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1 Submitted for publication January, 1950.
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2 After this paper had been submitted for publication, we obtained three more specimens of Australian southern bluefin. The results of the ad-
ditional observations are incorporated on page 43, as an addendum to this paper.

1. INTRODUCTION
The Bureau of Marine Fisheries has been fortunate in obtaining specimens of tuna from the Atlantic Coast and from
Australian waters. In the fall of 1948 six specimens of Atlantic tuna, caught in September near Provincetown, Rhode
Island, were frozen and shipped to us through the courtesy of the Terminal Island Sea Foods, Ltd., Terminal Island,
California. To the officers of this company we express our gratitude. These fish ranged from 1,257 to 1,314 milli-
meters in body length, and in weight from 84 to 95 pounds.

In January, 1949, three specimens of the Australian southern bluefin, 920, 924 and 981 millimeters in body
length, and averaging about 75 pounds each, were forwarded to us by the Australian Trade Commission, San Fran-
cisco. To Mr. Lynch and to Mr. Davies of that organization we express our sincere thanks. As far as we know the
fish were caught off the north coast of Tasmania.2

The fish in both samples belong to the genus Thunnus. The Atlantic form is generally accredited to the species
Thunnus thynnus, and the Australian southern bluefin is Thunnus maccoyii. The Australian northern bluefin,
Kishinoella tonggol, does not enter into this discussion. The bluefin tuna of the Pacific Coast of the United States is
also included in the species Thunnus thynnus. The Pacific Coast bluefin was extensively described by Godsil and
Byers (1944), and the acquisition of the Atlantic and Australian specimens afforded an exceptional opportunity to
make a thorough comparison of the three varieties. The present study was therefore modelled on the procedure out-
lined by Godsil and Byers, and the same characters were investigated. The measurements used, the technique and
the nomenclature adopted throughout are identical. However, for the convenience of those who do not have access
to the former publication, definitions of the terms used herein are listed in the appendix.

The present study was undertaken to clarify the systematic relationship of the various tunas. The classification of
the tunas is confused, and has been based largely upon the examination of variable external
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characters in relatively few specimens. Such characters have led in some cases to unwarranted specific separations,
while in others they have obscured more significant differences. Our particular purpose in this study was to determ-
ine whether positive, diagnostic differences exist between the Atlantic bluefin and our California bluefin, on the one
hand, and between the Australian southern bluefin and the California bluefin on the other hand. Accordingly, we
looked for characters, constant within the sample, which would enable one to distinguish fish from these three dis-
tinct geographical regions.

Unfortunately the dissections were not made at the same time. However the Atlantic and Australian specimens
were examined within a relatively short interval, when the recollection of detail was still vivid. Because the dissec-
tions of the California bluefin had been made about seven years earlier, the authors repeated the entire routine exam-
ination upon three local specimens in the interval elapsing between the study of the Atlantic and Australian samples.
Available data from the measurement and dissection of all California bluefin have been used in this report, and for
this reason the number of fish and the size range shown in Table 1, and discussed in the text, varies in the different
proportions. Complete measurements were not made upon all these fish.

The scope of the study was as extensive as time and circumstances permitted. Most of the Atlantic specimens had
been damaged in one region or another and injections proved difficult. This is invariably true of commercially
caught fish. The Australian specimens were in generally good condition, but each had been bled by cutting through
the isthmus and severing the ventral aorta or the heart. This was a severe handicap in the visceral injections. All the
material was frozen and stored for a period, and in consequence color notes and external markings were of little
value. Each fish was necessarily thawed completely before examination. The amount of detail that could be ob-
served was limited by the gradual softening and deterioration in the tissues.

Those characters were selected for examination which had been found in the earlier studies to differ most in the
several species investigated. Where differences between the samples were discovered or suspected, particular care
was thenceforth devoted to such characters. In the study of the bones comparisons were made of the entire skeleton:
but only those elements are described which showed or suggested differences.

Because the three varieties were so similar, a complete description of each character in each sample would entail
endless and unnecessary repetition. To avoid this, each character in the Atlantic bluefin is described in detail and the
Australian southern bluefin is compared with this description. If it is identical, this fact is so stated. If differences ex-
ist, the features differing are described in detail. Finally both the foregoing descriptions are compared with earlier
findings in the California bluefin. Similarities with either or both are noted, and differences emphasized.

Throughout the descriptive part we have arbitrarily selected a common name to designate each variety. Because
two of them are generally known as bluefin, we have applied that name also to the Atlantic variety. A discussion of
the specific relationship of the three varieties is given in the final section.
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Both during the dissections and in the preparation of the manuscript the authors have received invaluable help
from all members of this staff. The completed report is therefore the product of the group. To each we extend sin-
cere thanks for the time and effort contributed. The original sketches were prepared for publication by Messrs. C. R.
Clothier and E. C. Greenhood.

2. DESCRIPTION
2.1. EXTERNAL CHARACTERS
The color of all fish examined had faded, as the fish had been preserved in a frozen condition for some time. The At-
lantic bluefin were black above and on the head and grey below, with longitudinal rows of spots on the belly. Two
of the six fish had yellow finlets edged with black. The Australian fish were similar except that they lacked any dis-
tinct markings and were silvery grey ventrally. The California bluefin were colored much as described for the At-
lantic form. The ventral markings in the former are described in the notes as oblique dark grey bars, each containing
a row of lighter spots. The notes on coloration are given as observed. No attempt is intended at segregation on the
basis of color.

The postero-ventral margins of the preoperculum and operculum were rounded in all three groups.

TABLE 1 RANGE IN RATIOS The number and size of fish included in the California sample are shown for each
proportion. In the Atlantic sample there were six fish throughout, ranging from 1,257 to 1,314 mm. in body length.

In the Australian sample the three fish included ranged from 920 to 981 mm. body length
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The vent was round in the three forms. A short groove extended posteriorly from the vent in the Australian form.
The vent was large in both the Atlantic and California bluefin, but comparatively small in the Australian fish. Meas-
urements were made on two Australian specimens. In one the vent was 3.25 mm. in diameter, with a 3 mm. groove
posteriorly, while that of the other was 3.5 mm. in diameter with a 1.5 mm. groove. Unfortunately no comparable
measurements were made upon the Atlantic and California bluefin, in which this aperture was approximately twice
as large as that of the Australian fish.

2.2. PROPORTIONAL MEASUREMENTS
The body proportions given in Table 1 show that the three forms studied fell into definite size groups. The Atlantic
bluefin were large; the Australian fish were of medium size, while most of the California fish were small. Because
many proportions change with size of fish, a few measurements were subsequently made upon large California
bluefin to render particular comparisons more valid.

Although Table 1 suggests differences in some proportions, many of these apparent differences can be correlated
with the size of individual fish. For this reason it was necessary to supplement the discussion of the actual propor-
tions with a rough regression analysis in which the several measurements of a given character were plotted against
an independent variable, usually the body length. A free-hand line drawn through the points representing the Cali-
fornia bluefin afforded a basis of evaluating the similarity or divergence of the other specimens. The method was ad-
equate for judging the usefulness of a character in separating the three forms. A character was considered diagnostic
when any single specimen could be distinguished by it. If, however, the difference was so slight that a series of spe-
cimens was required to make a group separation, the character was considered useful only in a biometrical study.

2.2.1. Diameter of the Iris
The diameter of the iris when compared to head length yielded a higher ratio in the Atlantic bluefin, suggesting a
smaller eye than in the other two forms. Heldt (1927) reports that in the Mediterranean bluefin the size of the eye de-
creases proportionately with increased size of the fish. In view of this it is probable that no valid difference exists in
this character, because the Atlantic fish were considerably larger than any of the other specimens.

2.2.2. Height of the Fins
The second dorsal and anal fins were higher than the first dorsal in the Atlantic and Australian bluefin, whereas in
eight out of ten small California bluefin on which precise measurements of both fins were possible the first dorsal
was higher than the second dorsal and anal fins. Subsequent measurements on two large California fish showed,
however, that the condition agreed with that of the Atlantic and Australian forms. Thus the height of the second
dorsal and anal fins increases proportionately with size, and the condition in all three groups of fish must be as-
sumed comparable.
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2.2.3. Insertion of the Anal Fin
The insertion of the anal fin was more anterior in the Atlantic and Australian bluefin than in the California variety.
The ratio, body length ÷ anal insertion, averaged 1.63 in the six Atlantic fish. The range in this ratio in the Australi-
an fish overlapped the Atlantic values and averaged 1.62. For the California bluefin the average was 1.54. A rough
scatter diagram showed this difference to be too small to use as a diagnostic character. It suggested, further, in
agreement with the findings of Heldt (1927), that the anal insertion was proportionately closer to the snout in large
fish than in small ones.

Because the point of insertion of the anal fin, with respect to the end of the second dorsal base, has been used as a
specific character by many authors, a test of this relationship was made upon the three groups of fish studied. The
distance from the snout to the anal insertion was divided into the sum of the distances, snout to second dorsal inser-
tion plus length of second dorsal base. The usefulness of this character was questionable because in many specimens
a membrane connected the second dorsal fin with what would normally be the first dorsal finlet. In cases of such
contiguity the first finlet was considered as an integral part of the second dorsal fin. For this reason the length of the
second dorsal base was unduly variable. The actual value of the ratio under discussion encountered in the six At-
lantic bluefin was from 1.02 to 1.06, averaging 1.050. The three Australian fish yielded values of 1.03 to 1.06, aver-
aging 1.046. For the 23 California specimens the range was from 1.01 to 1.08, averaging 1.045. In agreement with
the majority of authors discussing this character, the writers are of the opinion that it offers no valid justification for
separating any species of Thunnus.

2.2.4. Dorsal-anal Distance
In the ratio, dorsal-anal distance to body length, the Atlantic and Australian bluefin are similar. The ratio in the Cali-
fornia fish is smaller, indicating a greater dorsal-anal distance. Because the three samples fall into distinct size
groups, and because no measurements on large California bluefin are available, it cannot be determined whether the
suggestive difference in ratios is real or merely a function of the size of the fish. The value of this character is there-
fore indeterminate.

2.2.5. Abdominal Cavity Length
The length of the abdominal cavity differentiates the Australian bluefin from the Atlantic and California specimens.
The cavity is measurably shorter in the Australian fish, with the result that the ratio, body length divided by abdom-
inal cavity length, yields a higher value. The range in these values for the Atlantic, Australian and California fish is
2.70 to 2.91, 3.14 to 3.22 and 2.37 to 2.94 respectively. There is thus a clear differentiation, with no overlap.

These measurements are indicated by the solid symbols in Figure 1. Although there is a change in proportion with
increasing size, the figure demonstrates the difference of the Australian specimens in this character, and the similar-
ity of the Atlantic and California bluefin.
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FIGURE 1. Shows, for each sample, the distribution of measurements of: (a) the body cavity length (solid symbols)
plotted against the body length, and (b) a comparable distribution of the few measurements made of the ventral in-

sertion to vent distance (open symbols), similarly plotted against the body length
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Because this character was also found of value in an earlier population study of yellowfin tuna and albacore, a
comparable external measurement was devised which could be conveniently made upon fish in the round. This is
designated the ventral insertion to vent distance, and it is adequately described in the appendix. Briefly, it is the
straight line distance between the base of the ventral fins and the anterior margin of the vent. The few available
measurements of this character are shown by the open symbols in Figure 1, from which it is apparent that this meas-
ure, although not exactly similar to the foregoing, yields the same general results. Its use is advocated in any future
study of the tunas.

