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Having occupied a dominant position in the taxo-
cenosis of Elastobranchii in the oceanic epipelagial in
the recent geologic past, the blue shark 

 

Prionace
glauca

 

 is currently the most widely distributed and one
of the most abundant species (Compagno, 1984; Litvi-
nov, 1989, 1997, 1998; Litvinov, 2004). Mejuto and
García-Cortés (2004), based on data on catches per
fishing effort, assume that 

 

P. glauca

 

 in the oceanic pela-
gial exceeds in abundance all large pelagic fish, both
cartilaginous and bony, including tunas and Xiphiidae;
that is, 

 

P. glauca

 

 namely, as the most abundant and
widely distributed consument of a higher level, is a key
species of pelagic ecosystems in temperate and tropical
waters of the World Ocean.

Despite an increasing number of publications on
Elasmobranchii, in general, and on 

 

P. glauca

 

, in partic-
ular, much in the life cycle of this species remains
poorly studied. The point is that the studies of recent
years are based on materials collected mainly in fishery
regions or in national waters (Hazin et al., 1990; Mat-
sunaga and Nakano, 2000; Macias and Serna, 2002;
Sosa-Nishizaki et al., 2002). Studies in remote oceanic
waters are not adequately developed because they
require large resources and are complex. A large pool of
such data was obtained in the past by the Soviet fishery
and research vessels: the USSR performed dozens of
far expeditions to the open waters of the World Ocean
in the 1960–1980s. Many applied and fundamental

issues related to the species composition and ecology of
oceanic fish were studied (Parin et al., 1997; Nesterov,
2002). The data on the distribution of oceanic sharks in
different sites of the Atlantic Ocean and the eastern part
of the Pacific Ocean collected in expeditions of Atlant-
NIRO in 1978–1984 were generalized by the author
(Litvinov, 1989). In particular, an important fact such as
the formation by 

 

P. glauca

 

 of aggregations of a very
high density in oceanic waters, often over seamounts,
was recorded. Despite new detailed studies of the dis-
tribution, reproductive biology, and abundance of

 

P. glauca

 

 performed in the framework of the Interna-
tional Commission for the Conservation of Atlantic
Tunas (ICCAT) (Mejuto and García-Cortés, 2004) and
data based on a large body of material, the issue of the
functional role of such aggregations has not been spe-
cially studied, although male dominance at the highest
catches per fishing effort related to mating was
recorded. The report on the world catch of 

 

P. glauca

 

 in
the Atlantic (

 

Anon.

 

, 2004) prepared for ICCAT does not
cite data on the fishing of such aggregations. Appar-
ently, this absence is related to the fact that the data on
an by-catch of 

 

P. glauca

 

 in fishing of the tuna and
Xiphiidae, rather than the data on a specialized fishery,
were analyzed. There are still no official data on such
fishery, but, according to data on the sale of meat and
fins of 

 

P. glauca

 

 at world fish markets provided by FIS
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Abstract

 

—Analysis of the quantitative distribution and size composition indicated a high extent of the differ-
entiation of the range of the blue shark 

 

Prionace glauca

 

. This most abundant and widely distributed species in
the oceanic epipelagial of the entire World Ocean remains for the first years of its life in coastal and neritic
waters at depths of 80 m. At the earliest age, at a length under 70 cm, sexes separate into individual schools;
females stay nearer to the coast. In the eastern Atlantic, two regions of juvenile habitats are recorded: to the
north and to the south of the equator, with a typical gap between them in tropical waters. On reaching a length
of 160–190 cm, sharks leave for oceanic waters; immature females follow dense aggregations of adult males
situated in oceanic waters where their first mating takes place with a delayed fertilization until reaching sexual
maturity. A similar pattern of distribution is traced in the eastern Pacific and other regions of the World Ocean.
Under conditions of an increased demand and high prices of shark fins, such aggregations of juveniles and adult
males where density exceeds average values dozens of times, can easily lead to overfishing and endanger the
species existence and the stability of the structure of the oceanic biota as a whole. The necessity of introducing
international protection measures with respect to such aggregations is substantiated.
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(

 

Fishery Information and Service

 

, 2006), it has already
been started.

In the light of the aforementioned, this paper con-
cerns a detailed description and analysis of all our data
and published data on the aggregations of 

 

P. glauca

 

 to
determine their functional role in the structure of the
range and to substantiate the necessity of species pres-
ervation under conditions of drastically increased fish-
ery pressure.

MATERIAL AND METHODS

The material was collected by the author (except
nos. 1, 5, and 6 in Table 1) in the period of 1978 to 1992

in the Atlantic Ocean and the eastern part of the Pacific
Ocean. Studies were performed following the method-
ical recommendations of Ovchinnikov et al. (1985).
Most of the material was collected using a pelagic tuna-
longline; a minor portion of the material—by bottom
longline, purse net, and pelagic and bottom trawls. The
biological analysis included the measurement of total
length (TL, the length from the snout tip to the end of
the caudal lobe extended along the body axis) and the
length to the caudal fork (FL) with an accuracy to 1 cm,
the determination of the sex, stomach content, and
other parameters.

For the assessment of the species abundance, we
used the index of relative density (IRD) calculated as

 

Table 1.  

