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Fairy shrimp are ancient crustaceans that live in
islands of ephemeral waters all over the world.
Although an ancient group, there is evidence that they
evolve slowly and thus, genetic differences between
species can be relatively small.

Here, we hybridize two African species of Strepto-
cephalus with overlapping geographical ranges, and
find that hybrids have reduced viability. We postulate
a model of allopatric speciation, and discuss what may
happen if sympatry is secondarily regained. We argue
that strong pre- and post-mating barriers should be
favoured if speciation has proceeded in conditions
where the risk of sympatry is non-negligible. In species
that evolved in absolute allopatry (like in Africa and
North America), no selection for such barriers exists,
however. Man nowadays increasingly interferes with
incipient speciation by artificially connecting ephem-
eral pools, in which case full introgression may occur.
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laboratory

THE large branchiopod genus Streptocephalus inhabits
temporary waters of Africa, Eurasia, Australia, and North
and Central America. It is an ancient group, whose ori-
gins can be traced to Gondwanaland'. The American and
African species have lived in isolation for millions of
years. Yet hybrids, not only between American species,
but also between at least one American (S. mackini) and
one African species (S. bouvieri) under laboratory condi-
tions have been obtained relatively easily™”, with some
hybrids being fertile. This, at first sight, suggests a slow
rate of evolution. In some broadly sympatric North-
American species-pairs, hybridization has been reported
with fertile hybrids, while in some cases hybridization
was futile. This suggests a full gradation of the speciation
process to be present in the American species. Wiman®”
also hypothesized that in African Streptocephalus, a simi-
lar plethora of hybridizations might be expected. In the
present study, two species of Streptocephalus, S. torvi-
cornis and S. rubricaudatus were used. The first is widely
distributed in northern Africa, around the Mediterranean,
and in West Asia. The second is typical of the African
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Sahel, and their ranges meet and overlap in the central
Sahara. The experiments in the present study were con-
ducted using cultures derived from dried cysts collected
in Central Algeria, Tassili-n-Ajjer area, where the two
live in sympatry in the lakelet (guelta) of Azar, Dider.

Laboratory cultures derived from cysts collected from
the wild (Guelta Azar) were set up, and specimens of
both sexes were isolated as larvae and grown to sexual
maturity in isolation. In mating experiments, ten repli-
cates each of reciprocal tests were set up, in which either
one female of S. rubricaudatus in a beaker with 400 ml of
water was exposed to two males of S. torvicornis, or vice
versa. The experiment lasted for 15 days. Two males
were allotted to one female to introduce an element of
male competition. Broods produced were immediately
removed, dried and counted. After a few weeks they were
re-incubated and any hybrids that hatched were raised to
adulthood under similar conditions as pure lines (tem-
perature 25°C, baker’s yeast, Chlorella and Scenede-
smus).

When S. rubricaudatus females were mated with S.
torvicornis males, 22 broods were obtained, out of which
the total broods with viable cysts was 15. The percentage
of females producing cysts was 90. In contrast, the reci-
procal matings yielded 21 broods, out of which broods
with viable cysts were 8 and the percentage of females
producing cysts was 70.

All matings produced hybrids, similar in terms of the
number of broods obtained, but the percentage of broods
with viable cysts and the number of females producing
cysts were higher with S. rubricaudatus females mated to
S. torvicornis males than in the reverse case. A ¢-test car-
ried out on the means revealed significant differences
(P <0.001). The average brood size was higher in S. ru-
bricaudatus females (81), as well as the absolute maxi-
mum number of cysts per clutch (283), and both were
considerably lower than the average maximum brood
sizes of pure cultures of S. torvicornis, where clutch sizes
of 4-500 cysts are no exception (pers. obs.). The average
brood size was 61 with a maximum brood size of 136,
when S. torvicornis were used as females. The hatching
percentage of hybrid cysts was higher when S. rubricau-
datus was used as females (16) compared to 6 when S.
torvicornis was used as females. Of the hatched nauplii,
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50% died before reaching adult size, and adults were
short-lived. Any attempts to cross the hybrids failed. A
morphological investigation showed that the clasping an-
tennae of the males lacked denticulation and showed nu-
merous monstrosities. Also, the endites of the filtering
trunk limbs had a strongly reduced setulation. Since these
microsetules have a species-specific shape®, they deter-
mine which type of particles will be retained, and are
vital to the filtering performance of the limbs. Under
these circumstances the animals may in fact have died of
starvation, while swimming amidst food”.

