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ABSTRACT

Uteri from four pregnant females and two newborn of shortfin mbskous oxyrinchuswere col-

lected in the southeastern region of Brazil, during September, October, and November of 1993 and
1994. All embryos were near-term with developing dentition and inner organs. Total length ranged
from 64.5 to 72.0 cm, and the maximum number of embryos observed in a litter was 20. These ob-
servations further confirmed oophagy as a form of nutrition in this species, and its periodicity. The
presence of teeth in the embryos’ stomachs suggest that tooth replacement begins in the uterine phase.

Key words Elasmobranchii Lamnidadsurus reproduction, biometry.

RESUMO

Aspectos da biologia reprodutiva do anequinisurus oxyrinchus
(Elasmobranchii Lamnidae) na regido Sudeste do Brasil

Quatro uteros provenientes de quatro fémeas prenhas e dois individuos recém-nascidos de anequim,
Isurus oxyrinchusforam coletados na regido Sudeste do Brasil durante os meses de setembro a novembro
de 1993 e 1994. Todos os embrides estavam bem desenvolvidos, proximos ao estagio de nascimento,
apresentando a denticdo e drgdos internos bastante desenvolvidos. O comprimento total desses embrides
variou entre 64,5 e 72,0 cm, e o maior numero de embriées observado no interior de uma Unica fémea
foi 20. As observacdes aqui realizadas confirmam a oofagia como forma de nutricdo dos embrides
dessa espécie e sua periodicidade. A presenca de dentes no estdmago dos embrides sugere que a subs-
tituicdo dos dentes se inicia na fase uterina.

Palavras-chave Elasmobranchii Lamnidadsurus reproducéo, biometria.

INTRODUCTION (Holden, 1974). The most recent classification
which is also the most usual, was proposed by
The reproductive cycles of large elasmo-Otake (1990) in which both morphologic cha-
branches are generally difficult to describe duringracteristics and phylogenic data were analized. For
certain stages of gestation, because individualthe shortfin makolsurus oxyrinchusRafinesque,

make themselves unavailable as a result of thaccording to Otake’s (1990) observations, the clas-
formation of shoals and groupings in some regionssification of the reproductive mode of this species,
and because they present a migratory behavias well as all members of the Lamnoid order, is
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that of an oophagous species with the uterus coref , |. oxyrinchus as follows: gestation period —
taining no compartments. In this case, the embryd2 months; maximum length — 364 cm; maximum
obtains nutrients from ovules or eggs producedize at birth — 80 cm; average size at birth — 22
through the mother’s continuous ovulation duringcm; average length of female maturation — 280 cm;
gestation and sometimes through the ingestion adverage length of male maturation — 195 cm; age
embryos developing from these eggs. This grougt which the female matures — 7 years; and ma-
is quite specialized in the forms of nutrient trans-ximum number of embryos in the uterus — 16.
portation, including physiological adaptations for Corroborating these values, Bassal (1975)
the production of ovules and continuous ovulationsuggested that males must mature at approximately
Within the type of uterus without compartments,200 cm and females at a size larger than this. In
the oophagous forms are the derived forms, whil®pposition to these values, Gubanov (1978) sugges-
the lecitotrophic forms which present the yolk sacted that females reach sexual maturity at appro-
throughout embryonic development, could be moreimately 180 cm, supporting this statement by his
primitive. observations of the smallest female captured which
Oophagy in the embryonic phase has beepresented scars, indicating occurrence of copu-
well documented for the Lamnoid order, havinglation. On analysis of two embryos (1 male and
been described for 9 of the 16 species. Anothet female) from a female with a total length of 343
form of nutrition of the embryo which is charac- cm, Stevens (1983) found neither umbilical cord
teristic to this order is intra-uterine cannibalism,scars in the embryos, nor the presence of placenta
also known as embryophagy or adelphophagy, butr uterine compartments in the analysis of the uterus,
this was only confirmed in one speci€gjontaspis suggesting that the birth size bf oxyrinchus
taurusRafinesque. These forms of embryo nutritionembryos is approximately 70 cm total length, thus
have shown to be efficient for the growth and pro-further corroborating Bast al (1975) data. Con-
duction of large individuals at birth (Gilmore, sequently, it can be observed that although infor-
1990). Inl. oxyrinchus oophagy in the embryonic mation exists on the reproductionlobxyrinchus
phase was cited by Cadenat (1950), Stevens (1983)js often controversial or presents lacunae at various
Uchidaet al. (1987), and Gilmore (1993), and the points. Thus, the main goal of this work is to
first detailed description of oophagy was put forwardcontribute to the knowledge of the reproductive
by Swenanderapud Gilmore, 1993) fol,amna  biology of the species both by adding new infor-

