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Secondary sexual characters in mayfly larvae
and their evolutionary significance (Ephemeroptera)
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Abstract. Secondary sexual characters occurring in the Ephemeroptera larvae are summarized
and the differences between male and female larval claws in Palingenia are described and figured
for the first time. The evolutionary significance of these characters in Ephemeroptera with
respect to the subimaginal stage is discussed.

The sexual dimorphism of adults and subimagos is known to be well developed within the
order Ephemeroptera. There are conspicuous differences in body size between males and females,
besides the presence of turbinate eyes, size and colour of compound eyes and specialization of
their dorsal portion, presence and shape of hind wings, arrangement of fore tarsi and claws,
degree of degeneration of middle and hind legs, length of cerci and sometimes also in degree
of the subimaginal moulting. Of course, some of these characters are more or less pronounced
or even absent in individual families, e.g. in the Baetidae there are at least 5§ secondary sexual
characters developed (turbinate eyes in males, colour patterns of body and wings, arrangement
of fore legs and length of cerei) while in the Caenidae only a single character is present (length
of fore legs). For more details see monographs by NEEpHAM et al. (1935), Lanpa (1969) and
EpMUNDS et al. (1976).

Of the above adult and subimaginal secondary sexual characters, some characters are easily
distinguishable even in the larval stage. Most larval characters are identical with those of adults.
Tasavrr (1970) found distinet differences between male and female larvae of Caenis in the
arrangement of bases of cerci which did not occur in adults. Larvae of remaining genera of the
families Caenidae and Tricorythidae possess the same sexual dimorphism. Apart from some
exceptions (e.g. undescribed genus of the Baetidae with males without turbinate eyes — Edmunds,
pers. comm.) the sexual dimorphism in larvae is mostly manifested by differences in the arrange-
ment or size of eyes. In adults the occurrence of these characters also varies from family to
family and some of them are well pronounced in some families (e.g. female larvae are twice as
long as males in the Euthyplociidae). The differences between male and female larvae in the
arrangement of the eyes are often apparent even in younger larvae.

When studying the ecology and adult habits of Palingenia fuliginosa (GEorer) in Eastern
Slovakia I noticed & sexual differences in the arrangement of the larval claws. The claws of older
male larvae are stout with considerably wide basis (fore legs) or considerably extended near the
basis (middle and hind legs), claws are at most 2.5 times as long as wide. The claws of older female
larvae are slender without any conspicuous extensions, about 3—4 times as long as wide (Figs.
1—6). Also, the tarsus of the fore legs of male larvae is about 1.5 times broader than that of
femalo larvae. These differences begin to be apparent even in half-grown larvae although they
are very slight (Figs. 7—12).

Most of the secondary sexual characters in mayflies evolved as an adaptation for mating
flight and copulation. Since the male detects only those females approaching from above and
does not show any reaction to females below, we can easily explain the specialization of the
dorsal eye portion. The specialized eye area produces a superposition image useful especially in
weak illumination. The specialized fore tarsi of males serve to clasp the female’s thorax during
copulation. Larger body size in females is undoubtedly due to the extremely high number of
oggs. However, there is no explanation for the hindwing dimorphism in the Baetidae since the
reduced hindwings are not functional in either males or females.

In mayflies, of which subimagos do not receive any nourishment and are extremely short-lived,
the morphogenesis of secondary sexual characters is shifted into the larval stage. Since the
compound eyes as well as the ocelli represent the definitive ones as in other exopterygotes, the
specialization of the eyes begins early in the larval stages. Development of specialized male eyes

140



11 12

1.3 mm

Figs. 1—13: Tarsal claws of larvae of Palingenia fuliginosa (Latorica river, Leles, East Slo-
vakia). 1—6 — mature larvae. 7—12 — half grown larvae. 1—38, 7, 9, 11 — males. 4—6, 8, 10,
12 — females. 1, 4, 7, 8 — fore leg. 2, 5, 9, 10 — middle leg. 3, 6, 11, 12 — hind leg.

s completed before the subimaginal moult. As far as both male and female reproductive organs
are concerned the same phenomenon has been observed (SoLp4N, 1979).

On the other hand, the specialized male fore legs are formed in the last larval instars as those
of pharate subimago, and especially in the subimago as those of pharate imago. Male fore legs
may be as much as ten times longer. Based on data by ENDERs (1976), because of the relatively
inelastic nature of the exoskeleton the usual growth increment between arthropod moults in
& linear dimension ranges from 20% —60%, MatoraNA (1979) proposes to explain the existence
of subimaginal moult in the Ephemeroptera by the necessity of body appendages elongation
(reproductive adaptation) which cannot be acquired during the larval stage. Contrary to growth
of eyes, long male adult legs would presumably be disadvantageous to the larvae. This hypothesis
(Maiorawa, 1979) coneerning subimaginal moult in mayflies is in agreement with that of HiNrTox
(1963) for the necessity of a pupal instar in endapterygotes — evagination and subsequent
growth of wings cannot be completed in one moult.

The finding of differences in the arrangement of tarsal claws of Palingenia supports MATORANA'S
(1979) hypothesis. In extremely short-lived Palingenia adults it is necessary to start the morpho-
genesis of male fore tarsi much earlier than in mayflies with relatively long-lived subimago (e.g.
Heptageniidae, Leptophlebiidae, Ephemeridae, ete.). Wide claw bases and distal portions of
fore tarsi in male larvae enable more effective folding of pharate subimaginal and imaginal tarsi
during synthesis of a new cuticle before the subimaginal moulting because linear growth of the
larval leg is impossible. Moreover, both subimaginal and imaginal structures of the legs develop
nearly simultaneously (they can be dissected from mature larvae). Wider cerci bases in male
larvae of Caenis (TuisaULT, 1970) are probably also due to more effective folding of pharate
imaginal cerci which are at least 3— 5 times longer than those of females. Contrary to Palingenia,
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differences in the arrangement of male and female claws were not found in Caenis and Oligo-
neuriella, which also represent genera with extremely short-lived subimagoes.

However, the existence of one subimaginal molt in the Ephemeroptera represents a complex
problem. Mayfly Palacozoic ancestors possessed several instars with functional wings and without
reproductive morphological adaptations resembling those of recent Ephemeroptera, although
the relationships between moulting and sexual maturity remained uncertain (KukaLova-PECK,
1978). Most probably also the ecological and behavioural factors formed the necessity of sub-
imaginal stage retention (cf. SCHAEFER, 1975).
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Bropuunbie n0X0BbIe NPU3HAKM Y JMYIHOK NOAEHOK ¥ UX 3BOIIOLIIOHHOE 3HAYCHHE
(Ephemeroptera)

Mopdonorus, gunomopdusm, Palingenia, kororku, omroremes, cyGumaro

Pesitome. JlacTes 0630D BTOPHYHBIX IPU3HAKOB, BCTPEYAIOIIUXCA Y JHINHOK MOJICHOK 11 BIIeD-
BHLE JIaeTCA ONUCAHNe U N300 payKeHe PA3AIINi Mesly KOTOTKAaMU JIHIHHOK CAaML0B Il CAMOK
pona Palingenia. OBcysxnaeTca sBONIONNOHHOE 3HAYCHIE BTOPUYHBIX HOJOBHIX IPU3HAKOB
MOAEHOK B OCODEHHOCTH B OTHONIEHUH K cTajuu cydumaro.
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