
Introduction
The common thresher, Alopias vulpinus (Bonnaterre,

1788) (Fig. 1A), is the most common alopiid shark

(Lamniformes) caught nearly worldwide in circumtropical

regions. The largest reliably measured individual

appears to be 573 cm TL (Cailliet et al . , 1983),

although it is said to reach up to 600-610 cm TL

(Compagno, 2001) or possibly more (e.g., 762 cm TL

in Paust and Smith, 1986). This shark commonly

feeds on small schooling teleosts, such as herring

and mackerel, as well as on cephalopods (squids and

octopi), pelagic crustaceans (crabs and shrimps), and

seabirds (Bigelow and Schroeder, 1948 ; Compagno,

2001). It uses its elongated tail (Fig. 1A) as a

stunning device to assist in prey capture (Gubanov,

1972).

In this paper, I examine the quantitative

relationship between tooth crown height (CH) and

total body length (TL) in modern Alopias vulpinus .

This study constitutes the first attempt to demonstrate

the correlation between tooth size and body size for
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The relationship between the height of tooth crown (CH) and total body length (TL) in the
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Fig. 1. Modern common thresher shark, Alopias vulpinus
(Bonnaterre). A, adult individual (after Compagno,
2001 ; see text for size). B, upper and lower dental
series in labial view (mesial to the left : see Appendix
1 for size ; after Bass et al ., 1975). Tooth types based
on Shimada (2002a): A, upper anterior tooth; a,
lower anterior tooth ; I, upper intermediate tooth ; i,
lower intermediate tooth ; L, upper lateral tooth ; l,
lower lateral tooth ;“S”, upper symphysial tooth ;“s”,
lower symphysial tooth (parentheses denote the
uncertainty in homology : see Shimada, 2002a).
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this species. Isolated teeth possibly referable to A .

vulpinus occur in the fossil record (e.g., Purdy et al .,

2001), and my ultimate goal is to apply my quantitative

data to fossil forms for TL estimation.

Materials and methods
Even though Alopias vulpinus is a relatively

common alopiid shark, complete specimens with

readily measurable teeth as well as jaw specimens

with accurate TL data are rare. Nevertheless, I was

able to examine a total of eight, non-embryonic jaw

samples of A. vulpinus, each with a known TL

(Appendix 1). They are housed in the following

collections : California Academy of Sciences (CAS),

San Francisco; Gordon Hubbell collection (GH:

JAWS International, Gainsville, Florida) referred to

in several scientific papers (e.g., Gruber and Compagno,

1981 ; Randall, 1987 ; Purdy et al . , 2001 ; Shimada,

2002a); Natural History Museum of Los Angeles

County (LACM), California ; and Museum of Comparative

Zoology (MCZ), Harvard University, Cambridge,

Massachusetts. All samples in LACM are housed in

its Ichthyology Section except the one labeled

as“LACM VP”, which is a comparative specimen in

the Vertebrate Paleontology Section.

I followed Shimada’s (2002a) dental terminology

and tooth type identification made for Alopias

vulpinus (Fig. 1B). Using a calliper, a CH measurement

(i.e., the maximum vertical enameloid height on the

labial side : Appendix 1) of each tooth in the first (=

labialmost or most functional) tooth series was taken

from one side of each jaw specimen. When the

labialmost tooth was not measurable, the second

tooth of the same tooth row (i.e., nearly identical to

the first series in CH development) was used to

estimate the CH of the first tooth. Then, the CH-TL

relationship in 19 upper teeth (A1, A2, I1, and L1-L

16) and 17 lower teeth (a 1, a 2, i 1, and l 1-l 14) was

examined using least squares linear regression (y =

a + bx, where y = TL in cm, x = CH in mm, and a

and b constants ; α = 0.05 ; see Zar, 1996). The null

hypothesis for the analysis was that the CH cannot

predict the TL.

Results
The results of the regression analyses are

presented in Table 1. All regression lines exhibit

positive correlation where the position of y-intercept

varies widely. The slope of the lines generally

increases from mesially located teeth to distally

located teeth for both upper and lower dental series.

The correlation coefficient (r) for each line is high (all

>0.930), indicating that the bivariate plots are

clustered closely along each regression line (e.g., see

Fig. 2). The standard error of estimate (SE) for each

regression suggests that some degree of scattering

of plots around the line exists. The probability of

error (p) is low for all teeth (all <0.005 ; i.e., showing

high statistical significance).

