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RESUMEN

Los tdnidos atldnticos importados, capturados por flotas ex
tranjeras y transbordados a Puerto Rico, EE.UU., son rutinariamen
te muestreados por personal del Scuthwest Fisheries Center, para
1a obtencidn de datos sobre tallas y composicidn por especies. Du-
rante 1980 se muestrearon peces desembarcados procedentes de transg
bordos de buques franceses, ghaneanos, japoneses, cOreanos-paname
fios v espafioles. En ese mismo afio, se midieron a la longitud hor-
quilla aproximadamente 3.800 rabiles, 2.300 listados, 1.300 patu-
dos v 500 atunes blancos. Se calculd la composicidn por tallas de
los desembarques muestreados y se presentaron los resultados.

Para evaluar hasta qué punto el muesfreo de composicidn por

+allas en los desembarques de Puerto Rico coincidian con los resul
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tados de los desembarques mueétreados en Tema, Ghana, lugar donde
se originaron los desembarques, se efectuaron tests de precisidn

de los ajustes, para comparar los resultados de los respectivos
programas de muestreo. Las estimaciones de frecuencias de talla

de los transbordos de patudo de la flota de cebo con base en Tema,
obtenidas en Puerto Rico, se cotejaron con las frecuencias de talla
previstas, basadas en los muestreos de desembarques llevados a ca-
bo en Tema. Los tests indicaron que, en la mayoria de los casos,
existen diferencias estadisticas importantes entre los resultados
obtenidos mediante el programa de muestreo en Puerto Rico y el efec

tuado en Tema.



INTRODUCTION

Between 1970 and 1980 annual U.S. imports of tunas from all. oceans
averaged 64% of the total amount processed for domestic consumption. Imports
are primarily comprised of albacore, bigeye, skipjack and yellowfin tunas.
Virtually all of the Atlantic-caught imported tuna are transshipped via
refrigerated cargo ship to landing ports in Mayaguez and Ponce, Puerto Ricao,
U.S.A. From 1970 to 1980 Atlantic tuna transshipments to Puerto Rico averaged

80,613 mt annually, or 26% of the annual Atlantic catch of albacore, bigeye,
skipjack and yellowfin tuna {Table 1).

Pecause Atlantic tuna imports to Puerto Rico represent a significant
portion of the oversil Atlantic catch, and biological information from the
catch is important for monitoring and evaluating the condition of the
exploited stocks, the Southwest Fisheries Center {SHFC) designed a program to
sample these imports for basic biotogical information (i.e. Tength and species
compositions). This program was fully implemented in 1975 and has been in
_effect since. In this report results obtained from the program in 1980 are
presented.  Also prosented, is a comparison of size compositions of Atlantic
yellowfin and bigeye tuna obtained from the Puerto Rican program during
1975-1978 with those obtained from the sampling program in Tema, Ghana where a
Targc portion of U. §, tropicé] tuna imports originate.

SAAPLING PROCEDURES

Size and species composition samples are taken at dockside during
unieading of the transshipment vessels. Since it is not ‘uncommon to find
several species stored in a single hold, sorting by species occurs ouring the
unloading operation, As the sorted tunas are being unloaded 50 fish samnples
of skipjack and albacore are drawn for forz-length measuremants. Yellowfin
and bigeye tunas, on the other hand, are normally not separated from each
other, but unleaded and landed as "yellowfin tuna."t Sampling for specics
composition therefore is Vimited to mixed yellowfin/bigeye landings for which
100 fish semples are tzken to cbtain both size and species composition
estimates. Each sample is drawn from the Tending of a single hold and
anciilary information such as catcher vessal neme, flag, gear, shipping port,
and location and tonnaga of catch is recorded. Fish without hoads are nat
sainpled.

T the U.s.A. the ex-vessel price for yellaufin and bigeya tuna is the
same, 50 landing records do not separate these species.
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RESULTS OF THE 1980 PUERTO RICAN SAMPLING PROGRAM

During 1980, 105 samples (57 yellowfin/bigeye, 37 skipjack and 11
albacore) were taken from Atlantic import landings, representing 15,020 mt of

~tuna or about 19% of the total U.S. Atlantic tuna imports by weight. A total

of 7,844 fish were measured for fork Tength (Table 2); 48% (3,739 fish)
yellowfin, 30% (2,326 fish) skipjack, 16% (1,270 fish) bigeye, and 6% (509
fish) albacore. A1l of the bigeye tuna sampled and most of the skipjack (88%)
and yellowfin tuna (89%) were caught in the eastern Atlantic. All of the
albacore tuna sampled was from the south Atlantic.

