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Annually recurring parthenogenesis in a zebra shark
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A zebra shark, Stegostoma fasciatum, held in captivity at the Burj Al Arab aquarium, produced
embryos and pups in the absence of a male. A total of 15 pups were produced from eggs laid
within the aquarium over a period of four consecutive years commencing 2007. Parthenogenesis
was confirmed through DNA analysis for three pups sampled during the first two consecutive egg
cycles and is presumed to be the method of reproduction responsible thereafter. © 2011 The Authors
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The zebra shark Stegostoma fasciatum (Hermann 1783) is a medium-sized, demersal
shark that can be found inhabiting sea floors distributed within shallow, coastal, sub-
tropical and tropical waters of the western Pacific and Indian Oceans (Compagno,
2002; Dudgeon et al., 2008). Stegostoma fasciatum has an average total length (LT)

of c. 300 mm at birth (Kunze & Simmons, 2004) and is considered to be a large
adult when in excess of 1800 mm LT (Dudgeon et al., 2008). In April 2008, a
neonate S. fasciatum was hatched from an egg produced by a female housed in
the Burj Al Arab aquarium facility in Dubai. Parthenogenesis was the suspected
method of reproduction as the female in question was imported into the aquar-
ium in 2001 with an LT of 1200 mm; the exact age at importation was unknown
and the female was presumed to be sexually immature. This shark was the only
member of its species exhibited during the following 6 years before egg production
began.

Two alternatives to parthenogenesis were considered as possible methods of repro-
duction: (1) hybridization with the male blacktip reef shark Carcharhinus melano-
pterus (Quoy & Gaimard 1824) that the S. fasciatum was housed with and (2) sperm
storage from a mating prior to captivity. As far as it is known, hybridization between
S. fasciatum and C. melanopterus has never been recorded.
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Parthenogenesis is the production of offspring without fertilization by a male; it
is a form of asexual reproduction in which an embryo develops from an unfertilized
female gamete. Automictic parthenogenesis (automixis) is a type of asexual repro-
duction characterized by the production of an egg through meiosis, subsequently
followed by the fusion of the ovum with one of its sister polar bodies, produc-
ing a diploid zygote with elevated homozygosity compared to its mother (Schuett
et al., 1998; Chapman et al., 2008). There are two forms of parthenogenesis through
automixis: (1) central fusion, where the offspring exhibit heterozygosity and result
from fusion of the egg nucleus to the first polar body and (2) terminal fusion, where
the offspring exhibit elevated homozygosity and result from the fusion of the egg
nucleus to the second polar body (Lampert, 2008).

Parthenogenesis is rare in vertebrate species, which usually reproduce after fusion
of male and female gametes (Watts et al., 2006). Parthenogenesis has been reported
in c. 70 vertebrate species (roughly 0·1%) (White, 1973; Avise et al., 1992) and has
been identified conclusively using molecular markers in only a handful of cases,
such as in reptiles (Schuett et al., 1998; Groot et al., 2003; Watts et al., 2006;
Booth et al., 2010) and in sharks (Chapman et al., 2007, 2008; Feldheim et al.,
2010).

Facultative parthenogenesis in vertebrates has only been found in captive animals,
but might simply have been overlooked in natural populations (Lampert, 2008).
Unfortunately, even though facultative parthenogenesis has been reported in almost
all vertebrate groups, vertebrate species that are able to switch between sexual and
clonal reproduction have never been reported from natural populations (Lampert,
2008). With recent advances in molecular methods, the cytological and molecular
mechanisms of clonal reproduction can now be investigated much more easily, and
scanning of natural populations for parthenogenesis becomes much more feasible
(Lampert, 2008). As automixis is easily overlooked in wild vertebrate populations and
there is only a rudimentary understanding of its breadth of evolutionary occurrence
and frequency (Chapman et al., 2007; Lampert et al., 2007), it is of general biological
interest to determine how widespread and common it is among sharks (Chapman
et al., 2008).