 

Dates and sites of material collection
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Region, vessel

1 July–August 1978 15 12995 Bottom long-
line

10 Coastal waters of northwestern Africa (28

 

°

 

46

 

′

 

–
32

 

°

 

15

 

′

 

 N); ? 8002 

 

Vyandra

 

2 November 1978 7 2100 Pelagic long-
line

90 A complex of seamounts to the south of the Azores: 
Great Meteor, Hyére, Irving, Plato, Flamingo, Atlan-
tis; medium refrigerated side-trawler 1257 

 

Langust

 

3 November–January 
1979–1980

14 2000

 

″

 

38 Coastal waters of northwestern Africa (29

 

°

 

42

 

′

 

–
35

 

°

 

37

 

′

 

 N); medium refrigerated side-trawler 1257 

 

Langust

 

4 September 1980 14 6045 Pelagic long-
line

223 Northeastern part of the Walvis Ridge;
medium refrigerated side-trawler 8018 

 

Kvant

 

5 December 1980 5 1200

 

″

 

60 A complex of seamounts to the south of the Azores; 
medium refrigerated side-trawler 8018 

 

Kvant

 

6 January–February 1981 12 3000

 

″

 

3 Coastal waters of Sierra Leone; medium refrigerated 
side-trawler 8018 

 

Kvant

 

7 February–March 1981 5 1200

 

″

 

2 Coastal waters of Guinea-Bissau; medium refriger-
ated side-trawler 808 

 

Kvant

 

8 June–September 1982 57 16806

 

″

 

176 Coastal and oceanic waters around the islands San 
Tome and Principe; medium refrigerated side-trawl-
er 8030 

 

Spektr

 

9 April–June 1984 37 5307

 

″

 

51 Eastern part of the Pacific Ocean, out at sea off Peru; 
medium refrigerated side-trawler 0815 

 

Blesk

 

10 June 1984 4 1940

 

″

 

102 Eastern part of the Pacific Ocean, to the west 
of Galapagos; medium refrigerated side-trawler 
0815 

 

Blesk

 

11 April–June 1984 3 665

 

″

 

82 Eastern part of the Pacific Ocean, to the east 
of Galapagos; medium refrigerated side-trawler 
0815 

 

Blesk

 

12 July 1984 6 Pelagic and 
bottom trawls

7 Coastal waters of northeastern Africa (22

 

°

 

49

 

′

 

–
23

 

°

 

31

 

′

 

 N); medium refrigerated trawler 

 

Atlantida

 

13 April 1987 2 105 Pelagic long-
line

15 Eastern part of the Pacific Ocean, seamounts Nazca 
and Sala y Gomez; R/V 

 

Professor Shtokman

 

14 September 1992 1 Purse net 1 Pacific waters off Mexico, Ensenada; purse seiner 

 

Lupe Del Mar
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the number of individuals of this species caught per
100 hooks of the pelagic long-line. IRD was calculated
for individual drifts. For the determination of the total
IRD of a particular species in local and extended sites,
the ratio of the total number of caught individuals to the
total number of hooks in all drifts was calculated.
Therefore, the standard deviation (

 

SD

 

) of this parame-
ter was not calculated.

IRD is a characteristic of the species abundance,
and, during its calculation, parameters such as the ver-
sel’s crew skill or the quality of the used long-line were
reduced to a minimum; i.e., all sharks caught by a hook
were considered, including those that were not taken
aboard for various reasons. The species, sex, and the
size of these individuals were determined with a suffi-
cient accuracy in most cases.

RESULTS AND DISCUSSION

 

The eastern Atlantic to the north of the equator.

 

As was demonstrated previously (Litvinov, 1989;
2004), 

 

P. glauca

 

 is unevenly distributed in the ocean: if
for the open waters of the Atlantic and the eastern
Pacific its IRD averages about 1.0, at particular sites,
this value can be 10–20 times higher. Such sites were
first revealed in November 1978 over the seamounts
Meteor, Hyéres, Irving, Plato, Flamingo, and Atlantis
(south of the Azores). These data were confirmed in
December 1980: the IRD calculated on the whole for
the entire site of the seamounts comprised 9.81; it
reached 14.0–22.3 at particular drifts over the sea-
mounts. Such a density of sharks was observed at set-
ting a pelagic long-line directly over the summits of
seamounts and did not extend to adjacent waters. For
instance, at setting a long-line between the seamounts
Hyére and Irving, IRV comprised 0.67 (December
1980), and only 60 miles south of the Meteor Sea-
mount, it was 0.33 (November 1978); i.e., in both cases
it was lower than the average oceanic value.

In November 1978, 90 blue sharks, exclusively
males with a length of 230–310 cm, were caught over
the summits of seamounts. In December 1980, 60 blue
sharks TL 170–310 cm, including only two females
were caught. Males with a length of 230–280 cm
accounted for 75% of the total number of the caught
sharks (Figs. 1a, 1b). Thus, dense aggregations of males
of a similar size composition were observed in the same
region during two years, which implies their quasi-sta-
tionary pattern. Here and below, the aggregations of
large males will be designated by the abbreviation MC
(“male clubs”).

The separate habitation of the sexes was recorded
for 

 

P. glauca

 

 and other species of Elasmobranchii
(Compagno, 1984). This phenomenon is generally
related to the separation of food niches between the
sexes. Since male sharks use teeth in mating, the teeth
in males and females differ in the shape, which leads to
differences in the feeding behavior and, finally, to a sep-

arate habitation (Litvinov, 2003; Patokina and Litvinov,
2004; Litvinov and Laptikhovsky, 2005). This explana-
tion is obviously insufficient for the MC phenomenon,
since we deal with quasi-stationary aggregations of an
increased density consisting exclusively of adult males
and attributed to the summits of seamounts as to a cer-
tain landmark, rather than with groups of males and
females that stay in isolation but inhabit the same
regions (which will be described in more detail for the
Walvis Ridge). In the animal world, such aggregations
are well known for mammals and birds; their main aim
is to facilitate the meeting of the partners and, hence,
subsequent mating.

