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Abstract. Although scorpions are an ancient group their method of reproduction is rather complex and poorly studied. This review
aims at clarifying some of the aspects of their reproduction that are important for understanding the reproductive ecology of other
arthropods, including insects. The following aspects of scorpion reproduction are discussed and reviewed: mating, insemination, fer-
tilization, gestation, parturition and birth. The onset of gestation and its duration are difficult to determine as both depend on the time
of fertilization, for which there are no accurate estimates. There are only a few records of the time between birth and emergence of a
larva from the maternal envelope in apoikogenic scorpions, which is important for a better understanding of ovoviviparity. All these
questions are important as the answers will greatly enhance our understanding of the population ecology of scorpions in terms of the

recruitment rates of cohorts and their chances of survival.

INTRODUCTION

In spite of their obvious medical importance we know
less about scorpions than other arachnids. Scorpions do
not lay eggs and unlike other arachnids their embryos
complete their development in the ovariuterus inside folli-
cles or diverticulae (Benton, 2001; Brown, 2001; War-
burg, 2001, 2010). The last review of some of the aspects
of scorpion reproduction discussed here appeared 20
years ago (Polis & Sissom, 1990) and some have never
been previously discussed. This review does not discuss
other important aspects of female scorpion reproduction
such as oogenesis and embryogenesis (Warburg, 2010,
2012) or events significant to scorpion reproduction
starting at parturition and continuing into juvenile and
adult life (see Warburg, 2011). It reviews and discusses
mating, insemination, gestation, modes of reproduction,
parturition, breeding season and birth in scorpions. The
present review aims to clarify some of these subjects,
which are of interest not only to arthropod research, but
also to developmental and ecological biology.

MATING AND INSEMINATION

Breeding starts with mating, which is observed
throughout the breeding season. There are several obser-
vations of mating in nature, both on the behavioral
aspects and its duration. The breeding period lasts until
parturition takes place. In Paruroctonus (now Smeringu-
rus) mesaensis Stahnke, 1957 it lasts for 5-6 months
(between May—October) (Table X in Polis & Farley,
1979; Table 4.2 in Polis & Sissom, 1990).

Single or multiple mating

Generally scorpions mate once annually and females
are incapable of being inseminated more than once in the
same breeding season because of a genital plug formed
after mating, which blocks the entrance until just before
parturition (Peretti, 2010). Varela (1961) records Bothri-
urus bonariensis (Koch, 1842) females rejecting males

attempting to mate after parturition. However, more than
one mating of the same female has been observed. Thus,
Matthiessen (1968) records a female of Rhopalus rochai
Borelli, 1910, accepting a male 24 h after parturition.
Several post-partum females of S. mesaensis are recorded
mating but not gravid females (Polis & Farley, 1979).
Gravid females are those in the last period of gestation
when their condition is obvious from their size. Armas
(1987) records multiple mating in the diplocentrids, Didy-
mocentrus trinitarius (Franganillo, 1930), Cazierius
gundlachii (Karsch, 1880) and buthid, Rhopalus junceus
(Scopoli, 1763). A. Peretti (1997, and pers. comm.)
records males of Rhopalus garridoi mating more than
once with different females. Likewise, B. bonariensis
females repeatedly mate (up to five times during a
season). In Centruroides bicolor (Pocock, 1898), the
same pair can mate three times in four weeks. Polis &
Mohnac (1990) report a female Vaejovis eusthenura
(Wood, 1863) mating while still carrying offspring on her
back.

The low number of times a female is observed mating
(i.e. taking up a spermatophore) could imply that sperm
are stored. Consequently, the stored sperm could originate
either from a single male or from a number of different
males.

Single and multiple inseminations

Some species of scorpions are capable of producing
more than one brood from a single insemination, e.g.
Lychas tricarinatus (Simon, 1884) females can produce
three broods from a single insemination. Sperm storage is
ruled out as no sperm was found in the ovariuterus
(Mathew, 1962, p. 347). Parthenogenesis is also unlikely
as the sex ratio in this species is about 1 : 1.