The length frequencies obtained from the samples were expanded to the
tonnage from which the samples were extracted by estimating the number of fish
in the sampled tonnage and then proportioning this number across the sample
distribution of lengths (see Sakagawa, Coan and Holzapfel, 1976). These
estimated Tength frequencies are then pooled by quarter of the year to obtain
annual length distribution estimates of imported tuna by species, area (north,
south, east and west) and gear (purse seine, baitboat and longline). The
estimated relative length-frequency distributions for 1980 are shown in
Figures 1-6.

In 1973 the International Commission for the Conservation of Attantic
Tunas {ICCAT) adopted a minimum size regulation for Atlantic yellowfin tuna:
3.2 kg or 55.0 cm fork length. 1In 1979 ICCAT extended the minimum s5ize
regulation to cover catches of Atlantic bigeye tuna. The sampling conducted
by various ICCAT member countries serves as a means of monitoring and
evaluating the effectiveness of the minimum size regulations. Countries of
flag vessels are responsibile for administering, monitoring and enforcing
regulations pertaining to landings of catcher vessels rather than
transshipments; Puerto Rican sampling augments landings sampling by countries
exporting fish to the U.S.A. )

Results of the size compositicn sampling from Puerto Rico in 1980
indicate that 72% by number of the yellowfin tuna imports sampled were less
than 55.0 cm fork length. Samples of transshipped landings of eastern
Atlantic purse seiners contained 72% undersized {less than-55 cm fark length)
yellowfin tuna, and 53% of the yellowfin tuna sampled from baitboat catches in



the eastern Atlantic were undersized (Figure 1). Sampies from purse seiners
fishing in the western Atlantic contained 88% undersized yellowfin tuna while
baitboat semples from the western Atlantic contained less than 3% undersized
yellowfin tuna (Figure 2). There were no longline Atlantic yellowfin tuna
transshipments sampled in Puerto Rico during 1980.

Results of the ycllowfin tuna sampling indicate that, with the exception
of transshinments froin the western Atlantic baitboat fishery, one year oid

fish (approzimately 30.0-85.0 cm fork length) dominated Atlantic import
landings in Pusrto Rico during 1980 (Figures 1 and 2). The average length for
all transshipped yellewfin tuna sampled in 1980 was approximately 54.8 cm with

a range of 27.0 to 174.0 cm.

Size compositicn sampling of Atlantic tuna transshipments in Puerto Rico
during 1560 vevealed that 75% by number of the bigeye tuna sampled were less
than 65.0 cm fork Tangth. A1l of the bigeye tuna transshipments to Puerto
Rico in 1930 were from the eastern Atlantic surface (purse seine and baitboat)
fisheries. Sewples of bigeye trensshipped from the eastern Atlantic purse
seine fishery contained €1% undersized fish while baitboat samples from the
ezstern Atlantic Centzined 59% undersized bigeye tuna (Figure 3).

As in the casa for yellowfin tunz, one year old fish (30.0-85.0 cm fork
tength)

dawinsted easizrn Atlantic bigeye tuna transshipments during 1980.
The average length {or 211 Atlantic bigeye tuna inports sampled in 1880 was

52.% om, venging from 37.0-95.0 cr fork length (Figure 3).
s aint s g

Sampling for cpecics composition during 19S0 fndicated that approximately

gt of the mixed yellowfin/bigeye tuna tonnazge sampled consisted of

funa. When this vesult ie zoplicd to reported fimports of 8,377 mt of
Hlentic "yellewiin tunz® in 1980 (Table 1) actual yelloufin imports would

ave consisted of 1,340 b bigoye tuna and 7,037 mt of yellowfin tuna.

During 1880, 37 Tencth-frecuency sawples containing 2,326 Atlantic

1

stipieck tuna were drewn from the transshipped landings of eastern Atlantic

purse Seandrs

%
]

, and western Atlentic baitboets and longliners.

The averaze fork length for skipjack tuna sampled from the castern Atlantic

purse seine catches was 47,5 cm (32.0-60.0 cn range) and that for eastern
Atlantic Faithoats was 64.8 cm (33.0-72.0 cm range) (Figure 4). Skipjack tuna
campled from the western Atlantic averaged 5%.4 om fork length {47.0-75.0 cm

¢

renpe) for baitbeat-caught fish and 69,4 cm fork length (57.0-81.0 cm ranas)

for Tongline-caught fish (Figure 5). Overall, Atlantic skipjack tuna sampled
in 1980 averaged 49.3 cm fork length ranging from 32.0 to 81.0 cm.

