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Adaptation of the subimaginal life span of Cloeon
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Abstract. Substantial shortening of subimaginal life span occurs in Cloeon saharense, C. cognatum
and C. dipterum populations living in arid areas of the North African Sahara. Subimagoes emerge
immediately after sunset and this stage lasts only 8 — 10 hours until dawn. compared with 24 hrs
in O. cognatum and C. dipterwm populations in temperate humid areas. Adults mate only early
in the morning. Although it resembles shortened emergence and swarming patterns of unspecializ-
éd (long-lived) genera in the tropics this phenomenon is considered as an adaptation to avoid
extremely high day-time temperatures (30 —40 °C) and low humidity (less than 10 % r.h.) in
which subimagoes cannot survive. Shifting of the subimaginal stage to night-time period also
minimizes exposure time to predators.

The subimaginal stage of the Ephemeroptera, an unique phenomenon within the recent insects,
is mostly considered as a retained ancestral condition (HinTow, 1963; ScHAEFER, 1975; Kuka-
LovA-PrOK, 1978; SoLDAN, 1981 and others). Apart from its evidently very important evolution-
ary significance (see MATORANA, 1979) there are several presumably adaptive functions of this
peculiar stage in the mayfly’s life cycle. These are e.g. protection of pharate imago during emerg-
ence (hydrofuge surface), synchronization of mating flight, minimization of exposure tirme to
predators, possibility of water loss before mating flight, ete. Moreover, in some species, at least
In those with long-lived subimagoes, also gametogenesis is completed (SoLpAN, 1981). The present
short note describes substantial shortening of the subimaginal stage observed in some Cloeon
species living in arid desert areas.

The observations and field experiments were conducted at the following localities in the Canary
Islands and in North Africa (see Fig. 1): (1) reservoirs near Villaflor, Tenerife, Canary Islands
(Spain) and further localities of the island of Tenerife — seo ALBA-TERCEDOR et al. (1986}); (2)
Oued Droh, Droh oasis; (3) Oued El Ham, Shott El Hodna; (4) reservoirs and pools in Touggourt;
(5) pools (gueltas) in the Ahaggar Mts. (Algeria) — for further localities in Algeria see SOLDAN &
TrOMAs (1983); (6) Bahr sur Seir, (eastern) El Qanatir el Qahiriya; (7) pools and reservoirs in
Bawiti, Bahariya Oasis; (8) pools at Uytin Musa (Spring of Moses), Sinai (Egypt).

Subimagoes of Cloeon dipterusn start to emerge from about one hour before sunset and their
emergence is completely finished in 0.5 — 1 hour after sunset at the dry zone localities of the Canary
Islands. There is almost no emergence in the afternoon and absolutely no subimagoes emerge
in the evening. Subimagoes start to moult to adults about 1.5— 1 hour before sunrise. Moulting
to adults is completely finished during sunrise, mating flight follows immediately. Both males
and females disappear (males dying, females resting in the vegetation) during at most 1—1.5
hour after sunrise (till 08.30 a.m. in July). Later or even afternoon (the Islands of Tenerifo and
Gran Canaria) mating flight occurs mostly only in the humid zone (cf. BRINCK & SHERER, 1961;
MtLLeER-LIEBENAU, 1971) and seems to be independent on the weather.

Subimagoes of Cloeon cognatum at the localities of the humid and subarid zones in Algeria
start to emerge shortly before sunset, imaginal moulting and mating flight are realized at the
approximately the same time as those of C. dipterum on the Canary Islands.
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- Subimagoes of C. cognatum at the localities of the arid zone of Algeria, subimagoes of C. saha-
rense (localities No. 2—5) and those of C. cognatum in Egypt (localities No. 6 — 8) never emerged
before sunset. They start to emerge at dusk, most of them emerge when it is completely dark
{from 06.30—08.00 p.m. in September and Oectober). The subimaginal stage of these populations
lasts 8 — 10 hours maximally. Subimagoes moult to adults mostly at dawn before sunrise (from
04.30—06. 30 a.m. in September and November) and start mating flight immediately. Mating
flight is finished shortly (in at most 30 minutes) after sunrise. Female subimagoes seem to moult
to adults a little earlier (0.5 —1 hour) than those of males.