In Isometrus maculatus (De Geer, 1778) females can
give birth five times following a single insemination
(Probst, 1968, 1972). Kovoor et al. (1987) review the
cases where 4-5 broods were recorded following a single
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insemination. These are for three genera: Tityus, Isome-
trus and Centruroides. They checked if sperm is retained
in the spermathecae but microscopical examination failed
to reveal the presence of sperm. This may indicate that
embryonic diapause occurs in these species (see Warburg
2010, 2012). Liocheles australasiae (F., 1775) reared in
the laboratory can produce five successive generations in
seven years (Makioka, 1992; Yamazaki & Makioka,
2005).

Centuroides bicolor females that receive sperm from
three spermatophores from the same male gave birth to
offspring over a period of six days (A. Peretti, pers.
comm.). The males appear to be able to produce a pair of
spermatophores every 3 to 7 days. Thus in the buthid
Zabius fuscus (Thorell, 1876), hemispermatophore regen-
eration takes between 10 to 14 days. Recently Ross
(2009), studying Tityus (Atreus) magnimanus Pocock,
1897, found that this species is capable of mating on three
consecutive times.

Only in the laboratory is it possible to determine
whether a female scorpion mates only once. If this is the
case then sperm stored in a single spermatophore is used
more than once, which could result in multiple fertiliza-
tions of ova from a single insemination.

GESTATION PERIOD

Gestation period

Gestation starts with fertilization and ends with parturi-
tion or birth of the larvae. How can the time (date) or
duration of gestation be determined? Presumably this can
only be done by observing gravid females at an advanced
stage of gestation. It is not possible to identify the early
stages of gestation unless the female is dissected. There-
fore, it is not possible to determine the number of days a
female is gravid (i.e. the gestation period) since it is
unknown when her eggs are fertilized. This means that
the gestation periods as cited in the literature are based on
when a female was observed mating i.e. taking up a sper-
matophore (or being inseminated). However, this may not
be the onset of gestation since the time of fertilization
remains unknown.

Subburam & Reddy (1978, Table 1) determined the
developmental stage of gravid females of Pandinus
imperator C.L. Koch, 1841 and Heterometrus fulvipes
(C.L. Koch, 1837). They record that during May—June
most females (90-100%) carried last stage embryos
(Stage VIII). In scorpions, the gestation period lasts
between 1.5—18 months (for data available in 1977 for 19
species see Table X in Polis & Farley, 1979, Table 4.2 in
Polis & Sissom, 1990 summarizes the data up to 1985 and
recently Table 1 in Outeda-Jorge et al., 2009 summarizes
the data for South American species). The gestation
period in the laboratory of female Leiurus quinquestriatus
(Ehrenberg, 1828) that were isolated immediately after
mating is on average 185 days (ranging between 155-227
days) (Ross, 2009). Parturition in Tityus bahiensis (Perty,
1833) in the laboratory occurs 125 days after mating
(Matthiesen, 1970).
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However, being inseminated does not necessarily mean
that the ova are fertilized at the same time as the female is
inseminated. There is evidence to the contrary (R. Stock-
mann, pers. comm.): in Euscorpius tergestinus (carpa-
thicus) (C.L. Koch, 1837) there are no oocytes in the
lumen of the ovariuterus (i.e. ovulation has not occurred)
30 h after the uptake of the spermatophore. During this
period individual spermatozoa are present in both the
lumen and wall of the ovariuterus. This indicates that the
duration of the gestation period can only be determined if
the scorpions are mated in the laboratory.

Duration of gestation

The literature on this subject is summarized for 20 and
28 species in Table X in Polis & Farley (1979) and Table
4.2 in Polis & Sissom (1990) respectively. This data indi-
cates that gestation lasts on average 9.6 months in bothri-
urids, five in buthids, 12 in both vaejovids and scorpi-
onids, 16.8 in ischniurids and 13.5 in diplocentrids (see
Table 4.5 in Polis & Sissom, 1990). Peretti (1997) gives
considerably shorter durations of gestation in two buthids
and four bothriurids, ranging between 1.5-18 months.
The shortest gestation period (1.5 months) is that
recorded for Orthochirus innesii (E. Simon) (Shulov &
Amitai, 1960) and the longest (18 months) for Opistha-
canthus asper (Peters, 1861), Opisthacanthus cayaporum
Vellard, 1932, and Urodacus yaschenkoi (Birula, 1903)
(Shorthouse & Marples, 1982).

