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ABSTRACT 

Sampling and analytiul procedures that are used to atimate the size mmpaition of Atlantic 
tunas uwht by Amnicsn purae miners in tbe eastern tmpiul  Atlantic u e  described. The &urea 
are based on a stratilied. two-stage subumpling model. Estimates indierted that about 0.2 to 1.4 mil- 
lion yellorlin t-. Thvrvuv 0lbacw-e~. 1.7. to 12.8 mlllioo .Idpjaj.ek tuna. Ka&uwnw phi.. and 
0.5 to 41.2 tbwund bi.eye tuna. T. o k s w  were uwht mnmull~ by tbe flee1 in 195&74. The dominant 
age croup in moat ymn was I-yr o b  for yellorlin a d  stipjmck tuna and 2-yr o b  for bigeye tuna. 

INTRODUCIlON 

United States participation in the eastern tropical At- 
lantic tuna fishery off west Africa began in the 1950's. It 
was not until 1967. however, that significant numbers of 
US. purae seiners entered the fishery (Sakagawa and 
Lenan 1972; Sakagawa 1974). Since then as many an 36 
American' seiners have participated annually in the 
fiahery. 

The American tuna fleet that fishes in the eastern At- 
lantic consists primarily of purse seiners of 80 to 1.800 
metric tons carrying capacity of fish. Home bases for 
US. vessels are in California and Puerto Rico; the 
eastern Atlantic is only one of several areas where the 
vessels fish in a year. Each seiner has upwards of 20 fmh- 
holding wells that freeze and store an average of about 60 
metric tnns of tuna per well. 

The fishing season in the eastern tropical Atlantic, 
while year round for most fleets, begins about July and 
usually ends in November-December for most American 
vesaels. The American vessels generally fish in close 
proximity to each other, although they are operated by 
independent captains. Their catch consists of yellowfin, 
% n w  albacores. and skipjack. Katsuwow pelamk, 
tunas primarily and some bigeye tuna, T. obesup. and in- 
cidental catches of little tunny, E u t h y n w  ollettemtup, 
frigate and bullet mackerels. Auzia spp.. and rainbow 
runner, Elagatis bipinnulata. In 1967-69. more than half 
the catch was yellowfin tuna; since 1969, skipjack tuna 
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has been the dominant species in the catch (Sakagawa 
and Lenan 1972). Virtually all the US. catch is returned 
to the United States aboard the seiners or aboard trans- 
shipment vessels for procesning, canning, and mar- 
keting. Transshipments were made in 1970-74. 

Monitoring of the American catch to amen8 stock 
abundance was initiated by the National Marine 
Fisheries Service (NMFS), N O M ,  in 1968 and con- 
tinued annually since then. Catch, effort, and length- 
frequency samples are collected by NMFS npreaen- 
tatives and under contract by the Inter-American 
Tropical Tuna Commiasion (IATI'C) representatives. 
Summaries of catch and effort data were reported in 
Sakagawa and Lenan (1972) and Sakagawa (1974). This 
report presents a description of procedures used to es- 
timate the length cornpition of tunas in the American 
catch and the estimated length cornpition of tunas 
caught in 1968-74. 

SAMPLING PROCEDURES 
Tuna catches were sampled for length-frequencies 

aboard the seiners during unloading8 at  canneries in 
California and Puerto Rico in 1968-74. and during un- 
loadings at  freezer storage facilities and onto transship- 
ment vessels in west Africa in 1971-73. Samples were ala0 
obtained from transshipment veseels that unloaded at 
canneriea in California and Puerto Rico. 

Sampling in west Africa was particularly critical in 
1971 because in that year, and in 1970 to a lesser degree, 
large yellowfin and bigeye tunas with presumably high 
mercury content were Belectively shipped to Europe. 
where a higher mercury content was acceptable, rather 
than to the United States. Samples taken only in Califor- 
nia and h e r t o  Rico in those years were therefore biased. 

Sampling in west Africa ala0 presented the oppor- 
tunity of sampling the transshipped catch before it was 
mixed in the holds of the transshipment vessels. Up- 
wards of 700 metric tons of fish have been transported in 



a hold of a transshipment vessel. The transshipped 
catches of individual seiners are kept separate, but an 
entire seiner's catch, which is usually caught in several 
areas and over several months, is generally loaded into a 
single hold. 

Length-Frequency Samplea 

The sampling procedures were virtually the same as 
those recommended by Hennemuth (1957) for the 
eastern tropical Pacifc fishery, Le., a stratified, by area 
and month, two-stage subsampling procedure (Cochran 
1963) was used. The boundaries of the areas (Fig. 1) were 
drawn according to the distribution and concentration of 
fishing effort of the American fleet. 

The first stage of the eampling was to choose the well 
(or hold if a transshipment vessel') to sample. The se- 
cond stage was to draw from the selected well a random 
sample of each species (yellowfin, skipjack, and bigeye 
tunas). Ancillary information, such aa well number and 
catcher vessel name, was recorded for each sample. The 
date, location (NMFS area - Fig. l), and tonnage of the 
catch sampled were obtained from logbooks after the 
samples were drawn. 

Before 1972, samples were obtained on an opportunis- 
tic basis and the sample size varied (10 to 300 fish). Since 
1971, a goal of 6 skipjack samples and 12 yellowfin 
samples of 50 fish each from each NMFS area and each 
fishing month was established in an attempt to ensure a 
more complete area-month coverage. The larger number 
of samples for yellowfin tuna was required because of the 
greater variability in sizes of this species (Hennemuth 
1957). This goal, however, was not attained in any of the 
years. 

Total Catch by NMFS Area-Month 

Total catch, by species and month, of tunas caught in 
the Atlantic by American vessels is tabulated annually 
by the IATl'C from landing receipts. Logbook infor- 
mation on estimated catch by species, 1' area, date, and 
well number in which the catch is stored for each net set 
is also collected by the IA'ITC from virtually the entire 
American fleet. This logbook information was used to 
identify thoee seine seta that contributed to the catch in 
wells that were sampled and ala0 to prorate the total 
catch by species of the entire fleet into catch by NMFS 
area-month strata. 

ANALYTICAL PROCEDURES 
Different areas apparently contain different sizes of 

fish, at least for yellowfin tuna in the eastern tropical At- 
lantic (International Commission for the Conservation of 
Atlantic Tunas 1974a), and the stratified sampling 
procedure, by month and area, was designed to account 
partly for this difference. Sizes of fish in the total 
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c- 

c- 

I I 
c c 

Figure I.--Map of ths eastam tmpiul Atlantic abcn American 
.sham Ksh for tropiul tmM (shaded area). Numbered statistical 
areas d in tb* report Ire .bean. 

American catch were estimated from the stratified 
length-frequency samples and catch. 

When a sample is drawn fmm a well, complete infor- 
mation on date, location, and tonnage of catch is not al- 
ways available; complete information is obtained later 
from the ship's logbook. Fish that may have been caught 
in different strata were, consequently, sometimes drawn 
in a single sample. These eamples were not usad in our 
analysis unlew 75% or more of the tonnage in the well 
was caught in a single NMFS area-month stratum. 
Because of this rule, virtually all samples from tram- 
shipment vessels were not used in this study. Analysea 
currently underway which contain a special stratum for 
transshipment samples may lead to new procedures for 
utilizing much of the rejected samples. 

Weighting Factor 

The sample size was fued and not proportional to the 
numbers of fish in the well. Each sample was therefore 
weighted by a factor (number of fish) bawd on the 
species tonnage and average weight of fish in the well or, 
when this was unavailable, on the species tonnage and 
average weight of fmh in seine seta that contributed to 
the catch in the sampled well. 