nasusBonaterre. mation and corroborating existing conjectures.
The development of functional dentition in

lamnoid embryos can be a sign of their capacity MATERIAL AND METHODS

to consume other embryos inside the uterus. Erect

and functional teeth were described @rtaurus Four shortfin mako uteri with embryos were

embryos as being 40 cm long (Gilmerteal, 1983;  collected, from tuna fishing boats based in San-
Hamlett, 1983). The embryonic dentitionAlbpias  tos, State of Sdo Paulo (Brazil). The uteri were
pelagicusNakamuraAlopias superciliosutowe, collected between Septemberdrd November
Charcharodon charchariakinnaeud. oxyrinchus 15 in 1993 and 1994. Two newborn individuals
Isurus paucusuitart, and®seudocarcharias kamo- were also collected and captured with a long line
harai Matsubara, is believed not to be functionalby these boats. The total fishing area of these boats
and consists of slanting teeth covered by a menduring the period of capture was Lat. 20°-28°35'S/
brane (Sanzo, 1912; Fuijita, 1981; Gilmore, 1983Long. 38°-45°50'W.
Gilmore et al, 1983; Uchideet al., 1987). Both embryos and neonates were analyzed,
Lamnoids usually present a birth size, ranginghe general characters of their developmental stage
between 67 and 110 cm; an exceptioBeésorhinus  were observed, and morphometric data were re-
maximusGunnerus, where the largest newborncorded according to Bass (1973) and Compagno
observed was 170 cm in length. The large size 0f1984), as well as the sex ratio among the embryos.
these individuals at birth is an important form of Morphometric data gathered from the individuals
defense against predation (Gilmore, 1990). Castrare shown in Fig. 1. The data obtained were grou-
(1983) and Stevens (1983), established some parped according to sex, so as to verify the existence
meters through the study of reproductive aspectsf significant differences in measurements between
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them. When there were distinct variations, theocular under a stereomicroscope (zoom 10x), and
Aspin-Welsh Test (Berhens-Fisher theorem) wasompared to the dentition of the dental arch of one
applied, which tests two sampling averages witlof the embryos.
distinct variations. In both cases, a 5% level of In order to compare the collected data, some
significance was adopted (Sokal & Rohlf, 1996).information on I. oxyrinchus embryos also cap-
The teeth found inside the stomachs of partured by tuna fishing boats based in Santos during
of the analyzed embryos were measured (distandée period between December 1989 and February
from base to apex), with the use of a micrometricl990, was also used.

