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The eggs of 12 European and two American species of Ephemerellidae were 
investigated using the scanning electron microscope. Chorionic patterns are stable 
within a species and eggs extracted from sub imago and imago are similar. The 
chorionic sculpturing is distinct for each species, except for D. paradinasi - T. 
major and E. ignita - E. aurivillii. The examination of the eggs has not revealed 
specific generic characters. 

Introduction 

In their study, Koss and Edmunds (1974) describe the general features of 
mayfly eggs and use the description of the eggs of many species to provide a 
phylogenetic tree of the genera of the Ephemeroptera. However, only a few European 
species were involved in that study. In the last ten years the eggs of some European 
mayfly species have been studied using scanning electron microscopy: Baetis 
(Kopelke and Mtiller-Liebenau 1981a, 1981b, 1982), Caenidae (Malzacher 1982), 
Habrophlebia and Habroleptoides (Gaino and Mazzini 1984; Mazzini and Gaino 
1985), Electrogena (Gaino et al. 1987), Arthroplea (Studemann et al. 1987) and 
Siphlonuridae (Studemann et al. 1988; Studemann and Tomka 1991). 

The 12 European species of Ephemerellidae can easily be identified. On the 
other hand, their affinity to the different genera is not clearly evident. With the 
morphological characters of the larvae and the imagos given in Allen and Edmunds 
(1962, 1963a, 1963b, 1965) for the American species, it is often difficult to 
attribute the European species to a particular genus. The purpose of this study is to 
evaluate the contribution of the egg structure to their taxonomy. 
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Materials and Methods 

The species studied in this paper are listed in Table l. The taxa Drunella, 
Ephemerella, Serratella, Torleya, Attenella and Eurylophella are treated as genera, 
after Hubbard (1990). The female imagos were captured or reared by the authors 
except Eurylophella karelica, which came from the collection of Dr. M. Keffermiiller, 
and Attenella margarita, which was collected by Dr. T. Fink. This last species and 
Serratella tibialis are distributed in North America, Ephemerella aurivillii in North 
America and North Europe, while all the remaining species are restricted to Europe 
(Table 1). 

Most of the eggs were extracted from frozen female imagos and fixed first in a 
100 mM sodium-cacodylate/25 per cent glutaraldehyde solution and then transferred 
after four hours to a solution of 100 mM sodium-cacody1ate/1 per cent Os0

4
• Some 

eggs were extracted from female imagos (or subimagos) stored in 80 per cent 
alcohol and put successively in the following solutions: 96 per cent alcohol, 
mixture of alcohoVacetone, 100 per cent acetone. The next steps were identical for 
all the eggs: dehydration by the critical point method using liquid C0

2
, mounting 

on metallic holder covered with adhesive paper and coating with a 75 nm layer of 
gold-palladium in a vacuum evaporator. The investigations were carried out by a 
Hitachi H700 scanning electron microscope (= SEM). For each species the 
observations were made on at least 20 eggs and the measurements were taken on 
four to eight eggs. 

Results 

According to Koss and Edmunds (1974) the eggs of the Ephemerellidae 
(except those of Eurylophella) have an ovoid form and possess: 

- one polar cap of type I (non-coiled, single unit cap) (Fig. 7), 

- knob-terminated coiled threads ( = KCT) dispersed on the egg surface (Figs. 
7, 9), 

- micropyles of type III (tagenoform and entirely chorionic micropyles) (Fig. 
8) with an ovoid chorionic sperm guide and a micropylar opening leading 
to the micropylar canal, which cannot be seen on the SEM- photographs, 

- a chorion with very various patterns of chorionic sculpturings. 

In the genus Eurylophella, the eggs have a cylindrical form and they lack a 
polar cap and KCT. The dimensions of the eggs studied, the number and dimension 
of the micropyles, as well as the number of KCT are given in Table 2. 
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Table 1. Species studied with their taxonomical position in the Ephemerellidae 
and geographical distribution. 