There were 11 Atlantic alhzcore tuna length-frequency samples taken in
0 from transshipped landings of the southern Atlantic tongline fishery.
Fork lengths ranged from 57.0-113.0 cm and averaged 93.7 cm. Over 85% of the
fish sampled were greater than 80.0 cm fork Yength (Figure 6).
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COMPARISONS OF SIZE COMPOSITIONS BETWEEN PUERTO RICO AND TEMA

In order to gain some understanding of how reliable the length-frequency
sampling of tuna transshipments is in terms of representing the size
composition of the eastern Atlantic, Ghana-based, baftboat catches of
vellowfin and bigeye tuna, results of the Puerto Rican sampling program were
compared with length-frequency sampling results from Tema, whare catches are
landed before transshipment. Results were compared for each of the years

§75-78, the years for which data from both sampling ports are available.

The estimated relative length frequencies from sampling eastern Atlantic
baitboat yellowfin and bigeye tuna transshipments in Puerto Rico {U.S), and
corresponding results from the sampling of landings in Tema (Ghana-based) are
shown in Figures 7-10, for 1975-78. Additional sampling results are presented
in Table 3.

To assess the degree to which length-frequency sampling results for
yellowfin and bigeye tunas obtained from the Puerto Rican transshipment
sampling agree with the corresponding sampling results obtained in Tema, the
distribution-free Kolmogorov-Smirnov goodness-of-fit test was applied to the
sample length-frequency distributions for each.of the years 1975-78, Briefly,
the Kolmogorov-Smirnov test determines whether the sample values observed can
reasonably be thought to have come from some prespecified theoretical
distribution. In the case at hand, the tength-frequency distributions from
the Tema sampling, in each of the years 1975-78, serve as the expected
distributions, against which the corresponding results from the Puerto Rican
sampling are compared. Under the null hypothesis that-the samples drawn in
Puerto Rico come from the expected distribution, differences in the cumulative
frequencies between the two should be small and within the 1imits of random
errors.



From the yellowfin and bigeye tuna cumulative relative length-frequency
distributions shown in Figures 7-10 respective D values - the point at which
the two distributions, expected and observed, exhibit the greétest
divergence - were computed for each of the years 1975-78. The calculated b's
were compared to the critical values (for the specified significance level,

and sample size) from the Kolmogorov-Smirnov sampling distribution to test the
gencralized rull hypothesis:

HO: The Puerto Rican sample length frequencies are
distributed the same as the corresponding Tema Tength
freguencies,

against-the alternative hyoothesis

Ha: They are not distributed the same.

Results of the Kolmogorov-Smirnov goudness-of-fit tests are summarized in
Table 4. In all but the case of bigeve tuna in 1976 do the sample results
obtained in Puertn Rico reveal a Highly significant deviation from the
expectzd Tema, distributions. Therefore, the null hypothesis is rejected in
@11 but the 1975 bigeye tuna case.

Te further evaluate the degree of censistency between the Puerto Nican
and Tewa sampling, a chi~square geodness-of-fit test was conducted comparing
the proportion of undersirzed vellowfin and bigeye tunas occurring in the

Puerie Rican samsies from castarn Atlantic, Ghanz-based, baitbcats to the

sponding preportion in the Tema lendings sempYes (Figure 11}, In this
case ihe chi-squave test is used to determine whether a significant differcnce
exists hetween Lhe cbservad proportion of fish in the Puerto Pican samnles
Tess than 55.0 cm fork Jenglh and the proportien cxpected based upon the

resuits of the Toma sampling.

,

Inorder to conduct the test, the crpected nusber of fish <55.0 cn was
devived by applying the percentage <55.0 em obteined from the corresponiiing
Tema zemple to the total nwrher of fish sampled Tran Puerto Pican irmoris

(Toab1e 5).

Using the observed and expectod frequincies a ciri-square o

Lic, corrected for continuity, wes caleulated for cach species savpie in

eech of the yeers 1975-78.  The cateulatnd Chi-spare statistics were cempared
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to the critical values from the chi-square sampling distribution to test the
generalized null hypothesis.

HO: There is no difference between the observed frequency
<55.0 cm, and the expected frequency <55.0 cm,

against the alternative hypothesis

Ha: There is a difference between the observed and the
expected frequency.

