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Synopsis of biological data on the blue shark,

Prionace glauca Linnaeus

Hideki NAKANO™ and Michael P. SEKI*

Abstract Blue sharks, Prionace glauca, are wide ranging oceanic sharks found world-
wide in tropical and temperate waters and the most abundant pelagic shark species.
Blue shark is the most successful elasmobranch in the pelagic waters and frequently
major by-catch species into the fisheries operating in high seas. Occupation of the pe-
lagic niche in the temperate waters may be one of the key components of its domina-
tion in the pelagic ecosystem. The systematics, biology, life history, population,
exploitation, and utilization on blue shark were reviewed based on more than eighty
scientific publications during the past five decades. Over the years, numerous studies
describing the biology, ecology and fisheries of blue sharks have been published, how-
ever, the information are more often than not patchy and local in scope. The synop-
sis thus compiles available information pertaining to blue sharks to establish what is
known, where gaps in our knowledge exists, and identifies where additional and fu-
ture research efforts should be focused. Although a comprehensive stock assessment
of blue shark in the North Pacific is still lacking, no overly deviant fluctuations are
obvious in the various CPUE series, and no evidence currently exists to suggest that
the stock status of North Pacific blue sharks is in a critical state. Nevertheless, fur-
ther research is needed to assess the true catch levels in each fishery and their im-
pacts on the population. Our mutual interests leads us to focus our efforts on the
population of blue sharks inhabiting the North Pacific Ocean, although where rele-
vant, information from the other oceans of the world are also reviewed and presented
for comparison.
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Introduction

Blue sharks, Prionace glauca, are wide rang-
ing oceanic sharks found worldwide in tropical
and temperate waters. The most abundant pe-
lagic shark species, large numbers of blue
sharks are frequently and incidentally caught
by the world's fisheries. Over the years, numer-
ous studies describing the biology, ecology and
fisheries of blue sharks have been published,
however, the information are more often than
not patchy and local in scope. For the conserva-
tion and management of this wide ranging re-
source, it is imperative to develop a more
coherent, holistic understanding of the species'
biology, life history, and role in the ecosystem.
This synopsis thus compiles available informa-
tion pertaining to blue sharks to establish what
1s known, where gaps in our knowledge exists,
and identifies where additional and future re-
search efforts should be focused. Our mutual
interests leads us to focus our efforts on the
population of blue sharks inhabiting the North
Pacific Ocean, although where relevant, infor-
mation from the other oceans of the world are
also reviewed and presented for comparison.

1.0 Systematics

1.1 Scientific name

Prionace glauca (Linnaeus, 1758)

1.2 Synonymy (after Compagno, 1984)

? Squalus adscentionis Osbeck, 1765; ?
Squalus rondeletit  Risso, 1810; Squalus
caeruleus Blainville, 1825; ? Galeus thalassinus
Valenciennes, in Cuvier, 1835; ? Thalassorhinus
vulpecula Valenciennes, in Bonaparte, 1838;
also in Miuller & Henle, 1839; Carcharias
(Prionodon) hirundinaceus Valenciennes, in
Miller & Henle, 1939; Thalassinus rondelettit
Moreau, 1881; Carcharias pugae Perez Canto,
1886; Carcharias gracilis Philippi, 1887,
Hypoprion/Hemigaleus isodus Philippi, 1887; ?
Carcharias aethiops Philippi, 1896; Prionace
macki Phillipps, 1935.

1.3 Taxonomy
Phylum Vertebrata
Superclass Pisces
Class Chondrichthyes
Subclass Elasmobranchii
Superorder Galea
Order Carcharhiniformes
Family Carcharhinidae
Genus Prionace
Classification under superorder follows that
of Shirai (1996). Genus Prionace was defined by
Linnaeus (1758) and includes only one species,
Prionace glauca, the blue shark.
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1.4 Local names

language  local name

English blue shark, great blue shark,
blue whaler

Japanese  yoshikiri-zame, yoshikiri, aota,
aobuka, guda, mizu-zame

French Peau bleue

Spanish Tiburon azul

1.5 Field identification

The body of the blue shark is slender and
elongate. Distinguishing characteristics of the
shark include a long snout that is parabolic in
dorsoventral view, large eyes without posterior
notches, the absence of spiracles, and the pres-
ence of unique papillose gillrakers on the inter-
nal gill openings. The sickle-shaped pectoral
fins are large and long, especially in relation to
the remaining other moderately sized fins.
Typical of carcharhinid sharks, the elongated,
compressed caudal fin bears a notch just below

Fig. 1. The blue shark, Prionace glauca Linnaeus
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the end of the upper lobe and there is a
nictitating membrane over each eye (Bigelow
and Schroeder, 1948; Compagno, 1984).

The coloration of the blue shark is also quite
distinctive. Upon capture, the dorsal portions
of the body will be a brilliant, dark blue, becom-
ing a lighter but still bright blue on the sides,
and then abruptly white ventrally (Fig. 1;
Bigelow and Schroeder, 1948; Compagno, 1984).

2.0 Biology and life history

2.1 Biometrics

Blue sharks are relatively large sharks with
the maximum size recorded at 383cm in total
length (TL) from the Northwest Atlantic Ocean
(Bigelow and Schroeder, 1948). Most blue sharks
caught, however, are less than 3m in length.

2.1.1 Length measurement conversion factors
Several types of length measurement have
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been used among various nations and research-
ers in describing shark morphometrics. Most
commonly, these include total length (TL), fork
length (FL), precaudal length (PL), and eye-to-
fork length (EFL). Total length is defined as
the distance between the tip of the snout and
the posterior end of the caudal fin. Fork length
and precaudal length are the straight line dis-
tances measured from the tip of the snout to
the fork of the caudal fin and to the precaudal
notch, respectively. Eye-to-fork length is meas-
ured from the rear margin of the eye to the
fork in the caudal fin. For comparative pur-
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poses, several relationships to convert between
length types have been developed and published.
For the North Pacific Ocean, Nakano et al.
(1985) reported the relationship between TL and
PL for sharks taken by research driftnet sets,
and McKinnell and Seki (1998) present regres-
sion equations between lengths of blue and
salmon sharks (Lamna ditropis) including TL,
PL, and EFL using multinational observer data
from the now defunct Japanese high-seas squid
driftnet fishery (Table 1, Fig. 2).

For the Atlantic Ocean, Hazin et al. (1991) re-
ported relationships among TL, FL, PL and
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Fig. 2. Relationships between total length (TL), precaudal length (PL) and eye-
fork length (EFL) measurements of North Pacific blue sharks collected from
'Japanese commercial and Canadian experimental squid driftnet operations
(McKinnell and Seki, 1998) and from 2research driftnet sets (Nakano, 1985)

Table 1. Relationship between various length measurements (in c¢cm) applied
in North Pacific blue shark morphometric assessments

Study Equation r n

Nakano et al. (1985) PL = 0.762 TL—2.505 0.999 267
McKinnell and Seki (1998) PL = 0.76 TL—1.95 na 187
TL = 1.31 PL+2.55 na 187

TL = 1.35 EFL+3.62 na 242

EFL= 0.70 TL—2.68 na 242

EFL= 1.03 PL+0.53 na 190

PL = 0.97 EFL—0.51 na 190
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interdorsal space (IS, the distance from the end
of first dorsal fin to the beginning of the second
dorsal base) for blue sharks by sex, and Pratt
(1979), Castro and Mejuto (1995) and Kohler et
al. (1995) calculated the regression between TL
and FL (Table 2).

There are three length units (i.e. total
length, fork length and precaudal length) used
for length measurements of sharks as standard
length depending by countries or scientists.
Total and fork lengths are frequently used in
the western societies. While, precaudal length is
used in Japan only. It is desired that one of
three length units is going to be a common
standard for length measurement of sharks
among scientists and countries.

2.1.2 Length-weight relationship

The relations between length (cm) and weight
(kg) of the blue shark are reported in several
published studies. In the North Pacific Ocean,
Strasburg (1958) calculated the relation be-
tween TL and weight (Wt) measured in pounds,
Nakano et al. (1985) and Nakano (1994) pre-
sented the relation between PL and Wt by sex,
and Harvey (1989) reported the length-weight
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relationship (TL-Wt) for 150 blue sharks caught
in Monterey Bay, California (Table 3, Fig. 3).

In other oceans, length-weight relationships
of blue shark were reported by Stevens (1984)
for sharks taken off New South Wales in the
South Pacific and by Stevens (1975), Hazin et al.
(1991), Kohler et al. (1995) and Draganik and
Pelczarski (1984) for blue sharks in the Atlantic
Ocean (Table 4). Shark lengths were measured
as TL in all of the above studies with the ex-
ception of Hazin et al. (1991) who employed FL.

Since length-weight relationship for sharks
are known to differ among sexes and between
geographical areas, new length and weight
data collection efforts should focus on ad-
dressing these differences. The use of different
units used for length measurement among sci-
entists also affects on the relationships between
length and weight. For direct comparison it is
desired to have one common unit of length used
among scientists .