Fig. 1 — Morphometric data used in the biometry of embryos and newbolsuofis oxyrinchus.
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RESULTS the 4" uterus ranged between 52 and 67 cm, and
from uterus number 5 ranged between 58.4 and
All embryos coming from the analyzed uteri 61.9 cm.
presented an advanced stage of development, close  During the whole study period, uteri of ma-
to the time of birth. Lorenzini ampullae in addition ture females were examined throughout the year
to well-defined lateral lines, and the absence ofmore than 20). However, only during Spring and
spiracles and yolk sac were observed in all casebe beginning of Summer (September to February)
(Table 1). were pregnant females found in the studied region.
On analysis of the first uterus, access was'he absence of pregnant females in the initial stage
limited to one embryo only. The embryo presentedf gestation in catches in the studied area suggests
an advanced stage of development, with its denthat they are not present in the area covered by
tition quite developed, internal organs well-formed,the tuna fishing fleet in the southeast and south
and an empty stomach. of Brazil, or that they are not vulnerable to the
The embryos from the second uterus analyzeéishing gear.
were in a stage of development slightly below that During the same trip in which the third uterus
of the previous ones, as their average size was smalleas collected (first fortnight of November 1994),
and their spiral valves were not totally formed. two newborn individuals of. oxyrinchuswere
All individuals from the third uterus presented captured with paternoster line by the same fishing
an advanced stage of development. In all embryosoat. They were close in size to the embryos: 66.4
of this uterus, the caudal flipper presented a heterand 69.3 cm of total length (Fig. 2B). But two
cercal shape, differing in shape from that of the adulgvident characteristics differentiated them: the
whose both lobes are practically identical (Fig. 2A).newborns had a much more rigid body musculature
Inside the stomachs of all individuals comingthan did the embryos, and their teeth were already
from the second and third uteri, the presence oéxposed and protruding from the mouth, similar
a large quantity of vitellus fluid could be observedto the adult configuration, and apparently func-
(full stomach), with a greenish color. tional, while the embryos’ teeth slanted towards
Amid this vitellus, in all individuals, teeth the interior of the mouth (Figs. 5 and 6).
were found either connected to each other or se-  The results obtained from biometric analysis
parate, but less developed than those in the dentaf the embryos (by sex) and newborns are repre-
arch of the embryos. Those teeth were collectedented in total length percentage in Table 2. The
and analyzed under a stereomicroscope, and themalysis of male and female averages showed that
measured and distributed in size classes (Figs. @enerally the measurements yielded by embryo
and 4). biometry were similar for both sexes, except for
During the period from December 1989 to the length of the lower lobe of the caudal flipper,
February 1990 two other uteri were collected (numthe 3" branchial slit lenghth, and the height of the
bers 4 and 5). The total length of the embryos frontrunk at the pectoral fin (Table 2 — *).

TABLE 1
Uteri data collected.
Uterus Total numbert of Number of embryos Total length Total length
analyzed male embryos female embryos
number embryos . . ] .
male/female average/min./max. average/min./max.
1 Unknown 0/1 — 71.2
2 13 6/4 68.28/66.5/70.4 66.17/64.5/69.1
3 15 6/9 70.1/67.7/71.6 69.7/64.5/69.1
4 20 10/10 Unknown Unknown
5 3 2/1 59.55/58.4/60.7 61.9

* Data in centimeters (cm)
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Fig. 2 — Samples oflsurus oxyrinchusA: embrio, B: newborn.
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Fig. 3 — Frequency of distribution of the classes of teeth lengtlswfus oxyrinchudased on teeth found in embryo.
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Fig. 4 — Frequency of distribution of the classes of teeth lengtlswfus oxyrinchusdased on teeth from dental arch of
one of the embryos analyzed.
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Fig. 5 — Detail of the head of a newbolsurus oxyrinchus
showing the teeth protruding from the mouth.

showing the teeth lying against the gum.

TABLE 2
Percentage related to the total length of the measures taken from

the embryos and newborns ofsurus oxyrinchus

Fig. 6 — Detail of the head of an embrysurus oxyrinchus

Braz. J. Biol., 682): 239-248, 2002

Morphometric Male Female Newborn
data averageg max. min. s.e. | average max min| s.e] average max. min.
1 5.87 7.38 4.35 1.15 5.93 7.3( 4.34 0.99 6.83 6.52 7114
2 541 6.21 4.54 0.66 5.21 6.77 4.1P 0.85 5.21 4.88 554
3 0.99 1.28 0.64 0.15 1.00 1.57 0.7p 0.23 1.05 0.8 113
4 4.22 5.06 3.85 0.31 4.12 4.93 3.4B 0.34 4.01 302 410
5 6.31 7.10 5.70 0.42 6.40 6.94 5.7p 0.34 6.75 6.54 697
6 8.48 9.86 6.98 0.67 8.47 9.51 7.8 0.50 8.22 7.83 860
7 5.38 6.78 435 0.81 5.51 6.44 471 0.59 5.46 5,05 5|87
8 8.01 | 14.00| 3.91 4.23 9.79 1379 351 449 1438 13.70 15.05
9 16.78 | 18.25| 1454 0.89 17.0 1822 1636 052 1759 1y.17 18.01
10 4.03 454 3.39 0.33 3.90 4.26 3.31 0.25 4.41 4/07 476
11 6.69 7.20 5.95 0.36) 6.33 7.31 5.69 044 .25 7{05 7.45
12 6.99 7.95 6.05 0.62 7.12 7.82 6.51 0.36 7.43 741 7.46
13 2156 | 2296| 1955 090 218 2244 20{70 043 2196 21.79 2214
14 2.28 2.99 1.60 0.32 3.79 22.54 2.10 5.40 2.60 2/56 2.64
15 7.22 7.82 6.11 0.59 7.65 8.31 7.2 041 0.p0 0J00 0.00
16 832 | 10.82| 7.14 0.95] 7.67 8.30 7.7 0.40 7.12 6163 7.62
17 8.40 9.54 7.62 0.55) 8.28 8.99 7.98 0.33 8.54 838 8.70
18 7.33 8.03 6.56 0.37 7.29 8.52 6.31 0.57 8.04 753 8.56
19 1.85 247 1.60 0.23 1.91 221 1.64 0.15 1.93 181 2.05
20 2450| 2554 2297 090 25.1 2556 23096 0.p7 0|00 Q.00 0.00
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TABLE 2 (Continued