Peretti (1997) gives data for some Argentinian scorpi-
ons. Mahsberg (2001, Table 10.2) records both the time
of insemination and birth for P. imperator and H. fulvipes
for which the average gestation period is 370 days (range
298-455 days) and 436 days (range 413—465 days),
respectively.

However, how can the duration of gestation be deter-
mined if the time of fertilization is unknown? In other
words, the data in the literature are most likely conserva-
tive since they could not possibly take into account the
early stages of oogenesis, which can only be identified
microscopically.

Frequency (number of gestations)

Several periods of gestation are recorded for Fuscor-
pius italicus (Herbst, 1800) (Angermann, 1957) and
Tityus serrulatus Lutz & Mello, 1922, which give birth
3—4 times (Matthiesen, 1962). The number of embryos in
U. yaschenkoi indicates there are possibly three pregnan-
cies (Shorthouse & Marples, 1982) and a few Centu-
roides spp give birth yearly (Armas & Hernandez Contre-
ras, 1981).

Intervals between parturitions

Probst (1968) records in that the time between two con-
secutive parturitions in I. maculatus is a constant 72—80
days, which is the same as gestation period (time required
for embryonic development). In Centruroides spp there is
one to several gestations per year, which occur at 2—4
months intervals. The same is recorded for S. mesaensis,
one female of which was gravid in three consecutive
years (Polis & Farley, 1979). Gestations at 2—4 months



intervals are recorded in tropical regions (Williams,
1987).

MODES OF REPRODUCTION

Three terms are used to describe the modes of repro-
duction recorded in vertebrates: oviparity, viviparity and
ovoviviparity.

Oviparity

Oviparity is defined as the release of eggs as soon as
they are fully formed; each egg usually consists of a
single cell, the fertilized ovum. Eggs may need a period
of incubation to complete their development outside the
female’s body. So far this form of reproduction is not
recorded in scorpions.

Ovoviviparity

Two different modes of viviparity are recorded in scor-
pions: live-bearing in katoikogenic scorpions and ovovi-
viparity in apoikogenic scorpions, in which the larvae
remain wrapped-up in maternal membranes inside a
female’s body until hatching occurs and a fully-formed
offspring is born. Warburg (2010) has reviewed the
female reproductive system. Larvae of O. innesii and L.
quinquestriatus (see Shulov et al, 1960) are born
wrapped in two embryonic membranes, which they shed
immediately at birth. The time it takes for a newborn
apoikogenic scorpion larva to rid itself of birth mem-
branes for scorpions belonging to five families is given in
Table 1 and ranges from a few seconds to two hours.
Katoikogenous scorpions are generally born free of
maternal membranes, but are clearly wrapped-up in mem-
branes when inside the ovariuterus (Fig. 1B).

Does this mode of reproduction qualify as ovovivipa-
rous? Since apoikogenic scorpions are not enclosed in an
egg-shell but in a double membrane they may not be ovo-
viviparous. In the literature they are considered to be
viviparous since they do not lay eggs. According to
Francke (1982, p. 30) “ovoviviparity is considered to be a
condition where 14 mature ova develop within the repro-
ductive system of the female, but in which no fertilization
nutrients are obtained from the mother by the developing
embryo”. He concludes that “therefore all scorpions must
be considered to be viviparous”. However, the embryos
of apoikogenic scorpions also obtain nutrients from their
mother (Mathew, 1960; Farley, 1996, 1999). This indi-

TaBLE 1. The duration of time between “egg laying” and emergence

Fig. 1. N. hierichonticus (light microscope). A — ovariuterus
with embryonic diverticulae containing embryos (arrows); B —
embryos (E) wrapped in membranes (arrows) inside an ovar-
iuterus.

