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FIGURE 1. Sampling locations in the Pacific Ocean for yellowfin tuna: (M) Mexico, (E) Ecuador, 
(A) Australia, (J) Japan, (H) Hawaii. 

FIGURA 1. Lugares de muestreo de atun aleta amarilla en el Oceano Pacifico: (M) Mexico, (E) 
Ecuador, (A) Australia, (J) Japon, (H) Hawaii. 

FIGURE 2. Measured morphometric characters and acronyms used for analysis of geographic varia­
tion of Pacific yellowfin tuna. 1) TL: total length; 2) SFD: snout to insertion of first dorsal fin; 3) 
SSD: snout to insertion of second dorsal fin; 4) SAF: snout to insertion of anal fin; 5) HL: head 
length; 6) FDSD: insertion of first dorsal fin to insertion of second dorsal fin; 7) FDAF: insertion 
of first dorsal fin to insertion of anal fin; 8) SDAF: insertion of second dorsal fin to insertion of anal 
fin; 9) FDPF: insertion of first dorsal fin to insertion of pelvic fin; 10) SDPF: insertion of second dor­
sal fin to insertion of pelvic fin; 11) PFL: pectoral fin length; 12) SDFL: second dorsal fin length; 
13) AFL: anal fin length. 

FIGURA 2. Caracteristicas morfometricas medidas y siglas usadas en el anaJisis de la variacion 
geograJica del atun aleta amarilla del Pacifico. 1) TT: talla total; 2) HPD: hocico a la insercion de la 
primera aleta dorsal; 3) HSD: hocico a la insercion de la segunda aleta dorsal; 4) HAA: hocico a la 
insercion de la aleta anal; 5) TC: talla de la cabeza; 6) PDSD: insercion de la primera aleta dorsal a 
la insercion de la segunda aleta dorsal, FDSD; 7) PDAA: inserci6n de la primera aleta dorsal a la in­
sercion de la aleta anal; 8) SDAA: insercion de la segunda aleta dorsal a la inserci6n de la aleta anal; 
9) PDAP: inserci6n de la primera aleta dorsal a la inserci6n de la aleta pelvica; 10) SDAP: insercion 
de la segunda aleta dorsal a la inserci6n de la aleta pelvica; 11) TAP: talla de la aleta pectoral; 12) 
TSD: talla de la segunda aleta dorsal; 13) TAA: talla de la aleta anal. 
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FIGURE 3. Means and individual 950/0 confidence intervals for means based on the pooled standard deviations for the total gill-raker counts, by 
areas and years. The solid and broken bars are for the 1990 and 1988 samples, respectively. 

FIGURA 3. Promedios e intervalos de confianza de 950/0 individuales de los promedios basados en las desviaciones estandar agrupadas de los 
f---l

conteos de las branquiespinas totales, por area y ano. Las barras s6lidas y de trazos corresponden a las muestras de 1990 y 1988, respectivamente. .+::0­
<:,;n 



I---l ....-...MEXICO ~ ... ----1"'-"-4 ­ OJ.....--. ----.ECUADOR ... - __--4 ... __--4......-~ ­
t-+----iAUSTRALIA 

....---­......­JAPAN ...---~ 

----.. 
.... __ --4HAWAII .... - ..--t ­

2.303 2.310 2.317 2.542 2.545 2.548 2.551 2.584 2.587 2.590 2.593 
SFD SSD SAF 

MEXICO .... -.-~ 
ECUADOR 

. ­AUSTRALIA ... --__ ---1 ­ ""-"--4 

.....-.....JAPAN t--"--1 

...........
HAWAII ... __-4 -
2.250 2.255 2.260 2.265 2.190 2.196 2.202 2.208 2.384 2.388 2.392 2.396 

HL FDSD FDAF 

.......MEXICO ...~ ....--. UJ. 

ECUADOR 

-
........
 ­ "'---1 ... -.. 

Q 

~ 

AUSTRALIA >
t?J 

JAPAN ~ 

t?J .........

HAWAII 

~.... ~ 

2.184 2.192 2.200 2.208 2.175 2.190 2.205 2.220 2.235 2.340 2.370 2.400 
SDAF FDPF SDPF 

MEXICO 

ECUADOR ..... -4 - .......
AUSTRALIA I ....-~·-~I 

.. ­

-
~_. 

I I! ­JAPAN ~ 

~_HAWAII .. 
I I I I I 

2.220 2.240 2.260 2.280 1.880 1.900 1.920 1.940 1.850 1.875 1.900 1.925 
PFL SDFL AFL 

FIGURE 4. Means and individual 950/0 confidence intervals for means based on the pooled standard deviations for the morphometric
 
characters adjusted for total length, by areas and years. The solid and broken bars are for the 1990 and 1988 samples, respectively.
 