Discussion
A high r-value and a low p-value in all regression

lines (Table 1) suggest that the CH can be used to

estimate the TL in Alopias vulpinus, although this

estimation should be regarded as a first approximation

due to the small sample size (n = 8). A positive

correlation for each regression line indicates that an

increase in the CH through replacement is proportional

to increases in the TL. The general increase in the

slope of regression lines from mesially located teeth

to distally located teeth (e.g., Fig. 2) suggests that,

through replacement, the rate of size increase for

distally located teeth is greater than that of mesially

located teeth.

The regression equations presented here can

be used to infer the TL of fossil Alopias individuals,

Fig. 2. Bivariate scatter with regression line between crown
height (CH) and total body length (TL) for the first
upper anterior tooth (A1 : circle), fifth upper lateral
tooth (L5 : square), and sixteeth upper lateral tooth (L
16 : diamond) in modern Alopias vulpinus (n = 8 ; for
measurements, see Appendix 1; for statistics of
regression line, see Table 1).
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which are represented only by isolated teeth (e.g.,

Cappetta, 1987). For example, Purdy et al. (2001)

reported teeth of Neogene“A . cf. A. vulpinus”. The

fossil teeth ranged up to 15 mm in total tooth height,

and Purdy et al . (2001) estimated that those teeth

probably came from individuals that ranged up to

about 6 m TL. However, they did not provide any

explanations as to how they derived their estimates.

Purdy et al . (2001) did not give the CH of those fossil

teeth, but the maximum CH is extrapolated to be

approximately 13 mm (cf. Fig. 1 B). A conservative

TL estimate is possible for fossil individuals that

carried those teeth based on three assumptions : 1)

that those teeth represent the largest teeth on the

jaws (generally the A1 or A2) ; 2) that the CH of

those teeth has a similar relationship to the TL as

modern A. vulpinus ; and 3) that it is admissible to

extend the regression line below the lowest plot and

above the highest plot. When the CH of 13 mm is

applied to the regression equation for the A1 and A2

(Table 1), the TL of the fossil“A. cf. A. vulpinus”is

estimated to be about 611 cm and 595 cm, respectively,

agreeing well with the estimation made by Purdy et

al . (2001). However, unlike Purdy et al .’s (2001)

study, the use of regression equations here provides

a powerful justification that was not possible

Table 1. Regression analyses between tooth crown height (CH) and total body length (TL) among individuals of Alopias vulpinus (n
= 8 ; cf. Fig. 2 ; for tooth types, see Fig. 1B ; x = CH in mm ; ｙ＝TL in cm ; degrees of freedom = 1,6). Statistical
notations : r, correlation coefficient ; p, probability of estimates（“0.000”means <0.001 ; asterisk indicates probability with
<5% chance of error) ; SE, standard error of estimates.

x Regression equation r F-ratio p SE
Upper teeth

Ａ１ ｙ＝ ４９．０８８＋ ４３．２３６ｘ ０．９７７ １２８．２１３ ０．０００＊ ２５．３１９
Ａ２ ｙ＝ ５３．０８０＋ ４１．６６３ｘ ０．９８２ １６１．２４８ ０．０００＊ ２２．６８１
Ｉ１ ｙ＝１００．４４１＋ ５６．９３３ｘ ０．９６６ ８３．１９２ ０．０００＊ ３１．０５９
Ｌ１ ｙ＝ ５６．３８２＋ ５０．０２７ｘ ０．９５４ ６０．５４３ ０．０００＊ ３５．９５８
Ｌ２ ｙ＝ ４２．８９５＋ ４７．８９２ｘ ０．９８８ ２４３．０５３ ０．０００＊ １８．５８７
Ｌ３ ｙ＝ ６２．５６９＋ ４９．０２５ｘ ０．９８７ ２２２．７５７ ０．０００＊ １９．３９４
Ｌ４ ｙ＝ ６５．２７９＋ ４９．４００ｘ ０．９８４ １７８．１６０ ０．０００＊ ２１．６１５
Ｌ５ ｙ＝ ６５．７１７＋ ５１．５９２ｘ ０．９９４ ５１８．６９９ ０．０００＊ １２．８０５
Ｌ６ ｙ＝ ７５．２３６＋ ５０．９６８ｘ ０．９８０ １４５．４７１ ０．０００＊ ２３．８３３
Ｌ７ ｙ＝ ７７．９９６＋ ５５．４２７ｘ ０．９８５ ２００．９８８ ０．０００＊ ２０．３８８
Ｌ８ ｙ＝ ８１．３６４＋ ５７．９６６ｘ ０．９８０ １４７．９１６ ０．０００＊ ２３．６４３
Ｌ９ ｙ＝ ８４．４６９＋ ６７．７６９ｘ ０．９７１ ９７．５４５ ０．０００＊ ２８．８２６
Ｌ１０ ｙ＝ ８３．５４０＋ ７６．３１６ｘ ０．９６２ ７４．２５７ ０．０００＊ ３２．７４２
Ｌ１１ ｙ＝ ８９．１８１＋ ８２．３２１ｘ ０．９６４ ７８．８７６ ０．０００＊ ３１．８３９
Ｌ１２ ｙ＝ ９８．７９２＋ ８７．８４１ｘ ０．９３５ ４１．７１８ ０．００１＊ ４２．４６３
Ｌ１３ ｙ＝ ８８．５２５＋１０８．７３５ｘ ０．９６７ ８５．５１６ ０．０００＊ ３０．６６２
Ｌ１４ ｙ＝１０３．３７７＋１１８．２５９ｘ ０．９３５ ４１．７２７ ０．００１＊ ４２．４５９
Ｌ１５ ｙ＝１０９．８０８＋１３２．１７５ｘ ０．８８３ ２１．２０５ ０．００４＊ ５６．２３７
Ｌ１６ ｙ＝ ４９．０６１＋２０３．９２２ｘ ０．９９３ ４２１．１７３ ０．０００＊ １４．１９２

