made 
several prelimina ry laboratory experiments 
to select the specific polyphosphate and to de
termine the levels of pH, salt, and polyphos
phate for an in-plant study. In these lab
oratory experiments, polyphosphate solutions 
were added to the cans after they were packed 
with king crab meat and before they were 
retorted. We selected this point of addit ion 
because it would permit the polyphosphate 
to be added with brine j ust prior to seaming 
of t he cans and would require no other change 
in t he normal canning procedure. Commer
cial processors use either single-cook or double
cook methods in preparing t he crab meat for 

canning. In the single-cook method, the cook
ing is completed while the meat remains in 
the hel l. In the double-cook method, the meat 
is partially cooked in th shell (enou gh to 
firm the meat ) , t he meat is extracted, and 
cooking is com pleted with the meat alone. 
In the laborat ry, we used both meth d . 
Sodium acid pyropho phate and sod ium tri
polypho phate were added in aque us olutions 
t hat varied from pH 5. to pH 6.5 and in 
amount from 0.15 to O. 0 percent P 2 5 (ex
pre ed as percentag of th fill weight of 
crab meat). 

Resul ts from these preliminary experi
ments indicated that s dium acid pyrophos
phate was mol' ffective in retaining moi -
ture than wa sodium tripolYl)ho phate. We 
found it to be mo t effective when the pH was 
adj u ted between 6. and 6.2 in the presence 
of about 1.0 percent added salt. The method 
of cooking wa not a factor - that i , neither 
the single-cook nor the double-cook method 
influenced the effectivene . 

Commercial Cannery Studies 

This paper reports on the second stage of 
our investigation. Thi second stage consist
ed of an experiment carried out in a com
mercia l king crab cannery under controlled 
production condition ba ed on the model-scale 
and laboratory studies . The purpo e of this 
second-stage experiment ,vas to determine the 
feasibility of adding sodium acid pyrophos
phate ( a2H2P 20 7 ) to canned king crab in 
order to produce a product of better qua lity. 

In making this determ inatio n , we ap
proached the problem from two points of view 
- quantitative and qualitative. The quant i
tative aspects studied were t he effects of so
dium acid pyrophosphate on yield and on 
changes in pH. The qualitative aspects were 
its effect on struvite, on blueing and sulfide 
blackening, and on taste and texture. 

I. QUANTITATIVE ASPECTS 

In this in-plant experiment to can king 
crab with the addit ion of sodium acid pyro-
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phosphate under commercial conditions, var
iations in pH and of the added components 



were restricted to relatively narrow limits, 
owing to the adverse flavor changes that ac
company excessive use of sodium chloride, 
sodium acid pyrophosphate, and high acidity. 
In this study, as was indicated earlier, we 
determined both the yield and the changes in 
pH. 

A. YIELD 

1. Procedure 

The concentrations of pyrophosphate used 
were expressed in terms of P 2 0 s as a per
centage of the fill weight of king crab. The 
concentrations were obtained by adding stock 
solutions to the cans t o result in 1.00, 0.75, 
0.45, 0.35, or 0.25 percent phosphate by weight 
of the total fill (weight of crab meat plus 
topping fluid). These stock solutions were 
adjusted to pH 6.0 and 6.2. Reagent-grade 
sodium chloride was added to a ll experimental 
samples at a concentration of 1.1 percent 
(based on the total fill) in place of commer 
cial brine. 

For comparison with the experimental lots, 
three control lots were prepared : (1) a lot 
with 1.1 percent of sodium chloride added, 
(2) a lot with regular brine containing salt 
and citric acid added, and (3) a lot with water 
only added. Enough water was added to each 
experimental and control sample so that the 
weight of additional solution added to each 
can containing 200 grams (7.05 ounces) of 
king crab meat was 35 grams (1.23 ounces) 
in each sample. The solutions were added 
just before we vacuum seamed the cans. 

We prepared the canned king crab by using 
the usual commercia l canning procedure, var
ying only the topping fluid. Live king crab 
were butchered and cooked in water at 165 0 

F. (74 0 C.) for 10 minutes. After the shells 
were removed and the meat examined for 
extraneous material, the meat was cooked 
a second time in steam for 10 minutes. The 
cooked meat was again inspected, sorted, cut 
to size, and filled into cans. The cans, after 
being filled by cannery personnel, were se
lected at r andom and were: 

(a) Filled with fresh water and a llowed 
to stand for 10 minutes. 

(b) Inverted on a screen and allowed to 
drain for 10 minutes . 

(c) Adj usted to 200 grams (7.05 ounces ) 
net weight by the addition or removal 
of drained crab meat. 

(d) Filled with 35 grams (1.23 ounces) 
of the appropriate experimental or 
control solution . 

(e) Seamed. 

(f) Retorted for 55 minutes at 240 0 F . 
(116 0 C.). 

(g) Cooled to about 100 0 F . (38 0 C.). 

The experimenta l pack was sent from the 
cannery to the laboratory, where cans of each 
lot were opened periodically for examination. 
We determined the drained weights by spread
ing the crab meat on a screen with 8 meshes 
per inch (8 meshes per 2.54 centimeters) and 
by a llowing the meat to drain for 2 minutes . 
We calculated the yields by taking the drained 
weight as a percentage of the 200.0-gram fill 
weight of crab meat. 

2. Resu lts 

Figure 1 shows how adding the pyrophos
phate affects the retention of moisture of 
canned king crab meat. The yield was de
termined after 1 month's storage, by exam
ining 12 cans representing each treatment. 
Samples containing the pyrophosphate gener
a lly gave higher yields than did the controls. 