2.1.3 Length-processed weight and round
weight-processed weight conversion
Hazin et al. (1991) described the relationship
between FL (cm) and gutted weight (GWT in

Table 2. Relationship between various length measurements (in cm) applied in the North Atlantic

blue shark morphometric assessments

Study Relationship Sex r n
Hazin et al. (1991) FL =11.27+0.78 TL male 0.94 73
FL =23.52+0.73 TL female 0.92 59

PL =3.92+0.74 TL male 0.95 72

PL =28.95+0.63 TL female 0.82 29

IS =—4.24+0.22 TL male 0.86 73

IS =10.10+0.16 TL female 0.74 29

PL =-3.00+0.93 FL male 0.99 75

PL =5.15+0.88 FL female 0.92 66

IS =—6.62+0.28 FL male 0.92 75

IS =3.16+0.23 FL female 0.84 66

IS =—4.96+0.30 PL male 0.93 84

IS =6.80+0.23 PL female 0.81 69

Castro and Mejuto (1995) FL =—1.061+0.8203 TL both sexes 0.9993 62
TL =1.716+1.2158 FL both sexes 0.9993 62

Kohler et al. (1995) FL =1.3908+0.8313 FL both sexes 0.9966 572
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Fig. 3. Standardized total length (cm) - weight (kg) relationships for North Pa-
cific blue shark. [note: curves standardized from PL (cm) - Wt (kg) in Nakano et
al. (1985) and Nakano (1994), TL (mm) - Wt(kg) in Harvey (1989) and TL (em) -

Wt (pounds, lbs.) in Strasburg (1958) ].

Table 3. Length (cm) - weight relationships for blue shark published in the North Pacific Ocean

[loriginally reported in the form: log Wt=—5.396+1.13439 log TL]
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Study Sex Relationship r n
Strasburg (1958)' combined WT (lbs) =4.018X10° TL**
Nakano et al. (1985) Male WT (kg) =3.838x10° TL*™ 0.997 285
Female WT (kg) =2.328x10° PL*** 0.994 148
Harvey (1989) combined WT (kg) =2.57x10° TL*® 0.849 150
Nakano (1994) Male WT (kg) =3.293x10° PL** 0.993 2910
Female WT (kg) =5.388x10° PL*™ 0.992 2890
Table 4. Length (cm) - weight (kg) relationships for blue shark published in the Atlantic Ocean
Study Sex Relationship r n
Stevens (1975) Male WT =0.392x10° TL*" 0.999 17
Female WT =0.131x10° TL** 0.968 450
Castro (1983) combined WT =3.1841x10° TL*"" 0.976 4529
Hazin et al. (1985) Male WT =1.377x107 FL**" 0.95 37
Female WT =5.677x10° FL** 0.83 60
Draganik and Pelczarski (1984) Male WT =9.94x10* TL*"® na 260
Female WT =7.95x10" TL*"" na 31
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Table 5. Relationships of fork length (cm) and round weight (kg) with
gutted weight (kg) by sex for blue sharks in waters off Brazil Hazin
et al. (1991)

Sex Equations r n
Male GWT =9.821+10° FL** 0.95 33
Female GWT =1.827+10° FL** 0.82 60
Male GWT =0.50+0.80 WT 0.99 39
Female GWT =0.90+0.76 WT 0.98 61

Table 6. Precaudal length (cm) - maximum girth (cm) relationships for

driftnet caught blue sharks
Shimazaki, 1989)

in the North Pacific (Nakano and

Sex Equations r n
Male MG =-2.42+0.43 PL 0.98 82
Female MG =-7.47+0.51 PL 0.98 60

kg) and between round weight (kg) and GWT of
blue shark by sex caught off Brazil (Table 5).

2.1.4 Length-girth relationship

Nakano and Shimazaki (1989) described the
relationship between PL (cm) and maximum
girth (MG in cm) for blue shark in the North
Pacific while examining the mesh selectivity of
driftnets (Table 6). A significant difference was
found in the relationship between sexes
(P<0.01). Female is more fecund to male.

2.2 Age and growth

Several studies on the age and growth of the
blue shark have been conducted over the years.
In the North Pacific, Cailliet et al. (1983) and
Tanaka (1984) obtained estimates of blue shark
age and growth parameters using vertebral
staining techniques with silver nitrate and
haematoxylin-eosin, respectively. Nakano (1994)
also published a growth curve for blue sharks
derived from observations of vertebral rings
stained by silver nitrate considered together
with length frequency analysis of sharks from
embryo to adults. All of the studies fit their re-
spective data to the von Bertalanffy growth
function (Table 7).

In the North Atlantic, Von Bertalanffy
growth parameters (in TL) were also estimated
by Aasen (1966) using length frequency and by
Stevens (1975) using vertebrae stained with

silver nitrate (Table 8). Stevens (1976) reported
that annual growth rate of blue shark was
32em/yr (in TL) based on tag-recapture re-
cords. Skomal (1990) also estimated annual
growth rate of 39.2cm/yr and 29.3cm/yr in
fork length from measured tag-recapture data
and refined tag-recapture data, respectively.
Stevens (1990) revised annual growth rate of
12.6cm/yr from tagging data.

A comparison of growth curves standardized
to total length for blue sharks from both the
North Pacific and the Atlantic Oceans is
graphically presented in Fig. 4 Growth func-
tions among the various studies in the North
Pacific appear quite similar, while models of
Atlantic blue sharks predict faster and larger
growth than their Pacific counterparts. While
looking at a comparison of growth functions
between the Northwest and Northeast Pacific
by cross-exchange, dual method, and a com-
parative reading approach, Tanaka et al. (1990)
pointed out sample and size biases, differences
in preparation techniques, variable growth
zone criteria, and low reader precision are the
principle factors contributing to observed vari-
ances which preclude concluding that blue
sharks in different parts of the world's oceans
have different growth characteristics.

It is interesting that growth of blue shark
appears similar among different parts of the
world. Although some difference on the growth



Synopsis of biological data on the blue shark, Prionace glauca Linnaeus

are recognized among areas, the similarity of
its rate and small variations among areas are
more remarkable characteristics of the species
when compared with other species of sharks.

2.3 Reproduction

2.3.1 Size and age at maturity
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Based on the frequency distribution of preg-
nant females by size, Suda (1953) reported the
minimum size at maturity to be approximately
150cm PL (199c¢cm TL) for female blue sharks in
the Northwestern Pacific Ocean. Strasburg
(1958) reported 18 pregnant females ranging
from 208-247cm TL from the equatorial and
Northeastern Pacific Ocean. Nakano et al.

Table 7. Von Bertalanffy growth parameters published for blue shark inhabiting in the North Pacific Ocean

Study Sex L, K to n Remarks
Cailliet and Bedford (1983) Male 295.3 0.175 —1.113 38 as TL
Female 241.9 0.251 —0.795 88
Tanaka (1984) Male 308.2 0.094 —0.993 na as PCL
Female 256.1 0.116 —1.306 na
Nakano (1994) Male 289.7 0.129 —0.756 148 as PCL
Female 243.3 0.144 —0.849 123

Table 8. Von Bertalanffy growth parameters published for blue shark inhabiting in the North Atlantic

Ocean

Study Sex Ly K to n Remarks
Aasen (1966) combined 394 0.133 —0.801 in total length
Stevens (1975) combined 423 0.110 —1.035 82 in total length
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Fig. 4. Von Bertalanffy growth models for blue shark in total length (TL).
[Note: growth models by Tanaka (1984) and Nakano (1994) originally devel-
oped in precaudal length (PL); function converted to TL with the relation-
ship: TL=0.76PL+2.55 (McKinnell and Seki, 1998)].
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(1985) estimated that both sexes matured at
about 150cm PL (199em TL) from observations
on the relative growth and calcification of the
claspers and the presence of spermatophore for
males, and the length frequency distribution of
203 pregnant females. Nakano (1994) corrobo-
rated prior conclusions with additional infor-
mation and reported 153cm PL (203cm TL) as
90% maturity for males (Fig. 5) and 140-160cm
PL (186-212cm TL) for females. Applying the
age and growth model for Pacific blue sharks
to the size at maturity suggests that the age of
maturity should be 4-5 years old for males and
9-6 years old for females.

In the Atlantic Ocean, Bigelow and Schroeder
(1948) reported that females with young were at
least 7-8ft (213-244cm TL). In British waters,
Stevens (1974) estimated the size at maturity
for female blue shark to be around 180cm TL
based on the smallest females with mating
scars. Pratt (1979) reported maturity at 180cm
and 145-185cm FL (220cm and 178-227cm TL)
for 6 and 4-5 years old, males and females re-
spectively, based on histological and anatomical
observations of blue sharks caught in the
Northwest Atlantic. Castro and Mejuto (1995)
applied a non-linear functional relationship to
the proportion of 419 pregnant females by size
(170-260cm FL, 208-317cm in TL) in determining
that 50% of females have embryos at 180cm FL
(220cm TL).