2.3. MERISTIC COUNTS
A count of the gill rakers on the first arch, usually of the left side, was made upon each specimen. Such a count sep-
arates the Atlantic from the two remaining groups, which are similar in this respect. The Atlantic bluefin are charac-
terized by a greater number of rakers upon both upper and lower limb of the arch (Table 2). In consequence the dif-
ference is accentuated when the counts are combined into a total count for each fish. When this is done the Atlantic
and Australian fish are, in these small samples, clearly separated with no overlap in the sample frequencies. Between
the Atlantic and California fish the difference is almost as great, but the larger sample of the latter demonstrated a
slight overlap in the respective distributions.

TABLE 2 The Distribution of Gill Raker Counts on the Upper and Lower Limb, Separate and Combined
The California bluefin differed from the two remaining groups in the modal values of the second dorsal ray,

dorsal finlet, anal ray and anal finlet counts. (See Table 3.) All are herein discussed together because the apparent
differences stem from the same fact. In many specimens a membrane connected the fin with what would normally
be the first finlet. This occurred both in the second dorsal and anal fins, but not necessarily in both fins on the same
specimen. When the second dorsal ray and dorsal finlet counts were grouped together, and when, similarly,
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2 See appendix, p. 48.

the anal ray and anal finlet counts were also grouped in each specimen, the apparent differences disappeared, show-
ing that the total or over-all counts were the same and that the apparent differences depended upon the inclusion of
the first finlet as a fin ray. The data indicate that such a connecting membrane between last fin ray and first finlet
was relatively more prevalent in the California bluefin.

TABLE 3 Tabulation by Sample of the Various Ray Counts to Show the Distribution of Values

2.4. VISCERA
Atlantic bluefin: Although in this variety there was considerable variation in the view of the viscera, in situ, a basic
pattern was discernible. Anteriorly the center lobe of the liver covered a portion of the caecal mass. The liver was
completely striated as in all members of this genus. The apex of the large triangular caecal mass was generally on
the left side of the body cavity, though sometimes on the center line. In most specimens the spleen was large and
conspicuous. Invariably it was on the right side of the body cavity, enclosed between the straight intestine,2 laterally,
and the ascending portion of the intestine, mesially. Invariably the anterior end, in this view, was hidden beneath the
caecal mass, and typically the posterior end of the spleen reached the posterior bend of the intestine. The posterior
portion of the stomach was generally seen in this view, its extremity reaching to or beyond the mid-length of the
body cavity. In most specimens a portion of the air bladder showed between the left gonad and the apex of the
caecal mass. The range of variation encountered in the six specimens is portrayed in the upper panel of Figure 2.
The variability in the visceral view in this variety was probably due to the distension of the large air bladder.

Australian southern bluefin: The foregoing description applied equally to this form, except that in the three speci-
mens examined there was less variability, and the basic pattern was more apparent. In no specimen was the air blad-
der seen in ventral view of the viscera. The individual tubules composing the caecal mass were finer in this variety
than in the other two.

California bluefin: Specimens of this sample agreed with the description of the Australian southern bluefin, ex-
cept that the tubules of the caecal mass were relatively large and coarse, as in the Atlantic bluefin.
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FIGURE 2. Ventral views of the viscera, in situ. In this and all other figures the code at lower left of individual
sketches identifies individual specimens. A—, stands for Atlantic, Aus—, for Australian and C—, for California. Spe-

cimen A-6, illustrates the extreme of variation encountered in the Atlantic sample
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2.5. CAECAL MASS
Atlantic bluefin: The caecal mass was a large conspicuous organ located at the anterior end of the body cavity. It
was roughly triangular in ventral view, with the base abutting against the liver, and the lobulated margins tapering to
a point posteriorly. Typically, the apex lay on the left side of the cavity, though in some specimens it lay on the cen-
ter line. Measured from the tip of the heart the caecal mass extended in these specimens from 0.47 to 0.53 of the
total length of the body cavity. The base of the caecal mass lay enfolded in and concealed by the lobes of the liver. It
was connected to the duodenum by seven ducts, but inasmuch as five of these were bifurcated and complex, the
number was a matter of interpretation. The tubules composing this organ were enclosed within an enveloping mem-
brane, and appeared relatively large and coarse.

Australian southern bluefin: The caecal mass in this form was basically similar to the above description, except
that the margins were less lobulated and in all specimens the individual tubules were relatively finer. In extent the
caecal mass was relatively longer, approximating 0.63 and 0.67 of the length of the body cavity in the two measur-
able specimens. The proportions of this organ and the lobulations of the margin probably have no significance, in
view of the variation encountered in other species. However, the fineness of the individual caeca contrasted with
those of other members of this genus examined constitutes a distinguishing character when representative specimens
are available for comparison.

California bluefin: The caecal mass in this form agreed essentially with that of the Atlantic bluefin. In extent,
however, it was usually longer, ranging from 0.58 to 0.79 of the length of the body cavity. This may be associated
with the size of the fish. The tubules in the California bluefin were coarse, as in the Atlantic form.

2.6. LIVER
Atlantic bluefin: The liver was composed of three lobes of which the center lobe was the longest. In ventral view of
the viscera, in situ, only the center lobe was seen. The right and left lobes enclosed the anterior end of the stomach,
dorso-laterally. All three lobes were completely striated on the ventral surface, although in some specimens the
distal markings were faint. The right and left lobes were approximately the same in length and all margins were
fairly regular and little crenulated. The typical shape and markings are portrayed in Figure 3. Attached to the dorsal
surface of the liver were a number of large, conical, vascular sacs which are described with the visceral arterial cir-
culation.

Australian southern bluefin: The liver conformed in general to the above description but differed in some respects.
The right and left lobes were relatively longer than in the Atlantic form, and almost equalled the length of the center
lobe. In all three specimens the shape of the liver was less regular, and all approximated the sketch shown (Figure
3). The surface of all lobes was heavily striated, and the substance of the liver was friable.

California bluefin: The liver in this form agreed fully with the description of that of the Atlantic bluefin.
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FIGURE 3. Ventral views of the excised liver. That of the Australian specimen is remarkably similar to the liver of
the albacore
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2.7. STOMACH
Atlantic bluefin: The apex of the stomach was generally near the center line of the body cavity, but varied in exact
location so that no significance can be attached to its position. In extent it varied from 0.52 to 0.62 of the total length
of the body cavity. In this respect it was relatively shorter than in either the California or Australian bluefin.

Australian southern bluefin: The observations of the stomach agreed with the foregoing, except that in extent the
stomach varied between 0.61 and 0.70 of the length of the body cavity.

California bluefin: The stomach was relatively longer than in either of the above forms, varying between 0.66 and
0.81 the body cavity length.

2.8. INTESTINE
Atlantic bluefin: The intestine was always folded, and the length of this fold varied between 0.38 and 0.55 the length
of the abdominal cavity. This fold was generally, though not invariably, apparent and conspicuous, lying predomin-
antly on the right side of the body cavity. Occasionally it was concealed by the spleen. The latter invariably separ-
ated the straight intestine from the ascending portion which extended to or beyond the approximately transverse
margin of the caecal mass, and thus the anterior loop of the intestine was sometimes concealed beneath the latter or-
gan. Usually, however, the anterior loop and the entire fold of the intestine were visible in ventral view. The posteri-
or bend of the intestine, in all these specimens, was located towards the posterior extremity of the body cavity. Its
distance from the posterior tip of the heart in relation to the length of the body cavity varied between 0.77 and 0.89.
The ascending and descending portions of the intestine were always adherent and parallel.

Australian southern bluefin: The foregoing description applies equally to this form. The fold of the intestine was
0.50 (in the one measurable specimen) and the posterior bend of the intestine was 0.82 and 0.83 the body cavity
length.

California bluefin: The course of the intestine was as described above. The posterior bend of the intestine varied
from 0.82 to 0.94 the body cavity length. No significant differences in this character were observed between the
various forms.

2.9. SPLEEN
Atlantic bluefin: The spleen was a large, conspicuous, dark-red organ lying on the right side of the body cavity, sep-
arating the straight intestine from the ascending portion (see Figure 2). It was similar in the three forms discussed
herein. Its anterior end was invariably hidden beneath the lateral margin of the caecal mass, and in this region the
spleen tissue was diffuse and the margins of the organ were not distinct. The posterior end of the spleen generally
reached the posterior bend of the intestine. The posterior extension of the spleen varied between 0.63 and 0.83 the
body cavity length.

Australian southern bluefin: The foregoing description applies equally to this form. The posterior extension of the
spleen in two specimens was 0.76 and 0.81 the body cavity length.
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California bluefin: The above description is also applicable to this form. The posterior extension of the spleen var-
ied between 0.75 and 0.88 the body cavity length.

2.10. GALL BLADDER
Atlantic bluefin: The gall bladder was a long, tubular sac extending, roughly, from the liver to beyond the posterior
bend of the intestine. In the ventral view of the viscera in situ, only the posterior tip of the gall bladder showed, as a
rule, and this was invariably doubled back upon itself in a fold. In the atypical view illustrated in Figure 2 (A-6), the
gall bladder shows throughout its extent. This is exceptional and is probably due to the displacement of the visceral
organs by the large distended air bladder. The distance of the posterior extension of the gall bladder from the tip of
the heart varied between 0.82 and 0.93 the body cavity length. The gall bladder was of a deep green color and in-
variably on the right side of the body cavity, adherent to and running with the straight intestine. Occasionally in its
posterior extent it crossed the dorsal face of the spleen and was attached in the enveloping membrane to the fold of
the intestine. In all specimens the gall bladder was marked with three longitudinal marginal yellow stripes (as de-
scribed for the albacore, Godsil & Byers, 1944), suggesting an equilateral triangular shape in cross section. These
stripes were conspicuous in some and faint and regional in other specimens.

Australian southern bluefin: The condition was similar to the above description. The marginal yellow stripes were
recorded in two of the three specimens.

California bluefin: The condition in the California bluefin was comparable with the other forms. The yellow, mar-
ginal stripes were, however, recorded in only two or three specimens.

2.11. DORSAL WALL OF BODY CAVITY
The roof of the body cavity was, in cross section, convex in all three varieties. The convexity began abruptly with
the origin of the haemal canal and was greatest in this region, diminishing progressively toward the posterior portion
of the cavity. The upper sketches, a, of Figure 4, depict diagrammatically the shape of the dorsal wall of the body
cavity viewed in a longitudinal section cut through the vertical median plane of the fish.

Anterior to the ninth or tenth vertebra the roof of the body cavity was, in cross section, relatively flat. With the
origin of the haemal canal on the tenth vertebra the roof of the body cavity sloped abruptly downward, and from this
point posteriorly the depth of the haemal spines determined the level of the dorsal wall of the cavity. This ventral
bulge was not confined to the median line. It extended transversely toward the belly wall, but was separated from the
latter by a depression on either side (Figure 4, b and c). This depression was formed mesially by the side of the vent-
ral bulge and laterally by the belly wall. It was in the shape of the bulge, and in the size and shape of the depression
that the varieties differed.
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FIGURE 4. Diagrammatic sketches to illustrate the shape of the dorsal wall of the body cavity. The left hand panel
depicts the condition found in the Atlantic and Australian specimens, and the right hand panel shows comparable

views of large California bluefin. The sketches a, at top, represent a section cut through the longitudinal axis in the
vertical median plane, with the viscera omitted to show the shape of the dorsal wall of the cavity. Sketches b, center,
show a ventral view of the fish and the body cavity with the viscera removed. The shading in these figures is inten-
ded to show relative depth. Sketches c, bottom, show the view seen in transverse sections cut in planes indicated by

the numbered dotted lines
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Atlantic bluefin: (See left hand panel of Figure 4.) The ventral margin of the bulge forming the roof of the body
cavity was slightly convex in cross section. The bulge covered nearly the full width of the body cavity, with the res-
ult that the lateral depression on each side was narrow and deep, constituting a pocket in the pectoral region. This
pocket was deepest anteriorly at the origin of the bulge, and in this form was divided by a low transverse ridge into
an anterior and posterior portion. The depth of the pockets decreased posteriorly as the bulge gradually merged into
the slight convexity of the dorsal wall (shown by the unshaded portions of the pockets in Figure 4b). The air bladder
extended into the full depth of, and filled these lateral pockets, but the kidney tissue did not enter them.