By considering each of the 13 lots as a 
different treatment and by using the method 
described by Snedecor (1956) , we found that 
the water control differed from all pyrophos
phate-treated samples and from the salt con
trol at the 95-percent level of confidence. On 
the basis of the same method, the yield from 
6 of the 10 pyrophosphate-treated samples ex
ceeded the yield from the normal plant brine 
samples significantly. Other comparisons 
among single means were not significant. The 
means for a ll pyrophosphate treatments ex
ceeded those for water "and plant-brine con
trols. Also 8 of the 10 treatment means ex
ceeded that for the salt control. Table 1 shows 
the complete data . 
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pH pH pH pH pH 
Plant 

6.0 6.2 6.0 6.2 6.0 6.2 6.0 6.2 6.0 6.2 Water brine Salt 
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:, 
Na2H2P20 7 (as percent P2 05 ) 

~ 
TREATMENT CONTROLS 

Figure 1.-Yield of drained king crab meat canned with addition of sodium acid pyrophosphate. 

Table 1.- Yield after 1 month of storage of canned king crab containing sodium acid p yrophosphate and salt 

~ 

~ Pyrophosphate added at pH 6.0 
~ 

in the following conce ntrations: 
C. 
~ 

.25 0/0 .35C(; .4 50/'0 .75 % 1.00% .25% 

No. Pucen t P erCtnt Puce nt Puce ni PuCt nt P uCtTlt 

I 94.0 93 .3 9 1.7 90.3 91.0 9 1.1 
2 92 .4 92 .0 90.8 93.4 9 1.4 92 .0 
3 93.S 92 .2 92.3 92.8 9 1.7 94.0 
4 93 .2 93 .6 94.5 92.3 9 1.2 91.1 
5 93 .2 92.2 90.0 92.5 89.3 92.7 
6 90 .0 92.1 88 .5 89.9 92.6 93.3 
7 90 .7 9.2 87 .9 9 1. 3 90.7 92 .0 
8 90 .0 9 1.2 88. 5 93. 7 90.2 90.6 
9 90 .1 9 1.7 9 1.3 9 1.7 91.9 90.3 

10 90.2 93.8 9 1.9 90 .9 93 .0 9 1.2 
II 92.7 93. S 92.1 9 1.0 89 .5 9 1.2 
12 9 1.4 92.6 90.1 9 1.0 88.9 92. 1 

!'.[ean 91.7 92.3 90.S 9 1.7 91.0 91.8 

Since the individual pyrophosphate-treat
ment means did not differ ignificant ly from 
one another, the pyrophosphate-treated sam-

6 

Yield 

Pyrophosphate added at pH 6. 2 Control sampl es in the followi ng concent rat io ns : 

Water P lant Salt .3 5% .4 5 % .75% 1.00% only brine 1.1 % 

Perce n t Pactnt Puce nt P ercellt Puunt Puant Percent 

92. 1 90.8 90.2 9 1.7 89.5 9 1.6 9 1.2 
93.0 90.7 92 . 1 91. 1 90 .9 9 1.5 9 1.8 
93. 5 93. 1 91.3 92 .8 90.3 89.5 93.7 
93.6 9 1.6 89 .2 89.7 -- 90.3 90.7 
9 1.1 90.9 93.6 94 .2 8 .7 89. 1 89.3 
93. 1 90.0 9 1.8 91.2 89. 1 88.7 90 .8 
9 1.6 9 1.6 92 .5 92 .5 88.S 90 .8 92 .9 
89 .4 9 1.9 93.8 92.4 88.0 8S.4 9 1.2 
92 . 1 93 .7 90 .9 89.3 87.S 89.S 9 1.3 
9 1.4 9.6 9 1. 3 90.0 88. 5 90.4 89.5 
93 .8 93 .3 92 .6 92 .2 88.9 89.4 92 .5 
9 1.6 94.0 92.5 88 .6 86.5 87.S 90.4 

92 .2 9 1.7 9 1.9 91.3 88 .8 89.8 91.3 

pIes were combined for comparison with the 
control samples. The yield from the pyro
phosphate-treated samples exceeded that from 



the normal plant-brine samples by 1.8 percent. 
Statistical analysis showed that the mean dif
ference of 1.8 percent was significant at the 
99-percent level of confidence. 

In addition to the examination after 1 
month, three cans of each control and treat
ment lot were again examined for yield after 
storage at room temperature for 6 months and 
for 12 months. Yield data from the stored 
samples confirmed those from the I -month 
examination. 

B. pH 
After the drained weight was determined 

as described in Section A, the pH of the fluid 
drained from each can was measured by a 
Beckmann pH meter. 

The pH values of the fl uids drained from 
the finished products indicated a decrease in 
pH with increasing concentration of pyro
phosphate (Table 2 ) . The samples with so
lutions added at pH 6.0 remained more acidic 
than did those with solutions added at pH 
6.2. Finished-product pH values in samples 

Table 2.- pH of fluids drained from king crab canned 
with sodium acid p yrophosphate and h eld in 
storage 

Pyrophosphate added at : pI! after: 

pH Concent ra tion I month 6 month s 12 months 

PUClnt 

6.0 0.25 6.77 6.76 6.82 
0.35 6.70 6.79 6.76 
0.45 6.67 6.77 6.69 
0.i5 6.5 6.66 6.57 
1.00 6.52 6.64 6.51 

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

6. 2 0.25 6.78 6.99 6.80 
0 .3 5 6.75 6.90 6.78 
0.4 5 6.7 1 6.89 6.72 
0.75 6.63 6.80 6 .65 
1.00 6.60 6. 70 6.58 

Water 6.93 7.00 --
Salt (1.1 % ) 6.88 7.00 --

Control s 
Plant brine 6.80 6.89 --
(Salt & citri c 

acid) 

containing pyrophosphate were lo"ver after 
storage for 6 and 12 months than were those 
fo r the control samples. The buffering pro
perties of the pyrophosphate solutions were 
evident. 