In the Indian Ocean, Gubanov and Grigor'yev
(1975) and Gubanov (1978) reported that blue
shark do not reach maturity until at least
180cm in TL and 55kg in weight. In the equato-
rial Indian Ocean, the majority of pregnant fe-
males (around 80%) were more than 250cm and
T0kg. The largest pregnant female was found
to be 352cm and 210kg.

Comparing size at maturity of blue shark re-
ported from the North Pacific and Atlantic
Oceans, there does not seem to be significant
differences between areas. Bigger size of ma-
ture females were reported from the Indian
Ocean, it might be due to the different exploita-
tion rate of stocks.
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2.3.2 Mating and parturition season, and

gestation period

Suda (1953) suggested that in the Northwest-
ern Pacific, the blue shark mating season oc-
curs between June and August based on
observations of mating scars on females. In the
same study conducted in southern, coastal wa-
ters of Japan, parturition was estimated to
occur in December-April following a nine
month gestation since no pregnant females are
observed after May. Nakano et al. (1985) and
Nakano (1994), however, reported the appear-
ance of pregnant females all year round in the
North Pacific Ocean and suggested parturition
occurs in May-June following a 12 month ges-
tation period based on analysis of length fre-
quency distributions of embryos and new-born
sharks (Fig. 6).

Tucker and Newnham (1957) summarized oc-
currences of blue shark breeding in the Atlantic
Ocean off Europe, with two cases of breeding
observed in May-July and the smallest free-
living young captured in June-August. In the
Western Atlantic, Backus (1957) also reported
breeding in September-November. From obser-
vations of sex ratio, mating scars, and presence
of spermatozoa in the oviducal gland of fe-
males, Pratt (1979) hypothesized a two year
parturition cycle for blue sharks in New Eng-
land waters. Female sharks arrive on the conti-
nental shelf off south New England at 4-5 years
old in late May and early June and copulate
with males 6 years and older and acquire mat-
ing scars. The following spring these females
remain offshore and fertilize their eggs in May
or June with stored sperm. Embryos reach full
term in 9-12 months and parturition occurs in
April-July.

Although mating appears to coincide with
the spring to early summer season, blue shark
parturition has been reported over a wide
seasonal range from spring to fall suggest-
ing considerable variability between areas or
among individuals.

Pratt (1979) recorded sperm storage in both
sexes. For females in particular, spermatozoa
can persist in the oviducal gland for at least the
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9-12 months of gestation and possibly 18-22
months in the case of delayed fertilization.
Pratt and Tanaka (1994)
histological structure of male sperm storage in
14 species of Chondrichthyes; for the blue
shark, they reported that males possess large

examined the

quantities of spermatozeugmata in the robust
ampulla during all seasons of the year.

2.3.3 Size at birth

The litter size of blue shark for the various
oceans has been reported in several studies and
1s summarized in Table 9. Suda (1953) reported
a maximum embryo size of 30 to 35cm PL (42 to
48cm TL) during December-April and small
free-swimming young ranged of 50 to 70cm PL
(68 to 94cm TL) in December-February from the
Western Pacific Ocean. Strasburg (1958) ob-
served the largest embryos ranging from 34 to
48cm TL in the area of 24-35°N in latitude. in
the central Pacific during February; the small-
est free-swimming shark caught by longline
was 1.5 feet in length (46cm TL) and the maxi-
mum embryos observed were near full term. In
the transitional-subarctic North Pacific,
Nakano (1994) observed that the length fre-
quency of embryos and newborn young over-
lapped in the 30-43cm PL (42-59c¢m TL) range
and corroborated the size of birth reported by
Suda (1953). (see Fig. 6 in section 2.3.2).

In the other areas of the world, the largest
embryo measured by Bigelow and Schroeder
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(1948) from the Northwestern Atlantic Ocean
was 35-45cm TL and the smallest free swim-
ming shark measured 54-91em TL. Tucker and
Newnham (1957) reported a birth size of 35-60
cm TL and a free swimming size of 62-94cm TL
in European waters. Pratt (1979) observed full
term embryos ranging from 37.1-46.6cm FL (47-
58cm TL) during June-July in the Northwest-
ern Atlantic Ocean and estimated size at birth
between 35 and 44cm FL (44 and 55cm TL). Al-
though Castro and Mejuto (1995) reported em-
bryo sizes of 3 to 35cm FL (5-44cm TL) in the
equatorial eastern Atlantic, no size at birth was
estimated.

From the equatorial Indian Ocean, Gubanov
and Grigor'yev (1975) observed embryonic
growth from 5-15cm TL in February to 8.5-
35em TL in July. No full term embryos, how-
ever, were found and they considered parturition
to possibly occur outside of the sampled area.

2.3.4 Litter size and sex ratio of embryos

The blue shark has relatively high fecundity
among Carcharhiniformes. In the Pacific
Ocean, Suda (1953) reported a litter size of 30
embryos on average from the investigation of
47 pregnant females. Strasburg (1958) observed
4-38 embryos in a litter. Based on 189 pregnant
females from the northern North Pacific,
Nakano et al. (1985) recorded an average litter
size of 25.7 (range 1-59). Nakano (1994) updated
this information on the basis of 600 pregnant

Table 9. Litter size of blue sharks reported from different areas

Area Range Average Max ef::rr;ailrfes d Study
NW Pacific 30 47 Suda (1953)
NE Pacific 4-38 38 Strasburg (1958)
Northern Pacific 1-62 27.6 62 600 Nakano (1994)
Southeast Pacific (Sydney area) 4-57 32 17 Stevens (1984)
Southeast Pacific (New Caledonia area) 11-75 43 75 29 Stevens (unpublished)
NW Atlantic 28-54 41 54 2 Bigelow & Schroeder (1948)
NW Atlantic 82 13 Pratt (1979)
European waters 14-63 36.6 63 11 Tucker and Newnham (1957)
Equatorial East Atlantic 4-75 37 75 128 Castro and Mejuto (1995)
Equatorial Indian Ocean 13-135 56 135 Gubanov & Grigor’yev (1975)
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females, recording an average litter size of 25.6
(range 1-62).

In the Mediterranean, Bigelow and Schroeder
(1948) reported litter sizes of 28 and 54, Tucker
and Newnham (1957) reported litter sizes of 14
to 63 in British seas, and Pratt (1979) found as
many as 82 embryos in a single female taken in
the Northwestern Atlantic Ocean. Castro and
Mejuto (1995) found an average of 37 embryos
per litter (range 4-75) in 128 pregnant females
examined from the equatorial eastern Atlantic
Ocean. They also noted a difference in the num-
ber of embryos in each uterus; averaging 14.9
in the left and 22.1 in the right. Gubanov and
Grigor'yev (1975) reported the largest litter size
with 135 embryos in a single female from the
equatorial Indian Ocean; litter sizes averaged
96 pups.

Increased fecundity with increased mother
size were described by Nakano (1994) and
Castro and Mejuto (1995) from the North Pa-
cific and the equatorial Eastern Atlantic Ocean,
respectively. Both regressions between mother
and litter size obtained for the areas were sta-
tistically significant (Table 10).

The sex ratios of embryos have been de-
scribed in several studies. Suda (1953) found
that the sex ratios of embryos from 51 individ-
ual pregnant females caught in the Northwest-
ern Pacific ranged from 20-75% (proportion of
females per litter), but the average was almost
1: 1. Nakano (1994) examined the null hypothe-
sis of an equal sex ratio in litters of 114 preg-
nant females from the North Pacific Ocean and
only two cases were statistically rejected. The
null hypothesis of an equal sex ratio also could
not be rejected in a pooled sample of 2,963 em-
bryos (Nakano, 1994).

In the Mediterranean, Tucker and Newnham
(1957) reported a sex ratio of unity with the ex-
ception of one case (26 males, 37 females) among
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four pregnant females. Stevens and McLoughlin
(1991), however, noted a male dominant sex
ratio in litters off New South Wales (60% male,
P? test, p<0.001). Castro and Mejuto (1995) re-
ported equal sex ratio (P* test, p<0.001) among
62 litters of females caught in the equatorial
Eastern Atlantic. Gubanov and Grigor'yev
(1975) reported the sex ratio among embryos in
6 pregnant females from the equatorial Indian
Ocean on average is close to unity. The sex
ratio of all embryos combined was 180: 189 (fe-
male: male).

2.3.5 Abnormal embryonic development

Abnormal embryonic development in the
form of stunted embryos were found in the
uterus of a blue shark in the Northwestern At-
lantic Ocean (Pratt, 1979), a phenomenon also
observed quite frequently by the senior author
in the Pacific Ocean. Four specimens,
dicephalous, duplicitas anterior, duplicitas
symmetros, conjoined twins, were reported
from the waters adjacent to the Sea of Japan
(Goto et al., 1981).

