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The respiratory organ of the Ephemeroptera larvae , which is suitable for 
the respiratory metabolism of the aquat ic an ima l , consists of tracheal trunks 
branching richly in the body, and of branchial l amel l ae a r ranged on both sides 
of the abdomen. 

The anatomica l observat ions previously reported on the respiratory appa-
ratus of the Ephemcropterac extended to the study of both sections (LANG, 
1 9 1 3 ; SCHOENEMUND, 1 9 2 9 ; LANDA, 1 9 4 8 ) . In a d d i t i o n to t h e mac ro scop i c 
descript ions there are also important papers seeking phylogenetic correlations 
between the ind iv idua l groups of the Ephemeropterae on the basis of the de-
velopment and state of the respiratory organ and other systems (nervous sys-
r em, M a l p i g h i a n t u b u l e s ) (LANDA, 1 9 4 8 ; LANDA, 1 9 6 9 ) . 

The pa i red branchial l amel lae , which are s i tuated on the 1st—6th ab-
dominal segments, a re character ist ic generic features . 

The present paper dea ls with the structures of the tracheal gil l of a single 
species, Palingenia longicattda OLIV., with part icular regard to the electron-
microscopic structure. 

Ma t e r i a l s and M e t h o d s 

May-fly larvae were £< illetted from the Szeged reaches of the rivers Tisza and Maros. 
After collection the material was fixed appropriately for light and electron-microscope studies. 

Af ter Benin, Carnoy arid formalin fixation, sections either staioed with haematein-eosin 
or impregnated with silver were prepared for light microscope histological observations. For 
the elect run-micro scope studies, excised tracheal hraochial lamellae or their filaments were 
treated with 2 % glutaraldehyde adjusted to pH 7.6 with 0 . 15 M phosphate buffer, and then 
for 2 hours with Palade fixing solution (l*/o OsO.t in veronal acetatc buffer (Pease, 1964) , 
and embedded in Durcupan ACM (Araldite) resin after dehydration in an ascending alcohol 
series. The material was checked by examination of semi-thin sectinns, and the positions of the 
tine sections determined. The thin sections were contrasted with a lead citrate solution prepared 
according to REYNOLDS (1963). Photographs were prepared on Tesla BS 242 D and J E M 
100 B electron-microscopes. 
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A b b r e v i a t i o n s 

F = filament M = mitochondrium 

Ct = connective tissue Go Golgi apparatus 

cf = interstitial bundles N = nucleus 

tr trachca GER = granulated endoplasmatic 

K = chitin r ribosome 

Fig. 1 Longitudinal section of the large tracheal gill. 
In the lamella, interstitial cells, interstitial fibre-bundles and small tracheal branches are 
visible, which enter the filaments. The surface of the filaments is covered with homo-
genous material (arrows), s 380 

Fig. 2. Longitudinal section of filaments. Cross- and longitudinal sections of the tracheae can 
be seen inside the filaments, x 340 
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R e s u l t s and d iscuss ion 

A n a t o m y o f t r a c h e a l b r a n c h i a 

The members of the pa i red branchial l amel l ae of the mayf ly l a rvae arc 
of d i f f e r e n t shapes a n d sizes (LANG, 1 9 1 3 ; SCHOENEMUND, 1 9 2 9 ; UJHELYI, 
1959). The smal le r are more rounded and nearer to the dorsa l s ide of the ab-
domen than the longer, larger ones. Ventra l ly from them is a further densely 
pi l iated chit inous lamel la , but this does not par t ic ipate in the gaseous exchange. 

The tracheal gi l l of Palingema longicauda OLIV. a re structured, but this 
structuring does not result in a symmetric a r rangement on the two sides, for 
the f i l aments in the structuring are thinner on the side farther from the sur-
face of the body and follow each other densely in a double line, in contrast 
with the oposite side, where the f i l aments a r c larger and arranged in a 
single row. 

Along the entire length of the centre of every branchia] lamel la runs 
a thick t rachea ! branch, wich or ig inates from the visceral tracheal trunk in 
the body of the larva . 

This main branch d iv ides into thinner and thinner branches, and thus the 
entire branchia l l amel lar a rea is covered by a network of tracheae of var ious 
d iameters result ing from the g radua l ramif icat ions . The main tracheal trunk 
can read i l y be seen with the naked eye to be accompanied by a pigment layer , 
the thickness of which is not uniform in the region of the two lamel lae . The 
pigment l ayer is thicker and denser for the larger lamel la than for the smal ler 
one. The amount of the pigment l ayer progress ively decreases towards the tra-
cheal g i l l s t ips, and f ina l ly d i sappears completely . Bes ides this, vary ing num-
bers of sensi l lae can be observed on the tracheal gi l ls , and as descr ibed by 
EASTHAM (1936) for Caenis macrura and Caenis boraria they also d i f fe r 
in form. 