Taxonomy of the species 

Ephemerellae 

Drunella (Needham, 1905) 

paradinasi G. del Tanago & G. de Jalon, 1983 

Ephemerella Walsh, 1862 

aurivillii (Bengtsson, 1909) 

ignita (Poda, 1761) 

ikonomovi Puthz, 1971 

mesoleuca (Brauer, 1857) 

mucronata (Bengtsson, 1909) 

notata Eaton, 1887 

Serratella Edmunds, 1859 

albai G. del Tanago & G. de Jalon, 1983 

hispanica (Eaton, 1887) 

tibialis McDunnough, 1924 

Torleya Lestage, 1925 

major (Klapalek, 1905) 

Timpanogae 

Attenella Edmunds, 1971 

margarita Needham, 1927 

Eurylophella Tiensuu, 1935 

iberica Keffermuller & Da Terra, 1978 

kilrelica Tiensuu, 1935 
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Geographical distribution 

Iberian Peninsula 

North Europe, North America 

Europe 

Northern Mediterranean 

Europe 

Europe 

Europe 

Iberian Peninsula 

Iberian Peninsula 

North America 

Europe 

North America 

Iberian Peninsula 

North Europe 
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Table2. Measurements on the eggs of the Ephemerellidae. 

Species 

D. paradinasi 

E. aurivillii 

E. ignita 

E. ikonomovi 

E. mesoleuca 

E. mucronata 

E. notata 

S. albai 

S. hispanica 

S. tibialis 

T. major 

A. margarita 

E. iberica 

E. karelica 

Egg length with 
polar cap (Jlm) 

200 

215 

250 

340 

300 

190 

300 

230 

270 

180 

200 

240 

160 

200 

Description of the Eggs 

No. of 
Kcr 

8-12 

10-14 

16-28 

20-28 

10-16 

8-12 

12-16 

8-12 

6-10 

10-12 

10-14 

12-18 

none 

none 

No. of 
micropyles 

l-2 

6-12 

4-8 

8-12 

4-6 

2-6 

6-8 

6-10 

2-4 

2-6 

2-4 

12-16 

l-2 

1-2 

Micropyle 
length (Jlm) 

II 

10 

9 

18 

14 

15 

12 

II 

14 

10 

12 

10 

15 

14 

Drunella paradinasi (Figs. 1-3). The surface of the chorion is flat, slightly 
rough with smooth discs, a little smaller than the micropyles, all over the egg. 

Ephemerella aurivillii (Figs. 4-6). The chorion appears very smooth with 
many micropyles and KCT. 

Ephemerella ignita (Figs. 7-9, 40-43). The eggs, gathered together in a greenish 
ball, are carried by the female imago until released into the water. The surface of 
the eggs is smooth and sprinkled with micropyles and KCT without any special 
arrangement. The eggs present the same features in different populations, even if 
the imagos or the larvae are a little different: the imagos of the Swiss population are 
brown (eggs Figs. 7-9, 40), those of a Spanish population (Prov. Soria) are yellow 
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(egg Fig. 42), those of a Corsican population are red (egg Fig. 43) and the larvae of 
another Spanish population (Prov. Huesca) has striped legs (egg Fig. 41). 

Ephemerella ikonomovi (Figs. 10-12). The chorion reveals rings under the 
surface of the egg. The KCT are bigger and more numerous near the polar cap. The 
micropyles are very large. 

Ephemerella mesoleuca (Figs. 13-15, 44-45). Except for the polar cap, the 
whole egg is covered with raised discs (diameter about 25 J..l.m), which seem to be 
rings when the fine layer is torn (Fig. 14). Near the polar cap the chorion is marked 
by about four spherical tubercles. 

Ephemerella mucronata (Figs. 16-18). The chorion has a slightly rough surface, 
divided by narrow depressions in many sectors (sometimes hexagonal), smaller 
than the micropyles. 

Ephemerella notata (Figs. 19-21). The chorion is covered with scales about 
twice as large as the micropyles. 