Substituting Samplea 
Samples were unavailable for all area-month strata in 

which the fleet caught fish. For strata without samples, it 
was neceaaary to make aaeumptions about the catch and 
substitute samples from adjacent strata, within year to 
estimate the sizes of fish caught by the fleet. Sub- 
stitution was on the basis of the following rules: 1) uae 
same month and adjacent areas; 2) use same area and 
adjacent months; 3) USB adjacent months and adjacent 
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-. These da M ordared mxd.inctopiaity and 
are b.wd on the Uumpi0atb.t difremrIcmin8izaof 
fLh from widely -tad MU or moatb. ue greater 
than diiTmncea in *ssr offirh fmm adjacent MOT 

monthr. 
In Tabla 1 and 2 the uu-mrmtb atrota with wb- 

rtituted umpla  ue rbom for y e l l d m  d skipjack 
 tun^ aught in 1988-74. About #) toW%ofthestmta iF 
which yellortin tuna wem caught end about 10 to 605% c. 
the stmta in which akipjack tuna were aught bad r ~ )  

-plea and subdtutm were neamuy (Table 3). In 
tannr of tonnage, BUbdtUtiOM were required for 2 to 
29% ofthe t0t.l yellom% tuna catch and 1 to 17% ofthe 
total akipjack tuna catch. 
The poorert rmpiing cnvew of y e l l d m  and skip 

jack trulu WM in 1970. In that year, repmentatiw 
rmpling WM difEcult k a u r c  1- yelloafia and bissya 

21 

34 

8 
8 

494 

20 

Table 1.-Catch (metric tons) and nunbcr of length-frequency sanples of yel lowf in 

without sanplet are ident i f ied i n  parentheses. 
tuna by NnFS area-mnth strata. Sanples substituted i n  strata 

88 1 ;; 
363 
682 

(June-51) 613 
95 

605 
1578 
471 

(July-51) 1676 
670 

1292 
1995 
6786 
3207 

(Aug-51) 1730 
(Auv51) 3955 

369 
1405 
1384 
5195 

1 1769 
353 

(0c tS3)  124 
9 

Area 53 

January 1974 
February 1974 
March 1974 
May 1970 

1972 
June 1970 

1972 
1974 

July 1969 
1970 
1971 
1972 
1973 
1974 

August 1968 
1969 
1970 
1971 
1972 
1973 
1974 

September 1968 
1969 
1970 
1971 
1972 
1973 
1974 

October 1968 

1973 
1974 

tbvcnbcr 1969 
1970 
1971 
1972 

962 
8 

1665 

36 
41 

344 

28 

I 

706 

51  
Sanplcs 

(July-51 ) 
(July-51 ) 
(July-51 ) 
(June- 5 1 ) 

1 
6 
2 

1 
5 
2 
5 
3 
5 
7 
8 
3 

10 
14 

7 
3 

10 
(Sept-53) 

1 
(Sept- 52 ) 
(Sept 52) 

(Ju ly51 

(Aup.52) 

1 
4 

2 
4 
2 
2 
4 

( O c r  53) 

(Oct53) 
(Oct.51 ) 

1 
1 
3 
1 

An - 
Catch 
(tons ) - 

9 

2 

11 
3 

51 

993 
867 
95 

1352 
2 

920 
1059 
261 
51 

953 
351 
597 
179 
176 

7 
836 

1 
398 

18 

355 
53 

52 
Suples 

- 
(July- 51 

(July-51 ~ 

(by-51) 
(June-51: 

(July511 

3 
3 

3 
(Aup.51) 

(Sept511 

6 
5 
3 

(Oct52) 
(Oct51) 
(OcC 51 ) 
(Oct53) 

(Oct- 51) 
(Ocr 51 ) 

(Nov.51) 
(Oct-53) 

1 

2 

(Nou-51) 

( k - 5 1 )  
3 

3 



Table Z.-Catch (nrtric tons) and n h e r  o f  length-frequency samples 
of skipjack tuna by NMFS area-month strata. Samples subst4tuted 

i n  strata w i t h o u t  samples are identified i n  Parentheses. 

10 
48 
29 

334 
1007 

703 
171 
161 

137s 
423 

1504 
214 

1245 
1206 
2443 
4441 
1119 
1465 

94 
899 

1049 
1011 

M t h  - year t--"I Catch 

(July-51)  
(July-51) 
(June-51) 

2 
5 
3 

1 
6 
2 
4 

5 
2 

(July-51) 

(Aug-52) 

1; 

9 
9 

6 
3 
9 

(Aup-52) 

I (tons) 

268 
1071 

4 
3155 
1180 

56 
308 

43 
23 

1191 
34 
82 

275 
102 

January 1974 
February 1974 
Earch 1?74 
May 1970 

1972 
June 1970 

1972 

1 
5 

6 
7 

1 

1 

1 

2 
1 

(Oct.33) 

(Oct-52) 

(Oct-53) 

(Nov.-53). 

(kc.-52) 

1974 
JGly 1969 

1970 
1971 
1972 
1973 
1974 

August 1968 
1969 
1970 
1971 
1972 
1973 
1974 

Neptember 1968 
1969 
1970 
1971 
1972 
1973 
1974 

October 1964 
1969 I 
1910 
1971 
1972 
1973 
1975 

November 1968 
1969 
1970 
1971 
1972 
1973 
1974 

December 1974 

130 
5 

419 

75 

428 

5 

108? 
46 

826 

218 
382 

45 

53 
Sanvles 

(June-51 ) 
(July-51 ) 

2 

2 

(Sept-51) 

(Sept- 51 ) 

3 

7 
(Oct -5 1 ) 

1 
5 

(Nov-51) 

yelloarfin tuna 

akipjack tuna 

bigeye tuna 

w = (2.18 x10-* ) iZ*  

w (5.61 X 10 -a ) l 3 S 1 5  

w = (1.25 x lo-' ) I"" 

2. Average wight waa used to convert the well tonnage 
(S, 1 from which the ith sample WM taken to n u m h  
of fuh (M, - S /fi, ). 

3. M is distributed proportionately by 2-cm intmvab. 

Area 51 

(tons ) 

A 

Catch 
(tons ) - 
133 

24 

11 

121 

1811 
6175 

443 
265 

1 

6549 
2124 

1 1465 
10796 

375 
1 5 5  
814 

3725 
379 

41 89 
2453 

15  
7 

643 

9 

,810 
2207 

a 52 
Samples 

( J u l y  51) 

(July-51) 

(June-SI ) 

( Ju l y-51 ) 

6 
22 

1 
2 

(Sept-51) 

19 
7 

28 
10 

1 
(Oct-51) 
(Sept-51) 

9 
2 

1 3  
6 

(kt: 52) 
(NoK-511 
(Oct-53) 

(Oct:52) 

1 
8 

according to the length-frequency distribution of the 
ith sample. 

4. A weighted average weight ( $ 1  of fish in all the 
-plea of a stratum w(u ntimated with M, M the 
weighting factor, 5 = P(M,&, 1 EM . 

5. The number of fuh (M in the total catch (C) of a 
stratum WEB estimated with N = C/w. 

6. The length-frequency distributions of all M,'s of a 
stratum were pooled and the pooled frequency dis- 
tribution waa ueed to estimate the l e w h  mm- 
paition of N. 
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Table 3.-Sanpling coverage of m F S  area-month strata i n  which ye l la f in  
and skiojack tunas were cauqht by kntrican tuna seiners i n  1968-74. 

ed 
Frcent 
- 

q3.8 
98.2 
70.6 
17.9 
96.2 
88.3 
91.7 

99.5 
96.7 
83.5 
99.7 
97.6 
98.3 
97.3 

Species-year 

Vel lowf i n  
1968 
1969 
1970 
1971 
1972 
1973 
1974 

Skipjack 
1368 
1969 
1970 
1971 
1972 
1973 
1974 

Total 
(number: 

14 
27 
18 
51 
43 
12 
28 

9 
31 
19 
59 
58 
67 
39 

Area-month s 

5.830 
19.760 
9,810 
3.830 

12.100 
3.300 
5,620 

3,180 
4.890 

11.790 
16.830 
12,200 
22,290 
19.970 

number) Number + 
4870 

19,410 
6.920 
3.750 

11.640 
2.910 
5,160 

3,160 
4.730 
9.840 

16.780 
11.900 
21.910 
19,440 

5 
13 8 

10 
19 
8 

17  

6 
8 

12 
18 9 

17 8 

4 
5 
5 
7 

10 
5 
7 

5 
5 
5 
8 

13 
4 
9 

, a t a l  
ed 
'ercent 

- 
- 
- 
80.0 
62.5 
38.5 
70.0 
52.6 
62.5 
41.2 

83.3 
62.5 
41.7 
88.9 
72.2 
50.0 
52.9 

Catch 

' Only strata i n  which a catch was made a r e  included. 