The female S. fasciatum started producing eggs in 2006; however, all eggs in
that year’s cycle were discarded. In 2007, the same animal produced 30 eggs and
the decision was made by the curatorial staff to retain them for the sole purpose of
observing the possibility of parthenogenesis. Three of the eggs developed embryos,
one survived past hatching but died after 80 days; all of the deceased embryos were
female. All of the pups were assisted in hatching from their egg case. A summary of
the number of eggs, embryos and neonates produced each year is given in Table I.

In July 2010, the female entered her fifth egg cycle and completed it in late
November. Development of three embryos was confirmed with the successful hatch-
ing of one neonate from this cycle. The gestation period of all eggs from all egg
cycles was c. 160 days at 26◦ C. To date, there are three pups surviving from the
2008 egg cycle and one from the 2010 egg cycle. The reasons for mortalities of the
other pups varied.

Tissue samples were collected from two deceased embryos (one from each of 2008
and 2009) and also from the only pup to survive past hatching from the 2007 egg
cycle. DNA was extracted using QIAamp DNA mini kit (Qiagen; www.qiagen.com)
according to the manufacturer’s instructions.

© 2011 The Authors
Journal of Fish Biology © 2011 The Fisheries Society of the British Isles, Journal of Fish Biology 2011, 79, 1376–1382



1378 D . P. RO B I N S O N E T A L .

Table I. A summary of the egg cycle for each consecutive year from an isolated specimen
of Stegostoma fasciatum

Year
Number
of eggs

Number of
embryos

Number
of pups

Number
alive to date

2007 30 3 1 0
2008 40 15 9 3
2009 28 9 5 0
2010 28 3 1 1

Eleven polymorphic microsatellite markers, previously developed for S. fasciatum
(Dudgeon et al., 2006), were employed for parentage analysis. Three other loci for
S. fasciatum were screened but either failed to amplify in the offspring or were
proven uninformative.

The blacktip shark Carcharhinus limbatus (Müller and Henle 1839) markers
employed in this study were found by Keeney & Heist (2003) to result in ampli-
fication for other carcharhinids with C. melanopterus amplifying for 13 of the 16
markers used in their study. Seven of the 16 C. limbatus markers characterized by
Keeney & Heist (2003) amplified for the male C. melanopterus sample tested in this
study and were used to investigate possible genetic contribution in the offspring.

All forward primers were end-labelled with fluorescent M13 primers. The markers
were assigned in different cocktails based on their annealing temperature and products
size as shown in Tables II and III.

The PCR reactions were used in a final volume of 25 μl containing c. 50 ng
of genomic DNA, 0·025 pmol of forward primer, 0·25 pmol of reverse primer and
M13-labelled primer, 1·5 mM of MgCl2, 200 μM of each dNTPs and 0·5 U of
Fast start Taq DNA polymerase (Roche; www.roche.com). The PCR amplification
was performed in MJ research thermocycler (Biorad; www.bio-rad.com) with an
initial denaturation temperature of 95◦ C for 10 min followed by 35 cycles of 15 s
denaturation at 95◦ C, 30 s annealing at 52–64◦ C, 30 s extension at 72◦ C and
45 min final extension at 72◦ C.

The PCR products were diluted 1:10 in deionized formamide (Applied Biosystem;
www.appliedbiosystems.com) and denatured for 5 min at 95◦ C. The labelled prod-
ucts were electrophoresed and detected on an ABI Genetic Analyzer 3730xl (Applied
Biosystem) and the results were analysed using GeneMapper v 4.0 software package
(Applied Biosystem).

Elevated homozygosity was observed in the pups relative to the mother (Table IV).
These results would be expected if reproduction by automictic terminal fusion par-
thenogenesis had taken place. Tissue sample SH06 and SH07 amplified for all of the
markers, SH03 amplified for eight of the markers and sample SH02 from the mother
amplified for all 11 S. fasciatum markers used. The only non-maternal allele was
seen in sample SH03 for marker Sfa248, this sample was tested three times with the
same result. This anomaly could possibly be explained by a non-stepwise mutation
but is not considered to be a significant result on its own to suggest any paternal
contribution.