Intra-generic hybridization is not uncommon in Ano-
straca, and has been recorded in Branchinecta® and
Artemia”®. Under laboratory conditions, when B. belki
was mated with B. packardi, a fertile F; was obtained,
which on inter se mating produced cysts. The progeny
thus obtained from inter-stock matings were morphologi-
cally intermediate between the two parents®. The F, was
not further tested, but ovigerous females were obtained.
In Artemia, where gross morphology is similar across the
genus, hybrids were merely distinct in reverting from be-
ing predominantly ovoviviparous in the parents to being
oviparous®. In Streptocephalus, the situation is either
more complex or has been better studied. Although the
Streptocephalidae are a complex and speciose group, they
are considered to include only one genus, Streptocepha-
Ius, divided into several evolutionary lineages™'’. Some
of these lineages, especially those that occur on different
continents, may deserve generic rank. Thus, if genetic
distance is a measure of genetic dissimilarity, one might
expect hybridization to be more difficult between than
within lineages. However, this is not systematically true,
and in fact, the reverse sometimes occurs. S. rubricauda-
tus and S. torvicornis are related and belong to the same
lineage, yet their hybrids were difficult to obtain and had
limited viability. Pre- as well as post-mating barriers to
hybridization seem to be strong here, and ensure that
wasteful hybridization in these sympatric congeners ei-
ther does not occur or is reduced to a minimum. Of the
six species used by Wiman®?, including five from North
America and one (S. bouvieri) from Africa, few produced
no hybrids at all, confirming three species, S. dorothae, S.
taxanus and S. seali as reproductively fully isolated from
each other. Like in S. torvicornis and S. rubricaudatus,
the ranges of these three species overlap, and their pro-
bability of co-occurrence is high. All of them more or
less freely mated with S. mackini, a southern species that
penetrates the ranges of the other species in the south.
Remarkably, S. mackini also mated with the African S.
bouvieri, with S. mackini males fertilizing more S. bou-
vieri females than did S. bouvieri males, and F| hybrids,
whose fertility was not tested.

Limited data on the molecular genetics of Anostraca
(the 18S rDNA gene sequence) reveal the gene as re-
markably conserved across the order (gene length 1806—
1810 bp)"', in stark contrast with the other branchipod
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orders, where as well gene length as sequence order var-
ies strongly. Seven species of Streptocephalus analysed
phylogenetically included S. torvicornis and S. dorothae.
Both branched out as extremes of the family tree, but se-
quence variation within the Streptocephalidae as a whole
was extermely low (0.001-0.006 substitutions per site,
compared to up to 0.020 substitutions per site in other
anostracans). If this gene is representative of the entire
genome, it follows that the Streptocephalidae are indeed
subject to slow evolution, and species demarcations are
subject to the presence of mating barriers rather than
genetic incompatibility of their genomes per se. Such
mating barriers are most likely to emerge where strong
selection against hybridization is present. One would
expect such a situation to arise, where speciation has pro-
ceeded in allopatry, and two sister species secondarily
regain sympatry”°. Indeed, without such barriers, intro-
gression would occur, as probably has happened and con-
tinues to happen on numerous occasions. But if two
incipient taxa are separated from the start by a hermetic
geographic barrier like an ocean, secondary sympatry will
not occur, and the need for erecting barriers to mating
will not arise. This partly explains the observations dis-
cussed here: the ease of hybridization of S. mackini with
S. bouvieri may reflect the long isolation of both taxa, not
subject to any threat of wasting energy to hybridization,
while the laborious hybridization between S. torvicornis
and S. rubricaudatus can be seen as the result of the op-
posite selective force, viz. two related sympatric species
which are currently shielded from hybridization by an
effective reproductive isolation. The case of the freely
hybridizing Branchinecta of Mexico and the southern US,
finally, is suggestive of an incipient speciation, still pro-
ceeding in allopatry, and in which secondary sympatry
may currently lead to introgression.
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