Lower teeth
ａ１ ｙ＝ ８２．８８１＋ ４６．８９１ｘ ０．９５９ ６８．９５３ ０．０００＊ ３３．８８１
ａ２ ｙ＝ ５９．６６１＋ ４８．７１０ｘ ０．９９３ ４００．９６２ ０．０００＊ １４．５４０
ｉ１ ｙ＝ ５３．６４３＋ ５３．５９３ｘ ０．９９５ ５６３．０４２ ０．０００＊ １２．２９６
ｌ１ ｙ＝ ６８．９３６＋ ５４．３３６ｘ ０．９８６ ２１１．５７３ ０．０００＊ １９．８８６
ｌ２ ｙ＝ ７１．０７２＋ ５６．７８７ｘ ０．９８６ ２１５．５７６ ０．０００＊ １９．７０６
ｌ３ ｙ＝ ６４．４３３＋ ６２．３７１ｘ ０．９９０ ２８４．０００ ０．０００＊ １７．２２５
ｌ４ ｙ＝ ６２．７６７＋ ６８．２１３ｘ ０．９８５ １９８．５１８ ０．０００＊ ２０．５１１
ｌ５ ｙ＝ ６２．７４８＋ ７２．６３０ｘ ０．９８４ １７８．４５５ ０．０００＊ ２１．５９８
ｌ６ ｙ＝ ５８．０８９＋ ８３．６０６ｘ ０．９９０ ２８４．８２５ ０．０００＊ １７．２００
ｌ７ ｙ＝ ７０．６９４＋ ９０．５８４ｘ ０．９９０ ２９７．９３９ ０．０００＊ １６．８２５
ｌ８ ｙ＝ ７５．３７５＋ ９９．０００ｘ ０．９９０ ２８８．７７９ ０．０００＊ １７．０８４
ｌ９ ｙ＝ ８３．２１４＋１１１．８５９ｘ ０．９６５ ８０．６２１ ０．０００＊ ３１．５１７
ｌ１０ ｙ＝ ７１．５２７＋１４０．４１６ｘ ０．９５７ ６５．７１８ ０．０００＊ ３４．６３７
ｌ１１ ｙ＝ ５５．１８８＋１７６．３１３ｘ ０．９５４ ６０．６８４ ０．０００＊ ３５．９２０
ｌ１２ ｙ＝ ８１．９４０＋１７４．０３２ｘ ０．９３４ ４１．２４２ ０．００１＊ ４２．６７６
ｌ１３ ｙ＝ ６２．０８９＋２０１．２２５ｘ ０．９７０ ９６．０８７ ０．０００＊ ２９．０３１
ｌ１４ ｙ＝ ６５．６７６＋２２７．６１５ｘ ０．９４７ ５１．９４２ ０．０００＊ ３８．５３５
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in the past. To note, such quantitative inferences

about the body length of sharks from their teeth

are found not only useful to paleontology but also to

modern sharks which are represented only by jaw

specimens from individuals of unknown length.

Some recent studies demonstrating this practice

include papers by Randall (1987), Lucifora et al .

(2001), Shimada (2002b, 2003, 2005), and Shimada and

Seigel (2005).
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Appendix 1

Examined Alopias vulpinus specimens (with TL, sex,

and locality data) and crown height of each tooth (in

mm ; for tooth types, see Fig. 1 ; value in parenthesis

= estimated measurement).