cates there are several modes of reproduction in which in
addition to the yolk in the eggs the embryos obtain further
nutrients from their mother. In insects ovoviviparity does
not imply the further provisioning by the mother of the
developing eggs, but only the existence of a chamber in
which the brood develops. My view is that most apoiko-
genous scorpions are ovoviviparous but seem to evolve
into becoming viviparous.
Viviparity

Recently, H. Greven (pers. comm.) suggested replacing
this term by criteria based on embryo nutrition: a
lecithotrophy-matrotrophy continuum in which embry-
onic development in lecithotrophic viviparous scorpions
is exclusively dependent on yolk and in matrotrophic
viviparous scorpions on maternal nutrition. There is there
is a gradual increase in the supply of nutrition by the
mother, first ions then water and small molecules and

of larvae from maternal membranes in apoikogenic

scorpions.
Family Species Time (min) Reference
Bothriuridae Bothriurus bonariensis (Koch, 1842) “soon after” Varela, 1961
Buthidae Leiurus quinquestriatus (Ehrenberg, 1828) 5 Abushama, 1968
Isometrus maculatus (De Geer, 1778) “soon after” Probst, 1972
Orthochirus innesi (E. Simon, 1910) ~1 Shulov et al., 1960
Chactidae Megacormus gertschi Diaz Najera, 1966 “soon after” Francke, 1979
Hemiscorpiidae Hemiscorpius leptutus Peters 10-20 Dehghani et al., 2007
Vaejovidae Vaejovis spinigerus (Wood, 1863) 5-15 Williams, 1969
Syntropis macrura Kraepelin 30-120 Hjelle, 1974
Paruroctonus boreus (Girard, 1854) 10-20 Tourtlotte, 1974
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later large molecules, in a lecithotrophy-matrotrophy con-
tinuum. He suggests that both apoikogenic and katoiko-
genic scorpions are viviparous.

PARTURITION

Breeding season

In most species of scorpion (outside the tropics) there is
a single discrete, annual breeding season (Matthiesen,
1970; Makioka & Koike, 1985; Makioka, 1992).
Scorpions inhabiting tropical regions do not breed at a
particular time of the year and produce several broods
annually.

However, what is meant by breeding season or period
needs clarification. Does it start with mating or is it
synonymous with the gestation period or does it only
include the parturition period, i.e. starts with the birth of
the first and ends with the birth of the last larva? Perhaps
the breeding season can be defined as the period between
when males first seek out females for mating and when
females no longer carry offspring on their backs. There is
little information on the time of mating and the gestation
period in nature. The breeding period referred to in the
literature is essentially that over which gravid females in
the later stages of gestation or during the post-partum
stage when carrying young on their backs are recorded.

Polis & Farley (1979, see Table X), summarize data up
to 1977 on the birth dates of 33 species.

There are three main parameters directly related to
parturition.

The period (i.e. dates) when it occurs. This is the
breeding season when scorpions give birth to young.

The duration of the breeding period (i.e. parturition).
The length of the period over which females in a given
population give birth to young. In other words: the
interval of time between the first and last female in a
population giving birth to young during a given breeding
season.

The number of parturitions per female. This is a
measure of whether a female is capable of giving birth
more than once in her lifetime (iteroparous) and if so, can
it give birth on consecutive years.

Of these three events the first two are relatively well
studied: breeding (delivery) period and the duration of the
breeding (parturition) period.

The number of parturitions per female

A different way to estimate the number of times a
female gives birth to offspring, is by counting the number
of post-partum, degenerated diverticulae (for a more
detailed account see Warburg, 2010, Figs 2—4).

Is a female capable of giving birth more than once in
her lifetime? Yamazaki & Makioka (2001) record that L.
australasiae females can give birth to several broods the
number of which is indicated by the number of empty
(i.e. post-partum) diverticulae, which is roughly equal to
the number of neonates.

Can a female breed in consecutive years?