Australian southern bluefin: The foregoing description applies equally to this form. The lateral pockets, however,
were not conspicuously divided into an anterior and posterior portion. In the one specimen in which a functional air
bladder was present, this extended into and filled the lateral pockets, as in the Atlantic bluefin.

California bluefin: In small specimens, those up to about 80 cm., a conspicuous bulge was absent. Instead, the
dorsal wall of the body cavity was, in cross section, slightly and uniformly convex. With increasing size, however,
this convexity became progressively more pronounced, until in the largest fish examined, measuring 130 to 160 cm.,
there was a conspicuous bulge of characteristic shape. In approximately 30 specimens examined within this size
range there were no major departures from the following basic pattern. (See right hand panel of Figure 4.)

In contrast with the Atlantic and Australian fish, the bulge in the California bluefin was relatively narrow. At its
anterior end there was, on each side, a small bony protuberance projecting slightly into the body cavity. Posterior to
these slight projections the bulge narrowed to form on each side the crescent-shaped margin of a lateral depression,
which was analogous with, although different in shape and appearance from, the lateral pocket in the Atlantic and
Australian bluefin. Instead of being a deep pocket as in these two varieties the depression in the California bluefin
was saucer-shaped and relatively shallow in relation to its width (Figure 4b). Moreover it was not apparently di-
vided, as in the Atlantic form, by a low transverse ridge into anterior and posterior portions. The air bladder exten-
ded into and filled these lateral depressions. Posterior to the depressions the bulge gradually lost its identity with de-
creasing convexity, and in the posterior portion of the cavity the roof was uniformly convex in cross section.

of the three varieties, the Atlantic and Australian were similar, and both differed from the California bluefin. The
fundamental difference was in the width of the bulge. In the Atlantic and Australian forms this was broad, resulting
in a narrow, deep lateral pocket. In the California bluefin the bulge was narrow and there was a broad, shallow oval
depression on each side, rather than a pocket. In large fish this character is sufficiently constant to be diagnostic.
Lacking small fish from the Atlantic and from Australia, no comparative discussion of these sizes is possible.
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2.12. AIR BLADDER
Atlantic bluefin: There was a large, conspicuous air bladder in five of the six specimens examined. In the sixth spe-
cimen it was irregular in outline and more or less rudimentary (Figure 5). The following description is therefore
based upon the five specimens.

The air bladder covered the full width and almost the entire length of the body cavity. It therefore had, in general,
the shape of the dorsal wall of this cavity. It extended from the region of the oesophagus to and beyond the anterior
tip of the urinary bladder. The rounded anterior end of the air bladder was traversed and divided internally by a liga-
ment (found in other tunas) connecting the dorsal wall of the oesophagus with the dorsal wall of the body cavity.
This ligament in some tunas, e.g. the yellowfin tuna, divides the anterior end of the air bladder into two "horns"
which project separately into circular pits within the substance of the kidney tissue. Such was not the case in this
bluefin. There were no pits and no separate horns anteriorly. Instead, the ligament, traversing the air bladder, con-
nected with a septum which divided the anterior end or head of the air bladder into two internal compartments, no
evidence of which was apparent externally. Just posterior to this ligament the ventral wall of the air bladder was at-
tached to the viscera by a pair (one on either side of the median line) of blood vessels.

FIGURE 5. Illustrates for the Atlantic and Australian bluefin, upper and lower panels respectively, a functional
(left) and a rudimentary (right) air bladder

Laterally, the rounded head of the air bladder ran to the lateral walls of the body cavity in the region of the pector-
als. Its width included the deep pockets described in the foregoing section. The air bladder extended into these pock-
ets, thus giving it two deep dorsal projections, the shape of which was determined by that of the pockets in the dorsal
body wall. At this point the width of the air bladder was greatest, and posterior to this the air bladder tapered to a
blunt point. In these five specimens the apex of the air bladder extended beyond the anterior tip of the urinary blad-
der, so that the tip of the air bladder was actually divided into two posterior projections by the ureter as this left the
dorsal body wall to enter the urinary bladder.

Within the air bladder there was located near its mid-length the circular orifice and internal septum characteristic
of other tunas. This
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orifice opened into a posterior projection which was separated by an extremely fine membrane.
In the sixth specimen the air bladder was small and collapsed. It measured only 156 mm. in total length and

covered approximately one-third of the width of the body cavity. It was typical of the condition found frequently in
the California bluefin.

Australian southern bluefin: Only one of the three specimens had a functional air bladder. In the remaining two it
was vestigial, measuring respectively 19 and 35 mm. in greatest length. As in all such cases the rudimentary air
bladders were collapsed. This description is therefore based on the single specimen with a functional air bladder.
This extended from the region of the oesophagus to or slightly beyond the mid-length of the body cavity. Anteriorly
its structure and appearance were identical with that described for the Atlantic bluefin (see Figure 5). It covered the
entire width of the body cavity, and extended into the dorsal pockets in the pectoral region of the body wall.

Posteriorly the end of the air bladder was rounded, rather than pointed, and the posterior margin was 128 mm. dis-
tant from the vent. Internally the circular orifice and dividing septum were present at about the mid-length of the air
bladder, but the posterior extension of this inner chamber was very short.

California bluefin: In the California bluefin the large majority lacked a functional air bladder. When present it was
so variable as to preclude typical description. Structures similar to that of the one Australian specimen were ob-
served.

The Atlantic bluefin differed from both the California and Australian in that five out of six possessed a functional
air bladder, and in each case this was large, extending almost the full length of the body cavity. Because the air blad-
der in all the tunas has been found to be a particularly variable structure, the writers hesitate to consider it as a dia-
gnostic character. The consistent shape and dimensions of the air bladder in five of the six Atlantic bluefin suggest,
however, that if this is confirmed on larger numbers it might prove to distinguish the Atlantic from other varieties of
Thunnus, because in no other form has such an air bladder been consistently found.

2.13. EXCRETORY SYSTEM
2.13.1. Kidney
Atlantic bluefin: The posterior extension of the kidney mass (Figure 6) was slight and roughly triangular in shape.
The kidney mass extended to the 10th or 11th vertebra, or from 0.18 to 0.21 the body cavity length. The lateral mar-
gins were extensively lobulated in most specimens.

Australian southern bluefin: The shape of the posterior kidney mass differed in this form. It cannot be described
as triangular, since the posterior margin ran more or less transversely across the body cavity. The posterior extension
appeared to be slightly longer in this form, but through an oversight measurements were not taken.

California bluefin: The structure of the kidney mass was comparable with that of the Atlantic bluefin. Both
differed slightly from the Australian bluefin.

21



FIGURE 6. An outline of the posterior kidney mass in the Atlantic (upper) and Australian (lower) specimens, to
show the extent of variation encountered and the course of the ureters

2.13.2. Ureter
Atlantic bluefin: The single ureter divided into two branches as it entered the kidney mass. The point of division var-
ied from 12 to 25 mm. within the substance of the kidney. Continuing posteriorly from the point of fusion of the two
branches was a septum, which actually separated the single ureter into two tubes. The length of this septum varied,
but approximated 5 to 10 millimeters in length.

The two branches diverged gradually and then bent sharply outwards towards the lateral kidney mass. Frequently
the left branch continued anteriorly near the median line, to bend out abruptly at a right angle, whereas the right
branch curved out more gradually from the point of division.

Australian southern bluefin: The single ureter divided at a considerable distance within the posterior margin of the
kidney. In the three specimens the ureter continued as a single vessel a distance of 35, 51 and 56 mm., respectively,
after entering the kidney mass. There was also a septum separating for a distance of several millimeters the single
ureter into two tubes, as in other bluefin.

The course of the ureters differed in this variety. Because the point of division was more anterior, the two
branches separated more abruptly. This was conspicuous in two of the three specimens, but less so in the third. (See
Figure 6.)

California bluefin: The California bluefin was comparable with the Atlantic, and both differed from the Australian
variety.
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2.13.3. Urinary Bladder
Atlantic bluefin: The urinary bladder is a tubular sac opening externally through the vent. In length it varied between
0.15 and 0.17 the length of the body cavity. The bladder was embedded in the dorsal wall of the body cavity
throughout the greater part of its length, but the anterior third, approximately, projected freely into the body cavity.
The ureter joined the dorsal wall of the bladder at a distance which varied from 6 to 14 millimeters from the anterior
tip of the bladder, and then ran within the dorsal wall of the bladder a distance of 6 to 15 millimeters before opening
into it. As in the other tunas there was thus a tunnel, roofed by a delicate membrane, from the point of attachment to
the actual orifice opening into the bladder.

Australian southern bluefin: The above description applies equally to this form. The extent of the bladder in two
specimens was 0.17 and 0.19 that of the body cavity length. The length of the tunnel in the dorsal wall of the bladder
was much shorter, however, varying between zero and three millimeters.

California bluefin: The condition here was comparable with the above description of the Atlantic bluefin.

2.14. CIRCULATORY SYSTEM
2.14.1. Anterior Arterial
Atlantic bluefin: The Y of the aorta was beneath the posterior half of the second vertebra or beneath the junction of
the second and third vertebrae. The posterior epibranchials fused to form a short trunk which joined the aorta be-
neath the middle or anterior half of the third vertebra. The coeliac mesenteric artery left the aorta on the right side
beneath the anterior half of the fourth vertebra, with the small subclavians arising laterally on each side at the same
point. The cutaneous arteries arose opposite, or slightly staggered, forming an angle with the aorta of 60 to 70 de-
grees. Their origin was generally beneath the middle of the fifth vertebra. The aorta was somewhat constricted and
reduced in size posterior

FIGURE 7. Comparable views of the anterior arterial system in the Atlantic (left) and Australian (right) specimens.
Both sketches are reproductions of routine drawings made at the time of dissection. For this reason the scale is not

comparable, and in some cases distorted
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to this point. The pharyngeal muscles were attached to the sixth vertebra and to the posterior portion of the fifth.
Australian southern bluefin: The condition in these fish was essentially as described above (Figure 7). There was

one difference, however, in all three specimens. With the origin of the cutaneous arteries the dorsal aorta became
conspicuously constricted. Furthermore in all specimens the appearance suggested that at this point the aorta divided
equally to form the cutaneous arteries and gave rise, as a tributary vessel, to the continuation of the dorsal aorta from
the dorsal face of the bifurcation. This impression was consistent and conspicuous, as indicated in the sketch.

California bluefin: The California bluefin resembled in all respects the Atlantic variety.

2.14.2. Visceral Arterial
In both the Atlantic and Australian forms the dissection was limited to the trunk and the main branches of the coeli-
ac mesenteric artery. Its course was followed when possible to the break-up of these vessels in the substance of the
liver. The condition of the fish precluded a successful injection of the entire visceral circulation.