Results of the chi-square tests are summarized in Table 6. With the
exception of bigeye tuna in 1978 the test results indicate a highly
significant deviation of the observed frequencies in the <55.0 cm size
category from the expected frequencies. Therefore, the null hypothesis is
rejected in all cases but that for bigeye tuna in 1978,

SUMMARY AND REMARKS

Results obtained from sampling fmport landings in Puerto Rico during 1980
indicate that considerable amounts of undersize yellowfin and bigeye tuna
continue to be caught in the Atlantic Ocean. In 1980 an estimated 72% by
number of the import landings of Atlantic yellowfin tuna in Puerto Rico was
undersized, and an estimated 75% by number of Atlantic bigeye tuna imports
consisted of fish less than 55.0 cm fork Tength.

Significant amounts of bigeye tuna commonly occur in the import landings
of "yellowfin tuna." 1In 1980, an estimated 16% by weight of the yellowfin
tuna landed as imports in Puerto Rico was actually bigeye tuna.

In order to gauge the reliability of Tength .frequency sampling, size
compasitions of eastern Atlantic baitboat-caught yellowfin and bigeye tunas
obtained from sampling import landings in Puerto Rico were compared with size
compositions obtained in Tema before transshipment. The Kolmogorov-Smirnov
test was used to determine whether the sample length frequencies observed in
Puerto Rico could Tikely have come from a population having the size
composition indicated from sampling in Tema. In all but one case (bigeye tuna
in 1976) did the Puerto Rican sampling results deviate significantly from the



Tema sampling results.

In addition to the Kolmogorov-Smirnov test on the overall distributions,
a chi-square test was conducted in order to assess whether the observed
proportions of yellowfin and bigeye tunas less than, 55.0 cm in lendgth from
the Puerto Rico sampling closely agreed with corresponding proportions from
the Tema sernling. Results of the chi-square tests for each of the years
1875-78 revealed a significant difference between‘proportions in the Tema and
Puerto Ricen samples, with the exception of bigeve tuna in 1978.

If, in both test cases, the safiples being compared weve randomly and

-independently drawn fron the same pcpuTation, results indicating a significant

difference between the Tema and Puerto Rico distributions would be highly

unlikely, Presumably there is randon length-fraquency sampling of the

Yeilowfin and bigeye baithoat tandings in Tema. This being so, then the Tema
sampling results would reliably reflect the size distribution of the landed
catch. Further assuming that (1) yelicwfin and bigeye tunas being
transshipped from Tema to Puerto Rice are randomly selected from the Tema
landings, and (2) that transshipments are being rdndom]y sampled in Puerto
Rico, then the size frequzncies observed in Pusrto Rico should closely agree
with those obtained from the sampling in Tema. Obviously, if any of these
concitions are not met, discrepancies of the order observed between the Puerto
Rican and Tema sampling resulys veuld not be unexpected. A
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fable 1. Import landings (metric tons) of Atlantic-caught tunas in
Puerto Rico for 1970-1980!

Albacore Skipjack Yellowfin/ Total Total
Bigeye2 Imports ~ Atlantic
Catch
1970 34,322 7,970 5,414 47,706 228,781
1871 26,258 13,709 9,832 49,799 280,163
1972 48,249 41,758 23,736 113,770 291,164
1973 45,654 32,934 20,106 98,694 291,600
1¢74 25,627 49,315 17,349 92,291 ‘354,364
1975 22,815 32,087 12,286 67,188 ° 301,633
1976 17,159 33,153 10,816 61,128 316,915
1977 34,072 28,428 7,290 80,790 365,569
1978 43,157 53,204 9,363 105,724 356,457
1979 34,913 46,586 7,070 88,569 333,722
1960 27,146 45,566 8,377 81,089 319,329

lTonnage is based on actual weights, not adjusted to round weight.
Large fish ang particutarly albacore are frequently landed gilled
and cutted.

2Bigeye tuna included with yellowfin tuna in landing weights,

Table 2. Number of fish sampled and sampled tonnages (metric tons) of foreign-
caught Atlantic tunas transshipped to Puerto Rico in 1980,

Yellowfin Skipjack Bigeye Albacore
Gear/Area Quarter Tonnage/No. Fish Tonnage/No. Fish Tonnage/No. Fish Tonnage/No. Fish