Apart from this single anomaly, the samples from the offspring were found to
be homozygous at each marker for one maternal allele. Sample SH04 from the
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Table II. Stegostoma fasciatum microsatellite loci

Marker Primer sequence (5′-3′)

Annealing
temperature

(◦C)
Multiplex

name
Allele

range (bp)

Sfa205 F: TGGGCCAAAGTCCTTATTTA 52 A 355–391
R: AAATAACATTCCAGTTATAG-

GAAATGA
Sfa335 F: GATGGGCATGAAACAAGATTT 57 B 355–411

R: GTGGCCTGCCTTCTTGATT
Sfa387 F: CGCCCTCCCCTAAAATAGAC 57 C 220–245

R: ACATCCTCGTTGCCTTTGAT
Sfa454 F: TGAAGGTGCAGCAAGAATTG 57 C 172–210

R: ATGTGCATGCATGTTTTGGT
Sfa418 F: TGGAAGTTGCATTGCTGAAG 57 C 215–232

R: GCACCATCAGTTTTCCAGGT
Sf2 F: GACTTCACTTCCTCCATCAG 60 D 170–193

R: ACACCCCATACTTGCTACAG
Sf41 F: AGGGCATACTCTGCATTGCT 60 D 190–237

R: ACTCCCACAAAGGACCACAG
Sfa236 F: AGACAGGCAGACAGATAGACAGA 60 E 235–279

R: GAGGGAATAATGCTGCCTCA
Sfa221 F: AAACAGATTGCGATCATTAGCA 60 E 231–260

R: AGGATCATCTCAGCACTGGAA
Sfa248 F: CATTCAGCTTTTTCTTTAAGTTGTCA 60 E 280–346

R: GCAGAAATAGATGCATAGACAGCA
Sf72 F: GATAGCCTCAACCAGGATCA 60 F 200–286

R: GCTTTCTGAACAAGATGGAA

male C. melanopterus amplified for four of the S. fasciatum markers and possessed
a common allele on all, but marker Sfa335 where the two alleles carried by the
male were different to that of all the pups, suggesting that it is unlikely that any
paternal contribution took place. In addition, the fact that marker Sfa335 amplified in
C. melanopterus displays two different allele sizes that present for either the mother
or embryos. This indicates that there is a difference in the genome and no paternal
contribution for at least that region of the genome.

The C. melanopterus male amplified for seven C. limbatus markers. Neither sam-
ples from the mother nor offspring amplified for any of the carcharhinid mark-
ers (Table V). Carcharhinus limbatus markers only amplified the C. melanopterus
genome and not those of the mother or embryos. Amplification for the carcharhinid
markers would be expected in the offspring if hybridization had occurred. As with
Chapman et al. (2007), the genetic results coupled with the captive history of the
mother indicate that parthenogenesis is the most tenable explanation for the devel-
opment of the offspring.

Several species of shark are known to store sperm for several months after copu-
lation, raising the possibility that sperm storage could have been a possible method
of reproduction. The S. fasciatum in question was imported into the Burj Al Arab
aquarium in 2001 and the possibility of the female storing sperm for 6 years after a
previous mating is considered highly unlikely. These facts coupled with the genetic
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Table III. Carcharhinus limbatus microsatellite loci

Marker Primer sequence (5′ –3′)

Anealing
temperature

(◦C)
Multiplex

name
Allele

range (bp)