ESTIMATES OF LENGTH COMPOSITION 
OF CATCHES 

YeUowiln Tuna 
The estimated length cornpitions of yellowfin tuna in 

the 196874 catchea by month strata, all .MI com- 
bined, are shown in Appendix Tahlea 1 to 7. Area dif- 
ferenca are preaumed to be not M significant M monthly 
differenca within a year. 
Aa many M four modal g m u p  are found in the length- 

frequency dmtributionn. but only two or three are promi- 
nent (Fig. 2). The prominent modes -pond to tbe 
apparent entering year clar (approximately 33 to 47 cm 
long), I-yrold (48 to 85 cm long). and 2-yrold (86 to 123 
cm long) fmh. The modal size of the apparent entering 
year c k a  in peculiar in that it differs from the modal size 
of the I-yr-old fmh by about 18 cm. Accord- to the 
growth c w e  for Atlantic yellowfm tuna of Le Cucn and 
SaLagawa (1973). the difference should be about 57 cm if 
the two g m u p  am 1 yr apart. Some possible c a w  for 
thin difference are: 1) there is extreme sampling b i u  of 
the entering year clau. and perhape even of 1-yr-old fmh 
in the catch, owing to daerential availability or vul- 
nerability; 2) the entering year claw in fact repruenta 
dower growing or later hatching fiah of the name yw 

8ampl es 
Nunberl 

:atch of 1.000 tons 

2.40 
1.37 
1.83 

13.31 
3.55 
3.64 
5.00 

2.83 
6.34 
1.61 
3.51 
4.75 
3.01 
1.95 

clau M the 1-yr-old fmh, i.e., from multiple spaominp 
(Richards 19W; or 3) that the growth c w e  of Le Guen 
and Snkagawa (1973) in incorrect. Both 1) and 2) are 
probably the major c a w  for the difference. Hen- 
nemuth (1961) similarly identified length modea that 
were leu than a year apart in age and preaumably from 
identical year c l a u a  or subpopulation8 of yellowfin tuna 
from the enatern tropical PacSc. 

In 1968-74, about 0.2 to 1.1 million yellowfh~ tuna were 
caught annually by the American fleet in the eaatam 
tropical Atlantic. The age-frequency diatributim of the 
catch- (Table 4). based on ~ a l y ~ i s  of modal progrrs- 
don and the growth curve of Le Guen and Sakagawa 
(1973). indicate that the dominant age group WM 1-Y?- 

Tha catch of 1 s  in u n m a l  compnred to that of the 
other ye-. Beaidea the dominance of 2-yr olda in the 
catch of that year, the 1969 catch (in weight) of yellow- 
tin tuna WM the highest recorded for the American fleet 
and virtually all (98%) was taken in NMFS area 51. 
About 90% of the catch, fiuthermore. WM from pure yel- 
lovfin schoola, the remainder from mixed yellowfin-alrip- 
jack s c b l e .  In the other years, a smaller percentage (61 
to 75%) of yellowfin tuna WM caught in area 51 and only 
about 6Q% of the catch was from pure yellowfin schools. 
Yellowfin tuna in mixed yellowfin-skipjack schools are 
g m d y  smaller than in pure yelloafin schools 

- 
- 

old fish in 1968 and 1970-74. and 2-yroId fish in 1969. 
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(Calkins 1965). The predominance of large yelloprfin tuna 
(>IO0 cm) in the 1969 u t c h  d d  have been c a d  
therefore by the high percentage of p u n  achoob frshed in 
that year. 

Skipjack TUM 
The catch of skipjack tuna by the American fleet 

markedly i n d  from 3,180 metric tom in 1968 to 
22.290 metric tons in 1973, then d o c r e d  to 19.970 met- 
ric ton. in 1974 (Table 3). Thh repmwnta for skipjack 
tuna an mtimated 1.2 million in 1988, 12.8 million in 

1973, and 10.6 million in 1974. Tha estimated length 
composition of the 1968-74 c a t c h  by month ma. all 
uem combined, are sboaa in Appendix Tabla  8 to 16. 
h apparent age group, probably 1-yr-old (31 to 55 

cm long) and 2-yr-old (56 to 67 em long) fir4 con- 
tributed to the catch (Fig. 3). Ths dominant group waa 1- 
yrold f d  in dl years except 1969 (Table 5). 
Th dominant modd length in the skipjack catch 

demand from about 50 to 55 cm in 1968-70 to about 45 
cm in 1971-74 (Fig. 3). Thir deaeaw, while datively 
wal l ,  occurred with the discovery by the American fleet 
in 1971 that skipjack fishing b good OE Angola (NMFS 
uw 52) during the fall monthe. Before 1971 most of the 
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. _  

1971 1972 

169,100 368.300 

186,600 763.600 

81,100 218.500 

16,300 46.600 

7.000 15.300 

2,300 

460.100 1.414.600 

Table 4.--Estimated age composition of yellowfin tuna caught by the 
American wrse seine f leet  in the eastern tropical Atlantic. 

1973 

25,200 

122.000 

82.700 

15.300 

700 

245.900 

\pprox ima te  
length (4 1968 

35-51 

52-91 230.300 

92-125 54.200 

126-149 16.400 

150-169 38,600 f 358.900 19.400 

116.900 

139,600 

142,900 

41,100 

3.200 

643.700 

LtWW le111 

29.900 

907,500 

63,000 

77,700 

25,700 

7.000 

1,110,800 

Estimated catch (riders) by year 

Age Approximate 
grwp lmgth (an) 

1969 I 1970 

Estimated catch (numbers) by year 

1974 1968 I 1969 1 1970 I 1971 I 1972 I 1973 1 

- 
1974 

46,700 

157.800 

99.500 

99 * 800 

13.400 

- 

417.200 
- 

American catch WM made in the Gulfof Guinea and only 
about 3 to 21% of the skipjack tuna WM caught in area 
52. Since the discovery in 1971, M much M 98Cr of the an- 
nual American catch of altipjack has been taken from 
arm 52. 

n.. 1 i+% 

) T . ? P L E  

Bigeye Tup. 

L k  
Bigeye tuna arr not often available to the surface 

fisheries (purae seine and pole-and-line) of the eartern 
tropical Atlantic. This species is sometime8 amfused 
with yellowfin tuna and catches may have been included 
with yellowfin tuna catchm, but the amount is pmbably 
small. The American fleet re+ bigeye tuna catches 
only in 1968 and 1971-74. A few length-frequency 
samples were collected in t h  yeam (Table 6). Bccause 
the samples were few, a t i m a t a  of the length com- 
poaition of the catch were baaed on all samples com- 
bined without stratification. i.e.. all catchea and samples 
p l e d  and one estimate calculated for each year (Ap- 
pendix Table 17). 

About four major modal group (39 to 51 cm. 52 to 73 
cm, 74 to 105 cm, and 106 to 131 em) can be identified in 
the length-frequency distribution8 (Fig. 4). Theae &roup 
appumtly represent + &roup of 1 to 4 yr, b a e d  on 

P i  S.-EmUmm(d lmutb eolapaitim d .tld.et tuum oucht by 
Amsur - La tk voriul Ai*nUe. ,-,,. (5did 
~r - mtuw m m :  ~ I U  ~i.. - mmtrstukd pmdm.i 

Table 5.-Estimated age composition of skipjack tuna caught by the 
knerican purse seine fleet i n  the eastern tropical Atlantic. 
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Table 6 . 4 a t c h  and n u d c r  of l e  th-frequency s s s l e r  o f  bigeye 
tuna caught by the &?can purse seine fleet i n  the 
eastern tropical At lant ic.  

M a r  b t c h  

E s t i u t e d  
I rwplcs  Tons n ~ k r s  

1968 2 15 500 
1971 I 540 19.700 

3 210 29,400 1972 
1973 3 110 10.600 
1974 8 860 41.200 

Year of 

L I 1 I 1 

f 1968 

iz, 137 1 

I972 

I973 

2 h 1374 



Ch.mpynat and pi.net'r' cww fa A h t i c  
bioeyc tuna. 

The estimated t&d number ofbillcyc tutu caught by 
the American fleet in 1968 and 1970-74 mnga from about 
500 to 41.200 f*h. The catch wm in 1974, the 
pndemt in 1968. 

SOURCE8 OF B U 8  IN "HE ESTIMATE8 
Sweral ponible - of b i u  in the vmpling. 

weighting. and subatitution pmcedunr a d d  have 4- 
nificantly influenced the atimated length-fmqumcy din- 
tributiom of the catch. Some of the aourca M din- 
d below. 

Sampling B i u  
Hennemuth (1957) found a alight shdepth 

strstifrcation of skipjack tuna but none for yellorfin tuna 
in welk he examined. He mentioned that mtmtitication 
a d d  raul t  from settling of large fhh to the bottom of 
the well or from different accbook of fuh of different sizg 
packed in a layer fuhion. 

Euly in our rmpling p-m, sizedepth &mtitica- 
tion WM mxgnid ~a poaible aoww of m r  and step 
were t.tm to reduce the influence of thin QlDl by 
limiting vmpling to web that did not appcar to c ~ l l t h  
fhh that were stmti!ied by rim and depth. How &ective 
thim m e u m  w u  M not known. 

A more aeriour u m p l i  biu WM introduced in 1970 
with the discovery that tunar, pa#icularly large speci- 
me-. contain high IeveL of mercury which the Food 
and Drug Adminiatration of the United Statm deemed 
unacceptable for US. markets. Canneries in the United 
Statea, therefore, limited their purehaem of luge tiah, 
and American fishermen were forced either to not land 
large tunaa or to ne11 the luge tunu to foreign marketa 
where the acceptable level of mercury contamination was 
higher. Became large yclloafm and bigeye  tun^ caught 
off Africa in 1970 and I971 were selectively sold and 
tmnbahipped from anst African port. M y  to foreign 
buyma, fuh landed in the United Statu were b i n d  
torud. the smaller f i .  This b i u  probably atfected ow 
entimatem for 1970. lhtimatm for 1971 were not afFectad 
becauec catches hanashipped to foreign port. were 
~ m p l e d  in anst African port. prior to tranmhipment. 