Atlantic bluefin: The coeliac mesenteric artery arose from the right side of the aorta. It divided into two main
branches, the No. II and No. III as used by Godsil and Byers. There was no No. I branch.

The No. II branch ran directly to the right lobe of the liver. It gave off numerous capillaries in its course to adja-
cent tissues, but no large vessels. In one specimen a small branch was given off to the lobule between the right and
center lobes of the liver. Reaching the right lobe of the liver the No. II branch disintegrated into a complex capillary
network, nourishing the entire lobe. On the dorsal face of this lobe were two moderate vascular cones. One connec-
ted with and apparently supplied blood to the right dorsal wall of the stomach, and the other to the anterior caecal
mass, spleen, intestine and gall bladder.

The No. III branch ran in the diaphragm to the center lobe of the liver. In this course it gave rise to numerous ca-
pillary vessels to the adjacent tissue. Reaching the liver, it entered the substance of the center lobe and then divided
into two approximately equal branches. The first branch ran into the center lobe and the second continued to the left
lobe. Within these lobes the two branches rapidly broke up into a vascular network, ramifying throughout the liver
substance. In one specimen a third small vessel arose at the final division of the No. III branch, and ran separately
into the center lobe of the liver.

Beneath the center lobe was a large vascular cone connecting with and presumably supplying blood to the anterior
viscera. The principal supply appeared to go to the caecal mass, although a connection with the straight intestine at
its origin in the duodenum suggested that a portion of the intestine was nourished from this cone also.

Beneath the left lobe were three or four small vascular sacs arising from a common base but subsequently divid-
ing into separate cones, and in addition one larger and separate cone. The latter invariably connected with the left
dorsal wall of the stomach, whereas the majority of the smaller cones connected with the caecal mass.
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In none of the five successful injections was any trace found of an artery connecting the No. II with the No. III
branch. Failing to find this in the first dissection, particular care was taken in subsequent dissections to locate this
vessel, and the writers are confident that it did not exist in these specimens. This connecting artery is characteristic
of the California bluefin.

Australian southern bluefin: With one exception the foregoing description applies equally to this form. There was,
however, in the one adequately injected specimen a connecting trunk joining the No. II and the No. III branch, as in
the California bluefin. In a second specimen only the No. II branch was injected, and in this case a number of small
to moderate branches arose from it, and, forming an anastomosing network, ran in the direction of the No. III
branch. Although a connection with the latter could not be demonstrated, there was little doubt that this existed. All
of the Australian specimens had been bled upon capture, by cutting the isthmus, and the blade of the knife had in
each case severed the heart and in one case the liver.

California bluefin: The California bluefin possessed the connecting trunk between the No. II and the No. III
branch, and thus conformed to the description of the Australian rather than the Atlantic bluefin. However, in other
respects the three were similar, insofar as our observations went.

2.14.3. Cutaneous
Atlantic bluefin: The cutaneous arteries arose from the dorsal aorta beneath the fifth vertebra. Each cutaneous artery
formed an angle of 60 to 70 degrees posteriorly with the aorta. With the veins, the arteries passed laterally between
the third and fourth ribs, or occasionally between the second and third ribs.

Between the fourth and fifth intermuscular bones (in one fish between the fifth and sixth) both vein and artery di-
vided into dorsal and ventral branches (see Figure 8). The vessels of the ventral pair (vein and artery) were invari-
ably larger than the dorsal vessels. In the caudal region the vein and artery of each pair turned proximally and united
in a posterior commissure characteristic of many tunas. The fused vessels ran axially as horizontal trunks to enter the
vertebral column.

Frequently there were two posterior commissures and two horizontal trunks on each side. Typically the dorsal
vessels turned proximally and in the center line were joined by branches of the ventral vein and artery to form the
first posterior commissure and the first horizontal trunks. The ventral vessels continued—typically—posteriorly a
distance of two vertebra and at this point turned axially to run into the vertebral column as the second pair of hori-
zontal trunks. Generally a small branch of the dorsal vein and artery continued posteriorly beyond the first commis-
sure and turned proximally to meet the ventral vein and artery, thus forming a second commissure. This was the ba-
sic picture obtained from repeated dissections, but a great deal of minor variation was found in individual fish. The
horizontal trunk from the first commissure generally entered the 29th, 30th or 31st vertebra, while that from the
second commissure entered the vertebral column two vertebra posteriorly. As often as not the comparable horizontal
trunks from the two sides entered different vertebra, in which case there was one vertebra difference on the two
sides.
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FIGURE 8. The cutaneous system in the California bluefin. This is a reproduction of figure 55, page 98, of Fish Bul-
letin No. 60. It shows the essential detail observed in the Atlantic and Australian specimens
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Each dorsal and ventral vein gave rise to capillary sheets of venules throughout its course. There were two
primary and regular rows of such venules arising in such manner as to surround the accompanying artery. Figure 8
portrays the detail. Similarly each branch of the cutaneous artery gave rise to two primary rows of arterioles, origin-
ating approximately on opposite faces of the artery. The proximal row was actually an irregular double row, and in
some specimens could be so interpreted because the vessels were separated in origin by an arc of 5 to 10 degrees.
The vessels in this row were more numerous, and larger than those of the second row arising on the opposite face of
the artery.

Throughout the course of the vessels the venules and arterioles arising from the ventral branches of the cutaneous
vessels were more regular than those originating in the dorsal branches. Moreover, regularity decreased towards the
posterior end of the fish. Much detail has been omitted in this description because of excessive variability and there-
fore lack of significance.

Australian southern bluefin: The above description applies equally to this form, with the exception that the cu-
taneous vein and artery passed laterally between the second and third ribs more frequently than between the third
and fourth. Furthermore in all cases the cutaneous vessels divided between the fifth and sixth intermuscular bones
instead of between the fourth and fifth as was typical of the Atlantic form. The location of the posterior commissures
was the same as in the Atlantic form.

California bluefin: A comparison of the California bluefin with the foregoing descriptions indicates that it is com-
parable with the Atlantic form and different from the Australian. Thus the cutaneous vessels passed between the
third and fourth ribs, as in the Atlantic form, and divided between the fourth and fifth intermuscular bone. In both
these respects the California and Atlantic forms agree.

2.14.4. Postcardinal Vein
Atlantic bluefin: There is no conspicuous postcardinal vein. The cutaneous vein on each side entered directly the
Cuverian duct on its respective side. The actual opening of the vein into the duct was through a complex system of
perforated membranes, the details of which were confusing.

Australian southern bluefin: The condition in this form is exactly as described above. The large first haemal arch
suggested the possibility of a relatively large postcardinal vein, but a dissection of the tissues in this region failed to
reveal any trace of a major vein.

California bluefin: In this character the California bluefin is comparable with both the above. There is no con-
spicuous postcardinal vein.

2.15. SKELETON
The entire skeletons of six Atlantic bluefin, three Australian bluefin, and four California bluefin were compared (see
Figure 9). The following list enumerates the skeletal elements that were examined and studied for possible differ-
ences. The numbers refer to those used by Starks
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FIGURE 9. Cranium and spinal column viewed laterally. Top to bottom: Atlantic bluefin, Australian southern
bluefin and California bluefin

(1901). of the remaining bones the majority were found to be unsuitable, for one reason or another, for such a com-
parison.
1. Vomer 2. Ethmoid 3. Prefrontal

4. Frontal 5. Sphenotic 6. Parietal

7. Epiotic 8. Supraoccipital 9. Pterotic

10. Opisthotic 11. Exoccipital 12. Basioccipital

13. Parasphenoid 14. Basisphenoid 15. Prootic

16. Alisphenoid 17. Hyomandibular 18. Symplectic

19. Quadrate 20. Pterygoid 21. Palatine

22. Mesopterygoid 23. Metapterygoid 24. Preopercle

25. Opercle 26. Subopercle 27. Interopercle

28. Articular 29. Angular 30. Dentary

31. Maxillary 32. Premaxillary __. Supramaxillary (Jugal)

33. Interhyal 34. Epihyal 35. Ceratohyal

36. Basihyal 37. Glossohyal 38. Urohyal

51. Nasal 53. Posttemporal 54. Supraclavicle

55. Clavicle 56. Postclavicle 57. Hypercoracoid

58. Hypocoracoid 62. Pelvic Girdle 64. Abdominal Vertebrae

65. Caudal Vertebrae 66. Centra 67. Neurapophyses

68. Neural Spine 69. Haemapophyses 70. Haemal Spine

71. Zygapophyses 72. Parapophyses 79. Hypural
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The following list includes those elements in which differences were apparent and measureable.

·Vomer

·Frontal

·Basioccipital

·Metapterygoid

·Pelvic girdle

·Parapophyses

·Abdominal vertebrae

·Caudal vertebrae

·Centrum (of second vertebra)

·Haemapophyses

·Haemal spines
The three groups of fish studied fell into definite size ranges. The California bluefin were the smallest and the At-

lantic bluefin were the largest, with the Australian bluefin intermediate in size. This complicated the study, and
many differences noted were subsequently eliminated because they were considered to be a function of size.

2.15.1. Cranium
The general appearance of the cranium is the same in the three groups. All the bones of the cranium were compared,
but no radical or constant differences were found. The cranium has been adequately described by Godsil and Byers,
and by Kishinouye (1923). Dorsal and ventral views are shown in Figure 10a and 10b.

2.15.2. Vomer
On the ventral surface of the vomer in the Atlantic bluefin a ridge of bone extended ventrally and bore a dentigerous
area over most of its length. This area varied in shape from long and narrow to broadly elliptical. The width to
length ratio averaged 7.98 in the Atlantic fish, with a range of 4.73 to 13.52. In the Australian fish the dentigerous
ridge was of moderate height. The width to length ratio averaged 9.12. The range was from 4.58 to 12.02. The vo-
merine ridge was of moderate height in the California bluefin. The ratio of width to length averaged 4.96, and the
range extended from 4.32 to 5.50. In view of the overlap and the extensive variation in this character no significance
can be attached to the apparent differences.

2.15.3. Frontal
The foramen on the dorsal median ridge between the frontal bones in the Atlantic bluefin was slightly elongate and
elliptical in shape. Australian fish had a more broadly elliptical frontal foramen in all cases. California bluefin more
closely resembled the Atlantic form. This character was not treated further because of its indefinable limits and be-
cause the margins of the foramen were occasionally damaged in cleaning individual skeletons.

2.15.4. Basioccipital
Viewed laterally, the posterior ventral margin of the cranium, formed by the basioccipital and the parasphenoid
bones, was angular in some cases and rounded in others. These margins were angular in five of the six specimens of
Atlantic bluefin. The Australian forms were angular in but one of the three fish. All four California specimens ex-
amined had angular margins. Because of the variability encountered the character was not studied further.
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FIGURE 10a. Dorsal views of the cranium. Left to right: Atlantic bluefin, Australian southern bluefin and Califor-
nia bluefin
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FIGURE 10b. Ventral views of the cranium. Left to right: Atlantic bluefin, Australian southern bluefin and Califor-
nia bluefin
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2.15.5. Metapterygoid
The width-length relationship was determined for this bone in the three groups. Atlantic fish gave a ratio of 1.7,
Australian 1.7 and California bluefin 1.9. This structure was therefore narrowest in the California bluefin. However,
the measurement was considered an unsatisfactory one, because the jagged sutures made it hard to determine the ex-
act length of the bone.