CAS 65976 (155 cm TL ; female ; off California,

U.S.A.), left dental series : A1, 2.9 ; A2, 2.7 ; I1, 1.0 ;

L1, 2.6 ; L2, 2.7 ; L3, 2.2 ; L4, 2.2 ; L5, 1.9 ; L6, 1.9 ; L

7, 1.7 ; L8, 1.6 ; L9, 1.4 ; L10, 1.3 ; L11, 1.2 ; L12, 1.0 ;

L13, 0.9 ; L14, 0.8 ; L15, 0.7 ; L16, 0.6 ; L17, 0.5 ;“s”,

0.8 ; a1, 2.0 ; a2, 2.1 ; i1, 1.9 ; l1, 1.6 ; l2, 1.6 ; l3, 1.6 ; l

4, 1.6 ; l5, 1.6 ; l6, 1.3 ; l7, 1.1 ; l8, 1.0 ; l9, 0.9 ; l10, 0.8 ;

l11, 0.7 ; l12, 0.6 ; l13, 0.6 ; l14, 0.5.

LACM 39325-1 (356 cm TL ; sex unknown ;

off California, U.S.A.), left dental series : A1, 6.4 ; A2,

6.9 ; I1, 3.5 ; L1, 5.0 ; L2, 6.1 ; L3, 5.7 ; L4, (5.4) ; L5,

5.3 ; L6, 4.7 ; L7, 4.5 ; L8, 4.2 ; L9, 3.6 ; L10, 3.2 ; L11,

3.0 ; L12, 2.5 ; L13, 2.1 ; L14, 1.8 ; L15, 1.5 ; L16, 1.5 ;

L17, 1.5 ; L18, 1.1 ; L19, 1.0 ; L20, 1.0 ; L21, 0.9 ; a1,

(4.8) ; a2, 5.5 ; i1, 5.2 ; l1, (4.7) ; l2, (4.4) ; l3, 4.2 ; l4,

3.8 ; l5, 3.6 ; l6, 3.2 ; l7, (3.0) ; l8, 2.6 ; l9, 2.0 ; l10, 1.6 ;

l11, 1.4 ; l12, 1.1 ; l13, 1.2 ; l14, 1.2 ; l15, 1.1 ; l16, 1.1 ;

l17, 1.0 ; l18, 1.0 ; l19, 0.8 ; l20, 0.6

LACM 39342-1 (131 cm TL ; male ; locality

unknown), left dental series : A1, 1.6 ; A2, 1.7 ; I1,

0.8 ; L1, 1.4 ; L2, 1.8 ; L3, 1.2 ; L4, 1.1 ; L5, 1.1 ; L6,

1.1 ; L7, 1.0 ; L8, 1.0 ; L9, 0.9 ; L10, 0.8 ; L11, 0.7 ; L

12, 0.6 ; L13, 0.5 ; L14, 0.4 ; L15, 0.4 ; L16, 0.4 ; s, 0.7 ;

a1, 1.2 ; a1, 1.5 ; i1, 1.5 ; l1, 1.3 ; l2, 1.0 ; l3, 0.9 ; l4,

0.9 ; l5, 0.8 ; l6, 0.7 ; l7, 0.6 ; l8, 0.5 ; l9, 0.5 ; l10, 0.5 ; l

11, 0.5 ; l12, 0.4 ; l13, 0.4 ; l14, 0.4.

LACM VP (161 cm TL; female ; local ity

unknown), right dental series : A1, 2.3 ; A2, 2.6 ; I1,

1.3 ; L1, 2.2 ; L2, 2.3 ; L3, 2.1 ; L4, 2.0 ; L5, 1.9 ; L6,

1.7 ; L7, 1.5 ; L8, 1.4 ; L9, 1.1 ; L10, 1.0 ; L11, 0.8 ; L

12, 0.8 ; L13, 0.6 ; L14, 0.5 ; L15, 0.5 ; L16, 0.5 ; s, 0.9 ;

a1, 1.9 ; a2, 2.2 ; i1, 2.0 ; l1, 2.0 ; l2, 1.9 ; l3, 1.8 ; l4,

1.6 ; l5, 1.5 ; l6, 1.3 ; l7, 1.1 ; l8, 0.9 ; l9, 0.7 ; l10, 0.6 ; l

11, 0.5 ; l12, 0.4 ; l13, 0.4 ; l14, 0.3.