Weighting B i u  
Some of our length-frequency M m p k  were weighted 

by a factor (number of fmh) b d  on the total t0nn.g~ 
and average weight of fmh in sets that contributed to the 
catch in the sampled well. h indicated earlier, thir tach- 
nique WM used became the r m p l e  size WM not propor- 
tional to the numben of f d  preaent and the amount of 
tonnage in the well w u  not known. "he um ofthe total 
tomage, instead of the tonnege in the vmpled well oaly. 

to beae a weighting factor introduced a b i u  of over- 
weighting the r m p b . .  Fa example, a umpk from a 
well containing 20toarofIbb from a W-ton net Aand 40 
tonr from a Io-- aet B would h v e  a weighting factor 
bawd on 120 tmr. cauaing the umple to be di.propor- 
t i ca~tdy  weighted by the catch of aet A. 
We cuminad thir biu with the August 1973 yellorfin 

tuna catch of area 52 (Table 1) in which the actual ton- 
nr(la of €ish in the t h e  vmpled web were available. A 
biubd estimate length compaition of the catch WM 
derived with facton b e d  on tonnagee of In, 
41. and 17 for the three umpb. .  An u n b i n d  estimated 
1- compaition of the catch WM derived with 
weighting factors b a d  on the actual tonnagw in the 
urnpled web of 60, 20, and 15. respectively. ThC un- 
b i u a l  and b W  estimated length compaitiwr of the 
catch am not wry different (Fig. 5). However. the total 

1 

FWO( LENGTH lcml 

Qi.un S.--E.ttUul canvaaitbo d y e l l e d h  tyY aught in 
A- IS73 in N M F S u r  Y. (Solid Li.c--Mued W8iChrincl fsc- 
ton, M UI.-M rcubtinlr-.) 

estimated number of yelloafin tuna ia 7% higher in the 
u n b i n d  than in the b i d  entimate, to the 
greater numben of small fmh 661 cm) in the unbiwd 
estimate. 

Substitution Bias 
Of dl the possible aourcm of bin8 in our estimatg, mb- 

stitution b i u  pcrhap ia the mast serious. An indicated 
earlier, 11 to 61% of the strata were not eampled and re- 
q u i d  substitution of rmplen from adjacent strata. h- 
thcwore, not all of the sampled s t r ~ t a  were sampled 
adequately. Between 20 to 43% of the etrata rmpled for 
yelloafin tuna and 0 to 33% of the strata sampled for 
.Lipjack tuna were eampled only once. These Mmples 
were also wd in the substitution p d u r e ,  at times 
applied to a luge catch (Table 7). 
The effects of our substitution procedure and single 

s u n p h  on the estimated length compoeition of the 
catch were examined with the 1970 data. In that year, 
sampling coverage WM pooreat. In F i g u r ~  6 and 7. we 
show the estimated length compoeition by month wing 
subrtitutions and also the portion of the composition 
derived from strata with two or more samples only. In 
general, the r ~ d b  indicate that substitutions affected 

9 



Table 7. -Nmber of NUFS a n a - m n t h  s t r a t i  in which single  
sampler wre obtained o r  rubrt i tuted.  

~ 

Species - Year 

Ye1 l a f  In 

1968 
1969 
1970 
1971 
1972 
1973 
1974 

Skipjack 

1968 
1969 
1970 
1971 
1972 
1973 
1974 

- 
N h e r  
Of 

Strata '  
I__ 

5 
8 

13 
10 
19 
8 

17 

6 
8 

12 
18 9 

8 
17 

- 
Strata  sampled 

- 
luaOcr - 

1 
1 
1 
3 
2 
1 
1 

2 
2 
0 
3 
0 
0 
4 - 

i t c h  (tons) 

140 
600 
4 9 0  
510 
390 
710 
190 

640 
200 
0 

1.810 
0 
0 

1.840 

2 
1 
2 
b 

6 
1 

2 

3 
3 
0 
3 
0 
0 
5 

' 1.100 
600 

2,260 

580 
420 
710 

260 
I 

Only S t r a t a  i n  which a catch was made a rc  included. 

660 
210 

0 
1,810 

0 
0 

d 



principally the estimates of fish caught a t  the beginning 
(May) and end (September-November) of the 1970 
fihing season. The effects are greater for yellowfin tuna 
(Fig. 6 )  than for skipjack tuna (Fig. 7). 

DISCUSSION 
Estimates of length composition of the American 

catches of yelloarfin and skipjack tunas from the eastern 
tropical Atlantic have been published in the data records 
of the International Commisrion for the Conservation of 
Atlantic Tunas (1973; f974b. e). The publiahed es- 
timatee were basad on preliminary data on total catches 
and on a stratified procedure with unwcighted samples; 
consequently, they undemtimated the numbera of fish 

caught and M not comparable to our admatas. Our es- 
t i m a w  were b a d  on t0t.l catch- and on weighted 
umplecl. We conrider them to be more accurate tban 
thasc published in the dat. recorda. 

The ntraMied procedum WM lubd in w study to gain 
putor precision in our eatimatm. However, in years 
when sampling coverage was poor, the stratified 
d u r e  prob.biy w a  inappropriate and may have dis- 
i.m.ed the results. In such circumstances, the un- 
stratified procedure may have been more appropriate. 
Estimatee based on the wtratifed procedure are shown 
by dashed lines in Fjgursr 2 and 3. 

The stratified procedure is the most desirable for es- 
timating the size composition of the catch of tunas 
because it can m u l t  in precke estimates (Hennemuth 
1957). The choice between the wtratified and stratified 
procedum should be basad on sampling met an well an 
precision. For the American tuna catches from the 
eastern tropical Atlantic, the sampling cost is currently 
not much greater with the stratified than the un- 
stratified procedure. The choice then is to use the 
stratified procedure which CM account for ma-t ime dif- 
ferences in the sizes of fish caught. If the sampling 
coverage is poor, however, particularly for yellowfin tuna 
with a wide range of sizes. the full advantage of the 
stratified procedure is lost and the estimates would not 
be very dif€erent from those baaed on the unatratified 
procedure. In this cane, the procedwea are equally 
precise in estimating the size composition of the catch 
and either procedure can be used without fear of losing 
more precision from one than the other. 
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m d i a  Table 1.- EstinYtcd length co.gorition o f  y e l l w f i n  
tuna caught by h r i c a n  purse seiners i n  the HsUm 

tmpical  Atlantic i n  1968. 

widwinf 
length 

(cml 

59.0 
61.0 
63.0 
65.0 
67.0 
69.0 
71.0 
73.0 
75.0 
77.0 
79.0 
81 .o 
83.0 
85.0 
87 .0  
89.0 
91.0 
93.0 
95.0 
97.0 
99.0 

101.0 
103.0 
105.0 
107.0 
109.0 
111.0 
113.0 
115.0 
117.0 
119.0 
121.0 
123.0 
125.0 
127.0 
129.0 
131.0 
133.0 
135.0 
137.0 
139.0 
141.0 
143.0 
145.0 
147.0 
149.0 
151.0 
153.0 
155.0 
157.0 
159.0 
161.0 
163.0 
165.0 
167.0 
169.0 
171.0 
173.0 
175.0 
177.0 

Total 

Nrnbcr of f lsh  by m n t h  

bug. 

1143 
2644 
8583 
7313 
5043 
3861 
2050 
3570 
1286 

26 
1561 
I479 
2061 
877 

83 
480 
500 

21 
21 

1041 
26 
0 
0 
0 

582 
0 

230 
661 
440 
IO 
0 
5 
5 
0 

453 
443 
31 8 
518 
853 

2478 
351 
961 

1456 
301 5 
2128 

766 
1882 
1772 
507 
942 

1539 
902 
762 
399 

1539 
705 
606 
440 

0 
0 

71 337 

saut. 

1948 
9460 

2021 6 
16765 
21756 

3868 
8371 
7177 
9878 
5672 
2726 

777 
1891 
2178 
1113 
MI2 
1737 
1886 
187 
71 7 

0 
0 

336 
0 

706 
0 

706 
0 

243 
94 
0 

275 
66 

24 3 
628 
61 1 

1782 
2 U 9  
3534 
2883 
2583 
2469 
2517 
a 2 1  
2077 
1102 
1163 
1780 
582 
663 
872 
51 7 
681 
1% 
229 
421 
98 

131 
66 
33 

l W 9 2  

- 
a c t .  