This viewpoint is supported by the presence of the
aggregation of juvenile 

 

P. glauca

 

 east of the MC
described in coastal waters of northwestern Africa at a
latitude of 

 

35°30

 

′

 

–22°49

 

′

 

 N. The sites of setting fishing
gear in this region are indicated in Fig. 2. In November
1979–January 1980, 38 blue sharks were caught at
depths of 260–1200 m at a distance of 25–35 miles
from the coast at 14 settings of a pelagic long-line in
coastal waters of northwestern Africa. The bulk of the
catch consisted of juvenile sharks with a length of 90–
160 cm. In the range of sizes 130–160 cm, the sex ratio
was nearly equal; females dominated among smaller
sharks (Fig. 3). In addition, in July–August 1978, ten
blue sharks with a length of 121–150 cm (two males
and eight females) were caught in the bottom long-line
in the same region at a depth of 62–80 m at a distance
of 15–20 miles from the coast (Fig. 2). On the whole,
juvenile females stay nearer to the coast than juvenile
males. In July 1984, seven blue sharks with a length of
70–116 cm (four males and three females) were caught
with pelagic and bottom trawls further to the south
(

 

22°49

 

′

 

–23°30

 

′

 

 

 

N) over depths of 93–610 m. These
were “kindergartens” (KG) of 

 

P. glauca

 

, according to
our data, which extend in the northern hemisphere, as
minimum, from Gibraltar to 

 

22°49

 

′

 

 N.

 

160 180 200 220 240 260 280 300 320
0
5

10
15
20
25
30
0
5

10
15
20
25

 

Proportion of fish, %

TL, cm

 

(a)

(b)

 

Males
Females

 

Fig. 1.

 

 Size and sex composition of the blue shark 

 

Prionace
glauca

 

 in catches at seamounts of the southern Azores com-
plex: (a) November 1978; (b) December 1980.



 

616

 

JOURNAL OF ICHTHYOLOGY

 

      

 

Vol. 46

 

      

 

No. 8

 

      

 

2006

 

LITVINOV

 

P. glauca

 

 is among the most oceanic shark species
(Compagno, 1984; Litvinov, 1989, 2004). However,
considering the presence of juvenile aggregations in the
coastal zone at depths of 62 m, this species, according
to the classification of Parin (1968), should be assigned
to epheboepipelagic species dwelling in the upper long-
lines of the oceanic pelagial in an adult state, but repro-
ducing in coastal marine waters, rather than to holoepi-

pelagic species. The habitation of juveniles in coastal
waters, including mangrove vegetation, is known for
several species of neritic sharks: 

 

Carcharhinus albima-
rginatus

 

, 

 

C. altimus

 

, 

 

C. obscurus

 

, etc. (Compagno,
1984).

In all probability, immature females aged four to
five years leave KG and migrate to MC for the first cop-
ulation. Then the sperm is retained in shell glands for a
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Fig. 2.

 

 The distribution of catches of the blue shark 

 

Prionace glauca

 

 in waters of northwestern Africa: (

 

1

 

) pelagic long-line, Novem-
ber 1979–January 1980; (

 

2

 

) bottom long-line, July–August 1978; (

 

3

 

) pelagic and bottom trawls, July 1984.
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long time until the maturation of the first batch of eggs
and fertilization (Pratt, 1979; Compagno, 1984). This
portion of sperm is also used for the subsequent series
of repeated insemination (Pratt, 1993). Therefore, in
the reproductive strategy of the species, the first copu-
lation is very important in terms of energy saving since
it takes place near the sites of juvenile concentration
and does not require far migrations to the sites of copu-
lation, for, at least, several years. In this case, the sum-
mits of seamounts serve as landmarks facilitating the
meeting of partners. Thus, in the eastern Atlantic north
of the equator, a pair of closely situated aggregations of

 

P. glauca

 

 was recorded: MC consisting of adult males
and KG within which juveniles stay until leaving for
oceanic waters.

 

The eastern Atlantic south of the equator.

 

 In Sep-
tember 1980, 223 individuals of 

 

P. glauca

 

 TL 60 to 290
were caught in the area of seamounts of the Walvis
Ridge (Fig. 4). In the combined histogram of the size
and sex composition, a minimum of three size groups
are distinctly discerned: 60–110, 120–200, and 230–
290 cm (Fig. 5o). The range of sizes of 120–200 cm
includes not less than three size groups, although the
boundaries between them are pronounced less dis-
tinctly. The total sex ratio at the site on the whole and
in most size groups was about 1 : 1; only among sharks
longer than 240 cm were males were dominant. It is
interesting to note that the sex ratio considerably varied
at particular drifts of the pelagic long-line in this zone;
a catch could consist almost exclusively of representa-
tives of one sex and of different sizes. Thus, in two
long-lines set at a depth under 1000 m at a distance of
50–55 miles from the coast, the sex ratio was 4 : 45 and
2 : 11 (Figs. 5m, 5n), while at the site out at sea, at a dis-
tance of 200–300 miles from the coast, males prevailed,
both juveniles and adults (Figs. 5c, 5d). The distribu-
tion of juveniles exhibits the same regularity as in the
northern hemisphere: males and females stay in a ner-
itic zone, but female aggregations are situated closer to
the coast.

Sex segregation takes place rather early—at a length
of sharks under 70 cm. Dense aggregations were
formed by females in the coastal part of the site (IRD =
12.3; Fig. 5m) and by males at the site out at sea (IRD =
6.1; Fig. 5d). In this case, the presence of KG is clearly
traced; the proportion of large males with a length over
240 cm increases with distance from the coast, but there
are no distinctly pronounced MC as yet here. Most
likely, they are situated at a larger distance from the
coast as in the northern hemisphere.