Cli-103 F: GCTTCATTCCATGAGAG 52 A 130–145
R: TTTCTCTGTCCTGGTGTTTC

Cli-111 F: ACTTACGAACTGTTGCTAACTC 52 A 105–180
R: GGGAGATAAACGACAAATGTG

Cli-102 F: GACTGGCTGACCTAACTAAGC 54 B 130–150
R: ATCCTGTGGTCCTTCTATC

Cli-107 F: GGATTCACAACACAGGGAAC 56 C 110–135
R: CTCATTCTTAGTTGCTCTCG

Cli-110 F: GAGGGAAGACTTAAACACAAGG 58 D 145–175
R: TTTCCTTTGGCTGTCGCTG

Cli-2 F: CTTTGAGGAAGTTGGTACTGATG 58 D 190–220
R: GCCACTCTTGTTCTGAATTTTTCCG

Cli-12 F: TCCCAGTCACATTTACACATGC 58 E 195–220
R: GGAAGACCATTGAACCCAATC

Cli-103 F: GCTTCATTCCATGAGAG 52 A 130–145

Table IV. Composite genotypes of the adult female and three offspring Stegostoma fasciatum
and the male Carcharhinus melanopterus at 11 S. fasciatum microsatellite loci

Female
S. fasciatum Pup, 2008

Embryo,
2008

Embryo,
2009

Male
C. melanopterus

Marker SH02 (M) SH06 (F3) SH03 (F2) SH07 (F4) SH04 (BT)

Sfa205 382, 366 366, 366 366, 366 382, 382
Sfa335 367, 379 367, 367 379, 379 367, 367 373, 385
Sfa387 228, 228 228, 228 228, 228 228, 228 226, 228
Sfa454 192, 204 204, 204 204, 204 204, 204
Sfa418 218, 220 218, 218 220, 220
Sf2 183, 185 185, 185 185, 185 183, 183 185, 187
Sf41 201, 199 199, 199 199, 199 199, 199
Sfa236 265, 249 249, 249 249, 249 249, 249
Sfa221 249, 249 249, 249 249, 249 249, 249 245, 249
Sfa248 301, 313 301, 301 313, 285 313, 313
Sf72 219, 217 219, 219 217, 217 219, 219

results showing elevated homozygosity relative to the mother make sperm storage
an unlikely explanation for the reproduction.

Other previous genetically confirmed cases of parthenogenesis in sharks have
occurred in aquarium settings. In 2001, a bonnethead shark Sphyrna tiburo (L. 1758)
gave birth to a pup that was produced via parthenogenesis (Chapman et al., 2007).
In 2007, a female C. limbatus pup was found in the uterus of an adult female during
a post mortem examination; parthenogenesis was confirmed in this pup by DNA
analysis (Chapman et al., 2008). The third such example was presented by Feldheim
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Table V. Composite genotypes of the male Carcharhinus melanopterus at seven
Carcharhinus limbatus microsatellite loci

Male C. melanopterus
Marker SH04 (BT)

Cli-103 136, 138
Cli-111 116, 132
Cli-102 139, 139
Cli-107 121, 123
Cli-110 165, 165
Cli-2 200, 200
Cli-12 209, 209

et al. (2010) in a white-spotted bamboo shark Chiloscyllium plagiosum (Bennett
1830) where two parthenogens were produced.

After investigating all possibilities, it was concluded that parthenogenesis was the
most scientifically plausible explanation for the production of offspring analysed in
this case and for every egg cycle of this female shark to date. Although genetic sam-
ples were only taken in the first two egg cycles, the environment of the S. fasciatum
in question has not changed and she has not been exposed since 2001 to any member
of the same or similar species where fertilization could have occurred. This finding
is thought to provide the first genetically confirmed successive virgin birth for chon-
drichthyans as well as the fourth verified case of parthenogenesis in sharks and the
first for the family Stegostomatidae.

To date, there are only two documented records of successive parthenogenetic
reproduction in a vertebrate species: in the Burmese python Python molurus bivittatus
(Groot et al., 2003) and in the boa constrictor Boa constrictor (Booth et al., 2010),
although only the latter was verified genetically. Chapman et al. (2007) stated that it
remained unknown whether parthenogenesis can be a repeated, facultative response
to an absence of male sharks. This finding in chondrichthyans of annually recurring
parthenogenesis is probably proof that it can be a repeated, facultative response in
S. fasciatum in the absence of a mate. It remains to be seen if any of the four
surviving parthenogens will develop to maturity and be reproductively viable.
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Al Maktoum, Vice President and Prime Minister of the United Arab Emirates and Ruler of
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