0 
0 

7688 
25628 
23% 
15377 

5126 
5126 
5126 
2563 

0 
2563 
2563 
5126 
5126 

0 
7688 
51 26 

0 
2563 
2563 
5126 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

128143 

- 

- 

AppewJir Table 2.- E s t i u t e d  length w r i t i o n  of y c l l a f i n  
tuu caught by h r i u n  purse scinccs i n  the eastern 

t m l c a l  Atlantic i n  1969. 

llldpoint 
l m g t h  
(0) 

39.0 
41.0 
43.0 
45.0 
47.0 
49.0 
51.0 
53.0 
55.0 
57.0 
59.0 
61.0 
63.0 
65.0 
67.0 
69.0 
71 .O 
73.0 
75.0 
77.0 
79.0 
81.0 
83.0 
85.0 
07.0 
89.0 
91.0 
93.0 
95.0 
97.0 
99.0 

101.0 
103.0 
105.0 
107.0 
109.0 
111.0 
113.0 
115.0 
117.0 
119.0 
121 .o 
123.0 
125.0 
127.0 
129.0 
131.0 
133.0 
135.0 
137.0 
139.0 
141.0 
143.0 
145.0 
147.0 
149.0 
151.0 
153.0 
155.0 
157.0 
159.0 
161.0 
163.0 
165.0 
167.0 
169.0 
171.0 
173.0 

Total 

- 
lul . 

0 
0 
0 

1100 
1100 
I100 

0 
0 

5502 
3903 
5505 
!to1 
1100 
I1W 

0 
0 
0 
0 
0 
0 

I100 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1100 
0 

2201 
1100 
2201 
1100 

0 
0 

1100 
0 
0 

1 1 w  
1 1 w  
1100 

0 
1100 
1100 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

501 3 

- 

- 

der o f  f i s h  bs - 
M. - 

0 
0 
0 
0 

857 
1501 
3672 
6032 
4502 
4502 
6002 
7503 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

393 
0 
0 
0 

3429 
15538 
29220 
49690 
48992 
27385 
12022 
7272 
3346 
6337 
7228 
4388 
3532 
2099 

835 
1341 

186 
0 

1642 
1188 
929 

1341 
671 

0 
671 

0 
259 

0 
0 
0 
0 
0 
0 
0 
0 

65075 

b D t .  

0 
0 
0 

146 
1583 
1715 

146 
0 

1467 
1147 
858 

73 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

721 
0 

721 
0 

721 
0 

721 
1442 
2163 
8074 
51 90 
671 6 
5707 
6200 
3655 
7439 
3444 
5542 
4776 
7087 

10621 
8333 
74a9 
3345 
2058 
1149 
M86 
2692 
3417 
2379 
2245 
M87 
1349 
1924 
I273 
563 
497 
24a 
392 

0 
0 
0 

34201 

- Oct. I mv 
243 I : '  : I  

83 ~ 

2180 1 
1131 , 

83 
331 1 

12663 ' 
13712 

104; ' 
83 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1362 
0 

3772 
91 50 

12679 
19093 
16464 
lOSl8 
6580 
5230 
2807 

0 
83 

I937 
166 
243 
326 
326 
409 

1463 
415 

1297 
569 
81 1 
984 

1540 
1297 
811 
971 

0 
243 

0 
728 

136811 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

31 7 
0 
0 
0 

31 7 
0 
n 

713 
1030 
1830 
2695 
2695 
2061 
2638 
2507 
4575 
4222 
4444 
4092 
5433 
a98 
3730 
2832 

735 
173 
4a3 
173 
0 
0 
0 

12593 
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Table 3.- f S t l N t c d  1 9 t h  c w s i t i a  of p l l a f i n  
tuna caught by I m i c a n  Dune relncrs i n  the easfcrn 

tropical Atlantic f n  1970. 

I Total 

-- 
111) 

0 
0 
0 
1 
0 

- 

7 
37 
24 
10 
2 
1 
2 
0 
1 
0 
2 
1 
2 
0 
2 
1 
1 
0 
2 
2 
1 
0 
0 
0 
3 
1 
1 
1 
0 
0 
0 
1 
1 
0 
1 
2 
2 
4 
2 
2 
2 
4 
4 
7 
3 
4 
3 
1 
1 
1 
1 
3 
1 
1 
0 
5 
1 
1 
1 
2 
1 
0 
1 

168 - 

- 
Jun. 

( 
c 
C 
C 

225 
0 
0 

1 222 
6446 
.'I63 
1821 
352 
147 
373 
0 

106 
0 

386 
171 
260 

0 
345 
106 
246 

0 
UW) 
281 
171 

0 
0 
0 

559 
134 
150 
134 
37 
0 
0 

134 
106 
0 

106 
392 
345 
708 
350 
407 
Mb 
729 
680 

1294 
492 
61 7 
583 
196 
147 
220 
253 
504 
155 
147 

820 
248 
113 
239 
2m 
98 

0 
203 

- 

0 .  

5 

- 
N Y  

Jul 

34 
31 

53 
21 3 
ea 

107 
21 3 
656 

1476 
960 

53 
71 
18 

- 
- 

34 
71 

177 

429 
177 
105' 
376 
4471 
125 
711 
68 ea 

143 
( 

231. 
105' 
159; 
1051 
194( 
283: 
34: 

1245 
0 
0 
0 

902 
1253 

538 
1076 
538 
538 
50 

1464 
237 
81 6 
795 
237 

1147 
287 
739 
910 
M 

473 
659 
252 
1334 
151 
403 
151 
50 

538 
0 

I 

68; 

1658 

14 

- 
I f  fi! 

lug .  

C 
C 
C 

8 6 2  
e62 

12636 
5787 

19562 
yu63 
43727 
47664 
19331 
2586 

0 
0 
0 
0 
0 
0 
0 
0 

3925 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3925 
0 
0 

3925 
78M 
3925 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1774 
0 
0 

78% 
3925 
3925 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2% 

- 
- 

- 

S C P C  

I 
I 
I 
( 
( 
c 
c 
( 
C 
c 

7421 
37135 
29708 
74269 
29708 
22281 
371 35 
22281 
29 708 
29708 
29708 
14854 
7427 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1349 

- 

- 

Dct. 

0 
0 
0 
0 

49 
0 
0 
0 

14% 
1 208 
1698 
6729 

19557 
16894 
15986 
14531 
2664 
6686 
1456 
9941 
5526 
9035 

0 
1456 
1504 

0 
14% 

49 
0 

49 
3008 

49 
0 
0 

49 
0 

146 
146 
97 
97 
49 
0 
0 
0 

49 
0 
0 
0 
0 
0 
0 

12m 
2319 

0 
1160 

0 
0 

1160 
0 
0 

2319 
1160 

0 
0 

1160 
0 
0 

1160 
0 
0 

3236 

- 
wov - 

1 

46 
la 
52 

215 
625 
510 
5111 
465 
85, 

2141 
461 

318; 
176! 
288; 

1 
461 
481 

1 
46t 

1t 
( 

1t 
96: 

11 
C 
C 

16 
0 

47 
47 
31 
31 
16 
0 
0 
0 

16 
0 
0 
0 
0 
0 
0 

187 
742 

0 
371 

0 
0 

371 
0 
0 

742 
371 

0 
0 

371 
0 
0 

371 
0 
0 

545 - 



Appendix Table 4.- Estimated length c-sition of y e l l d i n  
tun caught by k r r i u n  purse seiners i n  tk eastern 

tropical Atlantic i n  1971. 

MidpDint 
length I 

59.0 
61.0 
63.0 
65.0 
67.0 
69.0 
71.0 
73.0 
75.0 
77.0 
79.0 
81.0 
83.0 
85.0 
87.0 
89.0 
91 .o 
93.0 
95.0 
97.0 
99.0 

101.0 
103.0 
105.0 
107.0 
109.0 
111.0 
113.0 
115.0 
117.0 
119.0 
121 .o 
123.0 
125.0 
127.0 
129.0 
131.0 
133.0 
135.0 
137.0 
139.0 
141.0 
143.0 
145.0 
147.0 
149.0 
151.0 
153.0 
155.0 
157.0 
159.0 
161.0 
161.0 
165.0 
167.0 
169.0 1 10-1 

- 
ul . 