2.4 Distribution and migration

2.4.1 Geographical distribution

The blue shark is an oceanic, epipelagic
elasmobranch with a circumglobal distribution
in temperate and tropical waters of all oceans
(Parin, 1970; Compagno, 1984) (Fig. 7). In the
North Pacific, blue sharks are found from the
equator to waters north of 57°N in the Gulf of
Alaska during summer (Strasburg, 1958; Neave
and Hanavan, 1960). The species is frequently
caught by pelagic fisheries and is the dominant
elasmobranch taken by tuna longline and driftnet
fisheries, but is replaced by the oceanic whitetip
shark (Carcharhinus longimanus) or other sharks
in the tropical region, i.e., from the equator to

Table 10. Relationship between litter size and length of mother for the blue shark

Study Relationship r n
Nakano (1994) Litter =—3.349+0.179 PL 0.299 599
Castro and Mejuto (1995) Litter =—91.97+0.6052 FL 0.806 128
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20°N (Strasburg, 1958; Sivasubramaniam, 1963;
Nakano, 1994; McKinnell and Seki, 1998).
Hence, the relative abundance of blue shark is
generally lowest in equatorial waters and in-
creases with latitude (Fig. 8) (Strasburg, 1958;
Sivasubramaniam, 1963; Nakano, 1994). As an
oceanic species, blue shark catches also report-
edly increase with distance from land not only
in the Pacific but in the Atlantic and Indian
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Oceans as well (Strasburg, 1958; Gubanov and
Grigor'yev, 1975; Hazin et al., 1990).

In the North Atlantic Ocean, the blue shark
is found from the equator to the shelf waters
off New England, Cape Hatteras and Grand
Newfoundland Banks and off England and Nor-
way on the European side during summer
(Aasen, 1966; Stevens, 1974, 1976; Pratt, 1979;
Draganik and Pelczarski, 1984). Blue sharks
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also inhabit the Mediterranean Sea (Tucker and
Newnham, 1957; De Metrio et al., 1984). Sea-
sonal changes in catch per unit effort (CPUE)
are observed in the southwestern equatorial At-
lantic (off north Brazil) where catches are high
in the southern hemisphere winter and spring
and low in summer (Hazin et al., 1990, 1994).

Intra and interspecific association were ex-
amined by Rey and Munoz-Chapuli (1992) using
the records of species catch by basket of
longline gear from the tropical eastern Atlan-
tic. The frequency distribution of catches along
the longline was well explained by the negative
binomial distribution, pointing to a clear ten-
dency for intraspecific grouping. An interspecific
association for blue sharks was also observed
with silky (Carcharhinus falciformis) and
shortfin mako shark (Isurus oxyrinchus) but a
negative relationship was identified with the
bigeye thresher shark (Alopias superciliosus).

The limited information on the distribution
of blue shark in the tropical Indian Ocean is
gleaned from longline catches (Gubanov and
Grigor'yev, 1975). Blue sharks decrease in the
proportion of longline catch from 46.6% in the
west (from the east coast of Africa to 60°E) to 7
-23% of the east (from 90°E to the territorial
waters of Indonesia and India). A seasonal
change of the proportion catch was observed in
the eastern region, i. e., 15.6% in February-
April and 23-7% in June-September.

Equatorial Central
Pacific (Asyu-maru)

Equatorial Central
Pacific (Shinkai-maru)

The Blue shark is the most successful
elasmobranch in pelagic waters and frequently
the major by-catch species in fisheries operat-
ing on the high seas. Occupation of the pelagic
niche in the temperate waters may be one of the
key components of its domination in the pelagic
ecosystem.

2.4.2 Distribution by depth

Strasburg (1958) compared hook rates of blue
sharks in grouped branch lines by three depth
bins, 1. e., shallow 160-280ft (49-85m), interme-
diate 280-430ft (85-131m), deep 370-500ft (113
-152m). Hook rates increased in shallower wa-
ters north of 30°N, while no evidence of a depth
effect between the equator and 30°N was found.
Similarly, Nakano et al. (1997) found no differ-
ence in blue shark catch rates by hook depth
(80-280m) on three research cruises conducted in
the equatorial area and northeast of Hawaii
(Fig. 9). In contrast, Sivasubramaniam (1963)
reported higher hook rates in deeper waters
(hook depth between 50-150m) of the Atlantic,
Pacific, and Indian Oceans, but the exact areas
fished were not reported. Hazin et al. (1994) ex-
amined blue shark catch by depth and sex in
the equatorial western Atlantic. Although both
sexes were caught in all ranges of hook depth
(87-206m), males were taken on deeper hooks
(90-180m) than females (130-165m). In the tropi-
cal Indian Ocean, blue shark catch at depth var-

Eeastern Area off
Hawaii (Miyagi-maru )

Catch rate Catch rate Catch rate
0 5 0 5 0 5 10
80 [ R e —] 180 [ T '
————— F————
140 b 120 F——— 120 [
= E —]
EE' 180 P 160 —————— 160 |
< = . i ——
o E 200 — 200 [
8 220 /——— E——— ———
——
— 280 | Blue shark 280 g
(N=243) (N=302) (N=218)

Fig. 9. Relative abundance of blue shark (number of sharks caught per
1,000 hooks of longline gear) by depth and area observed in the Pacific
Ocean are shown in the figure (Nakano et al., 1997)
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ied zonally across the ocean (Gubanov and
Grigor'yev, 1975). The maximum number of
blue sharks (35.5%) was caught on hooks low-
ered to a depth of 130-140m in the western part
of the equatorial Indian Ocean. In the central
part of the equatorial Indian Ocean, the highest
catches occurred at depth between 80-130m
(around 20%) and 220m (30%) and to the east,
catches were maximized around 170-180m
(>25%).

Blue shark is distributed over a relatively
wide range of water depths, but it tends to
occur shallower in temperate waters and to
concentrate deeper in the tropics. Varying
vertical distribution patterns might be ex-
plained with shark size, sex, water tempera-
ture, or geographical area; however further
study is needed to investigate the influence
of these factors on the blue shark occupation
of the water column.

2.4.3 Water temperature preference

Several studies have examined the relation-
ship between blue shark catch and seawater
temperature using longline catch data and
oceanographic observations. In the Pacific,
Strasburg (1958) reported 99% of blue sharks

350 ¢
300
250

200

CPUE

150 |

100

50

were caught in the water temperature range of
45 to 69°F (5.6 to 18.9°C) and 86% were in or
below the thermocline in waters north of 25°N
in latitude. The depth of the highest catches
also became shallower following the shoaling of
the thermocline to the north. In the eastern side
of the North Atlantic, Draganik and Pelczarski
(1984) observed maximum catches at depths of
18 to 40m with sea surface temperatures (SST)
24-25°C, and 16-20°C at a depth of 75m. Tem-
peratures at depth of capture were reported for
blue sharks in the tropical Indian Ocean by
Gubanov and Grigor'yev (1975). In the western
Indian Ocean, water temperatures at the 130
-140m capture depths measured 14-15°C, in the
central region largest catches occurred between
80-130m (around 20%) and 220m (30%) with cor-
responding temperatures of 19-25°C and 12-13°
C, respectively and to the east, sharks were
taken at 170-180m in water 12.5-15.5°C. In the
North Pacific, Nakano (1994) reported that blue
sharks were caught in the SST range of 10-25°C
and 10-22°C by salmon research and large mesh
driftnet gears, and that most catches were
made at SSTs 16-18°C and 14-17°C respectively
(Fig. 10). The driftnet gear typically fishes
within 10m of the surface.

~— Large-mesh driftnet
---- Salmon research gillnet

20 25 30

SURFACE TEMPERATURE(TC)

Fig. 10. Water temperature preference of blue shark is expressed
as relative abundance (number of sharks caught per 100 tan of
net units) by sea surface temperature observed by large-mesh
driftnet and salmon research gillnet in the northern Pacific

Ocean (Nakano, 1994)
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The range of water temperatures has also
been assessed during acoustic tracking of blue
sharks. Sciarrotta and Nelson (1977) reported
that the occurrence of blue sharks off Califor-
nia is limited by the narrow temperature range
of 8.5-17.5°C and that sharks spend 73% of
tracking time in waters 14-16°C. Carey and
Scharold (1990) observed blue sharks to fre-
quently make vertical excursions between a
minimum temperature of 7°C and a SST of 26°C.