Morphometric Male Female Newborn
data average max. min. s.e. | average max| min s.e] average max. min.
21 10.38| 11.63| 9.27| 081 1080 1110 1089 0.82 000 Q.00 .00
22 20.73| 21.73| 1957 054 2123 2244 1969 Of6 2174 21.69 21.79
23 443 | 485 | 376 | 031| 469| 505 | 416 | 041| 000 0.00 0.0
24 13.11| 1421 1194 053 1381 1500 1294 0B5 1428 1B.70 14.86
25 9.14 | 974| 843| 039 968 989 943 023 000 000 000
26 1527 | 17.26| 13.83 1.1Q 1457 1657 12{71 187 000 Q.00 D.00
27 31.32| 3304/ 2972 119 3028 3380 2626 274 000 Q.00 ).00
28 32.87| 3366 3243 043 3320 3430 3246 0f9 000 Q.00 D.00
29 26.02| 31.56| 24.0§ 182 2708 29.f7 2515 181 2749 2713 27.86
30 37.28| 3830 35071 092 3772 3884 36/32 O0f8 3891 3882 39.01
31 79.07| 79.76| 7792 054 7874 8043 7756 0B84 80.43 7R.08 $1.78
32 87.67| 90.31| 8544 124 87.70 8919 8578 092 89.10 8860 89.61
33 56.22| 59.29| 5399 211 5637 57.83 5501 092 5646 5570 57.23
34 70.16 | 71.63| 6864 1.07 7005 7115 6811 083 7107 6R.70 7244
35 70.62| 7234 6893 134 7022 7191 6853 1p5 7202 71.00 73.04
36 10.36| 10.91| 1007 033 1006 10.96 859 053 10.37 1p.21 10.53
37 203 | 235| 173| 024 237 366 188 051 2p9 2012 245
38 132 | 184| 1.09| 026 111 127 09 012 1j1 102 120
39 199 | 251| 170 029 191 221 168 016 219 215 222
40 135 | 1.72| 095 026 137 188 104 27 140 122 1|57
41 291 | 461| 184 0920 279 510 195 093 402 3/68 437
42 432 | 527| 335 069 433 487 365 044 408 307 508
43 415 | 526| 045| 184 492 535 336 066 557 534 580
44 176 | 232| 118 044 148 183 124 20 156 143 169
45 244 | 317| 204| 039 242 28 215 019 255 241 268
46 136 | 1.70| 1.06| 023 119 137 102 0412 118 108 1{28
47 207 | 215| 1.83| 0120 199 228 18 017 280 211 250
48 208 | 229| 1.91| 015 20§ 222 199 008 2P0 2015 226
49 29.25| 33.00| 26.26 224 2899 3054 2365 2p6 30.20 20.67 30.74
50 778 | 881 | 725| 056| 7.06| 763 | 652| 037| 737 706 7.64
51 11.86 | 12.60 | 10.64| 0.71| 1059 1145| 954 | 068 1114 1118 1114
52 11.37| 1211 1001 o089 1092 1159 1003 053 10.74 1D.48 10.99
DISCUSSION regularly year-round off of southern Brazil by the

longliners based in Santos, S&o Paulo, Brazil. The

The Mako sharksurus oxyrinchusis a coas- mako shark yield of this fleet ranged from 13 t

tal and oceanic species distributed in all ocean§l975) to 138 t (1990), and was constituted of
from the temperate to tropical regions. It is caughtndividuals presenting between 40 and 250 cm,