II. QUALITATIVE ASPECTS 

Each can used in the determination of 
drained weight described in Section lA was 
examined by the author for struvite, blueing, 
and sulfide blackening. In addition, the prod
uct was tasted, and its texture evaluated by 
the author or a member of the laboratory 
staff. 

A. STRUVITE 

Struvite was present in all control samples 
in moderate to severe degrees at the 6-month 
and 12-month examinations (Table 3) . In 
contrast, after 6 months of storage, struvite 
was not found in any can with added pyro
phosphate. After 12 months, struvite was 

1 Use of trade names does not impl y endorsement. 

barely detectable in 2 of the 24 cans exam
ined that had pyrophosphate added. 

B. BLUEING AND SULFIDE 
BLACKENING 

The storage data (Table 3) a lso suggest 
that the inci d enc e of blueing and sulfide 
blackening was more pronounced in control 
samples than in pyrophosphate-treated lots. 

C. TASTE AND TEXTURE 

At higher concentrations (0 .75 and 1.00 
percent) , pyrophosphate could be detected by 
taste in the finished product, but at the lower 
concentrations it could not be detected . The 
texture of the samples containing sodium acid 
pyrophosphate and of the controls did not 
differ noticeably. 
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T able 3.-Occurren ce of struvite, blueing , and sulfide blackening In king crab can.ned with and without addition of 
sodium acid p yrophospha te 

Can, showing: 

T reatment 
St ruv ilC Blu ein g Sulfide blackening 

ahe r: .. he r: after: 

6 months 11 monlh .. 6 mont h. 12 month. 6 month. 12 month. 

No . 0/0 No. '/0 o. 0/'0 No . 0/0 N o. 0/'0 No . 0/'0 

No 
pyrophosphate 8 8 5 6 4 6 

added of 100 of 100 of 63 of 75 of 50 of 75 

(cont rols) 8 8 8 8 8 8 

Sodium acid 0 2 II 13 4 10 

pyrophosphate of 0 of 8 of 38 of S4 of 14 of 42 

added 29 24 29 24 29 24 

SUMMA RY AND CONCLUSI ONS 

This experiment indicates that the addition 
of sodium acid pyrophosphate, under certain 
specific conditions, sli gh tly improves the r e
tention of moisture by canned king crab meat 
as compared with that by kin g crab meat 
canned with regular commercia l addition of 
salt and citric acid. No significant difference 
in the r etention of moisture was noted between 
samples to which the so lution had been added 
at pH 6.0 and 6.2. The means indicated , how
ever, that addition of solutions at pH 6.2 was 
slightly more effective. The lower concentra
tions of sodi um acid pyropho phate appeared 
to be more effective than did the highel' con
centrations, a lthough the difference was not 
statistically significant. The addition of this 

compound under th e condition at concen
tration of 0.25 and .3 percent re ulted in 
no det ctable chang in fla or r texture from 
t hat of CUlTent commercial king crab packs. 

torage te t for 1 year indicated the almo t 
complete protection of truvite in can con
taining odium acid pyropho phate. 

The re ult of thi experiment indicate 
that by the u e of odium acid pyropho phate 
and the procedure pre en ted here, the forma
tion of truvite will be inhibited for ..at lea t 
a year. They al 0 indicate that the yie'ld of 
canned king crab will not be reduced and that 
blueing and ulfide blackening and ta te and 
texture will not be changed adver ely. 
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MECHANIZED HAUL SEINE FOR USE 
IN FARM PONDS 

by 

Kenneth l. Coon, Alfred Larsen, and James E. Ell is 

ABSTRACT 
Present methods of harvesting fish f rom farm ponds are time consuming, labor

ious, and wasteful of water. This paper supplies information on a mechanized sy tern 
in which a haul seine and associated equipment are used to capture fish in farm pond 
and a conveyor and associated equipment are used to load and weigh the fi h into trucks 
for shipment to market. The mechanized seine works well both in ponds of small or large 
size and water as deep as 8 feet. 
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INTRODUCTION 

The ur au of mm rial I'i 
eng-ag d in l' s a l' hand d v I pm nl aim d a 
th impro\' m nl of omm l' inl fi sh ri in 
fl o d d ri n Id , farm pond. , and 
in th bottom lands of th 
Ri ver in th olllh nlral ~ al s. 
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mo ion . 

Th commercial farm-pond fish ry h 1'-

lied olely on primili\' m thod. f I' a hing 
and handling fish (Figlll' 1 and:2 si nc it. 
beginning in th early 1%0'$. au: th .. 
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Figure I.-Hand-dipping buffalofish from bar ditch of a drained woodlot reservoir. After about 500 pounds 
of fi sh are placed in the "John-Boat," it is pushed through the debris-filled bar ditch about 3/ 4 

mile to a loading point. 
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Figure 2.- Part of a seven ·man crew seining brood carfish from main pond for planting in hold· 
ing ponds. The operation took 7 hours. 

Investigations of fishing methods and 
equipment that would help solve these prob
lems led to the development of a mechanized 
haul seine for use in ponds and reservoirs that 
have relatively smooth bottoms. The purpose 
of this report is to make available informa-

tion that we obtained on this haul seine be
tween September 1963 and February 1965. 
The report is divided into two main parts : 
the first part describes this haul seine and the 
second part gives the results of testing the 
seine under practical field conditions. 

I. DESCRIPTION OF THE MECHANIZED HAUL SEINE 

The complete mechanized haul seine con
sists of a number of component parts, each 
with a distinct function in setting the net, re
trieving the net, and handling the fi sh , so the 
seine represents a complex system. We con
sider first the equipment in this system -
that is, the various components used - and 
then its operation - that is, the technique used 
to catch fish and then get them into trucks 
for transportation to the market. 