Catches of blue shark with respect to water
temperature, size, and sex were described by
Nakano and Nagasawa (1996) from research
surveys using surface salmon driftnet gear in
the northern North Pacific (Fig. 11). Female
blue sharks were caught at 8-21°C and males at
12-21°C. Young sharks smaller than 50cm PL
(68cm TL) of both sexes were caught at 12-19°C.
Large females tend to occur in cooler waters
than males. Females over 90cm PL (120cm TL)
were caught in a wider range of 8-21°C, while
males were captured in warmer waters at 14-21
°C. Hazin et al. (1994) examined the vertical dis-
tribution of blue sharks by sex and tempera-
ture in the equatorial western Atlantic. In Feb-
ruary-July, female CPUE was highest in 130
-165m depth at temperatures 13.8-20.4°C, while
males were caught mainly at about 165-180m
deep and 12.9-17.1°C. Males were caught from
90-180m at 15-28°C in July-December. Water
temperature preference by size and sex appears
to play a significant role in determining the dif-
ferences in catch and distribution observed by
researchers in different areas.

2.4.4 Segregation by sex and size

Segregation by sex and size is commonly ex-
hibited by elasmobranchs (Springer, 1970).
Using longline catches, Suda (1953) reported
several patterns of segregation among blue
sharks in the western North Pacific. These in-
clude an increase in size of sharks in the south-
ern tropics-subtropics, occurrence of smaller
sharks (<100cm PL (134cm TL)) in waters to
the north of 30°N in latitude near Japan, less
occurrence of females in September-November
(oceanographic summer) around 30-40°N in
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latitude and March-May between 20 and 30°N
in latitude, and a dominance of females during
summer near 0-10°N in latitude. Strasburg
(1958) also examined segregation by sex and
size of longline caught blue sharks but focused
on the relationship between unisexual and
mixed catches. He concluded (1) that if both uni-
sexual and mixed catch represented schools
then unisexual schools were derived from
mixed schools by a behavioral size-sorting
mechanism and (2) that the average length of
mixed schools are smaller than unisexual
schools, mixed schools decrease in average
length to the north, and male schools appear
farther south than female schools. Limitations
in geographic coverage of both Suda and
Strasburg's datasets, however, preclude a com-
prehensive assessment of the distribution by
sex and size of North Pacific blue sharks. Using
data collected by research vessels employing
four fishing gear types, 1. e., salmon research
driftnet, large mesh driftnet, shark and tuna
longline gear, Nakano (1994) developed a gen-
eral model describing the sex-specific distribu-
tion including a biological interpretation of
male and female blue sharks in the North Pa-
cific (Fig. 12). A band (35-45°N) in the North Pa-
cific Transition Zone (NPTZ) was identified as
the primary region of parturition for blue
sharks and a slightly wider band as the nursery
area for 50-100cm PL (68-134cm TL) sharks. The
distribution of subadult females, 100-150cm PL
(134-199c¢m TL), reportedly extends north of the
parturition grounds into the Gulf of Alaska,
while subadult males, 100-150cm PL (134-199¢m
TL), occupied waters south of the parturition
grounds. Nakano and Nagasawa (1996) further
reported that the blue shark nursery ground
complements that of salmon shark (Lamna
ditropis) with some overlapping of distribu-
tions. Segregation of adult males and females
in the subtropics and tropics has yet to be de-
termined.

In other areas of the North Pacific, Harvey
(1989) observed female dominance in Monterey
Bay, California and noted that all females cap-
tured were reproductively immature. Taniuchi
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(1995) reported male dominance in the East
China Sea and Okinawa waters, where males
larger than 50kg appeared in the former area
and rather small males modally 30kg in weight
occupied the latter area. McKinnell and Seki
(1998) examined blue shark catches from the
high seas squid driftnet fishery in the NPTZ
and the experimental fishery off west coast of
North America and reported that blue sharks

caught in the driftnet fishery consisted mainly
of smaller sharks (<100cm PL) and found no
significant difference in the sex ratio and size
between sex; sharks caught by the experimen-
tal fishery were larger. Males were dominant in
international waters while females were domi-
nant in waters farther north into the Gulf of
Alaska and in coastal waters. Observations
from the two fisheries were consistent with
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Nakano's model.

In the Atlantic, Bigelow and Schroeder (1948)
reported male dominance in waters off the
northeastern U.S. and Canada in summer.
Similarly, Pratt (1979) also reported the ab-
sence of mature females in the area of the
northeastern U.S. in summer, although imma-
ture and subadult sharks exhibited a sex ratio
about unity. Across the ocean basin, female
dominance was reported in British waters
where males composed only 6 % of the catch and
all were considered reproductively immature
(Stevens, 1976) and in the English channel
where only 1 of 73 captured sharks was male
(Vas, 1990). In the eastern Atlantic along the
continental shelf from the equator to 40°N,
Draganik and Pelczarski (1984) reported domi-
nance of males and sex ratios (female: male) of
approximately 1: 3 to the south of 20°N in lati-
tude and 1: 10 to the north of 20°N in latitude.

In the equatorial eastern Atlantic, Castro
and Mejuto (1995) used the size distribution by
sex and area as evidence that males are slightly
more numerous and significantly larger that
their female counterparts. A sex ratio shift by
size class (females) begins around 50% for the
smaller sizes and increases gradually up to
185ecm FL (227cm TL), and then decreases in
larger sizes. In the equatorial western Atlantic
off northern Brazil, males dominate all year
round except March (Hazin et al., 1994). Male's
ratios were especially high during September-
December (89-98%).

In the equatorial Indian Ocean, Gubanov and
Grigor'yev (1975) reported male dominant sex
ratios in the western part for 68.6%, in the area
of Maldives Islands for 96%, and in the eastern
part for 87.2%. The greatest sex ratio of female
was found at 47.1% in the region of the
Mascarene ridge. For the entire Indian Ocean
region studied, females accounted for only
26.1%.

Around Tasmania Island, Australia, longline
caught blue sharks ranged from 30-312cm FL,
with the mode for both sexes at 80-90cm FL
(Stevens, 1992). The sex ratio was dominated by
females (65%), although there were proportion-
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ately more males above 200cm FL (44% female).
Larger sharks were caught further north in
relatively low latitudes (Fig. 13). Between 15-34
°S in latitude, sharks ranged in length from 120
to 310cm FL, with the mode at 200-210cm FL
and 68% of sharks greater than 200cm FL. In
contrast, the modal shark length was 80-90cm
FL between 35-39°S in latitude with only 1 % of
sharks greater than 200cm FL. Females were
more abundant in the catches from southern
waters where the sex ratio were 56% female in
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38

the area 15-39°S in latitude and 66% female in
the area 40-49°S in latitude.

As explained by Nakano's migration model,
segregation by size is observed by latitude.
Smaller sharks occur in cold water at temper-
ate and sub-arctic area. Larger sharks appear
in warm waters at tropical area. Segregation
by sex is clearly recognized at nursery ground
in temperate and sub-arctic area where imma-
ture females are dominant. Segregation by sex
1s also observed in tropical waters, however the
general segregation pattern is not known.

2.4.5 Migration and movement

A large scale north-south movement is well
documented for blue sharks in the North Pa-
cific (Strasburg, 1958; Neave and Hanavan,
1960; Mishima, 1981; Nakano, 1994; Nakano
and Nagasawa, 1996). From observations of
even sex ratios, minimum embryo, uterine
eggs, and occurrence of mating scars as evi-
dence, it is believed that mating in blue sharks
occurs during the summer (peaking in July) in
the area of 20-30°N in latitude. (Suda, 1953).
Pregnant females then move north and give
birth early the ensuing summer near 35-45°N in
the NPTZ. The young-of-the-year (YOY),
sharks 50-100cm PL (68-134cm TL), occupy and
feed in the same region but over a slightly
wider latitudinal band than the nursery area.
Subadult females, 100-150cm PL (134-199c¢m
TL), reportedly occupy the nursery grounds
and the region immediately to the north includ-
ing the Gulf of Alaska. Alternatively, subadult
males 100-150cm PL (134-199cm TL), extend
their distribution to the south of the area of
parturition. Upon maturity, blue sharks mi-
grate south to the subtropics and tropics and
join the reproductively active population. Blue
sharks generally stay in the northern
transitional-subarctic water for five to six
years prior to reaching maturity (Mishima et
al., 1981; Nakano, 1994; Nakano and Nagasawa,
1996) (Fig. 14). A general blue shark migration
model for the North Pacific incorporating
CPUE distribution by size and sex was also de-
veloped (see Fig. 12 in section 2.4.4).
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In the Northeast Atlantic, tag-recapture in-
formation indicates a seasonal migration of
blue sharks between 30-50°N latitudes (Stevens,
1976) (Fig. 15). Higher return rates from small
sharks (modal length 100-110cm TL) suggest
that younger sharks remain within a relatively
confined area and do not make the more exten-
sive north-south migration undertaken by
larger sharks. An initial southward movement
of larger females at the beginning of the season
1s followed by a movement of smaller sharks,
including more males, around the end of July
or beginning of August (Clarke and Stevens,
1974). Two transatlantic and the furthest three
long-distance recaptures suggest that some
sharks travel right around the north Atlantic
gyre which could provide some interchange be-
tween blue sharks in the eastern and western
Atlantic (Stevens, 1976).