Shorthouse (1971) dissected 35 females of U. yas-
chenkoi and counted the number of post-partum diver-
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Fig. 2. N. hierichonticus ovariuterus six months after parturi-
tion. PPDs — arrows.

ticulae (PPDs), which are the embryonic diverticulae that
previously housed the embryos that have moved into the
ovariuterus (see Figs 1A, B, 2—4). There were no PPDs in
half of the females (51.4%), which indicates they had not
bred during the previous breeding season. This would
mean that 48.6% of female U. yaschenkoi bred the pre-
vious year. The average number of PPDs was 13.8
(ranging between 8-31). In two females there was more
than double the average number of PPDs, which indicates
they had bred twice previously.

Percentage of gravid females in a population

What is the percentage of breeding females in a popula-
tion?

There are a few estimates of the percentages of females
that are gravid in the field: 41.4% to 68% of females of S.
mesaensis, Vaejovidae (Polis & Farley, 1979) and 46% of
516 females of 7. serrulatus, Buthidae (Matthiesen,
1970). In other words, a female will breed either every
other year or every third year.

The percentage of females of the apoikogenic scorpion
Hottentotta judaicus (E. Simon, 1872) with PPDs is 13%,
of O. innesii 5.9%, of C. w. judaicus (Birula, 1905)
10.5% and L. quinquestriatus 20.8%. This might indicate
the percentage of females that had bred previously.

Of the katoikogenic species 30% of the females of
Scorpio maurus fuscus Ehrenberg, 1829 and 29.4% of
those of N. hierichonticus (E. Simon, 1872) had PPDs,
which might also indicate the percentage that bred in the
previous season. These figures may also indicate that only
up to 6% (in O. innesii) and a maximum of 30% (in S. m.
fuscus) of the females breed annually. Thus, if only 6% of
the oocytes in O. innesi post-partum are PPDs, then it is
likely this is the size of the last litter produced in the pre-
vious breeding season. Likewise, in S. m. fuscus, the size
of the last litter is indicated by the 30% of the diverticulae
that are PPDs.

It is likely that these figures can be used to determine
not only litter size but also the number of times a female
has reproduced. For example, adult females of O. innesii



may breed only every 6th year and if short-lived may
breed only once in their lifetime and S. m. fuscus females
may breed only every 3rd year.

The percentage of degenerating oocytes, diverticulae
and scars that remain in the ovariuterus tubes (see War-
burg, 2010) are recorded for some apoikogenic and
katoikogenic species (summarized in Warburg, 2001).
The number of degenerating oocytes can also be an indi-
cation of the size of the previous litter. Based on exam-
ining the ovariuterus of post-parturial females 3 to 9
months after parturition, the PPDs clearly shrink in size
and change colour (Fig. 5, and Fig. 1c in Warburg, 2010).

Duration of parturition

The aspects of parturition that will be discussed in this
section are the duration of the parturition period (i.e. the
period during which females give birth) and duration of
birth (i.e. the time it takes to produce a brood).

The duration of parturition in 25 species belonging to
seven families is reviewed by Francke (1982, Table 1)
and in 19 species belonging to seven families by Polis &
Sissom (1990, Table 4.2 therein). According to Williams
(1969) the shortest parturition recorded is for Hadrurus
arizonensis (Ewing, 1928), 10 young in 1 h, and longest
for Vaejovis spinigerus (Wood, 1863), 69 young in 7.5 h.

"-’m‘.)

Fig. 3. S. maurus fuscus LM. A — x 12; B x 9, arrows indicate post-partum diverticulae (PPDs) and asterisk — embryonic diver-
ticulae (ED).

In H. fulvipes the breeding season lasts two months
(Subburam & Reddy, 1981) and in Nebo the duration of
the parturition period (i.e. the period during which scor-
pions are observed giving birth in the laboratory) lasts
five months.

BIRTH OF A BROOD

Date of birth

Data on dates of birth are cited in Francke (1982, Table
1 there), for 66 species in Polis & Sissom (1990, Table
4.2) and for 21 South American species of scorpion
reviewed by Outeda-Jorge et al. (2009) (see also Table 1
therein).

Duration of a cohort’s birth

The process of birth was described by several authors
many years ago. These descriptions mainly focus on the
behaviour of a female while giving birth, the frequency
with which offspring are born and the way they climb
onto their mother’s back.