A. EQUIPMENT IN THE HAUL-SEINE 
SYSTEM 

Under equipment, we consider (1) that 
associated with the seine itself and (2) that 
used in the handling of fish. 

1. Seine Equipment 
The seine equipment consists of (a) the 

seine components - that is, the various parts 
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of the seine net - and (b) the seine-handling 
components - that is, the equipment that is 
needed to set and to retrieve the seine. 

a. Seine components.-The eine i con
structed of nylon twine. It consis of two 
wings and a bag section (Figure 3). 

(1) Wings.-Each wing is made up 
of six sections of various length and mesh 
sizes' to facilitate rigging the eine to fi h 
ponds of different areas. Mesh izes r ange 
from 4 inches at the wing end to IV:. inches 
at the bag (Figure 3 ). Large-sized me he 
are used in the leading wing section to reduce 
resistance to drag during hauling. The ends 
of each section are provided with galvanized 
thimbles on the top line and on the bottom 
line to allow the section to be joined together 
by either shackle or cordage. Perpendicular 
breast lines at the ends of adjoining sections 
are laced together. Bridle and brai l at the 
leading edge of each wing help to keep the 
seine wings open vertically and are used also 
for attaching the hauling lines. Jute rope, 
which soaks up water and which i attached 
to the bottom line of the w ing and bag, weighs 
the bottom line down without causing the seine 
to dig into bottom mud during hauling. 

(2) Bag section.-The bag ection of 
the seine con i t of a bag, feet wide, 10 feet 
deep, and 10 feet lono', with wing extensions, 
25 feet long and 10 feet deep, on each side 
of the bag (Figure 3) . The bag section i of 
11/2-inch mesh. 

b. Seine-handling components.-We ha e 
now een that the seine i ft xibly con tructed 
- that is, its length can be chan o' d to adapt 
it to mo t pond. The longel' h ine the 
heavi r and harder to handle i becom . V, e 
therefore look next at the equipm nt to t 
and reb'ie e it. 

(1) 

r carr inO" th 
h ulin O" lin f th n t a r und 

1 All mesh sizes ore stretc:hed measuremen s. 

th 
plac 
a p 

h 11 ing 
man ' n.h 

(b) Blocks.- Th block ar mad 
of s tee!. Th yar e inch 
hav a lot in on ch k t in-
ertion or r moval of a haulin g- lin for an 

iIlu tration of the kin d f bl ck u d, s th 
blocks guidin g the cabl in Fig-ur !1 ) . 

(2 ) 
The ein i 

in a 
mechanica l ein pull r f r I ullin in th haul
ing line a nd the attach d h a\'y in n t. 

(a ) in -hauling lin( .-Th haul-
in g line i %.-inch diam t r , m dium-Iay ma-
nila line ( e Figur a nd 4), which i. mac! 
up int tw ~ -fo t I ng1.h . . It i " a ach d 
a lonO" th I ngth f th in by I -inch oggl 
r p of J ;!-inch diam l r manila ti d th 

ine b t m lin at 2.- -f Ea h 
t ha whi 

facil-

lin \\'h n th In 

b ) ill lJllll ,..-Tw kin. of 
lull r w r d \" I Jl d f r pulling in h 

in -hauling lin < \\ it" -cabl pull I ano 
a r J e-lin ull r. 



Figure 4.-Mobile pontoon barge used for hauling and erring farm-pond haul sein e. 

Figure 5_-Bureau-designed haul seine puller, using cable for hauling lines. 
Earlier tests were made with the puller mounted on a trailer. 
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(b.I) Wire-cable puller.-The 
wire-cable puller had a double dr um winch for 
pulling steel-cable ha uling lines (Figure 5) . 
This puller did not work well because the cable 
tended to dig into the bottom and a lso tended 
to twist. 

(b.2 ) Rope-line p ull er . - Be
cause the wire-cable puller was not satisfac
tory, a r ope-line puller was developed. Th is 
rope-line puller took two forms: one was a 
combination puller and fish conveyor; the 
other was a separate pull er without the at
t ached conveyor. 

(b.2.1) Combination puller 
and conveyor.- The combination device con-

sists of a seine puller mounted on the UI port
ing frame beneath a fish conveyor and pOv"
ered by a 4-hol'sepower gasoline engine (Fig
ur es 6 and 7). In this way, two pi s of 
equipment ar e combined into a single compact 
unit. 

To avoid the possibility of injury to a 
person who may become entangled in the 
ha uling lines and be pulled against the fair 
leads, safety lines were attached to the spark
plug wire of the pull er engin e within r each 
of both men who untie the toggle r opes from 
t he hauling lines. Thus, if a worker becomes 
entangled in t he haul line, a slight pull on the 
safety line wi ll disconnect the spark-plug wire 
and stop the engine. 

Figure 6.-Sein e puller mounted on support frame b eneath fish conveyor, combining seine puller and con
veyor into sing le compac t unit. 
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Figure 7.-Schematic drawing of combination seine puller and fish conveyor showing the main components of 
the system and the method of attaching hauling lines. 



(b.2.2) Separate puller.
A separate seine puller, similar in design to 
the combination puller, was built on a trailer 
to provide a smaller, more mobile unit to be 
used when the conveyor wa not needed (Fig
ure 8). 

2. Fish-Handling Equipment 
Having described the seine and the equip

ment used to handle it, we now consider the 
equipment for handling the fish. This equip
ment consists of a conveyor and a means for 
weighing. 

a. Fish conveyor-A portable grain con-
veyor, powered by a 5-hor sepower gasoline 
engine, was modified to load fish (Figures 6 
and 7) . The speed of the conveyor track was 

'Figure S.-Improved trailer·mounted seine puller. 
and compact unit. 

about 165 to 175 feet per minute, with or 
without load. 