2.15.6. Pelvic Girdle
The fact that this assembly was lost in all but one of the Atlantic specimens, and badly cut in the Australian fish,
limits its use as a diagnostic character. It is discussed here because suggestive differences exist.

Kishinouye describes the pelvic girdle as being two paired bones each composed of three parts, an anterior extern-
al portion, an anterior internal portion and a posterior styliform portion. The anterior external portion is further com-
posed of a thickened external wing which is folded along its external margin and is the longest anterior process, an
internal wing joined to the external wing along its lower margin and lying in a plane approximately 90 degrees to
that of the external wing, and a third, ventral wing which joins the external wing at its inner, ventral margin along
approximately one-third the length of the external wing.

Atlantic bluefin: The suggestive differences observed concern the line of attachment of the internal wing with the
external wing. In the

FIGURE 11. Diagrammatic dorsal view of the left half of the pelvic girdle, and three cross sectional views to show
relative position of internal wing attachment
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Atlantic bluefin this line of attachment was at some distance from the inner ventral margin of the external wing, be-
ing located approximately at one-third the width of the external wing, measured at the level of the anterior origin of
the ventral wing, as indicated in Figure 11.

Australian southern bluefin: This group was characterized by the fact that the internal wing joined the external
wing along the inner ventral margin of the external wing.

California bluefin: In the above character this form was intermediate between the Atlantic and Australian variet-
ies. The internal wing joined the external wing along a line which was removed approximately one-sixth the width
of the external wing, measured at the same point, namely, that shown by the section line in Figure 11.

2.15.7. Spinal Column
The vertebral counts were the same in all three groups, except for one California bluefin, in which the first haemal
arch was on the eleventh vertebra. The counts for the three samples can be summarized as follows:
Number of vertebrae 39, omitting the hypural

First haemal arch 10th vertebra: on 11th in one California bluefin

First elongate haemal spine 19th vertebra

Number of precaudal vertebrae 18

Number of caudal vertebrae 21

Centrum: The anterior face of the second centrum was slightly elliptical in the Atlantic form. Dividing height of
the centrum into the width gave an average ratio of 1.26 in the six Atlantic bluefin. The range was from 1.20 to 1.29.
The same measurements in the Australian fish resulted in a range from 1.09 to 1.16, with an average of 1.13, show-
ing a more rounded tendency. For the California bluefin the average ratio was 1.12, and the range from 1.02 to 1.26.
The centrum was thus more rounded than in the Atlantic, but overlapped the Australian. Whether this character is a
function of size is not known. The centrum may become more elliptical with increase in size. For this reason it can-
not be considered diagnostic.

Parapophyses: Parapophyses are herein defined as the paired processes which extend from the anterior ventral or
lateral angles of the vertebra and which do not join each other to form an arch. Where these processes do join to
form the haemal arch they are known as haemapophyses.

Atlantic bluefin: The first ventrally extended parapophyses occurred on the eighth vertebra. The least distance
between paired parapophyses on the ninth vertebra appeared to be less in this form than in the Australian. Measure-
ments showed the least inside width to average 5.3 in the height of the parapophyses. The range was from 3.05 to
7.45.

Australian southern bluefin: The first ventrally extended parapophyses were on the ninth vertebra. The least width
averaged 1.24 in the height, with a range from 1.10 to 1.41. In this character the Australian fish differed from both
the Atlantic and California bluefin.

California bluefin: As in the Atlantic bluefin the first ventrally extended parapophyses were on the eighth ver-
tebra. The least width into height of the parapophyses on the ninth vertebra averaged 6.73. The range was from 3.10
to 9.25. The overlap in the ranges of the Atlantic and California fish precludes its use in separating these two forms.
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First Haemal Arch: With the single exception previously noted, the first haemal arch was located on the tenth ver-
tebra in all three forms. A diagnostic difference was apparent in the shape of the arch. The Australian bluefin was
typified by having a nearly 1:1 width to height ratio in the opening of the first haemal arch. This ratio in California
and Atlantic bluefin was roughly 1 : 2. The relative size of the process forming the arch was smaller in the Australi-
an specimens (see Figure 12).

Atlantic bluefin: The opening of the first haemal arch was triangular with a rounded apex. The greatest inside
width divided into the height of the first haemal arch averaged 1.88.

Australian bluefin: The opening of the first haemal arch was more rounded in this form, and the greatest width av-
eraged 1.23 in the height.

California bluefin: The opening of the first haemal arch was not distinguishable from that of the Atlantic bluefin.
The greatest width of the opening of the arch into the height averaged 1.89. The shape of the first haemal arch separ-
ates the Australian from both the Atlantic and California bluefin.

FIGURE 12. The tenth vertebra showing differences in shape and structure of the first haemal arch. Left to right:
Atlantic bluefin, Australian southern bluefin and California bluefin

Size of first haemapophyses: In the Atlantic form the haemapophyses were broad. This is indicated by the fact that
the least width into the height of the arch averaged 4.32.

Australian southern bluefin: The least width of the haemapophyses averaged 11.05 in the height, showing the rel-
ative weakness of the process in these fish.

California bluefin: Here again the California tunas were indistinguishable from the Atlantic form. The least width
averaged 4.59 in the height.

Haemal canal: The haemal canal in the Atlantic bluefin was of moderate depth at the first haemal arch. It in-
creased in depth in the next three or four arches, then decreased in depth gradually with each succeeding arch (see
Figure 13). In the Australian bluefin the haemal canal
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was of moderate depth at the first haemal arch and diminished in depth at each succeeding arch. The California
bluefin had a haemal canal similar to that described for the Atlantic fish.

FIGURE 13. Oblique views of the spinal column to show the haemal canal. Top to bottom: Atlantic bluefin, Aus-
tralian southern bluefin and California bluefin

3. SUMMARY OF ANATOMICAL DIFFERENCES
A tabulation of the foregoing results, in terms of similarities and differences, will materially aid in the search for dia-
gnostic characters and in the determination of degree of relationship. The first tabulation is a list of those characters
in which no differences were observed, that is, in which the three varieties were indistinguishable. It must be em-
phasized that in their selection differences of a statistical nature are entirely disregarded. Thus the relative length of
the stomach differs to some extent: and the length of the tunnel in the ureter as it enters the urinary bladder appears
to be shorter in the Australian fish. The examination of a larger series, comprising fish of all size, might entirely
change this result. Furthermore if these suggestive differences are valid, they would in all
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probability enable one to separate one group of fish from another, but not a single specimen of one variety from a
specimen of a second variety. Such characters are not diagnostic and are irrelevant to this discussion. The selection
is somewhat arbitrary, and some characters will bear further study.
Opercular margins Postcardinal vein

Height of fins Bones, as listed

Majority of external proportions Basioccipital

Fin ray counts Centrum

Stomach Frontal Foramen

Intestine Metapterygoid

Spleen Vomerine teeth

Gall bladder Vertebral counts

Urinary bladder

of the remaining characters the following tabulation reveals the basic relationships and differences.
Character Similar in Different in

Size of vent Atlantic and California Australian

Length of trunk Atlantic and California Australian

Gill raker count Australian and California Atlantic

Visceral view None Atlantic, Australian and California

Caecal mass Atlantic and California Australian

Liver Atlantic and California Australian

Dorsal wall of body cavity Atlantic and Australian California

Air bladder None Atlantic, Australian and California

Kidney Atlantic and California Australian

Ureter Atlantic and California Australian

Anterior arterial Atlantic and California Australian

Visceral arterial Australian and California Atlantic

Cutaneous system Atlantic and California Australian

Pelvic girdle None Atlantic, Australian and California

Parapophyses Atlantic and California Australian

Haemal arch, first Atlantic and California Australian

Haemapophyses Atlantic and California Australian

Haemal canal Atlantic and California Australian

This tabulation suggests that the Australian southern bluefin differs in most characters from both the Atlantic and
California bluefin, and that in a few characters the Atlantic form differs from the California bluefin. However, the
characters are not all equally valid.

3.1. EXTERNAL CHARACTERS
For fish of comparable size, the vent in the Australian fish is approximately half the size of that in the Atlantic and
California bluefin. When measurements of this character are available, related to the size of the fish, the size of the
vent should constitute a useful diagnostic character within the genus.

The relative length of the trunk, in terms of the abdominal cavity length or of the distance from ventral insertion
to vent, differs in the
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Australian bluefin. It is possible that this difference may require biometrical methods to demonstrate, but present in-
dications are that the difference separating the Australian bluefin, on the one hand, from the Atlantic and California
bluefin on the other hand, is sufficiently large to enable the identification of a single specimen of the former.

On the basis of gill raker counts the Atlantic bluefin can be separated from the Australian specimens, and from
most of the California specimens. This character is corroboratory rather than diagnostic. The Australian and Califor-
nia bluefin are similar, and individually indistinguishable.

3.2. INTERNAL CHARACTERS
The differences in visceral view are due in part to at least two structures. The view of the viscera in the Atlantic
bluefin is materially affected by the large inflated air bladder. This inevitably crowds the viscera towards the ventral
wall, and thus distorts the basic visceral pattern. With the air bladder collapsed one could not separate the Atlantic
from the other bluefin by this character.

The Australian bluefin are distinguished by smaller tubules in the caecal mass, and the pattern of the latter is in
consequence finer. But without specimens of the other varieties for comparison one could not identify a fish by this
character alone. Hence the ventral view of the viscera, in situ, is not of itself a diagnostic character.

The liver is distinctly more lobulated in the Australian bluefin and the lateral lobes are noticeably longer.
However, it will be necessary to examine a larger series of specimens before this can be accepted as a distinguishing
character. The authors are of the opinion that it will prove valid, for they have never observed in California bluefin a
liver that approached the Australian form.

The shape of the dorsal wall of the body cavity is an excellent diagnostic character in fish over 80 cm.
(approximately) body length. By it one can separate positively any large specimen of California bluefin. The Aus-
tralian and Atlantic forms are similar in this respect. In small California bluefin the entire dorsal wall of the body
cavity is gently convex. The condition in comparable Atlantic and Australian bluefin is not known.

At best, the air bladder can be considered a diagnostic character in the Atlantic bluefin only. In the remaining two
varieties its shape and degree of development were so variable as to limit its usefulness. of the three Australian spe-
cimens only one possessed a functional air bladder, and in the California bluefin all small fish had a vestigial or
rudimentary air bladder. In the larger California fish, less than half had a functional air bladder, and this was ex-
tremely variable in shape and extent. Even in the Atlantic specimens one of the six possessed a small rudimentary
air bladder. In the five remaining Atlantic specimens the air bladder was relatively constant in shape and extent, so
that it may be used as a presumtive or corroboratory identifying character.

The kidney tissue and ureters may be considered as a single character. If the three Australian specimens examined
are typical of the population, this character may be considered as distinctive, separating the Australian from the At-
lantic and California forms between which there is no difference. In the Australian southern bluefin, the posterior
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extension of the kidney was extensively lobulated. Instead of being roughly triangular in shape its posterior margin
ran more or less transversely across the body cavity. The ureters divided and separated laterally at a relatively wide
angle, and the point of division was at a considerable distance within the posterior margin of the kidney. In the At-
lantic and California bluefin the ureter divided shortly after entering the kidney mass and the two branches diverged
gradually and then turned laterally somewhat abruptly.

In the anterior arterial system the prolongation of the dorsal aorta beyond the origin of the cutaneous arteries dis-
tinguished the Australian bluefin. In this form the picture suggests that the aorta divides into the two cutaneous arter-
ies with the continuation of the aorta arising from the dorsal face of this bifurcation as a minor vessel.