Serratella albai (Figs. 22-24). The egg surface is flat, slightly rough with 
smooth discs, larger than the micropyles. The base of the polar cap is furnished 
with a crown of about 20 tubercles (Fig. 23) Most of the micropyles are situated in 
the equatorial region of the egg. 

Serratella hispanica (Figs. 25-27). The chorion is entirely covered with skull­
caps more or less as large as the micropyles in diameter. Most of the KCT are 
situated near the base of the polar cap (Fig. 26). 

Serratella tibialis (Figs. 28-29). The egg surface is smooth without any special 
chorionic sculptures. 

Torleya major (Figs. 30-32). The slightly rough chorion has smooth discs, 
smaller than the micropyles, all over the surface. 

Attenella margarita (Figs. 33-34). The chorion is covered with a fine reticulation 
consisting of smooth lines separating rough pentagonal or hexagonal surfaces. 
Most of the micropyles are situated in the equatorial region of the egg. All the 
micropylar openings are orientated in the same direction, perpendicular to the polar 
cap. The sperm guide ends under the chorion surface. 

Eurylophella iberica (Figs. 35-36). The cylindrical egg lacks a polar cap and 
other attachment structures. The chorion is covered with a reticulation made of 
broken raised lines separating rough surfaces of different polygonal forms. 

Eurylophella karelica (Figs. 37-39). The egg is cylindrical and devoid of polar 
cap and other attachment structures. The chorion presents longitudinal narrow 
depressions and fine transversal lines so that the chorion appears covered with 
rectangular scales. Most of the eggs possess one (eventually two) micropyles 
situated in the equatorial region. 
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Figures 1-3. Egg of Drunella paradinasi. 1: general view, 2: KCT, 3: chorion with 
KCT and micropyles. Scale line 1: 50 j..lm, scale line 2-3: 5 j..lm. 

Figures 4-6. Egg of Ephemerella aurivillii. 4: general view, 5: chorion with one detached 
KCT, 6: chorion with KCT and micropyles. Scale line 4: 50 j..lm, scale line 
5: 10 j..lm, scale line 6: 5 j..lm. 
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Figures 7-9. Egg of Ephemerel/a ignita. 7: general view (pc =polar cap), 8: micropyles 
(mo = micropylar opening; sg = sperm guide), 9: KCT. Scale line 7: SO 
J..l.m, scale line 8-9: 5 J..l.m. 

Figures 10-12. Egg of Ephemerel/a ikonomovi.10: general view, 11: KCT, 12: micropyle. 
Scale line 10: SO J..l.m, scale line 11-12: S J..l.m. 
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Figures 13-15. Egg of Ephemerella mesoleuca. 13: general view, 14: base of polar cap, 
15: micropyle. Scale line 13: 50 jllll, scale line 14-15: 5 jllll. 

Figures 16-18. Egg of Ephemerella mucronata. 16: general view, 17: KCT in lateral 
view, 18: chorion with micropyle and KCT. Scale line 16: 50 jllll, scale 
line 17-18: 5 jllll. 
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Figures 19-21. Egg of Ephemerel/a notata.19: general view, 20: polar cap, 21: micropyle 
and KCT. Scale line 19: 50 J..lm, scale line 20-21: 5 J..lm. 

Figures 22-24. Egg of Serratel/a albai. 22: general view, 23: polar cap with crown of 
tubercles, 24: KCT and micropyle. Scale line 22: 50 J..lm, scale line 23-24: 
5 J..lm. 

415 



Current Directions in Research on Ephemeroptera 

Figures 25-27. Egg of Se"atella hispanica. 25: general view, 26: apical view, 27: 
micropyle. Scale line 25: 50 J..lm, scale line 26-27: 5 J..lm. 