The unit has a hinged fish chute and lifting 
apron attached to the receiving end of the con
veyor for loading fish from the seine (Figures 
6,7, and 9) . The chute is 6 feet 6 inches long, 
and tapers from 7 feet 5 inches wide at the 
far end to 4 feet 8 inches at the base. The 
side'walls are 6 inches high. The chute and 
lifting apron fold back onto the conveyor dur
ing tran it and al·e lO'wer ed into the water 
during operation. Slots between the inside 
walls of the fi sh chute and lifting apron serve 
as fair leads for the hauling lines (Figure 7). 
A ectional canvas belt attached to the drag 
chain between the metal cross bars or buckets 
prevents fish fl·om being caught under the 
cross bars when the conveyor is operated. 

This equipment ·fills the requirements for an independent 
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Figure 9.- Modified g rain conveyor used to load fish after the haul seine has been beached. 

FutUl'e conveYOl' model co ul d be im pr oved 
by: 
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1. Use of li ghtweight const ruction mater
ial such as a luminum that wou ld l'e
duce the weight of the conveyor and 
thereby permit its ea iel' handling at 
pond sites. 

2. Use of design features that would a ll ow 
t he conveyor to be l'ead il y shOl'tened 
or lengthened to meet loading l'equire
ments , 

3. Use of a ru bbel' conveyor belt with 
rubber clea ts to eliminate bruising of 
fi sh, especia lly those destined fOl' live 
markets or pay lakes (ponds where 

SPOl't fi shermen pay a fee f or the priv
il ege to fi h) . 

b. Catch -weighing equipment .-~ 0 24-
by 24- by 13-inch basket of ll·h -inch mesh 
expanded steel attached to the upper , or exit, 
end of the conveyor receive the fi sh, where 
they a l'e weighed (Figure 10). A tripping 
mechanism a llows one side of the bottom of 
each basket to drop 10 inches and the fish 
to slide through the opening into a truck. The 
weighing baskets, each with a spring scale of 
160-pound capacity, are mounted on a revol
ving bar so that while one basket is being 
filled , the other is being weighed and emptied. 



B. OPERATION OF THE HAUL SEINE 

In the preceding Section A we saw wha t 
the seine itself and the seine-ha ndling equip
ment i like and what the fi h-hand ling equi p
ment is like. In the pr esent ection B, \\ e sha ll 
see how to use the equipment to ca tch the fi sh 
and to handle them UI to the po int where they 
are weighed and are ready for transpor ta t ion 
to market. We consider first the method of 
using the seine to catch the fi h and then that 
of r emoving the catch from the seine, weighing 
the fish , and dumping them into a t r uck. 

1. Getting th e Catch 

etling t h cat h in\' h 
primary t i C nit in ing 
and r etri ving qui] m n r ad~· . a nd th 
onda ry t p consi t in actually capturing th 
fi h. 

a . Readying the e quipment. -Th 1 ri-
mar y tep in ol\' fi\' ul t I , . "'hi h ar 
carried out a fo llo\\" : 

1. tack t he in e n t n th I arge wi h 
the ha uling line atta h d to th I 
line of t he eine (Figur 11 . 

F igure lO.-Revolvin g fi h ba kets at exit end of fish co n ve or used to w i h t catch. 
m echanism and 160·pound·capacity sp ri ng scale. h ile on basket i b In oth l' 

weighed and emptied into the loading truck. 

1 1 



Figure ll.- Nylon haul seine stacked on pontoon barge and read y to b e set over the stern rolle.r. 

it to facilitate setting - that is, stack 
it in the sequence: left hauling line, 
left wing, bag section, right wing, and 
right hauling line. 

2. Position the seine puller or combination 
seine puller and conveyor on the bank 
of the pond in the harvesting area. 
When the puller-conveyor is to be op
erated, place the receiving end of the 
conveyor nea r the water's edge and 
lower the fish chute into the water. 

3. Stake a steel block to the bank at each 
proximal corner. If the pond is of con
siderable length (over 400 f eet), add 
a second block on each side of the pond. 

4. Launch the barge with the seine a
board and position the barge directly 
in front of the puller. 

5. Fasten the leading end of the right 
hauling line to the winch head, draw 
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it past the fair-lead roller, and around 
t he fair lead a ll on the right side (when 
facing the pond) of the seine puller 
(Figure 7). 

b. Capturing the fish.-Having readied 
the equipment by loading the seine barge, 
positioning the puller-conveyor, staking the 
steel blocks in position, etc., we now can take 
the secondar y step of capturing the fish by 
setting the net and then hauling it in. 

(1) Setting the net.-The hauling 
lines and net a re payed out as follows while 
the barge t r avels counterclockwise around the 
perimeter of the pond (Figure 12): 

1. Payout the right hauling line over the 
seine roller of the barge while pro
pelling the barge toward the block 
staked at the near right corner of the 
area to be seined. 



A r---~--__________________________ ~ 
B~ __________ -=~ ____________ ~ 

c 

-----

) 

-----~ 

Figure 12.--Operation of farm-pond haul seine. 
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2. Put the line through the corner block, 
and propel the barge a long the right 
side of the pond to the second block (if 
used ) , and attach the hauling line to 
the block. 

3. Continue propelling t he barge down 
the right side of t he pond , paying out 
t he hauling line over the seine r oller. 
Then, when the seine net is r eached, 
set out t he seine and the line simul
taneously whi le pr opelling the bar ge 
around the pond in a semicir cular pat 
tern (Figure 12A) . 