Thus, one can note the presence of a clearly pro-
nounced pair of aggregations (MC in oceanic waters
and KG in coastal waters) in the eastern Atlantic in the
northern hemisphere. This pair has an analog in the
southern hemisphere where KG are well pronounced,
and the presence of MC is expressed in an increase of
adult males in the part of the site out at sea. There is a
discontinuity between KG of 

 

P. glauca

 

 in the north and

south of the eastern Atlantic: according to the data of
surveys performed by a pelagic long-line in waters of
Sierra Leone in January–February and Guinea-Bissau
in March 1980; 

 

P. glauca

 

 was represented only by adult
females caught beyond the edge of the shelf. Both juve-
nile and adult sharks were lacking in the shelf waters; the
water temperature here is too high for 

 

P. glauca

 

, and it is
replaced by 

 

Carcharhinus falciformis

 

 (Litvinov, 1989).

 

Equatorial oceanic waters of the eastern Atlan-
tic.

 

 According to the data of Castro and Mejuto (1995),
most females of 

 

P. glauca

 

 caught in June–August 1993
in the Gulf of Guinea contained embryos. Based on the
maximum sizes of embryos, a suggestion was made
that females migrate from west to east to the spawning
grounds along the equator in the eastern Atlantic. In
fact, if juvenile 

 

P. glauca

 

 cannot live on the shelf of the
tropical and equatorial zone because of the vertical
warming of shelf waters (according to the data of tele-
metric observations, the temperature optimum was
within 14–16

 

°

 

C (Sciarotta and Nelson, 1977), one can
suggest its presence near islands or seamounts where
there is a distinct vertical stratigraphy of waters.
According to our data, in the oceanic part of the Gulf of
Guinea, in waters of Sáo Tome and Principe, two zones,
a 30-mile zone off the island and an oceanic zone situ-
ated 30 to 200 miles from the coast, are distinguished
by the species composition and the extent of domina-
tion. In both zones, 

 

P. glauca

 

 prevails; its total IRD in
the oceanic zone is 1.91, and in the zone off the island,
it declines to 0.68; here, as in tropical coastal waters,
the relative value of IRD of the subdominant species,

 

C. falciformis

 

, drastically increases (Litvinov, 1989).
In the zone off the island, the sex ratio was in gen-

eral equal, but among sharks longer than 240 cm, males
were dominant (Fig. 6b). In the oceanic zone, sharks
were larger—200 to 310 cm; the sex ratio was 3 : 1
(Fig. 6a). Of 49 females taken aboard, 37 (76%) were
pregnant (in 36 females, uteruses contained embryos;
in one female, eggs at the initial stage of development).
The length of these females varied from 185 to 305 cm
and the sizes of embryos, from 5 to 41 cm; their number
was 5 to 60. Of 12 nonpregnant females, 11 (92%) had
fresh bites on the back, sides, and in the region of the
anus—typical traces of recent copulation. Only one

 

Fig. 3.

 

 Size and sex composition of the blue shark 

 

Prionace
glauca in November 1979–January 1980 in coastal waters
of northwestern Africa (29°42′–35°37′  N).
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nonpregnant female (TL 242 cm) had no bites; while
among pregnant females, only one that contained
28 embryos with a size of 12–16 cm had typical copu-
lative bites. Thus, in waters of Sáo Tome and Principe,
there is a typical MC similar in size and age composi-
tion with male aggregations over the southern-Azores
complex of seamounts. Judging from the sizes of
females with fresh bites (TL 185–273 cm), here we deal
with repeated copulations of females rather than with
only (or not so much) first copulations of females. The
period of staying of females ready for copulation in the
MC zone is limited; they leave this place soon after the
copulation. However, the presence of some number of
pregnant females within MC is common in both the
Atlantic and Pacific oceans. Most likely, from the first
stages of pregnancy (not later than the emergence of
eggs in the uteruses), mechanisms hindering the subse-
quent courtship on the part of males are triggered, and
pregnant females can return to the MC zone. Although,
as was demonstrated above, errors are possible in the
mating behavior.

The total IRD is low here, it exceeds the average
oceanic only two times, but at particular drifts, IRD
reaches 4.6. No traces of the presence of KG in the trop-
ical zone of the eastern Atlantic were found (either off
the continent, or in zones off the island). Most likely,
the females from the Gulf of Guinea at later stages of
pregnancy migrate for spawning to the north and/or to
the south to colder waters of both hemispheres rather
than spawn in the vicinity of the equator. In the coastal

waters of the eastern Pacific, such a gap can be lacking
due to the impact of cold waters of the Humboldt Cur-
rent (see below).

The presence of two MC to the north and south of
the equator suggests the respective existence of two
stock units, possibly, of a subspecies rank. The sugges-
tion concerning the existence of such units (Litvinov,
1989) was supported by the data of marking and the
rates of growth (Casey and Kohler, 1991; Lessa et al.,
2004) and is now considered universally adopted
(Anon., 2004; Mejuto and García-Cortés, 2004).

P. glauca juveniles were also recorded in the north-
ern Atlantic between 30–40° N. It is assumed that new-
born females migrate to the north, and then, on reaching
sexual maturity, to the south; newborn males migrate to
the south and stay there upon reaching sexual maturity
(Anon., 2004). According to our data, in the KG of the
southern hemisphere, a sex ratio of about 1 : 1 is
retained on the whole (Fig. 5); in the northern hemi-
sphere, junior age groups (90–110 cm TL) are com-
posed exclusively of females; in older groups, the sex
ratio is leveled (Fig. 3). Apparently, in the northern
hemisphere, a certain spatial redistribution of newborns
occurs after spawning; females arrive earlier to the KG
of northwestern Africa; but, on reaching a length over
110 cm, the sex ratio becomes equal, possibly, due to
the cessation of migration. It remains unclear where in
such a case spawning occurs. If it takes place near the
equator, as Castro and Mejuto (1995) suppose, such
distant migration of newborns does not seem energeti-
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cally justified. More likely, the spawning grounds are
situated in coastal waters of northwestern and south-
western Africa.