FIGURA 4. Promedios e intervalos de confianza de 950/0 individuales de los promedios basados en las desviaciones estandar agrupadas
 
de las caracterfsticas morfometricas ajustadas por talla total, por area y ano. Las barras s6lidas y de trazos corresponden a las muestras
 
de 1990 y 1988, respectivamente.
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FIGURE 5. Plots of group centroids on canonical variables 1, 2, and 3 for the 5 groups based on 12 
adjusted morphometric characters, for the samples from 1988, 1990, and 1988 plus 1990. Clusters 
between group centroids are determined by the single linkage method computed on Mahalanobis 
distances. M = Mexico, E = Ecuador, A = Australia, J = Japan, and H = Hawaii. 
FIGURA 5. GraJicos de los centroides de los grupos en las variables can6nicas 1, 2, Y3, correspon­
dientes a los 5 grupos basados en 12 caracterfsticas morfometricas ajustadas, de las muestras de 
1988, 1990, Y 1988 + 1990. Los conglomerados entre los centroides de los grupos fue determinado 
por el metodo de vinculo sencillo calculado a partir de las distancias de Mahalanobis. M = Mexico, 
E = Ecuador, A = Australia, J = Jap6n, y H = Hawaii. 
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FIGURE 6. Frequency distributions of individual canonical scores based on 12 adjusted morphometric characters for yellowfin tuna from Mexico (open 
squares) and Ecuador (black squares), for the samples from 1988, 1990, and 1988 plus 1990. The centroid values for Ecuador and Mexico are -1.31 
and 1.12 (1988), -0.93 and 0.94 (1990), and -0.50 and 0.47 (combined). 

FIGURA 6. Distribuciones de frecuencia de los totales can6nicos individuales basados en 12 caracterfsticas morfometricas ajustadas de atunes aleta 
amarilla de Mexico (cuadros abiertos) y Ecuador (cuadros negros), de las muestras de 1988, 1990, Y 1988 + 1990. Los valores centroides de Ecuador 
y Mexico son -1.31 y 1.12 (1988), -0.93 y 0.94 (1990), Y -0.50 y 0.47 (combinados). 
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TABLE 6. Descriptive statistics for repeated morphological measurements transformed to common 
logarithms for two yellowfin tuna. 

TABLE 6. E stadisticas descriptivas correspondientes a medidas morfo16gicas repetidas transfor­
madas a logaritmos comunes, para dos atunes aleta amarilla. 

Standard Coefficient
Character Fish Mean 

deviation of variation 
Promedio Desviaci6n Coeficiente de

Caracteristica Pez 
(n=30) estandar variaci6n 

TL-TT 1 2.8125 0.0004 0.0001422 
SFD-HSD 2.3097 0.0020 0.0008659 
SSD-HSD 2.5573 0.0011 0.0004301 
SAF-HAA 2.5955 0.0011 0.0004238 

HL-TC 2.2718 0.0020 0.0008804 
FDSD-PDSD 2.2139 0.0021 0.0009486 
FDAF-PDAA 2.3996 0.0019 0.0007918 
SDAF-SDAA 2.2083 0.0018 0.0008151 
FDPF-PDAP 2.2138 0.0020 0.0009034 
SDPF-SDAP 2.3716 0.0016 0.0006747 

PFL-TAP 2.2472 0.0017 0.0007565
 
SDFL-TSAD 1.8810 0.0028 0.0014886
 

AFL-TAA 1.8795 0.0025 0.0013301
 

TL-TT 2 2.7880 0.0006 0.0002152 
SFD-HSD 2.2823 0.0039 0.0017088 
SSD-HSD 2.5382 0.0015 0.0005910 
SAF-HAA 2.5709 0.0011 0.0004279 

HL-TC 2.2543 0.0031 0.0013751 
FDSD-PDSD 2.2032 0.0027 0.0012255 
FDAF-PDAP 2.3740 0.0017 0.0007161 
SDAF-SDAA 2.1820 0.0020 0.0009166 
FDPF-PDAP 2.1946 0.0020 0.0009113 
SDPF-SDAP 2.3451 0.0021 0.0008955 

PFL-TAP 2.2436 0.0024 0.0010697
 
SDFL-TSAD 1.8607 0.0046 0.0024722
 
AFL-TAA 1.8502 0.0033 0.0017836
 

TABLE 7. Coefficients of variation for the adjusted morphometric measurements by area. 

TABLA 7. Coeficientes de variaci6n de las medidas morfometricas ajustadas, por area. 

Character-
Caracteristica 

Mexico Ecuador Australia Japan Hawaii All 

SFD-HSD 0.00389 0.00388 0.00473 0.00496 0.00421 0.00434 
SSD-HSD 0.00199 0.00221 0.00265 0.00220 0.00216 0.00223 
SAF-HAA 0.00215 0.00200 0.00268 0.00216 0.00207 0.00220 
HL-TC 0.00370 0.00350 0.00380 0.00356 0.00408 0.00374 

FDSD-PDSD 0.00610 0.00637 0.00587 0.00508 0.00478 0.00564 
FDAF·-PDAP 0.00312 0.00309 0.00317 0.00311 0.00284 0.00306 
SDAF-SDAA 0.00503 0.00518 0.00472 0.00479 0.00462 0.00487 
FDPF-PDAP 0.03591 0.03074 0.03558 0.03418 0.02835 0.03295 
SDPF-SDAP 0.03827 0.03603 0.03582 0.03244 0.03221 0.03494 

PFL-TAP 0.01219 0.00855 0.00842 0.00744 0.00938 0.00936 
SDFL-TSAD 0.01574 0.01053 0.01111 0.01080 0.01418 0.01274 

AFL-TAA 0.01549 0.01237 0.01342 0.01326 0.01587 0.01422 
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