4. Continue propell ing the bar ge around 
the pond paying out t he hauling line, 
and attach it to the left- ide block (if 
used ) and the corner block. 

5. Upon returning the bar ge to shor e, 
put it on the beach or otherwise set 
it out of t he way. 

6. Run the r ema in i n g h a uli ng lin e 
through the fair lead, or by t he fai r 
lead roller, and around the winch head 
on the left side of the seine puller to 
complete t he setting opel·ation. 

The net is now ready for hauling (Fig
ure 12B ) . 

(2) Hauling the net.- The net is 
hauled as fo llows : 

1. Start the seine-pullel' engine, and wrap 
each of the two hauling lines three 
turns around the nearest winch head 
and thread each line between the ten
sion rollers on its side of the puller. 

2. Start hauling. Retrieve t he hauling 
lines at about 25 feet pel' min ute, and 

coil them on the ground by the tension 
rollers. [In the trailer-mounted puller, 
the lines are coiled automatically in a 
rope-storage bin beneath the tension 
rollers (Figure 8).] 

3. Remove the hauling lines from the 
blocks at the sides and the corners of 
the pond as the wing t ips of the seine 
reach them (Figure 12C) . 

4. When the wing t ips approach near the 
chute fail' leads, untie the toggle ropes 
from the hauling lines and. stack the 
seine just off shore on each side of 
the puller (Figure 12D). 

5. Continue the process until t he seine 
bag is hauled to the fi sh chute. 

2. Removing the Catch 

The catch is removed as follows: 

1. Aftel' the bag reaches the front of the 
chute, draw the wings of the bag along 
the in ide of the fi sh chute in the slots 
formed by the chute walls and the 
lifting-apron walls (Figure 7). 

2. Pull the seine bag partly up the fish 
chute (the fi sh, being crowded, then 
swim over the lifting apron). 

3. Lift the apr on and dump the fish into 
the conveyor. Two men standing on 
opposite sides of the fish chute can do -
this. (About 100 pounds of fish can 
be fed onto the conveyor per lift.) 

4. Weigh the fi sh deposited in the wire 
fish baskets loca ted at the exit end of 
the conveyor, and load them into the 
transporting vehicle. 

II. TEST OF THE MECHANIZED HAUL SEINE 

In Part I, information was presented that 

would enable u to bui ld and then operate the 

mechanized haul seine. The question now is : 

How well doe it work in practice? 
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F orty-seven gear-development trials were 
made with different lengths (200 to 1,900 feet) 
of the haul seine. In 34 ponds, the seine was 
pulled mechanically; in 13 ponds, it was pulled 
manually. 



A. MECHANIZED SEINING TRAILS 
The average catch from the 34 mechanized 

seining trials was 3,973 fish weighing 4,401 
pounds (Table 1) . The catches ranged from 
o to 33,375 pounds per haul. The average 
catch per man-hour was 374 pounds. Table 1 
shows an average of 25 percent of the fi sh 
present as being caught; however, this av
erage is based on an assumed 100-percent 
survival of the stocked fish, which rarely is 
true. Thus, the actua l percentage caught un
doubtedly was higher . 

the seine snagging on bottom obstructions or 
the seine digging into the bottom mud, or both 
(Table 1). In addition, the equipment mal
functioned several times ; however , these mal
functions, which were minor, did not decrease 
the catches appreciably. 

A number of problems caused low catches 
in some ponds. The main difficulties involved 

Of the 34 mechanized semmg operations, 
the cable seine puller was used in 10 trials; 
the rope seine puller, in 24 trials. The gear 
was tested 28 times in catfish (l ctalurus punc
tatus, I. jUTcatus ) ponds (Figure 13) , 2 times 
in buffalofish (l ctiobus cYP1'inellus, I. bubalus ) 
ponds (Figure 14 ) , and 4 times in ponds con
taining severa l species. These ponds ranged 

Table I.-Catch results from 34 mech anized haul seine trials 

Tri al Seine Hau l 
length length 

Fat Fa t - - --
I 1,860 1,000 
2 1,360 1,000 
3 400 650 
4 400 700 
5 460 625 
6 660 625 
7 860 625 
8 260 625 
9 260 625 

10 260 500 
II 1,060 62 5 
12 1,060 625 
13 1,060 400 
14 1,060 400 
15 1,060 625 
16 1,060 625 
17 1,060 625 
18 1,860 1, 178 
19 1,860 1,200 
20 1,060 625 
2 1 1.060 625 
22 1,060 625 
23 660 625 
24 460 62 5 
25 660 625 
26 900 625 
27 900 625 
28 1,060 600 
29 1,060 1,000 
30 1,060 500 
31 1,900 2,500 
32 1,900 1,200 
33 1,900 1,000 
34 1,900 1,500 

A verage 1,034 782 

a I Irregul ar shape pond 
a2 Regul ar s hape pond . 
b Sn ag encou ntered 
c Mud encountered 

Pond 
SIze 

A cres --
30 
30 

8 
8 
9 
9 
9 
9 
9 
4 
9 
9 

16 
16 
9 
9 
9 

25 
25 
9 
9 
9 
9 
9 
9 
9 
9 

13 
13 
5 

50 
40 
25 
40 

14 

d N umber /ish in pond unknown 

A ve rage 
depth 

Fa t --
2.0 
2.0 
4 .0 
4 .0 
4 .0 
4 .0 
4 .0 
4 .0 
4 .0 
5.0 
4 .0 
4.0 
3.5 
3.5 
4 .0 
4 .0 
5.0 
4 .0 
4 .0 
4.0 
3.0 
3.0 
4 .0 
3.5 
4 .5 
3.5 
4 .0 
2.0 
2.0 
3.0 
3.0 
3.0 
3.5 
3.0 