Field and laboratory experiments showed that the ‘‘switching on” mechanism of desert acuatic
bietopes populations of the above species is starting dark night period and slight decrease of water
temperature (1—3 °C). The larvae of C. cognatum from these biotcpes usually die or emerge to

Tropic of Cancer

Fig. 1: Localities of occurrence of Cloeon subimagoes with substantially shortened subimaginal
stage studied in the Sahara and Canary Islands (for names of localities see text).

subimagoes only exceptionaly at the permanent light and constant water temperatures of 25°,
27° and 30 °C, respectively. The emergence of subimagoes is also lower (about 60—80 %, of
controls) at the conditions of alternating light-dark period but constant temperature. The subi-
magoes of C. cognatum never emerge during day in the Algerian Sahara and in Egypt. If forced
to emerge under the laboratory conditions and then releaged in the field they die in about 15— 30
min. On the other hand, the females of the ovoviviparous species C. dipterum (Canary Islands)
and C. cognatum (Algeria, Egypt) can survive for at least several days at places with sufficient
humidity. If unmated they are able to survive for 10—12 days in the laboratory. Females of
probably oviparous Cloeon saharense and males of all these species die immediately after mating
flight and/or oviposition.

Although it is generally well known that populations of the same species at different latitudes
show different moulting and mating flight patterns (see EDMUNDs et al., 1976 for some Nearctic
species, and EDMUNDs & EDMUNDS, 1980 for mayflies in tropics) the relative length of subimaginal
stage of the same species has not been studied so far in detail. As it is apparent from the above
example of Cloeon species this question is worth of our attention.

While C. saharense is probably endemic to arid areas, the two species C. dipterum and C. cog-
natum belong to the widespread West Palaearctic species occurring nearly all over the European
continent. Their European populations show ‘“‘normal’ emergence pattern - subimagoes emerge
nearly all day long with maximum emergence rate in early or late afternoon. Subimaginal stage
lasts usually 16 —18 hours, sometimes as long as 24 hrs. Shortening of this stage by at least half
and its shifting to night hours in arid area populations of these species undoubtedly represent an
ecological adaptation to extreme ‘‘desert” conditions, showing an unexpected plasticity of this
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particular stage in mayflies. This adaptation tends to avoid ufavourable temperatures and hurnid-
ity ;of these localities since mayfly subimagoes are known to be very sensitive to these factors.
Mayfly subimagoes can survive and successfully moult to adult only at humidity of 60—90 9
r.h. and can tolerant more easily relatively lower temperatures (preferably up to 20— 25 °C).
In arid and desert areas studied in Algeria and Egypt and to a certain extent also in arid (not
exposed to precipitations) areas of the Canary Islands, daily temperatures usually reach 30 — 40 °C
or more and the humidity is only 30—40 9, r.h. or even down to 10 % r.h. (e.g. in the Ahaggar
Mts. in Algeria). Such severe conditions cannot be tolerated by any mayfly subimago. On: the
other hand, much more favourable conditions at night (temperatures lower by 10 “C or even
more and much higher humidity reaching at least up to 75 9 r.h. near the water surface) are
quite sufficient for subimaginal moulting. Although this adaptation is not so pronounced- in
C. dipterum on the Canary Islands mating flight of C. cognatum and C. saharense is realized during
changing temperature (increase) and humidity (decrease) period round sunrise. Also the minimiz-
ing of predatory pressure of natural enemies with day activity (mostly dragonflies and insectivore
birds) can be taken into account (SCHAEFER, 1975). Considerable shortening of the subimaginal sta-
ge enables to synchronize more effectively the moulting of imagoes immediately before mating
flight. Although occurring in the Palaearctic region these features resemble, in some respect, the
subimaginal stage life span of unspecialized (long-lived) mayfly genera in the tropics (EpMUNDS &
Epmenps, 1980). However, contrary to most of these genera the subimagoes of which moult late
in the morning (08.00 —12.00 a.m.), Cloeon subimagoes moult much earlier. The emergence and
moulting patterns of Cloeon species is comparable to that of some species of the lowland tropics
where nights are relatively warm and most subimagoes emerge during the first 1.5 hours of dark-
ness and transform to the imaginal stage before 03.00 hr the next morning (EpMunDps &
Ebpmuxps, 1980).

The above adaptation enables these three species of Cloeon (and probably applies to other
species of Cloeon in arid areas of other biogeographic regions) to colonize extreme desert aguatic
biotopes such are “gueltas’ in the Ahaggar Mts. ‘‘foggaras’ (desert wells) or “‘seguias’ — tempor-
ary irrigation pools of date palm cultures in some oases in the Sahara (cf. SoLDAN & TrOMAS,
1983). This adaptation of subimaginal life span is, together with a relatively high tolerancy of
larvae to lower oxygen content and slight salinity, responsible for apparent colonization success
of Cloeon species in desert aquatic biotopes.