Braz. J. Biol., 682): 239-248, 2002



246 COSTA, F. E. St al

mainly 110 to 130 cm in pectoral-caudal lengthspecies and classified it as ovoviviparous (or, as
(Costaet al., 1996) it is now called, aplacental viviparous), where there

With regard to the biological and reproductive is no direct connection between mother and embryo.
parameters of |. oxyrinchusaccording to what Gubanov (1978) encountered further contradictory
was observed in embryos from the four uteridata for other species of pelagic sharks.
collected, it was verified that all were close to birth, The studies and observations made to date
as they already presented quite developed dentitidmave resulted in a consensus that among lamnoid
and practically formed inner organs with an am-sharks, the reproductive form presented is apla-
plitude of 64.5 to 72.0 cm of the total length. cental viviparity, with the occurrence of oophagy
Stevens (1983) states that the birth size of thas a form of embryo nutrition. The occurrence of
young should be approximately 70.0 cm, whileintra-uterine cannibalism as well as oophagy (Otake,
Basset al. (1975) observed a very similar value. 1990; Gilmore, 1993) has been confirmed only for

Generally, the bodily proportions of embryos O. taurus.
in relation to sex are similar; therefore, the intra- The reproductive parameters known and ac-
uterine development is also considered similacepted forl. oxyrinchusare those proposed by
between the sexes. Stevens (1983), Castro (1983), Bassl. (1975),

It is known that uterine fecundity varies be- and Gubanov (1978) which are: period of gestation:
tween species and that it also can vary betweeh2 months; maximum length: 364 cm; size at birth:
individuals of the same species. Compagno (1984§0 cm, approximately; average birth size: 22 cm;
states that the estimated number of shortfin makaverage size of female maturation: 280 cm; average
young ready to be born is approximately 4 to 16size of male maturation: approximately 200 cm;
per uterus. Basst al. (1975), in the observations age at which females mature: 7 years; and maximum
carried out with I. oxyrinchus registered an iden- number of embryos in uterus: 16.
tical finding. These values also agree with those Compagno (1984) states that fooxyrinchus
of Pratt & Casey (1990), who estimated that theembryo development is of the aplacental viviparous
average number of embryos ready to be born peype, with the possibility of occurrence of intra-
uterus ranges between 2 and 16. Nevertheless, tlierine cannibalism. Bags al. (1975) and Stevens
uteri analyzed of I. oxyrinchusn the southeastern (1983) also failed to observe the formation of
region of Brazil indicate that this number can reaclplacenta or any other similar structure in embryo
20 embryos per litter. analysis of this species or any other species of this

Stevens (1983) suggests thatlfaxyrinchus  order (Lamnoid sharks), and likewise suggest that
of the region of New South Wales (Australia), thel. oxyrinchusembryos are oophagous.
birth of young is likely to occur in November. This Through the observations carried out on em-
date seems in accordance with what was observdityos from four different uteri, besides confirming
in our analysis of the four uteri, but the data ofoophagy as a form of embryo nutrition, it was
the embryos from December 1989 and from Feverified that when vitellus is present in the sto-
bruary 1990 show that at least for the area studiednachs, all embryos from the same uterus present
the period for birth of the young may be a little stomachs full of vitellus as well. In no case, when
longer, extending from March to July. comparing embryos from the same uterus, was the

Gubanov (1978), studied the reproduction ofpresence of vitellus found in only part of the embryos
some species of pelagic sharks of the equatorial zor@served; neither was it found in small quantities.
of the Indian Ocean. In relation tooryrinchus This suggests that the process of ovulation of
he examined a female in July 1972 which hadhe mother, i. e., discharging ovocytes to embryos,
recently delivered, and in its uterus found remnantsust occur in cycles, in such a way that a large quan-
of placenta and six umbilical cords fixed to it, tity of ovocytes mature in the ovaries at the same
indicating placental viviparity for the species. A time, and discharged in a single batch. Thus, all
similar fact was observed by Solov'yev (oral com-embryos present in the uterus have access to a large
munication in Gubanov, 1978) in December of thequantity of vitellus simultaneously. Following ovo-
same year. cite discharge, the ovaries rest for a time while

Bigelow & Schroeder (1948) had already maturing another batch of ovocytes, be released
studied part of the reproductive aspects of thisvhen ready. Consequently, in different pregnant
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