The eastern Pacific. Dense aggregations of
P. glauca males were found in the eastern Pacific: east
of (IRD = 12.9) and west (IRD = 5.9) the Galapagos
Islands (Litvinov, 1989). The western aggregation con-
sisted mainly of adult males TL 190–250 cm (79.4% of
all sharks taken aboard) (Fig. 7a). Of 11 females taken
aboard, nine (82%) were pregnant; in eight females,
uteruses contained 19 to 54 embryos with a size of 5 to

41 cm; in one female (TL 210 cm), 27 eggs at the initial
stage of development. The last female had old bites,
traces of former copulation. Two nonpregnant females
had no traces of copulation; their uteruses were
strongly widened and filled up with water, possibly, due
to recent spawning. The aggregation east of the island
was very similar to the western aggregation (Fig. 7b); it
consisted mainly of males with a length of 180–240 cm
(80.5% of all sharks taken aboard). Of 13 females taken
aboard, 12 were pregnant; they contained in the uter-
uses 13–48 embryos with a length of 17–41 cm each. In
a single nonpregnant female, uteruses were filled up
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Fig. 5. Size and sex composition of the blue shark Prionace glauca in catches by pelagic tuna-catching long-line in September 1980
in the area of the northeastern part of the Walvis Ridge: (a–n) histograms for particular catches; (o) total histogram; n, number of
blue sharks in a long-line; SR–the sex ratio–males : females. Numbering of long-lines is the same as in Fig. 4.
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with water and swollen; it had no traces of copulation.
Thus, both aggregations were typical MC close in the
size and age composition to the aforementioned MC
from the eastern Atlantic. It should be noted that in the
MC of the eastern Pacific, males are, on the whole,
smaller than in the eastern Atlantic where the dominant
length is 240–300 cm, apparently, as a result of differ-
ences in the rate of growth of P. glauca.

South of these MC, beyond the economic zone of
Peru, the total IRD of P. glauca was 1.2; i.e., it was
close to the average oceanic value. Here, sharks with a
length of 150 to 290 cm were caught (Fig. 7c); in the
size groups over 200 cm, the sex ratio was nearly equal;
among smaller sharks, males dominated. Most likely,
juvenile males with a length of 150–190 cm dwelling
here are a derivative of a KG situated in the coastal
waters of Peru. As was shown above, smaller individuals
and females stay closer to the coast. Of 14 females taken
aboard, 12 contained in the uteruses 25–75 embryos with
a length of 7–41 cm each. Two nonpregnant females
with a length of 165 and 195 cm had no traces of copu-
lation; their uteruses were not swollen and were not
filled up with water. Apparently, these females were on
the threshold or at the beginning of migration from a
coastal KG to the nearest MC. It was not necessarily
towards one situated off the Galapagos Islands: in April
1987, further to the south, over the summits of sea-
mounts of Nazca Ridge, still another MC (IRD = 15.0)
consisting exclusively of males with a length of 191–
288 cm was found (Fig. 8).

According to published data, KG are widely repre-
sented in coastal waters of the eastern Pacific, including

the tropical zone, due to the cooling impact of the Hum-
boldt Current (Fig. 8). For instance, Brenes et al. (2000)
note the presence of P. gluca juveniles with a length of
60 cm and over in Pacific waters of Nicaragua. Love
(1991) states the presence of P. glauca juveniles with a
length of 90–120 cm in the vicinity of Santa Barbara.
South of the boundary between the United States and
Mexico, a female P. glauca with a length of 86 cm was
obtained by the author of this article in the course of the
inspection control of purse seines of the Mexican tuna-
catching fleet by the representatives of IATTC in Sep-
tember 1992.

According to the data of analysis of the coastal spe-
cialized fishery of P. glauca and by catch in swordfish
fishery, the average length of P. glauca in coastal waters
west of Baja California is 119 cm and in waters out at
sea, 177 cm (Sosa-Nishizaki et al., 2002).

Thus, in the eastern Pacific, as in the eastern Atlan-
tic, there are KG in coastal waters and MC located near
in the oceanic waters.

KG can occupy rather extended areas: according to
the data of Macnaughton et al. (1998), the modal length
of P. glauca in the Atlantic in catches by gill nets
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Fig. 7. Size and sex composition of the blue shark Prionace
glauca in the eastern part of the Pacific Ocean in April–June
1984: (a) to the west; (b) to the east of the Galapagos
Islands; (c) in open waters to the west of the exclusive eco-
nomic zone of Peru. Abbreviations as in Fig. 5.
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between 46 and 52° N is 120–130 cm at a total sex ratio
of 1 : 1. Thus, there is either one large kindergarten or
more likely a group of smaller KG. Casey and Kohler
(1991) assume that one panmictic population of
P. glauca exists in the northern Atlantic. Considering
the aforementioned data on the presence of KG in the
coastal waters of northwestern Africa and the data of
Macnaughton et al. (1998), it can be assumed that in the
Atlantic, north of the equator, there are, at least, two
subpopulations: one spawns north of 46° N; the other,
in West African and, apparently, West European coastal
waters.

The distribution of KG and MC is not restricted to
the waters of the eastern Atlantic and the eastern
Pacific. According to the data of commercial statistics,
such formations are present, for instance, in waters of
Tasmania: KG consist mainly of females, which is
related to the seasonal pattern of fishery (Stevens,
1992). According to the aforementioned data on the
spatial position of the aggregation pairs, one can predict
with assurance the existence of a MC either in the
immediate vicinity of them in a site out at sea or at
some distance—near pronounced landmarks (sea-
mounts or quasi-stationary gradients of oceanic
waters). Considering a wide distribution of P. glauca in
the World Ocean, undoubtedly, future oriented studies
will reveal a considerably higher number of pairs of KG
and MC within its range than is provided in this article.