In the visceral circulation the Atlantic bluefin is distinguished from the two remaining varieties by the fact that
there is no connecting artery, nor a complex anastomosing network of small vessels, joining the No. II and No. III
branches of the coeliac mesenteric artery.

The difference in the cutaneous system separating the Australian from the California and Atlantic bluefin is prob-
ably of a biometrical nature. Whereas in the Atlantic and California bluefin the cutaneous vessels passed laterally
between the third and fourth ribs in the majority of cases, these vessels in the Australian specimens passed typically
between the second and third ribs. Similarly in the Atlantic and California bluefin the cutaneous vessels divided
between the fourth and fifth intermuscular bones, whereas they divided in the Australian bluefin between the fifth
and sixth intermuscular bones.

The pelvic girdle differs in all three of the bluefin treated here. The difference is found in the position of the at-
tachment of the internal to the external wing, as described in the text. This difference was quite conspicuous, but in
view of the fact that only one assembly was saved for examination from the Atlantic sample, the conclusion must be
accepted with reservations until it has been confirmed.

The shape of the first haemal arch is the most striking skeletal difference separating the Australian bluefin from
the Atlantic and California specimens. In the former it was approximately round, whereas in the two latter varieties
it was acutely triangular. Similarly, the structure of the haemapophyses in the Australian fish was characteristically
weaker than in the other two varieties; and the shape of the haemal canal likewise separates the Australian bluefin.
In all structures of the vertebral column the Atlantic and California bluefin are indistinguishable.

By one or more of the foregoing characters a single specimen of the Australian southern bluefin can be identified
beyond any doubt. There can be no question about the validity of this species. Similarly at least one character,
namely, the shape of the dorsal wall of the body cavity, will separate any large specimen of the California bluefin
from the Atlantic variety. The gill raker count, the existence of the connecting artery between the No. II and No. III
branches of the coeliac mesenteric artery, and the shape of the pelvic girdle constitute corroboratory characters.
These observations indicate that the Atlantic and California bluefin should be considered as distinct species.
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On the basis of the foregoing discussion a key for the identification of these three members of the genus Thunnus
follows:

·a. Bulge in roof of body cavity extends almost to belly wall, leaving a deep lateral pocket in pectoral region on
each side. (This applies to medium and large fish. Condition in small specimens not known.)

·b. Internal outline of first haemal arch broadly oval, with distal margin evenly rounded, so that width of aper-
ture at distal end almost equals greatest width of aperture. Kidney extremely lobulated, with posterior margin
truncated transversely. Ureter dividing far within kidney substance, with the two branches diverging laterally
at relatively wide angle. Vent small, measuring about three millimeters in diameter. Gill rakers 34 to 36. Air
bladder pear shaped, about half length of body cavity. When rudimentary, air bladder is approximately circu-
lar. Arterial trunk or network connecting the No. II and No. III branches of the coeliac mesenteric artery T.
maccoyii

·bb. Internal outline of first haemal arch distinctly triangular and narrow, with distal margin terminating in a
rounded apex, so that internal width at apex less than half greatest width of opening. Kidney slightly lobu-
lated, with posterior projection roughly triangular. Ureter divides near posterior margin of kidney, and the two
branches diverge gradually and then turn abruptly outwards. Vent twice diameter of preceding species. Gill
rakers 39 to 41. Air bladder elongated, covering entire width and length of body cavity. No arterial trunk or
network connecting the No. II and No. III branches of coeliac mesenteric artery. T. thynnus (Atlantic)

·aa. Bulge in roof of body cavity relatively narrow, leaving a lateral saucer-shaped depression in pectoral re-
gion on each side, in large specimens. Roof of body cavity uniformly convex in small specimens. First com-
pleted haemal arch twice as high as wide internally. Kidney slightly lobulated, with posterior projection
roughly triangular. Ureter divides near posterior margin of kidney, and the two branches diverge gradually and
then turn abruptly outwards. Vent twice diameter of that in T. maccoyii. Gill rakers 32 to 39. Air bladder rudi-
mentary in small specimens, and such rudimentary air bladders narrowly elongate. Air bladder irregular in
shape and size in large specimens. Conspicuous arterial trunk or network connecting the No. II and No. III
branches of coeliac mesenteric artery T. thynnus (Pacific)

4. SYSTEMATIC RELATIONSHIPS
4.1. DISCUSSION
In an attempt to determine the systematic status and the relationships of the tunas discussed herein, the authors have
compared their findings with those in the available literature. No claim, however, is made to a complete bibliograph-
ical search.

There can be little doubt concerning the generic identity of the three samples. All have the first completed haemal
arch on the 10th vertebra. In all, the coeliac mesenteric artery divides into the No. II and No. III branches, with the
No. I branch either missing or minute. In all, the liver is completely striated on the ventral surface of the three lobes,
with conspicuous conical plexuses on the dorsal surface of each. In all, the cutaneous arteries originate beneath the
fifth vertebra. The posterior extension of the kidney is short, and the single ureter divides far anteriorly. Reviewing
these general, fundamental similarities in the course
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of dissection, makes one strikingly conscious of the inherent relationship, despite any differences in the length of
fins or other external detail. The authors are thoroughly in accord with the conclusions of Kishinouye, that all belong
in a single genus.

However, if all are to be retained within this genus, the inclusion of T. maccoyii necessitates one modification in
the generic characters used by Kishinouye. The statement, "Anterior haemal arches of the precaudal region are
turned forward and narrow," must be deleted. The haemal arches in this region of T. maccoyii, although turned for-
ward, are wide.

Specifically, the Australian southern bluefin is clearly differentiated from the other forms. The bases for the sep-
aration are listed in the suggested key. It is significant that the anatomy of this tuna suggests throughout an affinity
with the albacore, T. germo.

After this report was submitted for publication, the article by Fraser-Brunner (1950) appeared. Our findings, as re-
ported herein, are in conflict with his classification. Fraser-Brunner synonymizes T. maccoyii with Thunnus
(Parathunnus) obesus. This sub-genus is characterized, in his classification, by the lack of surface striations on the
liver and by the fact that the cutaneous vessels originate beneath the seventh vertebra. T. maccoyii has, according to
our observations, numerous, conspicuous, radiating striations on the surface of the liver; and the cutaneous vessels
originate beneath the fifth vertebra. These, according to Fraser-Brunner, are characters defining the sub-genus Thun-
nus (Thunnus). Hence T. maccoyii must belong in the latter sub-genus. As it can be readily distinguished by both in-
ternal and external characters from Thunnus (Thunnus) thynnus, T. maccoyii must be accorded separate specific
standing. Our conclusions remain, therefore, unchanged.

The relationship of the Atlantic and Pacific varieties of T. thynnus is infinitely closer. In by far the majority of
characters they are identical and indistinguishable. In five, however, they can be differentiated.

1. In the Atlantic form the air bladder is normal (five out of six specimens) and covers almost the entire length of
the body cavity, whereas in the large California specimens the air bladder is extremely irregular, and in the majority
of cases where a functional air bladder is present, it is pear shaped, covering only the anterior half of the abdominal
cavity. To this extent it resembles both T. maccoyii and Kishinouye's description of T. orientalis, of which the au-
thor states, "In immature tunies the air bladder is short, very narrow, and almost collapsed." This general description
would fit the California variety also. In view of the instability of this organ throughout the order, one would hesitate
to base a separation upon it alone.

2. In the Atlantic bluefin there is no arterial trunk connecting the No. II and No. III branches of the coeliac mesen-
teric artery, whereas in the California form this, or a connecting network, is present.

3. The pelvic girdle differs in the two forms, as described on pages 33 and 34. However, this bone from five of the
Atlantic specimens was inadvertently lost, and the conclusion is based upon the examination of only one assembly.
It must therefore be accepted with reservations.

4. The gill raker count differs in the two varieties. The total count in the Atlantic form was 39 to 41, compared
with 32 to 39 in the California bluefin. The difference was mainly in the number of rakers on
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the lower limb of the arch. In the Atlantic bluefin this number was 25 to 28, whereas in the California bluefin there
were 21 to 25 rakers.

5. The last and most conspicuous difference occurs in the shape of the roof of the body cavity. In large fish the
difference is striking and consistent. Unfortunately no small Atlantic specimens were available for comparison.

In view of these five differences, the writers are of the opinion that T. thynnus of the Pacific American coast
should ultimately be separated specifically from T. thynnus of the American Atlantic coast.

A study of the published descriptions of the European tuna, T. thynnus, reveals in the anatomy a consistent and
remarkable agreement with that of the American Atlantic specimens. All general descriptions could apply equally to
both. Most detailed dissections, such as those of Eschricht and Mueller (1835), and Frade (1925, 1927, 1930) reveal
comparable conditions. There is, however, one significant difference. This occurs in Frade's description of the cu-
taneous system. Frade (1925), speaking of the cutaneous system, states in loose translation that there are two rows of
arterioles originating in each cutaneous vessel, one internal and the other external. The arterioles of the external row
alternate with the corresponding venules.... those of T. thynnus give rise to capillary bundles which are above the
bundles of venules. This description is illustrated in his Figure 1, of Plate 1.

This description and figure is entirely contrary to anything the present authors have observed in any of the tunas.
In the three representatives of Thunnus described in this report, the arrangement of the cutaneous vessels was essen-
tially identical, and different from the foregoing description of Frade. In all cases the venules were superficial to the
arterioles, and in cases of a double venous and arterial injection, the arterial capillary bundles were more or less ob-
literated in surface view by the superimposed venous capillary bundles. There is a good deal of variation in this sys-
tem, and the regularity of the basic pattern decreases posteriorly. It requires repeated dissections before one can per-
ceive this basic pattern and recognize the variational departures from it. Inasmuch as Frade does not state the num-
ber of fish thus injected and dissected, one wonders whether the description might possibly have been based upon a
single aberrant specimen. In view of the detailed similarity in the cutaneous vessels encountered in the three distinct
samples investigated, such a radical difference in the European form is hardly to be anticipated, particularly as it
would prove the exception in the entire family Thunnidae. The authors therefore suggest that this character be fur-
ther investigated before any final conclusion is drawn.

There remain three characters which differed in the specimens studied, but for which there is no comparable de-
scription for the European variety. It has been shown that the dorsal wall of the body cavity differs in shape in the
Atlantic and Pacific American specimens. The authors have not found a description in the literature of this character
in the European form. The closest approach is contained in Frade, 1925 and 1927. Describing the air bladder, Frade
states that there are two well developed lateral dilations, one on each side, posterior to which the air bladder narrows
rapidly at first, and then more slowly. This description fits the condition found in the American Atlantic form, in
which
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the lateral diverticula of the air bladder fit into a deep lateral pocket in the dorsal wall of the body cavity. To this ex-
tent the eastern and western Atlantic forms of T. thynnus appear to be alike.

No one has apparently investigated the existence of an arterial trunk or network connecting the No. II and No. III
branches of the coeliac mesenteric artery. Likewise it has not been shown whether the pelvic girdle (as discussed in
this report) is identical in the two varieties. These characters should be investigated. As the matter stands now the
evidence is conflicting. The available descriptions of the European form agree in general with our findings in the
western Atlantic specimens. Frade's description of the cutaneous system is the only positive difference observed, al-
though additional characters which are discussed above should be investigated. In view of this uncertainty the
writers suggest that no changes in nomenclature be made until the above questions are answered beyond dispute.