Figures 28-29. Egg of Serratella tibialis. 28: general view, 29: micropyle. Scale line 28: 
50 J..lm, scale line 29: 5 J..lm· 
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Figures 30-32. Egg of Torleya major. 30: general view, 31: KCT, 32: chorion with 
micropyles. Scale line 30: 50~. scale line 31-32: 5 ~· , 

Figures 33-34. Egg of Attenella margarita. 33: general view, 34: chorion with micropyle 
and KCT. Scale line 33: 50~. scale line 34: 5 ~· 
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- Figures 35-36. Egg of Eurylophella iberica. 35: general view, 36: chorion with micropyles. 
Scale line 35: 50 J..lm, scale line 36: 5 J..lm. 

Figures 37-39. Egg of Eurylophella karelica. 37: general view, 38: micropyle, 39: seven 
eggs with micropyle. Scale line 37,39: 50 J..lm, scale line 38: 5 J..lm. 
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Discussion 

Intraspecific Variation 

The chorionic sculpturing of the eggs of Ephemerellidae is often characteristic 
and stable within a species. The eggs of Ephemerella ignita present the same 
features in the four populations investigated (Figs. 40-43). The most variable 
structure is the polar cap, which can be more or less flat (Fig. 40) even though the 
eggs originate from one single female imago. According to Gaino and Bongiovanni 
(1992), the eggs of Ephemerella ignita with a long, bulging polar cap form a 
peripheral layer enveloping the egg ball and holding the egg mass together. Contrary 
to the results obtained for the genus Baetis (Kopelke and Miiller-Liebenau 1981b, 
1982), the chorionic sculpturing is almost the same if the eggs are extracted from 
the subimago or from the female imago (Figs. 44-45). In some cases the eggs 
(extracted from subimagos or imagos) were covered with a fine envelope concealing 
the chorionic sculpturing. It would be interesting to investigate the eggs (form of 
the polar cap, presence of the chorionic envelope) along the whole oviduct as well 
as after oviposition. 

Interspecific Variation 

In most of the cases the eggs can be used to separate the species of the 
European Ephemerellidae and are good complements to the larval and imaginal 
morphology. However, in Ephemerella ignita and E. aurivillii, easily distinguishable 
in the larval and imaginal stages, the eggs are very similar. The same can be 
observed for Torleya major and Drunella paradinasi. The chorionic sculpturing is 
species-specific in the genera Habroleptoides and Habrophlebia (Gaino and Mazzini 
1984; Mazzini and Gaino 1985), Electro gena (Gaino et al. 1987), Caenis (Malzacher 
1982) and in most of the Baetis species (Kopelke and Miiller-Liebenau 1981a, 
1981 b, 1982). On the other hand, the nine European Siphlonurus species as well as 
the two European Parameletus species have almost the same egg features 
(Studemann et al. 1988, 1992). 

Generic VariC!tion 

The genus Eurylophella has simple eggs, lacking the polar cap and other 
attachment structures, so it can easily be separated from the other genera of 
Ephemerellidae. In contrast, no typical structures or chorionic sculpturing can be 
used to confirm the other groups of species corresponding to the current genera of 
the European Ephemerellidae. Similar results were obtained by Bae and McCafferty 

419 



Current Directions in Research on Ephemeroptera 

Figures 40-43. Eggs of Ephemerella ignita, general view. 40: population from 
Switzerland, 41: population from Spain (Prov. Huesca), 42: population 
from Spain (Prov. Soria), 43: population from Corsica. Scale line SO J.lm. 

Figures 44-45. Chorion of the egg of Ephemerella mesoleuca. 44: egg extracted from a 
subimago, 45: egg extracted from an imago. Scale line 10 J.lm. 

420 



Eggs of the European Ephemerellidae 

( 1991) for the genera of Potamanthidae. As the affinity of the European species of 
the Ephemerellidae to the American genera is not evident using morphological egg, 
larval and imaginal characters, the taxonomy of the European Ephemerellidae is in 
need of revision. Biochemical investigations (isoenzyme electrophoresis) under 
way in our laboratories may contribute to a clarification of this issue. 
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