The ways of formation and the significance of
KG and MC. In the distribution of P. glauca juveniles
within KG, a pattern similar to that in the distribution
of Scyliorhinus canicula is observed: males and

females stay separately from each other, but the dis-
tance between the groups is small, and they mix rather
often (Litvinov, 2003). Because of the use of teeth by
males during copulation, the teeth of males and females
have morphological differences: teeth cusp in females
are wider; their serration is rougher than in males. Such
differences in P. glauca become more noticeable with
growth, but are present in juveniles also (Litvinov and
Laptikhovsky, 2005). Different dental form in males
and females suggests differences in the feeding behav-
ior, which apparently leads to an early spatial segrega-
tion of the sexes. With an increase in length, dental dif-
ferences become more pronounced, and the subsequent
spatial isolation of the sexes and the formation of MC
occur. The stomachs of all seven sharks caught in July
1984 by pelagic and bottom trawls in waters of north-
western Africa contained food; in representatives of
both sexes, these were exclusively pelagic organisms,
but the food composition of males and females differed,
as far as one can judge from this scanty material (Table
2).

Unfortunately, the stomach content of P. glauca
caught by a pelagic long-line is not always suitable for
analysis since, during sampling, a considerable part of
stomachs is everted and rather frequently set back by
the water flow. As a result, the stomach content is lost,
and the stomach fullness index is designated as 0. For
instance, during the work with a pelagic long-line in
November 1979–January 1980, of 38 caught sharks, in
all males and in 65% of females, stomachs were empty,
everted, or contained only bait. In the food of females,
cephalopods dominated (85% of full stomachs); two
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Fig. 8. The distribution of KG and MC of the blue shark Prionace gluca in the eastern Atlantic and the eastern Pacific (according
to our and published data).
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stomachs contained remnants of fish; and one stomach,
birds.

Data on the feeding of P. glauca males and females
are not separated in the literature (Compagno, 1984;
Harvey, 1989). In the largest sharks that are most spa-
tially isolated, teeth are obviously suited for different
kinds of food (Litvinov and Laptikhovsky, 2005). It can
be assumed that males having finely serrulated narrow
awl-shaped teeth are adapted to feeding mainly on
small organisms that do not require cutting before swal-
lowing; females with roughly serrated wide triangular
teeth can fully feed on larger animals (corpses) also,
including birds and mammals.

Under conditions of a “shark boom,” the presence of
local juvenile and male aggregations in the absence of a
proper international control of fishery is a hazard for the
species existence (Litvinov, 2004). If, until recently, the
price of a ton of the frozen meat of P. glauca did not
exceed $1000–1200 for a ton on the world market, accord-
ing to the last data of the Fish Information Service, this
value has increased to 5700 EUR, i.e., almost five-fold.
The price of a ton of frozen fins is 40 000–50000 EUR.
For comparison: the price of a ton of frozen meat of
swordfish is 5400 EUR and of Galeorhinus galeus,
1800 EUR. According to the data of ICCAT (Anon.,
2004), the fins of P. glauca during last years comprised
up to 18% of the volume of trade in fins in the markets
of Hong Kong, while the fins of Isurus oxyrinchus
made up 2%. The specialized fishery intended to shark-
fins exceeds in profitability today most species of oce-
anic fishery, and pelagic sharks can be exterminated
much more rapidly than whales in the recent past.
Moreover, P. glauca is much more sensitive to the
impact of fishery in comparison with large tunas—
objects of long-line fishery (Schindler et al., 2002).
Besides overfishing, this typically oceanic species in

some regions is endangered by poisoning with chemi-
cal pollutants (Corsolini and Focardi, 2002). Some MC
and KG are within the zones of national jurisdiction
(coastal countries of western Africa and western coasts
of both Americas; waters of Sa  Tome and Principe)
and are, as one would like to hope, a subject of concern
on the part of national fishery legislations as a part of
natural resources. But most MC are situated in open
waters, and their protection needs combined interna-
tional measures on the part of FAO and international
fishery commissions (ICCAT, IATTC (Inter-American
Tropical Tuna Commission), etc.).

The role of oceanic MC in the ecosystems of sea-
mounts in the vicinity of which they exist remains not
quite clear and underestimated. The impact of dense
aggregations of large predators on the population of
seamounts can be rather considerable. Since P. glauca
due to its abundance and distribution is currently one of
the key species of the oceanic ecosystem, a drastic
decrease in its abundance as a result of the impact of
fishery can cause a radical rearrangement of this eco-
system on the whole. As was shown previously (Litvi-
nov, 1997, 1998), P. glauca in the recent geologic past
has drastically increased its abundance and replaced
sharks of the genus Isurus from the dominant positions.
The causes of such replacement and its consequences
for the oceanic ecosystems remain unknown up to the
present time.

CONCLUSIONS

In the functional structure of the range of P. glauca,
two types of spatially isolated formations of a quasi-
stationary pattern, differing in the size and sex compo-
sition and the role in the life cycle, are distinguished.
The species density in these formations exceeds aver-

õ

Table 2.  Food composition of blue sharks Prionace glauca caught by bottom and pelagic trawls in waters of northwestern
Africa in July 1984