3.6 

P roporti on of Spec ies pond fi shed 

Percent - --
65 Buflalofi sh 
65 Buflalofi sh 
SO Channel catfish 
60 Channel cat fi sh 
60 Channel cat fi sh 
60 Channel cat fi sh 
70 Channel catfi sh 
20 Channel cat fi sh 
20 Chan nel ca tfi sh 

100 Several spec ies 
80 Chan nel catfish 
80 Channel catfis h 
SO Blue catfish 
50 Blue catfi sh 
80 Channel ca tfi sh 
80 Channel catfish 
90 Channel ca tfi sh 
80 Seve ra l species 

100 Seve ral spec ies 
90 Channel ca t fi sh 
90 Channel catfi sh 
90 Chan nel cat fi sh 
90 Channel cat fi sh 
80 Channel catfi sh 
40 Channel catfish 

0 Chan nel catfish 
60 Chan nel ca tfi sh 
60 Chan nel catfish 
65 Channel cat fi sh 
70 Channel cat fi sh 
60 Channel catfish 
70 Blue catfish 
90 Seve ral species 
75 Bl ue catfish 

70 

e Gear development trial s only 
Seine wings hauled alternately 

Estimated 
fish present 

Number - --
3,500 
2,200 

12,000 
12,000 
11,700 
11,700 
11 ,700 
11 ,700 
11 ,700 

11 ,700 
11 ,400 
18,900 
6,900 

11 ,400 
II ,400 
9 ,790 

9 ,059 
8, 142 
6,955 

16,889 
16,739 
16, 33 9 
16,200 
16 ,200 
18,000 
17,445 
8,500 

75 ,000 
26,000 

24,750 

14,436 

g Net preservative caused seine to float 
h Cable pu ll er 

Rope puller 

T ota l ca tch 

Pounds Number -- --
4,600 1,470 
1.400 462 

7 7 
8 10 625 

1,000 1,600 
250 400 

1,500 1,500 
160 I SO 

28 39 
544 
35 0 350 

4 ,000 4,878 
12,000 12,000 

400 400 
2,000 2,500 
2,500 3,049 

8 10 988 
1,500 

840 
3,9 17 4,896 

973 1, 187 
2,514 3,066 
6,1 33 5,842 
3,000 6,000 

8 13 
0 0 

4,25 0 4,292 
5,000 3,846 
5,200 4,000 
2, 25 0 2,8 12 

25,000 3 1,250 
21,000 11 ,500 

2,3 00 
33,375 14,5 II 

4,40 1 3,973 

Proportion of Ca tch per Coded 
fis h caught man-hour ,remarks 

Ptrc t nt Pounds -- - - -
42 .0 766 .0 a I , h 
2 1.0 350.0 ai , h 

0 .1 0 .0 a I , b, h 
7.0 147.0 a i , b, h 

14.0 200.0 a2, h 
4 .0 45 .0 a2, b, h 

13 .0 254 .0 a2, h 
1.0 70.0 a2, e, h 
0 .3 16 .0 a2, e, h 

U nknown 9 1.0 .2 , d, h 
3.0 80.0 a2 , r, i 

35 .0 1,600.0 a2, i 
64.0 1,765.0 a I, i 

6.0 11 4.0 a I , i 
22 .0 625.0 ? . 

3 _. I 

27.0 585.0 32, i 
10.0 124 .0 a2, b, i 

Unknown 124.0 a2, d, i 
Un known 50.0 a2, d, i 

54 .0 509.0 a2, i 
15.0 120.0 a2, i 
44 .0 38 1.0 a2, i 
35.0 625.0 a2, i 
36.0 222 .0 a2, i 
0.0 0 .8 a2, c, i 
0.0 0 .0 a2, g , i 

26.0 590.0 a2, i 
28.0 221.0 a2, c, 
30.0 44 8.0 a2, c, 
33.0 137.0 a2, c, 
60 .0 620.0 ai , i 
44 .0 820.0 a I, i 
50.0 95.0 a2, i 
58.0 1,264.0 a I J i 

25.0 374.0 
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Figure 13.-A 12,OOO·pound catch of channel catfish in sei n e bag is bei ng beached. This catch was made in one 
haul of the mechanized seine f rom a 16·acre pond. Note the full water level of the pond, which en
sures that the captured fish will be landed in good condition. 

from 4 to 50 acres, averaged 3% feet deep, 
and had relatively smooth bottom. In all but 
two ponds, the water was not dra"wn down. 
Most trials were made in square or rectangular 
ponds with regular outlines. Seine hauls were 
made, however, in nine ponds with odd shapes 
and irregular out lines. 

B. MANUAL SEINING TRIALS 

Manually seined ponds were generally 
drawn down to concentrate the fi sh for har
vesting, whereas the mechanized seine oper
ations usually took place in ponds at full-water 
level. Owing to the limitations of the pro
ducers' equipment, the genera l practice was 
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not to attempt to eine completely a full pond 
larger than 4 or 5 acres. Table 2 shows the 
results of 13 fishing trial of the haul seine 
pulled manually. Lengths of eine ranged up 
to 1,060 f eet. The ponds were from 1 to 16 
acres. For the 13 trials, catches were from 177 
to 15,000 pounds and averaged 2,064 pounds. 
The aver age catch per man-hour was 456 
pounds. To reiterate, these high averages are 
due largely to the fi shes being concentrated in 
collecting basins by the draining of the ponds. 

To compare the efficiency of the mechanized 
haul seine with that of the manually operated 
seines is difficult because manually seined 
ponds are small or, as was just indicated, are 
drawn down to concentrate the fish. 



Figure 14.- Part of a catch of 4,600 pounds of buffalofish taken with one set of the haul seme in a 30·acre pond. 