From these movement models, patterns of
north-south migration, gender and ontogenetic
differences, and possibly transoceanic migra-
tion have emerged. Evidence for east-west
movement and migration among adult sharks
in the tropics has yet to be obtained. A com-
plete understanding of blue shark migration
will require further study on the distribution of
adults in the tropical and subtropical regions of
the world's oceans.

2.4.6 Diel behavior

Diel swimming behaviors of the blue shark
were observed using acoustic telemetry near
Santa Catalina Island, California and off the
Northeast USA by Sciarrotta and Nelson
(1977), Carey and Scharold (1990), respectively.
The studies reveal a clear day-night difference
in swimming patterns, with the largest vertical
oscillations and deepest dives occurring during
the day and smaller vertical excursions occur-
ring in the region of the thermocline at night.
The shoreward movements shown in Fig. 16
were observed in nighttime seasonally between
late March and early June off California
(Sciarrotta and Nelson, 1977). The sharks occu-
pied a depth range of 18-42m for 92% of the time
and appeared to equal or exceed 100m in only
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3.9% of the observations. Vertical excursions
were undertaken more frequently at night
moving through a depth range of 0-110 m. Al-
ternatively off the northeast USA coast, sharks
took a rather steady course and made frequent
vertical excursions during the day through
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depths ranging from 0 to 600m depth (Fig. 17,
the figure cited does not include the individual
which recorded the maximum depth) (Carey
and Scharold, 1990). At night, shark oscilla-
tions were smaller in amplitude and confined to
the depths near the thermocline. These activity
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Fig. 14. Schematic map of blue shark nursery area and relation with other species pre-

sented by Nakano and Nagasawa (1996)
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patterns were observed during August-
November and March but not June through
July suggesting seasonal changes in diving
patterns.

The mean swimming speed for sharks off
California was 1.3 km/h during the day and 2.8
km/h for night (Sciarrotta and Nelson, 1977).
The highest mean speeds occurred at relatively
great depth, 4.8 km/h of 69m, while the lowest
speeds occurred at much shallower depths,
0.50km/h at 20m. Off the northeast USA, swim-
ming speeds were recorded in the range of 30-
48cm/s (1.08-1.73km/h) (Carey and Scharold,
1990). Like other sharks, blue sharks utilize the
ambient electric and magnetic fields for orien-
tation (Carey and Scharold, 1990).

2.5 Trophic relationships

2.5.1 Feeding

Despite being amongst the most common
large fishes in pelagic and coastal water of the
world's oceans, rather surprisingly little detail
1s known about the trophic relationships of the
blue shark. Blue sharks are recognized as apex
predators that generally feed indiscriminately
on relatively small pelagic fishes and cephalo-
pods (Strasburg, 1958; LeBrasseur, 1964; Clarke
and Stevens, 1974; Tricas, 1979; Compagno,
1984; Brodeur et al., 1987; Seki, 1993).

Some blue shark distribution and movement
patterns appear linked to feeding habits. In the
central North Pacific, young-of-the-year sharks
occupy the more productive waters of northern
Transition Zone (ca. 38-45°N in latitudes) and
Subarctic Boundary where a large food base is
available. Nakano (1994) speculated that the
food availability in the region may dictate the
location of the nursery grounds.

Swimming patterns observed from telemetered
blue sharks off the southwest and northeast
coasts of North America provide clues towards
the sharks' feeding behavior (Sciarrotta and
Nelson, 1977; Carey and Scharold, 1990). Exten-
sive vertical excursions of several hundred me-
ters were typically observed for blue sharks
and were in part attributed to foraging
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activities (Carey and Scharold, 1990). Sharks
were observed to descend fairly rapidly fol-
lowed by a slower return ascent; a pattern con-
sistent for a visual predator that might
backlight its prey against light from the sur-
face. Both studies suggested increased feeding
activity in late evening and night when vertical
excursions through the water column were
smaller in amplitude and confined to depths
near the thermocline. Diel differences observed
in the diving depths of blue sharks were sug-
gested to be associated with pursuit of verti-
cally migrating prey. Seasonal offshore-
inshore horizontal movement patterns were
suggested as a response to seasonal availability
of prey (Sciarrotta and Nelson, 1977).

2.5.2 Food

Stomach content studies of the blue shark
conducted in both coastal and oceanic waters
have revealed a diet composed largely of rela-
tively small pelagic fishes and cephalopods and
seasonal swarms of crustaceans (Table 11). Of
particular importance among forage items are
pelagic squids (Clarke and Stevens, 1974; Dun-
ning et al., 1993). In the central oceanic North
Pacific, longline and gillnet caught blue sharks
fed on commonly occurring pelagic nekton such
as sauries, pomfrets, and squid (Strasburg,
1958; LeBrasseur, 1964; Seki, 1993). Towards
the coasts, schooling coastal small pelagics
such as northern anchovy, Engraulis mordax,
and Pacific hake, Merluccius productus and sea-
sonally on swarming euphausiids, Thysanoessa
spinifera composed the diets of blue sharks
taken with longlines (Harvey, 1989), handlines
(Tricas, 1979), and purse seines (Brodeur et al.,
1987) off the U.S. west coast. Young-of-the-
year blues sharks (<65cm PL) had stomach
contents  dominated by = micronektonic
myctophids and small gonatid squids (Seki,
1993). Principal forage base in young and
adults alike tend to be schooling species and are
believed to be exploited when the prey migrates
near the surface at night. Compagno (1984) sug-
gested that the presence of papillose gillrakers
in blue sharks, a characteristic unique among
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Table 11. Food items reported in diet of North Pacific blue shark (list does not include bait)
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Fishes Cephalopods
Petromyzonidae Loliginidae
Lampetra tridentata X Loligo opalescens X X
Squalidae Octopoteuthidae
Squalus acanthias X X Octopoteuthis deletron X X
Salmonidae Onychoteuthidae X
Oncorhynchus sp. X Onychoteuthis borealijaponica X X
Clupeidae Gonatidae X
Clupea_harengus pallast X Gonatus spp. X
Engraulidae Histioteuthidae
Engraulis mordax X X Histioteuthis heteropsis X
Alepisauridae Histioteuthis spp. X X
Alepisaurus ferox X Ommastrephidae
Alepisaurus sp. X Dosidicus gigas X X
Anotopteridae Ommastrephes bartramii X
Anotopterus pharao X Thysanoteuthidae X
Echeneididae (remoras) X Chiroteuthidae
Sternoptychidae Chiroteuthis calyx X
Argyropelecus sp. X Mastigoteuthidae
Myctophidae X X X Mastigoteuthis pyrodes X
Stenobrachius leucopsarus X Cranchiidae
Merlucciidae Leachia sp. X
Merluccius productus X X Argonautidae X
Ophidiidae Argonauta pacifica
Chilara taylorix X Ocythoidae
Batrachoididae Ocythoe tuberculata X X
Porichthys notatus X Vampyroteuthidae
Exocoetidae Vampyroteuthis infernalis X X
Cypselurus californicus X Octopodidae
Scomberesocidae Octopus spp. X X
Cololabis saira X Unidentified squids X X X
Syngnathidae Unidentified octopods X
Syngnathus californiensis X X Cephalopod (unidentified) X X
Scorpaenidae
Sebastes goodet X Crustaceans
Sebastes paucispinus X Amphipoda (Lysianassidae) X
Sebastes spp. X X Lophogastridae
Anoplopomatidae Gnathophausia_sp. X
Anoplopoma_fimbria X Euphausiacea
Bramidae FEuphausia pacifica X
Brama_japonica X X Thysanoessa_spinifera X
Carangidae Unidentified euphausiids X
Trachurus symmetricus X Reptantia (crabs) X
Pentacerotidae Natantia (shrimps) X
Pseudopentaceros wheelert X Pandalidae X
Pomacentridae Pandalus jordani X
Chromis punctipinnis X Oplophoridae
Sciaenidae Hymenodora sp. X
Genyonemus lineatus X
Gempylidae X Tunicata
Ostraciidae (trunkfishes) X Salpidae
Bothidae Salpa fusiformis X
Citharichthys sordidus X
Pleuronectidae Plants
Lyopsetta exilis X Renilla kollikert X
Phyllospadix torreyi X
Flying fish eggs X Unidentified plant X
Unidentified fishes X X X X
Unidentified elasmobranch X Miscellania
Seabirds (Sulidae--boobies) X
Feather X
Empty stomachs (%) 54.3 | 17.2 | 6 5.3 | 55.6 | | Blubber (?) X
Number stomachs examined 140 | 29 81 | 150 | 72 Plastic X
Capture methodology longline | gillnet |handline | longline | longline | | Unidentified remains X
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the requiem sharks, may facilitate retaining
smallish prey (such as euphausiids) from slip-
ping through the internal gill slits. Addition-
ally, blue sharks have also been reported to
attack the cod-ends of trawls to gain access to
the catch and have been seen biting at floating
debris at the surface (Compagno, 1984). Similar
diet compositions have been reported for blue
sharks in the North Atlantic (Stevens, 1973;
Clarke and Stevens, 1974), and in the South Pa-
cific off Australia (Dunning et al., 1993).