It is unfortunate that a direct comparison of T. thynnus of the Pacific with T. orientalis of Japan cannot be presen-
ted. A comparison of the authors' findings with the description of T. orientalis by Kishinouye reveals a remarkable
agreement in most characters. In three, however, there appear to be differences. Kishinouye describes and figures
the arterioles of the cutaneous vessels as arising in a single row, whereas the present authors describe for T. thynnus,
two rows. In the numerous routine dissectional sketches and notes of this system it is quite obvious that both rows,
particularly the distal row, are irregular, particularly in the posterior region of the body. It is therefore quite conceiv-
able that the conditions in this system are identical in both species, and the differences can be attributed to errors of
observation or description.

Kishinouye implies in various places that there is an abortive No. I branch of the coeliac mesenteric artery. The
present writers have never found such a branch in T. thynnus. Occasionally a capillary-size vessel is present origin-
ating approximately where the No. I branch should be, and like it running to the oesophagus. This vessel is so small,
and is moreover one of several originating in this region and nourishing the adjacent tissues, that it was not con-
sidered homologous with the No. I branch. This difference may therefore be an interpretative one.

Kishinouye states, on page 380, "In Thunnus orientalis the two ureters meet in a figure like U, and in the other
forms of the Japanese tunnies they meet like the figure V." This description would not apply to T. thynnus. Unfortu-
nately the author does not illustrate this.

Two of the foregoing differences could be attributed to personal interpretation. The third, the course of the
ureters, cannot be so explained. If the description is correct, then the two species must be considered distinct. Before
drawing a final conclusion, it would be desirable to check the three characters.

4.2. CONCLUSIONS
1. The Australian southern bluefin, T. maccoyii, is entirely distinct from the remaining members of the genus and
can be identified positively by a number of characters.

2. The bluefin of the California coast is remarkably similar to that of the Atlantic coast. It can, however, be distin-
guished by at least four
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internal characters and possibly by the gill raker count. The most useful character, in large fish, is the shape of the
dorsal wall of the body cavity, which alone enables a positive identification. The condition of this character in small
specimens from the Atlantic coast has not been determined.

3. Specimens of T. thynnus from the eastern and western Atlantic appear to be identical in most characters.
However, additional comparisons should be made of three or four characters of which there is no record in the
European literature. Likewise Frade's observations on the cutaneous system should be repeated before a conclusion
is reached.

4. There is a striking similarity between T. thynnus of the California coast and T. orientalis of Japan. Only three
characters in Kishinouye's description differ, and of these two might possibly be interpretative. The third, although it
is not figured, suggests a positive difference. Until these differences are further investigated, T. orientalis must be
considered as a species distinct from T. thynnus of the Pacific American coast.

5. A discussion or revision of the nomenclature is, at this time, premature. Although the results of this study sug-
gest that the California and Atlantic bluefin should be considered distinct species, no present change in nomen-
clature is recommended. The relationship of both these varieties to the European bluefin, and that of the California
bluefin to T. orientalis should first be determined.

5. ADDENDUM
After this manuscript was submitted for publication three additional specimens of Australian southern bluefin were
obtained from a commercial shipment received in April, 1950. We are indebted to the officers of F. E. Booth Co.,
Inc., San Francisco, for these specimens. Each fish was measured and dissected according to the described routine.
The findings are in essential agreement and conclusions are not materially changed. In fact the additional observa-
tions reinforce many of the separate conclusions. The additional specimens were all smaller than any of the original
ones, and the measurements were therefore more directly comparable with those from California.

Externally, the appearance of these three fish was identical. The vent was small and rounded, as described, and
definitely smaller than in comparable California bluefin. Only in one fish did the vent approach in size that of the
California variety.

The insertion of the anal fin was slightly but consistently more anterior than in the California bluefin, and the
dorsal-anal distance was less. Measurements of the abdominal cavity length and the corresponding ventral insertion
to vent distance strengthen the conclusion that this region of the body is proportionately shorter in the Australian
southern bluefin than in California bluefin.

The examination of these smaller fish revealed that the pectoral fin was consistently longer in the Australian
southern bluefin than in California bluefin. This becomes apparent when the measurements are plotted.

The meristic counts are in agreement with those listed, except that the range in total number of gill rakers is exten-
ded from 34–36, to 32–36.

Internally, these three specimens agreed in all characters, except in minor detail, with the earlier descriptions. Tu-
bules of the caecal mass
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TABLE 4 The Distribution of Gill Raker Counts on the Upper and Lower Limb, Separate and Combined
were fine in all, and this character distinguishes the Australian southern bluefin from both the Atlantic and Califor-
nia varieties. The lateral lobes of the liver were proportionately shorter than the description would imply, and in
length were comparable with the California bluefin. The liver of one specimen was irregular, to the extent that the
entire ventral surface of the center lobe was not typically striated. In this specimen there were zones of continuous
radiating striations separated by broad zones without striations. This exception does not invalidate the character be-
cause the existing striations were characteristically and unmistakably of the Thunnus type.

Confirming the suspicion expressed in the text, the dorsal wall of the body cavity was relatively flat in these small
fish, and lacking the characteristic bulge of the larger specimens. In cross section, the dorsal wall of the abdominal
cavity was gently convex. The incipient bulge could be seen. In suggestive agreement with the developed structure,
the convexity continued to the vicinity of the lateral wall of the body cavity. Here it sloped dorsal-ward, leaving a
narrow groove on each side, which, according to the writers' interpretation, constitutes the anlage of the lateral
pocket described for the larger fish. Thus, in both the Australian and California bluefin, and probably also in the At-
lantic, this bulge develops progressively with increasing size of fish. While in large fish this character serves to dif-
ferentiate the California bluefin from the Atlantic and Australian specimens, its absence in small fish limits its use-
fulness. In a final revision of a key, it should probably be subordinated.

The air bladder was rudimentary in these three specimens. In all, the rudiment was circular in outline, as opposed
to the narrowly elongate rudiment in the California bluefin.

The recorded differences in the kidney of the Australian southern bluefin were confirmed by these additional ob-
servations. Differing from
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the Atlantic and California specimens, the posterior margin of the extension of the kidney, in T. maccoyii, is defin-
itely transverse instead of roughly triangular. In all six specimens it was relatively long, extending to the level of the
eleventh or twelfth vertebra. Likewise the ureters divided well within the substance of the kidney, at distances of 25,
27 and 40 mm., respectively, from the posterior margin of the kidney. The two branches separated immediately, in-
cluding an angle between 25 and 45 degrees.

No contradictions were noted in the circulatory system. However, in one of the three specimens the continuation
of the dorsal aorta beyond the origin of the cutaneous arteries was not conspicuously reduced in size, and was in
fact, as large as the cutaneous arteries. In all specimens there was an arterial connection between the No. II and No.
III branches of the coeliac mesenteric artery, as described. In two specimens it was large and conspicuous, while in
the third it was moderate in extent.

The statement that, "... in all cases the cutaneous vessels divided between the fifth and sixth intermuscular bones
...," must be modified, because in one of the three fish they divided between the fourth and fifth intermuscular bones
on both sides, and between the fourth and fifth on one side of each of the two remaining fish. To this extent they ap-
proached the condition in the Atlantic and California bluefin.

Complete skeletons of the three additional specimens were prepared, but only those structures were examined
which had been shown previously to differ.

The pelvic girdle was in all cases saved intact. The differences noted in the text were confirmed, and this charac-
ter serves therefore to differentiate the Australian southern bluefin from the California, and probably from the At-
lantic variety.

The vertebral counts and characteristics agreed without exception with the table on page 33. The present material
does not permit a more positive statement about the anterior face of the second centrum. It appears, however, that
the shape of this centrum may prove to be an unsatisfactory character.

In agreement with the earlier findings the first ventrally extended parapophyses occurred on the ninth vertebra in
all specimens. Also, the least width to height ratio of these parapophyses, although extended from 1.10–1.41, to
1.10–2.76 by this material, confirmed the conclusion that the Australian southern bluefin differed from the Atlantic
and California specimens.

The shape and proportions of the first haemal arch are described in the text and used as a diagnostic character for
separating the Australian southern bluefin. While this conclusion still remains valid, the description must be modi-
fied to include one aberrant specimen among the last three examined. In this fish, incidentally the smallest and nor-
mal in all other respects, the shape of the first haemal arch was transitional between the Australian type and the At-
lantic-California type. In place of the typical and strikingly rounded arch illustrated, fish No. 5 possessed an arch
that was triangular in external outline as in the Atlantic-California type. However, here the resemblance ceased, for
this first arch was sufficiently wider than the subsequent ones so that looking anteriorly along the vertebral column,
end on, one could see, not only the haemapophyses but the lateral portion of the enclosed canal of the first arch,
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* Approximate only.

which is impossible in existing examples of Atlantic and California fish. The shape of the aperture formed by this
first haemal arch was quite different from the Atlantic-California type, and the writers had no difficulty in identify-
ing this specimen in the collection. However, to include this extreme case, the description of this character should be
modified as follows:

The opening of the first haemal arch is oval to round in outline, and relatively wide in the Australian southern
bluefin, whereas it is triangular in outline and narrow in the Atlantic and California bluefin. In the Australian fish the
distal margin (the apex) of the opening is broadly rounded, being nearly as wide at this point as at the base. In the
Atlantic and California fish the triangular aperture of the first arch terminates distally in an apex that is sharply roun-
ded and the width of the aperture at this apex is less than half the width at the base.

Measurements on these three fish yielded ratios for greatest width of opening to height of opening of: 1.26, 1.42
and 1.68, giving an average for the six Australian fish of 1.34, as compared with an average of 1.23 for the original
three fish.

Additional observations upon the size of the first haemapophyses confirm and strengthen the conclusion that these
structures in the Australian southern bluefin are noticeably weaker and measurably thinner than in the Atlantic and
California bluefin. For the six Australian specimens the ratio of least width of the first haemapophyses to inside
height of first arch averaged 10.44, with a range from 8.00 to 14.18.

One fish (again No. 5) of the last three necessitates a modification in the description of the haemal canal. Instead
of having the greatest depth of canal within the first arch as in the five other fish, this one showed the greatest depth
at the third arch as in the Atlantic and California bluefin. The value of this character is therefore lessened.

The various measurements and meristic counts made upon these three fish are recorded for reference.
Body length 687 674 710

Head length 211 204 219

First dorsal insertion 227 223 237

Second dorsal insertion 393 387 401

Anal insertion 433 422 443*

Ventral insertion 233 224 242

Greatest body depth 184 178 182

Greatest body width 124 123 136

Dorsal-ventral distance 178 174 180

Dorsal-anal distance 268 263

Length, first dorsal base 173 171 177

Pectoral length 148 147 155

Height, first dorsal 81 66*

Height, second dorsal 74* 72*

Height, anal 82* 68*

Length, second dorsal base 60 56 77*

Length, anal base 54 50 56*

Diameter of iris 30 31 32

Maxillary length 85 79 88

Ventral insertion—vent 206 201

Body cavity length 237 232 242
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APPENDIX
DEFINITIONS

FIGURE 14. Explains the terms arbitrarily assigned in this publication to the various portions of the alimentary
canal

FIGURE 15. Defines the meaning of the terms used herein to describe the cutaneous blood vessels
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DESCRIPTION OF MEASUREMENTS
All the measurements were made either with large slide calipers or with dividers. The latter were used only for a few
small measurements, such as the diameter of the iris and the height of fins, etc. Most measurements were made with
calipers. These instruments, of which there are two, were specially made for this work. The one used most has a
range up to one meter, and the other, used only for large tuna, has a scale reading to 165 centimeters. Both are preci-
sion instruments of great strength, made of a noncorrosive aluminum alloy. The arms of both are approximately 14
inches long, made thus to allow for the great depth of large fish. All measurements are straight-line distances
between reference points.