TL of blue sharks, cm
Food components

Type of the trawl Depth, m
object proportion by weight, %

Males

93 Trachurus sp. 100 pelagic 275–210

63 Engraulidae 80 bottom 94–93

Squid 20

70 Engraulidae 100 pelagic 93

80 Engraulidae 100 ″ 93

Females

95 Scomber sp. 71.4 ″ 275–230

Myctophidae 28.6

116 Myctophidae 99 ″ 610–600

Euphausiidae 1

97 Trachurus sp. 100 ″ 95–93
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age oceanic values five–twenty times. These are aggre-
gations of large adult males (MC) and immature juve-
niles (KG). MC are situated in oceanic waters and are
related to permanently existing large-scale landmarks:
seamounts (seamounts of the southern-Azores com-
plex, Walvis Ridge, Nazca Ridge), islands (Sáo Tome
and Principe), and zones with an active water dynamics
(regions west and east of the Galapagos Islands). In the
last case, a double orientation is likely used: at the
islands themselves and at the drastically pronounced
temperature gradients west and east of them caused by
the impact of the Humboldt Current. In MC, adult males
absolutely dominate: with a length of 240–300 cm in the
eastern Atlantic and 200–270 cm in the eastern Pacific.
The main purpose of MC is provision of mating. In
males that reached such lengths, considerable changes
in the dental form occur oriented at minimization of the
female skin damage when retaining it during copula-
tion. In turn, the thickness of skin in females increases
several times. Mating has a seasonal pattern; females
leave MC soon after copulation. Fertilization in adult
females can occur soon after mating; in juvenile
females, it is delayed for several years, up to egg matu-
ration. Upon fertilization, at the initial stages of egg
development in the uteruses, a readjustment of mecha-
nisms controlling mating behavior occurs, and pregnant
females can stay in the MC zone causing, as a rule, no
courtship on the part of males. Females at different
stages of pregnancy (from initial to final) can stay
within the MC; the water area occupied by the MC is
only a feeding ground for them. Females with com-
pletely formed embryos (with a length of 35–40 cm)
migrate to neritic waters where spawning takes place.
Newborn blue sharks migrate to the formations of the
second type—KG that are situated in coastal and neritic
waters (over depths of 62 m and larger, up to oceanic).
At an early age, at a shark length of no more than
70 cm, sharks separate into individual schools consist-
ing of representatives of one sex. On the whole, smaller
sharks stay nearer to the coast than larger sharks, and
female schools stay nearer to the coast than male
schools. However, schools of juvenile males and
females stay not far from each other. The cause of their
spatial isolation at such an early age can in no way be
related to the mating behavior; it is rather induced by
differences in the feeding since differences in the form
of teeth cusp in males and females are manifested at the
earliest age. On reaching the length of 170–180 cm,
females leave KG and migrate to MC where their first
mating takes place. Then egg maturation and fertiliza-
tion follow, and the aforementioned cycle is repeated.

The presence in the structure of the range of dense
aggregations of a quasi-stationary pattern under condi-
tions of a drastically increased pressure of fishery can
endanger the existence of both P. glauca and the oce-
anic ecosystems of which it is a component.

ACKNOWLEDGMENTS

The author is grateful to Aleksandr Sundakov and
Oleg Berezhinskii for their great help in the preparation
of the paper; to the vessels’ crew listed in Table 1 for
permanent help and infinite patience manifested in the
course of collecting the material; and to Alexei Orlov
and Olga Maslova for recommendations on the
improvement of the paper structure.

This study was performed in the framework of the
scientific school Oceanic Ichthyology.

REFERENCES
1. Anonymous. Report of the 2004 Inter-Sessional Meeting

of the ICCAT Sub-committee on By-Catches: Shark
Stock Assessment (Tokyo, Japan, 2004),
SCRS/2004/014.Collect. Vol. Sci. Pap. ICCAT 57, 799–
890 (2005).

2. C. L. Brenes, A. Hernandez, and J. Campos, “Distribu-
cion espacial de capturas de tiburon en el Pacifico Nica-
raguense y su relacion con algunas variables ocean-
ograficas,” Rev. Biol. Trop. 48 (2–3), 399–411 (2000).

3. J. G. Casey and N. E. Kohler, “Long Distance Move-
ments of Atlantic Sharks from the NMFS Cooperative
Shark Tagging Program,” Underwater Nat. 19, 87–91
(1991).

4. J. A. Castro and J. Mejuto, “Reproductive Parameters of
Blue Shark, Prionace glauca, and Other Sharks in the
Gulf of Guinea,” Mar. Freshwat. Res. 46 (6), 967–973
(1995).

5. L. G. V. Compagno, FAO Species Catalogue, Vol. 4:
Sharks of the World. An Annotated and Illustrated Cata-
logue of Shark Species Known to Date, Part 2: Carchar-
hiniformes, FAO Fish. Synop., No. 125, 251–655 (1984).

6. FIS. 2006. Market Reports. Tuna. January-March.
www.fis.com

7. J. T. Harvey, “Food Habits, Seasonal Abundance, Size,
and Sex of the Blue Shark, Prionace glauca, in
Monterey Bay, California,” Calif. Fish Game 75 (1), 33–
45 (1989).

8. F. H. V. Hazin, A. A. Couto, K. Kihara, et al., “Distribu-
tion and Abundance of Pelagic Sharks in the South-
Western Equatorial Atlantic,” J. Tokyo Univ. Fish. 77 (1),
51–64 (1990).

9. R. Lessa, F. M. Santana, and F. H. Hazin, “Age and
Growth of the Blue Shark Prionace glauca (Linnaeus,
1758) Off Northeastern Brazil,” Fish. Res. 66, 19–30
(2004).

10. F. F. Litvinov, “Structure of the Epipelagic Taxocenosis
of Elasmobranshii in the Atlantic and Pacific Oceans and
Its Changes in the Latest Geologic Time,” Vopr. Ikhtiol.
29 (6), 973–984 (1989).

11. F. F. Litvinov, “The Use of Shark Teeth from Bottom
Deposits for Dating Global Events in the History of the
World Ocean,” in Proceedings of the 1st Congress of
Russia’s Ichthyologists, Astrakhan, 1997 (1997), pp. 20–
21.

12. F. F. Litvinov, “Sexual Dimorphism as an Index of the
Isolation of West African Populations of the Cat Shark
Scyliorhinus canicula,” Vopr. Ikhtiol. 43 (1), 86–90
(2003) [J. Ichthyol. 43 (1), 81–85 (2003)].