2.5.3 Predators

No known predators exist for adult blue
sharks; however predation on young may occur
by larger sharks and marine mammals.

3.0 Population

3.1 Stock unit

The population structure of the blue shark is
not known. Although some trans-equatorial
tag recaptures have been reported in the Atlan-
tic (Casey et al., 1989), there is also evidence
suggesting separate northern and southern
hemisphere blue shark populations. Such evi-
dence includes: high density in high latitude
areas and low density in the equatorial water of
the Pacific (Strasburg, 1958; Nakano, 1994), ex-
istence of parturition and nursery grounds in
the high latitudes (Tucker and Newnham, 1957;
Nakano, 1994), and trans-Atlantic movement of
sharks (Stevens, 1976).

Hazin et al. (1991) compared morphometrics
of blue sharks caught in the equatorial western
Atlantic with those collected in the Pacific and
northwestern Atlantic. Overall differences were
not found to be significant, confirming the gen-
eral similarity between the Atlantic and Pacific
stocks. Sharks from the Canadian Atlantic,
however, possessed a considerable shorter anal
fin than those from the equatorial Atlantic and
the Pacific suggesting the possibility of a dis-
tinct population. Litvinov (1990) also suggested
distinct north and south populations for both
the Pacific and Atlantic Oceans between based
on teeth morphology.
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Although there is no strong evidence pre-
sented on the stock unit hypothesis for blue
shark, separate stock unit for northern and
southern hemisphere may be suggested. Be-
cause of the low density at the equator and ex-
isting separated nursery grounds at the
northern and southern hemisphere.

3.2 Stock status

Concern over the status of blue shark stocks
has grown with heavy fishing pressures on pe-
lagic elasmobranchs around the world (Stevens,
1992). Unfortunately, the total blue shark catch
by ocean is not known. Stevens (1992), using a
very conservative assumption of catch at 1
shark per 1,000 hooks, estimated that the
global blue shark catch by the dJapanese
longline fishery was 433,447 sharks and 13,000
MT. Nakano and Watanabe (1992) suggested
that high seas fisheries of the North Pacific
(1. e., combined longline and driftnet fisheries
of Japan, Korea and Taiwan), took 4.9 million
blue sharks during 1988. Bonfil (1994) estimated
the blue shark catch in the North Pacific high
seas longline fishery at 1,953,432 blue sharks
and 39,069 MT in weight by combining the
CPUE data of Strasburg (1958) and fishing ef-
fort data of Nakano and Watanabe (1992). The
Hawaii-based longline fishery in the central
North Pacific caught an average of 101,118 blue
sharks per year during 1991-1996 (Ito and
Machado, 1997).

Nakano and Watanabe (1992) presented the
first attempt of assessment on the impact of
high seas fisheries on blue shark stocks. By es-
timating bycatch and using cohort analysis,
the study concluded that the catch levels during
the late 1980s did not have a significant impact
on the blue shark populations of the North Pa-
cific. Wetherall and Seki (1992), however, sug-
gested that appropriate information is lacking
for an assessment of this kind.

Taniuchi (1990) presented annual blue shark
CPUE from surveys conducted by Japanese re-
search and high school training vessels in the
tropical Indian and Pacific Ocean during 1973
-1985 (Fig. 18) and showed no significant decline
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during the period. Matsunaga and Nakano
(1999) calculated CPUE distribution for blue
shark in the Pacific Ocean during two different
research periods, 1967-1970 and 1992-1994, and
observed no significant change in the blue
shark CPUE between the periods. Nakano
(1996) standardized shark CPUE from commer-
cial loghooks using only data that more than
80% of the recording rate was considered an
adequate representation of shark catch. The
CPUE of overall shark take was considered to
represent annual blue shark CPUE change
since the latter composes more than 70% of the
total shark catch. The results revealed a 20% de-
cline of CPUE during 23 years of fishing in the
North Pacific Ocean, while no significant
changes were evident in other areas (Fig. 19).
The most comprehensive assessment for the
North Pacific blue shark was done by Kleiber
et al. (2001) and maximum sustainable yield
(MSY) was  firstly  calculated  using
MULTIFAN-CL (Fournier et al., 1998). They
concluded that even the most pessimistic sce-
narios show current catches and fishing
mortalities to be comfortably below MSY and
F.., and the blue shark population appears to
be in no danger of annihilation or stock col-
lapse. Although a comprehensive stock assess-
ment of blue shark in the North Pacific is still
lacking, no overly deviant fluctuations are ob-
vious in the various CPUE series, and no evi-
dence currently exists to suggest that the stock
status of North Pacific blue sharks is in a criti-
cal state. Nevertheless, further research is
needed to assess the true catch levels in each
fishery and their impacts on the population.

4.0 Exploitation

4.1 Fisheries

Many blue sharks are caught by the various
high seas and coastal fisheries throughout the
world's oceans. For example, in the North Pa-
cific, the major fisheries exploiting the blue
shark resource are the high seas tuna longline
fisheries of Japan and Korea, the coastal shark
longline fishery of Japan and Taiwan, and
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Hawaii (and west coast U.S.) based tuna/-
swordfish longline fisheries in the eastern and
central Pacific (Nakano and Watanabe, 1992;
Ito and Machado, 1997).

The driftnet fishery targeting thresher
sharks and swordfish off the west coast of Cali-
fornia, the Mexican-Japanese joint venture
longline fishery off Baja California, and the
tuna purse seine fishery in the tropical eastern
Pacific Ocean also catch blue shark (Holts, 1988;
Au, 1991; Hanan et al., 1993; Bonfil, 1994). Offi-
cial landing statistics of blue sharks, however,
are scarce and thus is difficult to assemble a
complete picture of the world blue shark catch
from these data. Available official landing sta-
tistics of blue shark in the world are compiled
and presented in Table 12. In some cases, the re-
ported figures represent blue shark landings by
nation. For example, U.S. landings as reported
by Rose (1998) do not include sharks landed in
Hawaii. Landings for Taiwan include only
those landed at Chengkung fish market (Chen
et al., 1996). Japanese landings during 1951 to
1967 are national statistics, but after 1968, rep-
resent only sharks landed at the Kesennuma
fish market; i.e., the national fisheries statis-
tics do not include blue shark landings after
1968. Landings at Kesennuma fish market do,
however, represent more than 90% of the blue
shark landings in Japan (Anon, 1952-1968,
1969-1995). France, Denmark and Portugal sub-
mit national landing statistics for blue shark to
the Fish and Agricultural Organization of the
United Nations (FAO) (FAO, 1982-1996). Hayes
(1969) reports landings from the New Zealand
EEZ but excludes the foreign longline landings;
blue shark catches by South African longliners
are reported by Smale (1997). Although not in-
cluded on the list presented here due to the un-
certainty of the landing statistics, Australia,
Brazil, Italy, Ireland, Korea, Maldives, Spain,
UK and Uruguay are reported as fishing na-
tions which catch blue shark by Bonfil (1994)
and Rose (1998).

Several studies have presented estimations of
blue shark catches by high seas fisheries. A
summary of these catch estimations by
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Table 12. Available published landing statistics of blue shark (MT) in the world

Country France Denmark Portugal Canada USA  Taiwan Japan New Zealand South Africa

1951 17,419

1952 19,350

1953 17,989

1954 15,821

1955 16,774

1956 19,073

1957 17,385

1958 18,174

1959 18,946

1960 21,184

1961 20,559

1962 21,271

1963 19,717

1964 16,306

1965 14,456

1966 16,035

1967 15,097

1968 11,803

1969 10,685

1970 0.1 9,944

1971 0.6 9,639

1972 0.1 9,685

1973 0.4 10,574

1974 0 9,230

1975 0.2 8,825

1976 4.5 9,852

1977 44.6 13,769

1978 16.3 10,752

1979 39.3 12,602

1980 87.1 12,523

1981 92.1 10,434

1982 9 26.2 10,845

1983 8 6.3 13,007

1984 14 1.8 11,702

1985 39 4 1.1 12,314

1986 50 2 1.5 13,341

1987 67 2 1.5 11,072

1988 91 1 3.2 11,778

1989 83 2 6.1 9,954 12.5
1990 135 2 125 19.8 20.8 9,529 2.2
1991 193 1 236 0.5 22.8 11,027 18.4
1992 2176 1 213 1.4 46.3 11,753 6
1993 329 0 352 83 3.6 47.6 13,261 2.7
1994 358 360 111 11.6 48.6 10,140 3.7
1995 266

