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Abstract. Scanning electron microscopy of the chorionic egg attachment structures of 
Electrogena zebrata permitted study of the organization of knob-terminated coiled threads 
(KCT's). With the exception of the micropyles, chorionic sculptures cover the entire cell 
surface. Each KCT is composed of many fine fibers tightly spiraled together to form a 
single thread terminating in a distinct knob. The KCT's are isolated by a ring of protu- 
berances interconnected by thin strands. Available evidence suggests that upon attachment, 
KCT's extend individual threads and fix their rounded terminal knob to the substrate. A 
high concentration of KCT's attachment structures may represent a more specialized 
adhesion mechanism among the Ephemeroptera. 

The egg chorion of mayflies frequently has attachment structures, the anat- 
omy and distribution of which may be useful in taxonomy (Kopelke, 1980; 
Koss, 1968; Koss & Edmunds, 19'74; Malzacher, 1982). According to the clas- 
sification proposed by Koss & Edmunds (1974), the chorionic attachment struc- 
tures of Electrogena zebrata (Hagen, 1864) are considered to be of the type 
having individually knob-terminated coiled threads (KCT's). 

The present paper reports a scanning electron microscopic study of the 
structural organization of KCT's as anchorage devices on the egg chorion of 
E. z e h a t a .  

MATERIALSAND METHODS 

Eggs were removed from nymphs collected from the Catena Stream by S. 
Gaiter, 15 August 1981, and preserved in 95% ethanol. Eggs were critical-point 
dried using liquid CO, in a Bomar apparatus. Dried specimens were placed in 
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FIG.1. Overview of the egg of Electrogena zebrata. Two micropyles (arrows) are visible. FIG. 

2. Chorionic pattern showing the arrangement of knob-terminated coiled threads (KCT's) separated 
from one another by a ring of protuberances. FIG. 3. Micropyle (M) with ovoid sperm guide and 
microp>lar opening (arrow) among KCT's. Each knob has a transparent covering that reveals its 
underlying coiled pattern. FIG. 4. A KCT at the beginning of its extension. The terminal knob (TK) 
is ruptured on one side. 
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FIG. 5. A KCT of Electrogena zebrata with a partially elevated terminal knob (TK) revealing 
the coiled thread beneath. FIG. 6. Elevated terminal knob partially attached to the chorionic surface. 
FIG. 7. Coiled thread showing its extended configuration. FIG. 8. An extended thread emerging 
from the central part of its chorionic recess. The thread is made up of a bundle of fibers at its base 
(arrows). 
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a vacuum evaporator and spattered with gold-palladium in a Balzer Union 
evaporator. Some eggs were studied without critical-point treatment. Obser- 
vations were made with a Philips 505 scanning electron microscope. 

The terminology of Koss & Edmunds (1974) is employed in the present 
paper. 

RESULTS 

The eggs of Electrogena zebrata measure about 150 x 120 Fm in diameter 
and are characterized by a chorionic pattern of geometrically arranged KCT's 
covering the entire egg surface (Fig. 1). Each of these attachment structures, 
measuring 12 pm in diameter, is isolated by a ring of protuberances (Fig. 2), 
1.6 Fm high. The arrangement of these protuberances reveals numerous inter- 
connecting thin strands connecting the KCT's (Fig. 2). The chorionic pattern 
of KCT's does not persist in the area of the micropyles (Fig. 1).The micropylar 
sperm guide is ovoid and the micropylar opening is located to one side (Fig. 
3), at the junction with the micropylar canal situated more deeply in the egg. 
Each thread is covered by a transparent terminal knob that reveals its coiled 
pattern beneath (Fig. 3). These coiled attachment structures extend collectively 
anchoring the egg to the substratum. The transparent knobs lose their uniform 
covering, which ruptures toward one side (Fig. 4), to result in gradual uncov- 
ering of the coiled threads beneath (Fig. 5).At greater magnification, the knob 
surface appears rugose, just as do the loosely-arranged surrounding protuber- 
ances (Fig. 6). Each knob connects with its own thread that is coiled about its 
base (Figs. 5, 6). The extended configuration of the threads (Fig. 7) exposes 
their respective chorionic recesses. Each thread emerges from the central zone 
of its recess where it originates from many tightly coiled fine fibers (Fig. 8). 
In their extended configuration, the KCT's appear as elongated threads (Fig. 
9), which also may anastomose (Fig. 10); thus, the KCT's project from the 
chorion and attach to the substratum with their round terminal knobs (Fig. 
11).Many extended KCT's adhered to the bottom surface of our specimen 
holders, causing the eggs to form a clustered pattern. 

DISCUSSION 

The most common type of egg among the Heptageniidae displays a chorionic 
pattern in which the KCT's are either randomly distributed or concentrated 
at one or both poles (Flowers, 1980; Koss & Edmunds, 1974). According to Koss 
& Edmunds (1974), the KCT's are to be considered apomorphic characters, 
being derived from fibrous attachment devices. Moreover, the KCT's of Elec-
trogena zebrata are composed of many fine fibers arising from the point where 
the threads emerge from the chorion. The occurrence of a well-developed knob 
is considered to be an advantage because it permits more surface for anchorage. 
Such structural organization appears to be apomorphic. By contrast, homoge- 
neously distributed KCT's represent a plesiomorphic state, more primitive than 
the random pattern or the polar concentration on the egg surface (Koss & 
Edmunds, 1974). 

The ability to fix their eggs to a substrate is crucial in the survival of many 
ephemeropteran species. Most Ephemeroptera oviposit in running water; the 
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possession of effective anchoring structures would seem to augment, in a sig- 
nificant way, reproductive success for many species. Apparently, some species 
have solved this problem simply by producing an adhesive layer on the egg 
surface (Degrange, 1960; Kopelke & Miiller-Liebenau, 1981 a,b, 1982; Koss, 
1968, 1970; Koss & Edmunds, 1974; Mazzini & Gaino, 1985; SoldAn, 1979). 
Other species have highly specialized structures, such as those described here, 
suggesting that environmental pressures may be especially influential at this 
stage of the ephemeropteran life cycle. 

As with other types of chorionic sculpturing, the KCT's of Electrogena 
xebrata are formed by follicle cells enveloping the egg during its growth phase. 
The spring-like uncoiling of threads may be triggered by contact with water 
after breakdown of the terminal cap, permitting adhesion to the substrate. 
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FIG. 9. Extended KCT's of  Electrogena zebrata emerging from the chorionic surface. FIG. 10. 
Two polar groups of  extended KCT's projecting from the chorionic surface. FIG. 11. Terminal 
knobs (arrows) of extended KCT's adhering to the substratum. 