0 
0 
0 
0 

421 
131 
71 0 

0 
972 
786 
234 
131 
710 

0 
0 
0 
0 

421 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

109 
0 
0 

219 
6% 
437 
1421 
437 
21 9 
219 
219 
547 
109 
328 
109 
328 

0 
109 

m 2  

- 

- 

lbcr - 
h 9 .  - 
1428 
714 

24% 
636 

2183 
5895 
7621 
3293 
4046 
61 58 
2972 
5729 
1692 
591 
409 
758 
419 

1265 
718 
678 
510 
556 
219 
563 

1069 
1732 
1403 
2618 
1339 
3418 
5424 
4072 
7294 
8177 
4192 
4a47 
1952 
568 
129 
224 

0 
100 
371 
469 

1026 
759 
503 
414 

1033 
721 
865 
282 
306 

59 
273 
451 
290 
183 
339 
431 

1064 
195 
473 
1% 
4aa 
90 
37 

21377 

fish b: 

*Dt .  

0 
763 

11530 
17676 
11668 
13291 
8928 
5066 
4541 
9779 

14705 
14545 
11865 
6899 
2853 
1710 

0 
493 
245 
490 
91 4 
043 
735 

1162 
1299 
1391 
2384 
4553 
2028 
2718 
1604 
31 06 
291 1 
1773 
1813 
71 3 
133 
870 
307 
381 

0 
0 

381 
381 

0 
281 
232 

1 1 u  
1244 

0 
763 
100 
813 

0 
50 

431 
0 

945 
0 
0 

381 
0 
0 
0 
0 
0 
0 

75931 

- 
- 

n t h  

Oct. 

0 
0 

8309 
I5805 
15071 
10639 
4472 

809 
u 3  

6901 
18291 
I7261 
3268 
1015 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 

16 
28 
28 
69 
35 
42 
42 
14 
21 

7 
35 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

02633 

- 
- 

- 

- 
lev . 

0 
0 

!802 
1987 
1397 
?W3 
1166 
273 
149 
273 
347 

0 
75 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

35 
71 

142 
142 
354 
177 
21 2 
212 
71 

106 
35 

17) 
35 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

9141 

- 

- 

16 



Ip#ndir Table 5.- LstiYtd lrnpth cOqOsltion o f  yellorfln 
tuna uught by m i c a n  purse SeiIwrS in the eastem 

trapiul Atlantic i n  1972. 

35 .O 
37.0 
39.0 
41 . O  
43.0 
65.0 
47.0 
49.0 
51.0 
53.0 
55.0 
57.0 
59.0 
61.0 
63.0 
65.0 
67.0 
69.0 
71.0 
73.0 
75.0 
77.0 
79.0 
81.0 
83.0 
as.0 
87.0 
89.0 
91.0 
93.0 
95.0 
97.0 
99.0 
101.0 
103.0 
105.0 
107.0 
109.0 
111.0 
113.0 
115.0 
117.0 
119.0 
121.0 
123.0 
125.0 
127.0 
129.0 
131.0 
133.0 
135.0 
137.0 
139.0 
141.0 
143.0 
145.0 
147.0 
149.0 
151.0 
1S3.0 
155.0 
157.0 
159.0 
161.0 
163.0 
165.0 
167.0 
169.0 
171.0 
173.0 
175.0 

Tot.1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

274 
91 
639 
365 
1461 
1369 
1735 
1096 
639 
183 
639 
183 
0 

183 
0 

V I  
0 
91 
0 
0 
0 
0 
0 
91 
0 
0 
0 
0 
0 
0 

91 30 - 

- 
Jun. 

0 
0 

0 
3893 
2580 

0 
6473 
9053 
19419 
63651 
55959 
28471 
2580 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

94659 

2~80 

- 

N u b c r  of fish - 
Jul . 
2207 

E 
22a1 
3245 
5332 
2787 
121J3 
11551 
4910 
34264 
25452 
19040 
3917 
1516 
x y 5  

0 
5332 

0 
175 
0 

2934 
2287 
472 
2759 
1230 
1888 
1524 
2575 
1413 
1993 
4183 
5680 
6474 
681 1 
2979 
1171 
175 
469 
175 
758 
0 

588 
1710 
1826 
766 
647 
7 s  
2651 
882 
472 
175 
766 
0 
0 
0 
0 
0 

294 
294 
0 
0 
0 
0 

294 
0 
0 
0 
0 
0 
0 

99281 - 
18 

- 
m. - 

0 
960 
0 

6715 
ISM0 
(3939 
51155 
5026 
(7229 
35526 
24288 
62227 
19289 
36288 
10628 
5551 
3239 
55 
28 
0 a 
0 
0 
0 

2943 
148 
28 

1602 
380 
7070 
2608 
60% 
2261 
8864 
6475 
I2280 
9518 
11637 
451 1 
1699 
3068 
543 
55 
28 
712 
120 
51 5 
55 

2200 
1022 
6931 

2159 
1698 
609 
570 
1452 
1255 
1448 
625 
326 
1649 
B M  
375 
24-50 
4€4 
686 
457 
818 
83 
28 

61304 

802 

Rmth 

*e. I Oct. 

59905 1250587 

- 
mr . - 

0 
149 
149 
526 
972 
2379 

1574 
79 
680 
767 

1398 
1338 
w5 
1959 
1930 
2656 
364 3 
680 
13% 
1673 
2125 
1337 
1474 
1416 
788 
0 
0 

394 
0 
0 

a67 
0 

316 
237 
395 
316 
552 
79 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3a 
0 

113 
0 
0 

192 

76 
113 
113 
38 
76 
189 
151 
227 
151 
113 
76 
76 
38 
0 
0 

19845 

z7a5 

1 a9 



Igpn6lr Table 6.- ~ S t i N t e d  length CDqOsitiDn o f  m l l a f i n  
fwu cauqht by W i u n  wnr sclnws I n  the u s t e r n  

t m p l u l  At lant ic  i n  1973. 

79.0 
81 .o 
83.0 
85.0 
87.0 
89.0 
91 .o 
93.0 
95.0 
97.0 
99.0 

101.0 
103.0 
105.0 
107.0 
109.0 
111.0 
113.0 
115.0 
117.0 
119.0 
121.0 
123.0 
125.0 
127.0 
129.0 
131.0 
133.0 
135.0 
137.0 
139.0 
141.0 
143.0 
146.0 
147.0 
149.0 
151.0 
153.0 
155.0 
157.0 
159.0 
161.0 
163.0 

Total 

- 
Jul. 

93 
93 
93 
93 
93 
0 

93 
374 
187 
374 
654 
37b 
374 
93 
0 
0 
0 
0 

187 
I87  
187 
187 
467 

93 
93 

187 
0 

93 
0 
0 
0 
0 
0 
0 
0 

286 
0 
0 

143 
0 
0 

k29 
428 

1143 
1428 
1571 
1 w 1  
1571 
1858 
IWI 

572 
1144 
428 
429 
143 
143 
143 
205 
0 
0 
0 
0 

143 

- 

1 m u  - 

Nt lbcr  of f ish bv I - 
Auq,  

4117 
3937 
1372 
1372 

0 
0 

1372 
6682 
7874 

14736 
9426 

16467 
6264 
8233 
1372 
2 7 U  
1372 
775 
77s 
0 
0 

77s 
0 

71 5 
0 

775 
0 

775 
775 

1549 
3873 
4648 

10545 
1549 
6130 

77s 
0 
0 

775 
775 

0 
0 

775 
0 
0 
0 
0 

775 
775 

0 
0 

1549 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

127866 

- 

- 

- 
Scot. 

0 
1702 
6020 
2461 
18% 
1086 
443 
0 

344 
1 b39 
b687 
7773 
8116 
5791 
1131 
1131 
480 

0 
272 
0 
0 
0 
0 
0 
0 
0 

959 
0 
0 

480 
959 
959 
480 

0 
0 
0 
0 
0 
0 
0 
0 

959 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

49510 

- 

- 

h - 
Oct . 

0 
0 
0 

285 
0 
0 
0 
0 
0 
0 

285 
0 

856 
0 

285 
570 
856 
285 
856 
856 
285 
285 

1141 
285 
781 
736 
285 

1186 
1306 
1021 

736 
901 

0 
1186 

165 
736 
165 

1488 
1323 
1488 
662 
165 

0 
165 
165 

0 
165 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

22525 

- 

570 

- 

- 
no*. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

162b 
2706 
1624 
1082 
2165 
4871 
5953 
3247 
2165 

541 
0 

541 
0 
0 

541 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

7060 

- 

- 

17 



Midpoint 
Length 

(cn) 

35.0 
37.0 
39.0 
41.0 
43.0 
45.0 
47.0 
49.0 
51.0 
53.0 
55.0 
57.0 
59.0 
61.0 
63.0 
65.0 
67.0 
69.0 
71.0 
73.0 
75.0 
77.0 
79.0 
81.0 
83.0 
85.0 
87.0 
89.0 
91 .o 
93.0 
95.0 
97.0 
99.0 

101.0 
103.0 
105.0 
107.0 
109.0 
111.0 
113.0 
115.0 
117.0 
119.0 
121.0 
123.0 
125.0 

129.0 
131.0 
133.0 
135.0 
137.0 
139.0 
141.0 
143.0 
145.0 
147.0 
149.0 
151.0 
153.0 
155.0 
157.0 
159.0 
161.0 
163.0 
165.0 
167.0 
169.0 
171.0 
173.0 

1 n . n  

Tot l  I 

- 
Jan. 