MCZ 36089 (397 cm TL ; sex unknown ; off

Massachusetts, U.S.A.), left dental series : A1, 8.2 ; A

2, (8.8) ; I1, 5.5 ; L1, 6.8 ; L2, 7.8 ; L3, 6.6 ; L4, (6.5) ; L

5, (6.4) ; L6, (6.3) ; L7, (6.2) ; L8, (6.1) ; L9, 5.3 ; L10,

4.8 ; L11, 4.3 ; L12, 4.1 ; L13, 3.2 ; L14, (3.0) ; L15, 2.7 ;

L16, 1.8 ; L17, 1.5 ; s, 3.1 ; a1, (6.1) ; a2, (7.1) ; i1, (6.7) ;

l1, (6.4) ; l2, 6.0 ; l3, (5.5) ; l4, (5.0) ; l5, (4.5) ; l6, (4.1) ; l

7, (3.9) ; l8, 3.5 ; l9, 3.2 ; l10, 2.6 ; l11, 2.1 ; l12, 2.0 ; l

13, 1.8 ; l14, 1.6 ; l15, 1.1 ; l16, 0.9 ; l17, 0.8.

GH-Alop2-01 (397 cm TL ; sex unknown ; off

United Kingdom), left dental series : A 1, 7.4 ; A 2,

7.5 ; I1, 5.5 ; L1, 7.1 ; L2, 7.2 ; L3, 7.2 ; L4, 7.1 ; L5,

6.6 ; L6, 6.8 ; L7, 5.8 ; L8, 5.3 ; L9, 4.3 ; L10, 3.6 ; L11,

3.3 ; L12, 2.7 ; L13, 2.6 ; L14, 2.1 ; L15, 1.5 ; L16, 1.4 ;

L17, 1.4 ; L18, 0.5 ; s, 2.5 ; a1, 7.8 ; a2, 7.2 ; i1, 6.3 ; l1,

6.3 ; l2, 6.0 ; l3, 5.5 ; l4, 5.2 ; l5, 5.0 ; l6, 4.0 ; l7, 3.5 ; l8,

3.2 ; l9, 2.6 ; l10, 2.2 ; l11, 1.7 ; l12, 1.7 ; l13, 1.6 ; l14,

1.2 ; l15, 0.9 ; l16, 0.5.

GH-Alop2-02 (315 cm TL; male; off New

York, U.S.A.), right dental series : S, 1.6 ; A1, 6.6 ; A

2, 6.0 ; I1, 3.2 ; L1, 4.3 ; L2, 5.3 ; L3, 4.6 ; L4, 4.6 ; L5,

4.6 ; L6, 4.3 ; L7, 3.8 ; L8, 3.7 ; L9, 3.0 ; L10, 2.8 ; L11,

2.7 ; L12, 2.4 ; L13, 2.2 ; L14, 1.5 ; L15, 1.4 ; L16, 1.3 ;

L17, 1.3 ; L18, 1.3 ; L19, 1.1 ; L20, 1.0 ; s, 1.5 ; a1, 4.5 ;

a2, 5.3 ; i1, 5.0 ; l1, 4.2 ; l2, 4.0 ; l3, 3.8 ; l4, 3.4 ; l5, 3.4 ;

l6, 3.3 ; l7, 2.5 ; l8, 2.3 ; l9, 2.1 ; l10, 1.6 ; l11, 1.6 ; l12,

1.3 ; l13, 1.3 ; l14, 1.0 ; l15, 1.0 ; l16, 0.9 ; l17, 0.8 ; l18,

0.7 ; l19, 0.7.

GH-Alop2-03 (275 cm TL ; sex unknown ; off

California, U.S.A.), left dental series : A1, 6.0 ; A2,

6.1 ; I1, 3.5 ; L1, 5.3 ; L2, 5.3 ; L3, 4.8 ; L4, 4.8 ; L5,

4.4 ; L6, 4.3 ; L7, 3.7 ; L8, 3.2 ; L9, 2.7 ; L10, 2.4 ; L11,

1.9 ; L12, 1.8 ; L13, 1.5 ; L14, 1.4 ; L15, 1.2 ; L16, 1.1 ;

L17, 1.0 ; L18, 1.0 ; L19, 0.8 ; L20, 0.7 ; L21, 0.6 ; a1,

4.2 ; a2, 4.2 ; i1, 4.2 ; l1, 3.6 ; l2, 3.6 ; l3, 3.5 ; l4, 3.2 ; l

5, 2.8 ; l6, 2.7 ; l7, 2.2 ; l8, 2.0 ; l9, 1.6 ; l10, 1.6 ; l11,

1.4 ; l12, 1.3 ; l13, 1.1 ; l14, 1.1 ; l15, 1.1 ; l16, 1.0 ; l17,

0.9 ; l18, 0.6 ; l19, 0.6 ; l20, 0.6 ; l20, 0.4.

.
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