1996 302 3

Source: France, Denmark and Portugal: FAO Yearbook Fishery Statistics
Canada and USA: Rose (1998). Landing statistics does not including landing at Hawaii.
Taiwan: Chen et al. (1996). Landing statistics of Chengkung fish market.
Japan: Anon. (1952-1968, 1969-1995). After 1968, values are landings of Kesennuma fish market.
New Zealand: Hayes (1996)
South Africa: Smale (1997)
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fisheries and regions based mainly on Bonfil
(1994) is presented in Table 13. For high seas
driftnet fisheries in the South Pacific and In-
dian Oceans, estimation of blue shark catch
were not available in the literature, although
catch of total elasmobranches are reported. Es-
timated catch of the longline fisheries in the
Atlantic and Indian Oceans were computed
from Bonfil's (1994) estimation of total shark
catch, assuming the suggested 40% blue shark
proportion. Blue shark catch has been esti-
mated at several hundred to more than 10,000
metric tons by high seas driftnet fisheries and
from about 30,000 to around 50,000 metric tons
by longline fisheries in each ocean. High seas
driftnet fisheries ceased to operate at the end of
1992. Although there are concerns over the ac-
curacy of the estimations, these values repre-
into the
magnitude of the blue shark exploitation.

sent the only available insight

There are large differences between landing
statistics and catch estimations. Since landing
statistics of sharks are not divided by species in
many countries, blue shark landings might be
included in the broader category of sharks,
sharks and rays, or chondricthyans or even
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elasmobranches. Catch disposition may also
contribute to the discrepancy between landings
and catches. Blue sharks are often released due
to low market value and demand or sometimes
are only harvested for their fins, the most valu-
able part of the shark.

4.2 Utilization

In parts of the world, blue shark meat can
and has been utilized fresh, smoked, and dried
salted for human consumption and for fishmeal
(Compagno, 1984). Often, however, blue shark
flesh is unmarketable because of the rapid
breakdown of urea in the muscle tissue into
ammonia soon after death and the subsequent
tainting of the meat. This is the case in the
California driftnet fishery and generally why
only fins are utilized from blue sharks taken in
the Hawaii-based longline fishery (Holts, 1988;
Ito and Machado, 1997). In addition to its flesh,
other blue shark commodities include its hide
(for leather), fins (for shark-fin soup), cartilage,
and liver oil. Blue sharks also have recreational
value. Considered a game fish, this shark is
taken by sports anglers with rod and reel. In
Japan, official landing statistics has separately

Table 13. Estimations of blue shark catch (MT) published for high seas fisheries and region

Year Estimated

Fisheries Region Major fishing country used cateh

Driftnet fisheries
Salmon driftnet North Pacific Canada, Japan, USA 1989 18.3-701
Squid driftnet fishery North Pacific Japan, Korea, Taiwan 1990 12,802
Large-mesh driftnet North Pacific Japan 1990 1,141
High seas driftnet fishery  South Pacific Japan, Taiwan 1989 n.a.
High seas driftnet fishery  Indian Ocean Taiwan 1989 n.a.
High seas driftnet fishery  Atlantic France 1991 430-865

Longline fisheries
Spanish swordfish longline  Mediteranian Spain 1989 1,067
Spanish swordfish longline  Atlantic Spain 1989 4,977
Longline South and central Pacific — Australia, Japan, Korea, Taiwan 1989 8,193
Longline North Pacific Japan, Korea, USA 1988 39,069
Longline Atlantic Canada, Japan, Taiwan, USA 30,027
Longline Indian Ocean Australia, Japan, Korea, Taiwan 30,072

Source: Bonfil (1994)

* Calculated from estimation by Bonfil (1994) for total shark catch, assuming composition of blue shark as 40%
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reported the landing of blue shark 13,000-
20,000 MT in gutted weight until 1967
(Taniuchi, 1990). Around 10,000 MT of blue
shark are still landed and utilized for the pro-
duction of boiled fish paste ("kamaboko" or
"hanpen"), shark fins, leather, liver oil, and
chondroitine of cartilage (Kiyono, 1996;
Makihara, 1980; Nakano, 1999). In Australia,
blue shark meat is utilized as shark jerky for
export (Rose, 1996).

4.3 Trade

Despite the large number of blue sharks
caught in the various world fisheries, interna-
tional trade of blue shark meat is relatively
small. Rose (1996) summarized world trade on
sharks and reported, some parts including de-
scription of blue shark trade; (1) the establish-
ment of a processing plant for shark meat, i. e.
tiger shark, mako shark, saw sharks, and blue
shark in northern Australia for shark jerky
production for export principally to North and
South Korea, (2) that small amounts of blue
sharks are landed in the UK for consumption
and typically exported to France and (3) in Can-
ada, blue shark (along with porbeagle) are typi-
cally exported to Europe, while mako shark is
consumed domestically or exported as steaks to
the U.S.

Among shark species, blue shark fins are not
recognized as the highest of quality because of
their low fin needle content. They are, however,
abundant and relatively inexpensive, and are
therefore important in the trade. Estimates by
fin traders suggest that blue sharks may con-
tribute 50-70% of shark fins traded in Hong
Kong although the amount of traded by species
are not known. Exports from longline fishing
nations, i. e. Japan, Korea and Taiwan, in par-
ticular may contain higher proportion of blue
shark. Shark fin trades among the major fish-
ing nations in the Pacific are as follows (Rose,

1996):

— Japan exported an average of 661t of
shark fins annually during the period 1980
-1994, declining in numbers from 1,073t in
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1981 to 399t in 1993. Over the past decade,
eighty-three per cent of shark fins were ex-
ported to Hong Kong with the remainder

destined for Singapore, Thailand, China,
and the USA.

—In Taiwan, more than 96t of dried shark
fin were imported in 1989, but imports have
since declined to just over 20t in 1995. Ex-
ports totaled just over 41t during the pe-
riod 1980-1986, then increased to more than
140t per year in 1987 and 1988, to 259t in
1989, and 283t in 1990. Thereafter, exports
declined to 2.3t in 1994 and 4.5t in 1995.

—South Korea reported production aver-
aged 23t annually during 1980-1994, declin-
ing from 115t in 1980 to two tons in 1994.
Imports of shark fins averaged only five
tons annually during 1987-1994. Exports of
shark fin from South Korea averaged 60t
annually during 1980-1994, declining from
94t in 1980, to 31t in 1994. During 1987
-1994, Singapore received 78.3% of South
Korean exports.

— Australia imported an average of 8.5t of
shark fins annually during 1988-1994. Al-
though Australian Customs do not report
the export of shark fins, data from the
Australian Quarantine and Inspection
Service reports that exports of shark fins,
mostly in dried form, totaled 65.5t in 1992
-1993, 49.9t in 1993-1994, and 45.9t in 1994
-1995.

— Imported shark fins by the USA aver-
aged some 94t annually during 1972-1985,
then increased rapidly to a peak of 281t in
1992. Exports of shark fins are not re-
ported in Customs records, but Hong Kong
reports imports of shark fins from the
USA averaging 366t annually during 1988
-1994, increasing from 261t in 1988, to a
peak of 479t in 1992, then declining to 418t
in 1994. Singapore reports average annual
imports from the USA of 17t during 1990
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-1995, increasing from three tons in 1990,
to 34t in 1995. China's Customs data, avail-
able for 1992 and 1994 only, report imports
from the USA of 37t and 44t, respectively.

—For the years 1978-1988, Mexico's Minis-
try of Fisheries reports average exports of
137t of shark fins annually. Hong Kong
Customs report average imports of shark
fin from Mexico of 150t annually during
1984-1994, peaking in 1994 at 207t. Much of
Mexico's shark fin exports are, however,
likely to be shipped first to the USA, which
country's Customs report imports of shark
fin from Mexico averaging 29t annually
during 1986-1995.

Little information is available regarding the
use of shark hide. Neither domestic nor trade
data are available from the majority of produc-
ing countries, including Australia, Japan,
China, Bangladesh, Thailand, or Europe. In
late 1995, an Australian processor and exporter
established facilities to export the hides of tiger
shark, saw sharks, and blue sharks to Japan.
During the 1980s, a significant trade in shark
skins occurred across the US-Mexico border
when shark skins were imported by U.S. com-
panies for boot making. In addition to this
cross-border trade, a number of shark skins
and shark leather goods entered the U.S. di-
rectly from Mexico; unfortunately the species
used for processing shark skins are not known
(Rose, 1996).

Blue shark cartilage is considered a good
source of chondroitine, a pharmaceutical sub-
stance used in eye drops. A relatively new prod-
uct on the market, neither national fisheries
agencies nor Customs agencies report the vol-
ume of production or trade of shark cartilage.
Shark cartilage is processed in Taiwan, and
both processed and unprocessed cartilage are
exported to Australia, New Zealand, Japan,
and the U.S. Japan is known as a key producer
country for shark cartilage powder and cap-
sules, and shark cartilage products of Japanese
origin are widely marketed abroad, for example

in the U.S. and Mexico. Blue shark cartilage is
reportedly sold for US$7.00 per kg, while carti-
lage from other species sold for US$3.80 per kg
(Rose, 1996).
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