Seine Haul 
Trial len gt h length 

F a t Fat -- --
I 260 300 
2 1,060 500 
3 1,060 500 

4 1,060 500 
5 300 500 

6 200 360 

7 300 600 
8 200 400 
9 200 2 10 

10 200 150 
1\ 660 250 

12 660 250 
13 660 250 

Average 525 344 

al Irregular shape pond 
a2 R egular . hape pond 

Pond 
size 

AcrtJ --
3 

14 
14 

16 
3. 5 

4 

7 
I 
1.7 
2 
9 

9 
9 

7. 1 

Table 2.--Catch results f rom 13 manual haul seine trials 

A verage Proportio n of Estimated 
T otal catch 

Proport ion of Ca tch per Coded 
depth pond fi shed Species fi sh present fi sh ca ught man-hour rema rks 

F a t Perctnt N1lm ber Pounds Numb" Ptrce-nt PoundJ -- --- - --- --- --- --- ---
3. 5 100 Blue catfish 4,500 3, 150 3, 130 70 1,575 a2 
2.5 40 Buffalofi sh 2,475 6 16 Unknown 337 al 
6.0 10 Bass, crappie , 3 14 516 Un know n 26 a I 

bream, buffalofi sh 
3.5 50 Blue cat fi sh 24 ,000 15,000 15,000 63 1,3 27 a I 
3.0 100 Blue and channel 6 ,000 2,457 2, 125 35 279 a2 

catfish 
3.0 20 Buffa lofish, bass , 670 138 Unknown 1\ 9 a l 

channel ca tfi sh 
2.0 90 Blue catfish 9,000 177 177 2 25 a2 
2.0 100 Blue catfish 8,823 1,38 1 1,38 1 16 552 a2 
1.5 100 Blue catfi sh 3,792 2,54 1 3,792 100 254 a I 
2.0 80 Blue catfish 10,000 5,000 5,000 50 1, 190 a I 
8.0 80 Albino channel 1,6 22 2,83 7 Unknow n 225 al 

catfish, buffalofi sh 
8 .0 20 Buffalofish 220 404 U nknown 7 a l 
8.0 20 Albino chan nel 220 404 Unknow n 40 a l 

catfi sh, buffalofish 

4 .0 58 9,445 2,064 2,707 48 456 
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CONCLUSIONS 

1. Factors affecting the use of the mecha
nized equipment include: (a ) the design and 
condit ion of access approaches to ponds, (b) 
the overall configuration and design features 
of the ponds, and (c ) the presence of woody 
or herbaceous aquatic plant growth in the 
ponds. Fortunately, most of the ponds are 
relatively flat bottomed with little or no plant 
growth that interfere with seining, or they 
easi y can be made suitable for eining. 

2. The abi lity of the haul eine to cap
ture about 63 percent of the populaution of 
buffalofish in a 30-acre pond in two hauls and 
58 percent of the population of catfish in a 
40-acre pond in one haul (Table 1) indicates 
that the seine is highly efficient for harvesting 
farm , ponds that are suitable for this type 
fishing. This conclusion is especially true in 
view of the fact that the shape and the con
dit ion of these two particular ponds were not 
ideal for haul seining. 

3. Because of the nylon webbing of the 
seine, it is exceptionally easy to handle during 
stacking and setting. An added advantage of 
this synthetic netting material is its resi tance 
to deterioration, which allow the seine to be 
stored wet. 

4. A properly designed net can be used in 
ponds ranging from 1 to 160 acres or larger , 
depending upon the dimensions of the pond. 
The 2,060-foot seine is capable of harve ting 

pond up to about 1,600 f eet wide. Larger 
ponds could be fi hed by merely add ing sections 
to the wings and using a more powerful puller . 
The 10-foot d ep ine can e u ed in pond 
of varying depths. Hence, the net can be used 
in a wide variety of water d pths, ranging 
from sump ba ins or ditches to ponds that are 
6 to feet deep . 

5. An av rage f four hauls p l' -hour 
day could be made with the gear in pond hav
ing idea l ining conJition , thus allowing fish 
in variou amount to be available for hip
ment on not more than 24-h Ul' notice. 

6. A two-man crew can et and haul the 
2,060-foot eine, wher as at lea t a ix-man 
crew i needed to et and haul a eine of this 
ize manually. 

7. The net i uitable for harvesting 
either buffalofi h or atfi h - the ~\'o species 
mo t commonly produced. 

Les handling of fi h i involved with 
this method than with conventional methods, 
and the fi h removed from the undrained ponds 
are in excellent condition, unmuddied, and 
alive. 

9. Three men can efficiently load and 
weigh the fi h with the conveyor sy tern de
scribed . 

10. The mechanized seine eliminate the 
necessity of drawing down ponds, thereby 
conserving water. 

SUMMARY 

Research and development by the Bureau 
of Commercial F isheries Gear Research Sta
tion, Rohwer , Arkansas, a r e a imed at impr ov
ing methods and equipment for harvesting 
commercia l food fish produced in flooded rice 
fields and fa rm ponds in the South Central 
States. A 2,060-foot haul seine of variable 
length and mechanized means for handling 
t he net and catches have been designed, fab
r icated, and tested with good results in ponds 
ranging from 4 to 50 acres. During exper-

108 

imental and demonstration t r ials, buffalofish, 
catfi sh, and mixed species as high as 33,375 
pound per set wer e caught with seine lengths 
as great as 1,900 fee t . The mechanized haul 
seine makes it possible to harvest fi sh from 
large undrained ponds, and its advantages in
clude conser ving valuable water, having fish 
stocks readily available for short-notice market 
requirements, mainta ining excellent quality of 
fi sh (even for live transfer) , and reducing cost 
of operations. 
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