External Measurements
Body Length. The body length was measured with the tip of the fixed arm of the caliper resting on the table against
the tip of the upper jaw of the fish. The sliding arm was moved until the anterior face made a firm contact over its
entire width with the cartilaginous tissue in the fork of the tail.

Head Length. The tip of the fixed arm of the caliper was held with one hand against the tip of the upper jaw of the
fish, and the sliding arm was moved until its anterior face rested squarely against the most distant point on the mar-
gin of the subopercle. The measurement was made to the bone rather than to the dermal flap, which often projects
slightly.

Insertion of First Dorsal Fin. The dorsal fin was held erect with the fingers of the left hand, and the tip of the slid-
ing arm of the caliper was placed firmly against the ball of the left thumb, which in turn was held against the face of
the first spine at its insertion. The scale of the caliper was then moved with the free hand until the tip of the fixed
arm touched the tip of the upper jaw. Using the sliding arm as a fulcrum, the tip of the fixed arm was then swung
through a slight arc to insure that the caliper just touched the tip of the snout.

Insertion of the Second Dorsal Fin. The second dorsal fin was held erect and a mark made at its base to indicate
its anterior extent. The point of insertion thus determined is subject to a slight error because the fin meets the outline
of the body in an even curve, due to the inclination of the first short ray. The tip of the fixed arm of the caliper was
held against the tip of the upper jaw and the sliding arm was then moved anteriorly until its forward face reached the
above mark.

Insertion of the Anal Fin. The fin was held erect and its insertion marked. The location of this point is subject to
the same slight error described in the foregoing measurement. The tip of the fixed arm of the caliper was then held
in place against the tip of the upper jaw and the sliding arm moved anteriorly until it reached the insertion of this fin.

Insertion of the Ventral Fin. The fin was held extended with one hand and the sliding arm of the caliper was
pressed against the thumb, which was so placed as to mark the insertion of the first ray. The scale was then moved
until the tip of the fixed arm touched the tip of the upper jaw and the caliper was swung through a small arc to insure
accuracy.

Greatest Body Depth. With the first dorsal fin depressed into its groove, the greatest body depth was measured
perpendicular to the axis
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of the body. The point of greatest depth was recorded in terms of the spines of the first dorsal fin. This measurement
was influenced to a large extent by the condition of the fish.

Greatest Body Width. This measurement was likewise influenced by the condition of the fish. The greatest width
of body was measured transversely with the pectoral fins pressed firmly against the sides. The location of the
greatest width was recorded in terms of the spines of the first dorsal fin, but frequently the two sides were almost
parallel for some distance and in such cases the point selected was quite arbitrary.

Dorsal-Ventral Distance. This measurement was made with the fixed arm of the caliper resting firmly against the
contour of the body and the lateral face of the arm against the anterior spine of the first dorsal fin, which was held
erect. With an assistant holding the ventral fin erect and perpendicular to the body, the sliding arm was then moved
inwards along the first ray of this fin until the face of the arm touched the outline of the body. The measurement was
quite satisfactory except in the case of soft fish.

Dorsal-Anal Distance. This measurement was taken with the tip of the fixed arm of the caliper resting against the
base of the anterior spine of the erect first dorsal fin and the contour of the body. The sliding arm of the caliper was
then moved until it came in contact with the ventral body margin at the insertion of the anterior anal ray. Two slight
errors affect this measurement. One is discussed under the heading of the anal fin, and the second is due to the width
of the caliper arm, which is six millimeters. Held as in this measurement the inner face of the fixed arm does not
touch the actual insertion of the first dorsal fin. Due to the width of the arm, its inner face in reality forms the hypo-
tenuse of a small triangle of which the other two sides are the contour of the body and the face of the first dorsal
spine, so that there is a constant error equal to the altitude of this triangle. Both these errors, however, are negligible
in relation to the distance separating the two points of reference.

Length of First Dorsal Base. With the first dorsal fin held erect, the tip of the fixed arm of the caliper was placed
against the contour of the body with the inner face against the anterior margin of the first spine. The sliding arm was
then moved anteriorly until it reached the mark previously made to indicate the insertion of the second dorsal fin.
This measurement is therefore the distance between the insertion of the first and second dorsal fins, and it was used
because it can be measured more accurately than can the length of the fin itself.

Length of Pectoral Fin. The fixed arm of the caliper was held against the body of the fish at the anterior termina-
tion of the dorsal margin of the pectoral fin. Inspection of a tuna will show that this point is quite precise. The slid-
ing arm was then moved until it touched the extremity of the pectoral fin. The posterior extent of the fin was also re-
corded in terms of the first dorsal spines in the case of the bluefin, with reference to the origin of the second dorsal
fin in the case of the yellowfin, and in terms of the anal base and anal finlets in the case of the albacore and the big-
eyed tuna.

Height of Fins. These measurements were made with dividers. One point of the dividers was inserted against the
contour of the body at the insertion of the fin and the dividers opened until the other point
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touched the extremity of the longest ray, provided this was intact. No measurements were taken which involved the
use of broken spines or rays, and doubtful measurements were recorded as such.

Length of Second Dorsal Base. Although this was measured as a routine, the measurement has, in our opinion,
little value because the length of the base is really a matter of interpretation. In about half the cases examined, of all
species, the first finlet was actually connected with the second dorsal fin by a slight continuation of the fin mem-
brane. In view of this we adopted the following standard procedure. If, when the second dorsal fin was alternately
raised and depressed, the first dorsal finlet moved slightly up and down with it, thus demonstrating a connection,
then we counted such a finlet as an integral part of the second dorsal fin and the base of this fin was measured ac-
cordingly. Obviously this affected the count of the finlets as well as the measurement of the base of the fin. Every
degree of variation was found, from a broad and unmistakable membranous connection at one extreme to a barely
perceptible fold of tissue against the body contour at the other extreme. Under such circumstances some arbitrary
rule was necessary, and the length of the second dorsal base was accordingly measured with one point of the di-
viders located at the insertion of this fin and the other point placed against the insertion of the last ray of the fin, or
against the insertion of the ray of the first finlet if this was attached to the fin.

Length of Anal Base. The condition in this case was entirely comparable with that of the second dorsal base. The
measurement was made in a similar manner and the discussion and conclusion above apply equally to this fin.

Diameter of Iris. By means of dividers a measurement was made of the greatest distance between the opposite ex-
ternal margins of the yellow iris, as that was delimited by the black surrounding tissue. This diameter, which is not
parallel to the axis of the body but decidedly at an oblique angle to the axis, gives a good indication of the size of the
eye and may be measured more accurately than the diameter of the orbit.

Maxillary Length. In taking this measurement one point of the dividers was inserted at the posterior margin of the
maxillary and the instrument closed until the other point just touched the tip of the snout.

Ventral Insertion to Vent Distance. This measurement was taken with the calipers. First, both ventral fins were
held extended perpendicular to the body and a line of insertion was marked with the blade of a knife held flat against
the extended first rays. The inside face of the fixed arm of the calipers was then placed against this mark, and the
sliding arm was moved until its forward face coincided with the anterior margin of the vent. This gave a measure
between two well defined points. It is a measure comparable with the internal body cavity length, and has the ad-
vantage that it can be made without dissecting the fish.

Internal Measurements
All abdominal cavity measurements were made as follows: The belly was opened and the side walls cut away suffi-
ciently to expose the entire viscera without, however, disturbing any organs. The view thus obtained is that repro-
duced in all the visceral drawings. The length of the abdominal cavity was arbitrarily taken to be that distance
between the posterior tip of the heart and the anterior margin of the vent. The majority of
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measurements were made and all were recorded with reference to the posterior tip of the heart. Thus, the length of
the stomach, caecal mass, etc., or the extent of the kidney or the air bladder is invariably that distance between the
posterior tip of the respective organ and the posterior tip of the heart. The majority of measurements were made with
the caliper, the fixed arm of which was held against the posterior tip of the heart and the sliding arm moved to the
extent of the variable.

The measurements of the air bladder and the kidney were generally made after removal of the viscera, and they
were accordingly measured with reference to the vent. Such measurements were subtracted from the total length of
the abdominal cavity, thus giving the extent of the organ from the tip of the heart. The urinary bladder was measured
with dividers. One point was fixed at the external opening, located at the posterior margin of the vent, and the di-
viders opened until the other point reached the anterior tip of the bladder.

MERISTIC COUNTS
In making the fin ray counts no distinction was made between rays and spines. Both terms are used synonymously in
this report. Usually the components of the first dorsal fin are referred to as spines and those of the remaining fins as
rays.

First Dorsal Fin. This count was fairly satisfactory and reliable. The only difficulty or uncertainty encountered
concerned the last small spine in those fishes where the fin membrane was ruptured. In such cases the spines were
frequently retracted into the groove, and if the last spine happened to be unusually short, it was at times difficult to
raise it into view. This was particularly true of the skipjack and less so of the remaining tunas. Our rule was to count
this last spine only if it could be clearly seen or its presence unmistakably established. The number of cases in which
this difficulty was encountered was small, and the recorded counts are essentially accurate.

Second Dorsal Fin. In making this count the procedure followed was to cut the skin at the base of the fin and peel
it back against the rays, thereby exposing their bases. It was, moreover, necessary to scrape the skin away from the
first and second rays because the first one is relatively short and in some cases extremely so, making it easy to over-
look. After a few preliminary trials one becomes accustomed to the appearance and structure of the rays, and a reli-
able count may be readily obtained.

The identity of the first dorsal finlet was the greatest factor influencing this count. Where the finlet was attached
to the fin by membrane it was counted with the second dorsal rays. For greater clarification on this point the reader
is referred to the discussion of the method of measuring the length of the second dorsal base.

Dorsal Finlets. Despite the rule adopted in this work, by which the first finlet, when attached to the second dorsal
fin, was considered as a part of that fin, the data show that this structure should be considered instead as a finlet. In
the majority of such cases the number of finlets was one less than the modal number. The difficulty may be over-
come by combining the second dorsal fin ray count with the number of dorsal finlets, and this has been done in the
various tables throughout this report.
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Anal Fin. The method used in this count is similar to that described for that of the second dorsal fin. The same
rule was adopted here regarding the first finlet.

Anal Finlets. The discussion under the heading of dorsal finlets applies equally to the anal finlets.
Gill Rakers. This is a rather unsatisfactory and at best only an approximate count, particularly in the case of the

skipjack and the yellowfin. In the above two species there are short rudimentary gill rakers at the upper end of the
arch, and these rudiments vary between true short rakers and barely percepitble projections on the arch. Despite any
arbitrary decisions as to the method to be followed, the possibility of an error on one, two, or even three rakers is
frequently involved. To minimize this error, or rather to be more consistent, we established the following rule: We
counted as a raker any rudiment that projected distinctly above the arch, ignoring all other protuberances that did not
project freely and obviously as short rakers. This rule was unsatisfactory but no better solution was apparent. Fur-
thermore, in all species it was occasionally difficult to make a decision as to the allocation of the gill raker at the
angle of the arch. In such cases the gill raker was included with the count of that limb of the arch with which it
moved. For this reason the total number of rakers appears to be a better character than the partial number on each
limb.
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