0 
0 
0 

142 
189 
241 

73 
147 
I21 
525 
503 
603 
366 
262 
168 

I 3  
73 
0 

143 
I91 
143 
96 

111 
118 
276 
138 
290 
274 
65 
18 
16 
32 
34 

138 
65 
0 

236 
280 
358 
298 
117 
95 

139 
63 
63 
26 
w) 
16 
18 
0 
2 
5 

23 
2 

25 
20 
18 

5 
14 
11 
5 

11 
0 
9 
5 
2 
5 
5 
0 
2 

7592 - 

Tab. 

0 
0 
0 

16 
21 
27 

8 
16 
13 
58 
56 
67 
41 
29 
19 
8 
8 
0 

16 
21 
16 
11 
12 
13 
31 
15 
32 
30 
7 
2 
2 
4 
4 

15 
7 
0 

26 
31 
10 
33 
16 
1 1  
15 
7 
7 
3 
6 
2 
2 
0 
0 
1 
3 
0 
3 
2 
2 
1 
2 
1 
1 
1 
0 
1 
1 
0 
1 
1 
0 
0 

845 - 

0 
0 
0 

52 
69 
89 
27 
54 
44 

193 
185 
221 
135 
96 
62 
27 
27 
0 

52 
70 
52 
35 
41 
43 

102 
51 

107 
101 
24 
7 
6 

12 
13 
51 
24 
0 

87 
103 
132 
110 
54 
35 
51 
23 
23 
IO 
18 
6 
7 
0 
1 
2 
8 
1 
9 
8 
7 
2 
5 
4 
2 
4 
0 
3 
2 
1 
2 
2 
0 
1 

2795 - 

J U .  

0 
0 
0 

139 
186 
237 
72 

I U  
118 
516 
495 
592 
360 
258 
165 
72 
72 
0 

I 4 0  
181 
140 
94 

110 
116 
272 
1 %  
285 
269 
64 
18 
16 
31 
34 

136 
64 
0 

232 
276 
352 
293 
1 u  
93 

136 
62 
62 
26 
49 
16 
18 
0 
2 
4 

22 
2 

25 
20 
18 
4 

13 
11 
4 

11 
0 
9 
4 
2 
4 
4 
0 
2 

74% 

Jul .  

0 
0 
0 

1893 
2524 
3218 
978 

1956 
1609 
7003 
6719 
Bou 
4mQ 
3502 
2240 
978 
978 

0 
1% 
2s44 
1% 
1276 
1489 
1572 
3689 
1845 
?a72 
3659 
074 
243 
21 3 
425 
455 

1847 
874 

0 
3155 
3744 
4705 
3979 
1956 
1262 
1852 
644 
644 
347 
661 
21 3 
24 3 

0 
30 
61 

303 
M 

334 
273 
24 3 
61 

182 
152 
61 

I52 
0 

121 
61 a 
61 
61 

0 
30 

01351 

18 

- 
BY mn 

Aul .  

87 
87 

745 
114 
793 
928 

IOBO 
875 

349 
1525 
2854 
37% 
2298 

652 
910 
257 
201 
112 

1311 
I2111 
m88 
1141 
688 

0 
457 

1028 
13% 
457 
20 1 
288 
370 

l m ,  
1226 
1318 
989 

2122 
3833 
281 1 
4671 
4299 
raQ0 
31 31 
3 2 2  
990 
87 

594 
663 
707 
232 
436 

262 
5111 
493 
Y 9  
117 
466 
292 

0 
1 74 

0 
0 

87 
0 
0 
0 
0 
0 

I1134 

- 
- 

a75 

710 

no 

kPt . 
33 
0 

1% 
33 
0 

66 
99 
66 
66 
0 

33 
66 

199 
298 
199 
33 
33 
33 
0 
0 
0 
0 

2% 
127 
42 
3110 
253 
21 I 
253 
42 
0 

42 
42 
0 
0 

42 
42 
0 

42 
0 

42 
1MI 

0 
33 
0 

33 
66 
42 

0 
0 

42 
0 

42 
84 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3761 

7 

m 

oct. 

yo 
0 

2- 
540 

0 
lo80 
lOB0 
1844 
1753 
I Y Y  
224 
540 

2426 
6606 
9348 
7055 
1438 
540 
764 

0 
0 
(I 

224 
4818 
ZOSS 
688 

6194 
4578 
3666 
4578 

688 
0 

688 
91 3 
U P  
U 9  
91 3 
688 

0 
688 
224 

1137 
2 u 1  
lo85 
1699 
2&8 
3568 
2239 
681) 
374 
181 

1473 
187 
875 

1750 
187 
0 

411 
0 
0 

224 
0 
0 
0 
0 
0 
0 
0 
0 
0 

93195 

- mr. - 
0 
0 
0 

1420 
5181 
5430 
1420 
1420 
1828 

0 
355 

I l l 8  
0 

4105 

19749 
24512 
8541 
3684 
8431 

11579 
6009 
1766 
1105 
76n 

1901 
380 
0 

344 
0 
0 
0 

355 
344 
355 
355 
355 
710 

0 
344 

0 
0 
0 
0 

355 
355 

0 
0 

355 
0 

355 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

123#w) 

8024 

k. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
C 
0 
0 
0 
0 
0 
0 
0 

235 
0 

118 
118 
118 
118 
118 
118 
470 
353 
705 
235 
235 
353 
235 
235 

0 
118 

0 
0 
0 

118 
0 

353 
470 
705 

0 
235 

0 
0 
0 

118 
0 
0 
0 
0 
0 
0 

5681 

- 

- 



bpendix Table 8.- E s t i Y U d  lN19th COIPOSitlOM Of SkWJack 

t rop ica l  At lant ic  i n  1%8. 

m i x  Table 9.- E s t i ~ ~  leqngtk  C Q p s i t i m  of skipjack 

t rop ica l  At lant ic  i n  1%9. 
tuna caught by h r i c a n  wne r e i m  i n  the rUn a u g h t  4 W i u n  purse winem i n  the eastern 

0 
0 

2446 
19219 
91520 
96812 
74613 
44155 
25027 
14935 
18418 
5666 

13692 
3983 
6212 
3789 

Midpoint 

I a) 
I Length 

0 
4943 

12334 
39089 

135299 
206739 
91742 
67015 
352% 
14286 
7986 
8390 

13004 
1844 

0 
0 

1 :::: 
I 43.0 

I :::: 
49.0 
51 .O 
53.0 
55.0 
57.0 
59.0 
61.0 
63.0 
65.0 

Total 

N w r  of f ish by m t h  - 
AW. 

0 
0 
0 

32798 
131436 
123675 
28540 
58833 
4581 5 
26035 
25036 
1752 

0 
1752 

475672 

- 

- 

- 
S D t .  - 

0 
0 

9257 
70624 

139866 
91 y)o 
39476 
21281 
19055 
28488 
36659 
34206 
9901 
1076 

501 269 - 231013 I 4522 

Midpoint 
length 

55.0 

59.0 
61.0 
63.0 
65.0 

Total 

- 
Jul . 

0 
0 

2 2 w  
17653 
17653 

8024 
181 5 
1605 
181 5 
1605 
1605 

0 
0 
0 

80243 

- 
N h r  o f  f ish br  n m t h  

k 9 .  - 
4739 

18759 
51955 
57073 
96038 
65096 
73737 

147494 
157306 
91651 
WY 
33216 
7631 
1431 

Appendix Table 10.- frtilvtcd length c a p o r i t i o n  Of skipjack 
~ U N  Caught by h r i c a n  curse seiners i n  the eastern 

t rop ica l  At lant ic  i n  1970. 

lMcr of f i sh  by m d m i n t  I 
l m q t h  

49.0 

53.0 

57.0 
59.0 
61.0 

Jun. Jul. 

421287 1637975 

sept . 
louI 
7150 

14148 
26569 
23620 
24959 
24851 
4961 3 
54574 
57854 
w25 
15788 
1925 

0 

- 

! 
Oct . 