It also documents that temperate species of Cloeon (C. dipterum, C. cognatum) in dry subtropics
have shifted to tropic behaviour. This phenomenon is noted for the first time. “Behavioral shifts”
to temperate emergence and swarming habits were described in some tropical genera found in
temperate regions (e.g. in Dactylobaetis, originally a Neotropic genus with extension to Idaho —
Epmuxps & Epmunps, 1980). On the other hand sowme other tropical genera (e.g. Tricorythodes
and Traverella) retained their basically tropical emergence and swarming habits also in the areas
of extension of their tropical distribution (Epmunps, 1948; HaLL et al., 1975).
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ANanTanEsA NPoIOBKATEISHOCTH CYOUMArnHATLHOH #uaHn Y ujioB Cloeon (Ephemeroptera,
Baetidae) B apanubix o6aactsax Cepeproii Adpuku n KaHapcKuX 0CTPOBOB

Bruter, 6pavbrii MoxeT, TYCTHHSA, BIAMHOCTD, TEMIEpPaTypa, aflanTalyi Kk cpene

Peatome. ¥V monyiaauuit Cloeon saharense, C. cognatum u C. dipterum, }KUBYIIUX B apHIHBIX
obaactax CepepHoit Appuru, GHLIO YCTAHOBIEHO 3HAYATENBHOE COKpAlieHue cyOMMarnHaIb-
Hoil naan. Cy6UMaro BELICTAIOT HEIOCPEACTBEHHO OCIIe 3aX0a CONHIA i 3Ta CTAMILA IAUTCA
810 yacoB 70 paccpeTa, B CpaBHEHHI € 24 wacamu y omyaaumii C. cognatum u C. dipterum
B O0IACTAX ¢ yMEPEHHEIM 1 BIIAYKHEIM KIHMaTOM. B3pocabre HaceKoMble CIaPHBAKTCS TOJLBEO
pano yTpoM. X0TA yKa3aHAOE COKpANIeHMe IePHoja BELIETAa W POEHIA HOXOH@ Ha TAROBOE
Y HeCHemHATA3HPOBAHHBIX ([OITOMHBYIHX) TPOHNYECKNX POMOB, B NAHHOM CIydac 35TO
ABJICHHE PacCMaTPHBAETCA KaK amalTanus MO3BOJLAIOMAs H3BEKATD Ype3BHUAIHO BHICOKME
temiepatyphi (30—40 °1l) B TeueHme JHA ¥ HU3KYIO OTHOCHTEJLHYI BILKHOCTL BO3AYyXa
(ke 10%), B KoTopoi cyduMaro He BhhKuBaeT. [lepemecenne cyGumMarHanbpHOl cTagua

B HOUHOH HMEePHOT TarKe CHUKaeT Ha MHUHHMYM YA3BHMOCTDL CO CTOPOHBL MPEIATOPOB.
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Fritz A. Popp: BroLocie Dgs LicHTs
(Grundlagen der ultraschwachen Zellstrah-
lung). 160 pp., 34 figs., 2 tables. Verlag Paul
Parey, Berlin und Hamburg, 1984. Price
DM 46.

The subject of the book is interaction
between light and biological objects. Various
kinds of radiation of a variable character
and intensity have heen affecting biological
objects throughout their evolution on Earth.
Some of the evolutional theories take this
fact into account, presuming that radiation
may be one of the factors affecting the evo-
lution of organisms. Some biophysicists have
therefore focused their attention on the physi-
cal manifestations of living matter and possible
interactions with physical fields. Many items
of information bearing on these questions can
be found in literature.

F. Popp has analysed the question of
possible interaction between living tissues and
light quants (photons). Data in the literature
and his own experimental findings are corre-
lated with each other as well as with certain
other (e.g. biochemical) processes. The book
is divided into 17 chapters. Some hypotheses

of evolution and some biochemical and bio-
physical processes are discussed in the first
three chapters. Radiation of light by cells,
verified by the author, is discussed in the
following chapters along with the possibility
of explaining some processes by means of
absorption of light quants. The possibilities of
generation and absorption of coherent radia-
tion are examined. F. Popp suggests that this
radiation may be the result of physiological
processes, but he also considers the possibility
of its being a kind of means of communication
involved in the regulation of cell development.
Development could then be explained as the
result of a joint action of coherent and inco-
herent radiations, as progression toward a new
balance between ‘‘order’ and ‘“‘chaos’. There
are references to 265 papers by 238 authors,
and author and subject indexes.

The book offers an interesting view of some
of the modern lines of research in biophysics.
However, in some cases the author bases his
conclusions on theories that have not yet
been verified, and occasionally puts forward
hypotheses which are not founded on firm
experiments.

V. Brunnhofer
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