624

JOURNAL OF ICHTHYOLOGY      Vol. 46      No. 8      2006

LITVINOV

13. F. F. Litvinov, “Changes of Taxocenoses of Elasmobran-
chii of the Open Ocean in the Post-Pleistocene,” in Mod-
ern Problems of Fish Systematics, in Proceedings of All-
Russian Conference Dedicated to the 95th Anniversary
of the Birth of A.N. Svetovidov and the 90th Anniversary
of the Birth of D.N. Taliev (St. Petersburg, 1998).

14. F. F. Litvinov, “The Dense Male Aggregation over Sub-
marine Mounts as an Integral Part of Species Range in
the Blue Shark Prionace glauca,” ICES CM 2004/K:11
(2004).

15. F. F. Litvinov and V. V. Laptikhovsky, “Methods of
Investigations of Shark Heterodonty and Dental Formu-
lae’s Variability with the Blue Shark, Prionace glauca
Taken as an Example,” ICES CM, No. 27 (2005).

16. R. M. Love, Probably More Than You Want to Know
About the Fishes of the Pacific Coast (1991), Really Big
Press, PO Box 60123, Santa Barbara, California, US
93160.

17. D. Macias and J. M. Serna, de la, “By-Catch Composi-
tion in the Spanish Mediterranean Longline Fishery,” in
4th Meeting of Europ. Elasmobranch Assos. Proc.
(2002), p. 198.

18. R. Macnaughton, E. Rogan, V. Hernandez-Garcia, and
C. Lordan, “The Importance of Cephalopods in the Diet
of Blue Shark (Prionace glauca) South and West of Ire-
land,” ICES CM, 1998/M:7 (1998).

19. H. Matsunaga and H. Nakano, “Report on Information
of By-Catch Fisheries Obtained from Observer Program
for Japanese Tuna Longline Fisheries in the Atlantic
Ocean,” Collect Vol. Sci. Pap. ICCAT 51 (1), 1805–1811
(2000).

20. J. Mejuto and B. García-Cortés, “Reproductive and Dis-
tribution Parameters of the Blue Shark Prionace glauca,
on the Basis of On-Board Observations at Sea in the
Atlantic, Indian and Pacific Oceans,”
SCRS/2004/103.Sci. Pap. ICCAT 58(3), 951–973
(2004).

21. A. A. Nesterov, “The Contribution of AtlantNIRO to the
Study of Fish Resources in the Southeastern Part of the
Pacific Ocean,” in All-Russian Scientific Conference on
the Historic Experience of Scientific and Commercial
Studies in Russia (VNIRO, Moscow, 2002), pp. 146–
152.

22. V. V. Ovchinnikov, A. K. Sigaev, V. Z. Gaikov, et al.,
Methodical Justification of the Search, Fishery, and Bio-
logical Studies of Tunas, Swordfishes, and Sharks in the
Atlantic Ocean (AtlantNIRO, Kaliningrad, 1985) [in
Russian].

23. N. V. Parin, Ichthyofauna of the Oceanic Epipelagial
(Nauka, Moscow, 1968) [in Russian].

24. N. V. Parin, Fishes of the Open Ocean (Nauka, Moscow,
1988) [in Russian].

25. N. V. Parin, A. N. Mironov, and K. N. Nesis, “Biology of
the Nazca and Sala y Gomez Submarine Ridges, An Out-
post of the Indo-West Pacific Fauna in the Eastern Pacific
Ocean: Composition and Distribution of the Fauna, Its
Communities and History,” Adv. Mar. Biol. 32, 145–242
(1997).

26. F. A. Patokina and F. F. Litvinov, “Food Composition
and Distribution of Demersal Elasmobranches on Shelf
and Upper Slope of North-West Africa,” ICES CM
2004/K:19 (2004).

27. H. L. Pratt, Jr., “Reproduction in the Blue Shark, Prion-
ace glauca,” Fish. Bull., No. 77(2), 445–470 (1993).

28. H. L. Pratt, Jr., “The Storage of Spermatozoa in the Ovi-
ducal Glands of Western North Atlantic Sharks,” in The
Reproduction and Development of Sharks, Skates, Rays
and Ratfishes Environ. Biol. Fish. 38 (1–3), 139–149
(1993).

29. D. E. Schindler, T. E. Essington, J. F. Kitchell, et al.,
“Sharks and Tunas: Fisheries Impacts on Predators with
Contrasting Life Histories,” Ecol. Appl. 12 (3), 735–748
(2002).

30. T. C. Sciarotta and D. R. Nelson, “Diel Behaviour of the
Blue Shark, Prionace glauca, Near Santa Catalina
Island, California,” Fish Bull. 75 (3), 519–528 (1977).

31. O. Sosa-Nishizaki, E. Fulong-Estrada, J. A. Reyes-
Gonzales, and J. C. Perez-Jimenez, “Blue Shark (Prion-
ace glauca) Fishery in Baja California, Mexico: An
Example of Artisanal and Middle Scale Fisheries Inter-
action,” Sci. Counc. Res. Doc. NAFO, No. 02/140
(2002).

32. J. D. Stevens, “Blue and Mako Sharks By-Catch in the
Japanese Longline Fishery off South-Eastern Australia,”
in Sharks: Biology and Fisheries, Aust. J. Mar. Fresh-
wat. Res. 43 (1), 227–236 (1992).

33. F. Uiblein, A. Geldmacher, F. Koester, et al., “Species
Composition and Depth Distribution of Fish Species
Collected in the Area of the Great Meteor Seamount,
Eastern Central Atlantic, During Cruise M42/3 with Sev-
enteen New Records,” Inf. Tec. Inst. Canar. Cienc. Mar.,
No. 5, 49–85 (1999).

Translated by I. A. Pogosyants