Purse seine

Eastern 1 247.18 n 972.49 150 24.05 18
Atlantic 2 24 .81 130 120140 50 19.30 68
3 620.16 347 3611. 1 503 87.62 42
4 . 704.52 279 807.82 .154 105.07 113
Western
Atlantic 4 173.19 100
Baitboat
Eastern .
AtTantic 1 62.75 518 603.57 306 16.32 233
2 63.23 676 295.05 201 19.7 238
3 66.63 600 704.24 302 60.39 356
4 115.14 877 578.52 310 70.45 202
Western
Atlantic 2 13.88 41 1977.10 200
3 - 191.52 50
Longline
South
Atlantic 1 1435.49 190
3 464.13 100
4 760.64 219
Western
Atlantic 1 1.61 50
3 1.65 50
Total 2091 .49 3,739 9,865.08 2,326 402.9] 1,270 2,660.26 509
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ranle 3. {ellowfin and bigaye tuna size copdosition
sampling transshiosments in Puerto Rico and
rona .of tha oastarn Atlantic, Ghana-based,
1975 to 1374

YELLOJFPIN

PUERDD RITO TEdA

Average Length (cm)

1375 46.6 49.3 81.2
1576 46.3 55.2 49.6
1377 6L.2 61.5 56.8
1974 53.49 53.5 52.1
Sizce Range (ca)
1375 2370-158.0 30.0~-114.0 44,0-109.0
1975 29,0-137.9 34.,0-116.9 39.0~037.0
1977 39.0-123.¢ 34.0-184.¢ 41.0-113.0
1978 35.0~137.0 . 34.U~l72.02/ 35.0-160.0
Percent Less Than 35.0 ca (by number)-
1975 93.1 85.2 11.5
1976 848.3 62.6 85.9
1377 15.3 36.4 54.0
1378 61.3 56.3 72.1
Wumber of Fish Samoled
1975 2,191 3,350 80
1970 4,877 939 77
1827 2,143 7,315 982
1973 2,932 4,714 1,949
Samople Tonnage
1975 353.1 1152.8 123.3
1976 237.2 227.1 S 76.3
1377 541.9 3024:8 230.2
1573 1565.0 1783.1 747.4

PUERTO RICO

results frox
landings in

baithoat fleet,

TEMA

46.9
49.3
53.0
51.2

34.0-975.0
34.0-086.0
T 30.0-153.0
30.0-144.0

92.9
34.1
78.2
T4

760
1,880
4,350
4,073

520.7
679.2
1133.5
1673.5

3/

1.' Less than 0.13% of the yellowfin tuna saanled in Tema during

1877 were greoater than 121.0cn fork length.

2. Lass than 9.43% of tha yallowfin tuna sannled
1973 were greater than L2l.Uca fork length.

3. Loss than 0.3% of the bigeye tunx saamnled in Tema during 1277
r

ce greater than 121.0cm fork length.

in Temna during

-0~

Table 4. Results of the Kolmogorov-Smirnov Goodness of Fit Test.
Yeilowfin Bi
critical? e itical?
1 1 Critical
Year D n Value 3} n Value
1975 .2043 2191 .0261 .8697 80 .1496
1976 .3031 4877 .0175 .1329 77 .1524
1977 L1412 2148 .0263 .2130 982 .0389
1978 .0881 2932 .0225 .1653 1949 L0276
1, -

n = number of fish comprising the Puerto Rican sample drawn -from

transshipments of Ghana-based baitboat catches.

20 e
Critical value at the .05 significance level (.« =.05).



Table 5. Yellouwfin and bigeye tuna observed {0) ]en?th frequencies
from Puerto Rican sampling and expected (E) length
frequencies hased upon Tema sampling falting within the
<55.0 ¢m and >55.0 cm size categories, 1975-78,

Yellowfin Bigeye
<55.0 cm 255.0 cm <565.0 cm >55.0 ¢m

Year 0 E 0 E. 0 E 0 £

1975 2,040 1,866 151 324 9 74 1 6

1976 4,305 3,051 572 1,826 66 72 11 5

1977 340 781 1,808 1,367 531 768 451 214

1978 1,796 1,649 1,136 1,282 1,405 1,370 544 579

~6 Fm

Table 6. Results of the chi-square goodness-of-fit test.

Yellowfin ) Bigeye
Calculated Criticart Calculated Criticall
Year value valye value value
1975 107.9722 3.841 749.5946 3.841
1976 1205.2305 3.841 6.4701 3.841
1977 309.3971 3.841 334.1941 3.841
1978 19.5288 3.841 2.9245 3.841

lCri-tica] value at the .05 significance level {a= .05) with one
degree of freedom (v=1),
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Atlantic in 1976 and sampled in Tema and in Puerto Rico.

Estimated length compositions (A)
and cumulative length compositions {B) for landings are shown.
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Atlantic in 1978 and

sampled in Tema and in Puerto Rico.

and cumulative length compositions (B) for iandings are shown.
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