The time it takes from the beginning of emergence of
the first until the birth of the last larva (i.e. duration of
birth) has usually been recorded in the laboratory. In
Diplocentrus spitzeri Stahnke, 1970, Francke (1981) it
takes from 6 to 168 min (2.8 h). One female gave birth to
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Fig. 4. S. maurus fuscus, Scanning Electron Microscope (SEM) pictures at a magnification of A (x 100) and B (% 150) showing
PPD — post-partum and a — rudimentary diverticuluae.

nine young over a period of 56 h. The shortest parturition
(i.e. birth) period recorded is 55 min for Centruroides
guanensis cubanis (Armas, 1980) and the longest 10 days
for Hadogenes sp. (Williams, 1969). In Syntropis mac-
rura (Kraepelin, 1900) the birth of a litter takes 37 h
(Hjelle, 1974). Generally, birth of a litter takes less than
24 h in apoikogenic scorpions (Francke, 1982). In P.
imperator it generally lasts between 3 to 12 h (Ross,
2007). In Hemiscorpius lepturus Peters, 1861, the dura-
tion of the birth period ranges between 4 to 6 h (Dehghani
et al., 2007).

Duration of an individual’s birth

There are only a few records of the time it takes for an
individual to be born and rid itself of its birth membranes
in ovoviviparous apoikogenic scorpions, some of which
are summarized in Table 1. This is a very critical period
since the newborn larva is immobile and quite helpless,
still wrapped inside its birth membranes as shown in a

Different PPDs in N. hierichonticus four months after

parturition
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Fig. 5. Number (columns), length (line) and colour of PPDs
associated with different broods of offspring.
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photograph of three newborn Vaejovis vorhiesi Stahnke,
1940 published by Williams (1969, Fig. 3 therein). The
shorter this period is the sooner a larva can climb onto its
mother’s back and the greater its chances of surviving.
The larvae of katoikogenic, viviparous scorpions do not
face the same risk as those of N. hierichonticus Rosin &
Shulov (1963). However, the larvae are not immediately
mobile.

FUTURE RESEARCH

Mating

There is a voluminous literature on mating behaviour,
including its duration. Much less is known, however,
about when mating occurs and the conditions that induce
mating (ecological, behavioural, physiological or ana-
tomical). It is reported that Tityus bahiensis mates
throughout the year (Matthiesen, 1968). Comparatively
little (except Peretti’s studies) is known about the number
of times a male is capable of mating (i.e. producing a
spermatophore) during a given season. As for females it
is still unknown what a female’s pre-requisites for mating
are and whether it mates more than once during a
breeding season.

Gestation

Reviewing this subject I was struck by the lack of infor-
mation on the gestation period. Gestation starts with the
fertilization of ova (this does not necessarily occur at the
same time as the insemination of the female) and ends
with parturition. Accurate data on the time fertilization
are difficult to obtain. However, once the time interval
between insemination and fertilization is known it will be
easy to quantify the period and duration of gestation.
There is no data on the frequency of gestations (annual



and otherwise) and the time between two subsequent ges-
tations.

Parturition

The lack of data on the number of parturitions per
female makes it impossible to determine the reproductive
potential of a female scorpion. Is a female capable of
giving birth more than once in her lifetime (iteroparous)?
If so, can females breed each year? These questions are of
importance for evaluating population ecology, recruit-
ment rates and survival.

Birth

It is important to obtain more data on the time it takes a
larva of an apoikogenic scorpion to rid itself of its birth
membrane. The times cited in the literature range from
“soon after” to 2 h. This information is important for
addressing the following two questions:

1. Is a scorpion whose larvae “hatch” from eggs two
hours after they are “laid” viviparous or ovoviviparous?

2. Is the likelihood of these larvae being killed by
predators similar or greater than that of viviparous larvae?

CONCLUSIONS

In spite of centuries of observations on scorpions in the
field and experiments in the laboratory the level of under-
standing of important aspects of the reproductive ecology
of scorpions is still rudimentary. More accurate observa-
tions and careful planning of experiments are needed for
a better understanding of scorpion reproduction.
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