0 
0 

201 3 
5%5 

15956 
32961 
45359 
48242 
63066 
592% 
46465 
34218 
10974 
2259 

- my. - 
0 
0 

872 
2617 
7414 
3489 
261 7 
2181 
2181 
436 

0 
0 
0 
0 

B8w58 338524 366764 21807 

Aug. 
21835 

0 
24035 

149012 
311362 
301012 
442347 
381 942 
250967 
41588 
56027 

0 
0 
0 
0 
0 

1983927 - 

335i 
1492 

10918 
13999 
17427 
31 797 
49316 
51251 
24234 
1290 

0 
0 
0 

I9 



A m d t x  Table 11.- Elthted length ccqoritla of stlpjack 
t w u  caught by *Him wrse seiners in thc castarn 

t m i c a l  Atlantic in 1971. 

219690 474130 I 

If fish I - 
sept. 

0 
13973 
79921 

423894 
601535 
921515 
612368 
361001 
3841 74 
155941 
70307 
21 632 
19227 
4707 
3722 

0 

- 

1674000 

- 

Dnth 

act. 
3879 
IC622 
87724 
572735 
591718 
339419 
533072 
220877 
313773 
355220 
236933 
90572 
20129 

0 
0 
0 

I426673 

- - 

- 

- 
b V .  - 

0 
0 

22140 
27721 
99537 
135261 
126521 
120755 
576?9 
%9 
32533 
10978 

0 
0 
0 
0 

&Pad41 Table 12.- Estlrmted lmgth cagosition of SklpJIck 
tuna caught by k r i c a n  purse seiners in the eastern 

tropical Atlantic i n  1972. 

- 
Midpain1 
length 
(4 
33.0 
35.0 
37.0 
39.0 
41.0 
43.0 
45.0 
47.0 
49.0 
51.0 
53.0 
55.0 
57.0 
59.0 
61.0 
63.0 

- 

Total 

- 
*Y 

0 
2659 
5548 
13525 
22888 
46122 
63232 

2659 
10636 

1387 
0 

1387 
0 
0 

02295 

- 

294x3 

2774 

- 
Juri. 

0 
4106 
4bb6 
13833 
27127 
50895 
38305 
86u)O 
57565 
61671 
23297 
4106 
14373 
8484 
2323 

0 

97211 

- 

- 

Nuder of fish by m n t h  - 
Jul. 

2275 
428% 
44.w 
56322 
64237 

270838 
268123 
126408 
1908s 
22120 
13263 
2275 

19% 
26671 
9360 

- 

a9352 

iuas.495 
- 

- 
wov. 

1290 
9871 
70298 suo1 
33312 
I5386 

26969 
2 w  
16855 
11305 
5450 
27 
0 
0 
0 

286946 

- 

14973 



M i x  Table 13.- E s t i r t e d  l m q t h  c ( lPgs i t i0n  of sk lp j rck  
tuna ought by k r r i c r n  purse seiners i n  the eastern 

t m f u l  A t l a n t i c  i n  1973. 

I26  
114 

2151 
5594 

16286 
28982 
31955 
24474 
13104 
3372 
423 
206 
299 
0 

68 

Midpoint 
l e n g t h  

(C.) 

36% 
3340 

62958 
163760 
476786 
818494 
935517 
716497 
383647 
98730 
12382 
6024 
8747 

0 
1998 

33.0 
35.0 
37.0 
39.0 
41.0 
43.0 
45.0 
47.0 
49.0 
51.0 
53.0 
55.0 
57.0 
59.0 
61.0 

0 
0 

26879 
147907 
688219 

1392101 
2028754 
1518342 
706955 
133770 
11543 

0 
9252 

0 

0 
5663 
3935 

21511 
185781 
317625 
478645 
633823 
388533 
177279 
45677 

2819 
0 
0 

Nurnber of f i s h  by month 

Jul. Aug. 

I27154 1 3722576 

scot. Oct. 

6663722 1 2258291 

- 
Nov. 

0 
0 
0 
0 
0 
0 
0 

1108 
1582 
4021 
5748 
7422 
4800 
1399 
291 

!6371 - 
Apwndix Table 14.- Estinuted length c w s i t i o n  Of Skipjack tuna caught by h r i c a n  purse seiners 

i n  the eastern t rop ica l  A t l a n t i c  i n  1974. 

Midpoint 
Length 

(cm) 

29.0 
31.0 
33.0 
35.0 
37.0 
39.0 
41.0 
43.0 
45.0 
47.0 
49.0 
51.0 
53.0 
55.0 
57.0 
59.0 
61.0 
63.0 
65.0 
67.0 

Totdl 

N d e r  of f i s h  by month 

- 
0 
0 
0 
0 

214 
2399 
6191 
6602 
5710 

17511 
6597 

11 755 
1251 
264 
950 
963 

0 
97 

963 
915 

- 
0 
0 
0 
0 

15 
174 
448 
478 
414 

1268 
478 
851 

91 
19 
69 
70 
0 
I 

70 
66 

- 
0 
0 
0 
0 

116 
1300 
3365 
3588 
3103 
9517 
3585 
6389 
682 
144 
516 
524 
0 

53 
524 
497 

- 
0 
0 
0 
0 

282 
31 64 
8164 
8705 
7529 

2309 1 
8699 

15501 
1654 
348 

1252 
1270 

0 
128 

1270 
1206 

Jul  - 
0 
0 
0 
0 

2002 
22462 
57965 
61805 
53455 

863939 
61 7M) 
I10056 
11743 
2472 
889 2 
9018 

0 
908 

9018 
8564 

544059 

Aug. 

0 
0 

443 
0 
0 

19659 
38702 

121033 
102638 
102108 
74915 

105090 
30830 
18203 
12519 
10518 
5786 
2381 

795 
0 

645622 

- 5ept. - 
22682 
56705 
56705 

317157 
4yM35 
425618 
767286 
680598 
4551 70 
507089 
262163 
172428 
437149 
502969 
318003 
1 I8255 
44346 
14782 

0 
0 

561 71 70 

OEt. 

0 
0 
0 
0 

9524 
11547 

415456 
631623 
208315 
3W723 
128828 
27220 

0 
0 
0 
0 
0 
0 
0 
0 

733236 

- 

- 

nor. 

0 
0 
0 
0 
0 

6739 
25499 
75404 
69577 
65934 

11 5659 
72673 
26957 
47175 
6739 
6739 

0 
0 
0 
0 

519095 

- 

- 

OCC. 

0 
0 
0 
0 

8228 
38798 

207593 
236729 
260544 
243426 
123428 
55381 
31370 
27108 
22506 
12866 

0 
0 
0 
0 

I267985 

- 

- 

21 



Tot8 1 

~r i rm tmpicil Atlantfc. 

Nldtr of fish by year - 
1968 

0 
0 
22 
0 
0 
0 
0 
0 

- 

0 
0 
22 
0 
0 

U 
22 
22 
0 
0 
0 
0 
0 
0 
22 
44 
U 
0 
0 
22 
0 
0 
0 
0 
0 
0 
0 
0 
26 
26 
26 
0 zs 
0 
26 
26 
0 
26 
26 
26 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.o 
26 
0 
0 
0 
0 
0 
0 
0 

524 - 

- 
1971 

0 
315 
567 
158 
166 
329 
0 

175 
175 
1032 
1449 
175 
420 
646 
158 
472 
154 
1% 
235 
Ea 
0 
0 

79 
0 
77 
158 
79 
312 
235 
471 
548 
2% 
31 5 
166 
245 
235 
465 
954 
469 
w 
16% 
1179 
866 
630 
550 
235 
0 
77 
0 
0 
77 
0 

158 
0 

1 56 
79 
232 
77 
232 
0 

154 
154 
0 
77 

1% 
0 ea 

19687 - 

22 

- 
1972 

0 
0 
0 
0 
0 
0 

204 
392 

1794 
2390 
5163 
8116 
3972 
1191 
4a 
0 
0 
0 
0 
0 
0 
0 

196 
2(H 
604 
400 
799 
791 
1574 
I96 
196 
587 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1% 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

23365 

- 

- 

- 
1973 

70 
I40 
0 
0 
0 
0 

140 
71 
211 
493 
1262 
1546 
E a  
992 
284 
284 
0 
0 

140 
21 3 
210 
281 
70 
a 2  
421 
41 7 
701 
566 
142 
112 
71 
0 
0 
71 
0 
0 
71 
0 
71 
0 
71 
0 
0 
71 
71 
0 
0 
0 
0 
0 
0 
0 
71 
71 
?1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

10636 

- 

- 

1974 

126 
478 
353 
364 
655 
4% 
227 
642 
91 4 
787 
581 
2372 
2517 
2187 
792 
I342 
943 
624 
844 
738 
304 
738 
1477 
1463 
2070 
643 
861 
1240 
661 
204 
325 
394 
482 
238 
41 
755 
4% 
1624 
1028 
1186 
803 
388 
364 
172 
107 
107 
41 
705 
315 
344 
41 
587 
376 
842 
270 
1079 

0 
235 
0 
0 
0 
41 
0 
0 
0 
0 

270 

11239 

- 

- 