H i s t o l o g i c a l s t r u c t u r e o f t h e t r a c h e a l g i l l 

The branchial l amel lae and the f i l aments are covered from outside by 
epithel ia l cells a r ranged closely bes ide each other (Figs. 1 - 2 ) , one of the w ide 
bases of which becomes progressively narrower towards the inside, whi le at the 
same t ime the neighbouring cells appear as tr iangles of reversed position, since 
they proceed with a narrow base (Fig . 3) . Such an ar rangement can be parti-
cular ly wel l seen on the epithel ia l cells in the region of the f i laments (WICHARD 
et a l „ 1971 ) . In addi t ion to this, the very intense interdig i tat ion formed with 
the neighbouring cells is a lso characterist ic . The membranes of the inter-
d ig i ta t ing surfaces are fequcnt ly uniformly thickened on both sides (Fig. 5) . 

On the basis of their own d a t a and also l i terature results on invertebrates, 
SATIK et al . ( 1970) consider the septate junction or the septate desmosome 
and the zonula adherens to be the character ist ic forms of the epithel ia l junction 
structures. They note that there are differences, and that the tight ¡unction too 
occurs for instance. This was described by LOCKE (1965) in the epidermis of 
insects, and by SMITH et al . ( 1969) in epi thel ia l cells of the insect midgut 
epithel and in a certain form of the campaniform sensi l lae . It is str iking that 
s imilar , but shorter, thickened membrane sections arc found on the surface of 
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Fig, 3. Electron-microscope photograph of epithelial cells, x IS) 000 

Fig. 4. Longitudinal section of thin filament. Basal membrane with lamellar structure can he 
seen on the outside surface of the epithelial cells. Sections of the chit in rings are 
visible on the left side of the picture, x 12 000 

the epithel ial cclls adjacent to the basal membrane which will be discussed 
below (Fig. 7), Tlicse may correspond structurally to the hemidesmosomes 
described by BLOOM and FAWCEIT (1970). The basal membrane does not take 
part itself in the thickening. Desmosomcs can be observed only rarely (FATCETT, 
1 9 6 6 ) (Fig. 6 ) . 

The surface of the cells is surrounded by a homogeneous layer which can 
also be studied by light microscope (Fig. l ) , and on this interlacing (parti-
cularly in the region of the f i laments) (Figs. 1 -2 ) or breaks (at the sensi l lae) 
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can be observed in places. The electron-microscope reveals that this homogeneous 
substance is composed of lamel lae 8 0 - 1 0 0 À thick, and depending on the 
thickness of the f i laments the number of l amel lae layered one on the other 
ranges from 2 - 3 to 2 0 - 2 5 (Fig. 4) . This basal membrane also surrounds nerve 
bundles running on the periphery (on the outer edge of the epithelial cells) 
( G U P T A et a l . , 1 9 6 9 ) . 

Fig. 5. Closely ci m netted section of epithelial cells. * 31 0 0 0 

Fig. 6. Dcsmosome between two epithelial cells, x 52 0 0 0 

Fig. 7. Hemidesmosomes between the epithelial cells and the basal membrane (arrows), 
x 1 9 2 0 0 0 

Fig. 8. Haemocytcs with granules of type 1 and 2. x 1 6 0 0 0 
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The nucleus of the epithel ia l cel ls is la rue, and is s i tuated approx imate l y a t 
the centrc. A f e w organel les can be observed in the cytoplasm border ing the 
nucleus. In the entire region of the cells a r e found the short channels of the 
g ranu l a t ed end Op la Striatic ret iculum, with more rarely a para l le l - running network 
of channels and a smooth-surfaced endoplasmic ret iculum. The Golgi appa r a tu s 
is s l ight in extent (Fig . 4 ) , and in general dense mater ia l can be seen in the 
ves ic les : rhe mitochondria are cr istate type. Bes ides these organel les in the 
cytoplasm a large amount of free ri bo some can also be observed. On the 
sections prepared from the thin f i laments only epi thel ia l cel ls can be seen, and 
between them tracheal cross- and longitudinal-sect ions. This structure exhibits 
a iarge degree of agreement with the structure of the branchia of Glyphataelius 
pellucid us RETZ. (Insecta, Tr ichoptera) ( W l C H A R D et a t . , 1 9 7 1 ) . 

If the histological s tructure of the tracheal g i l l itself is examined , then 
connective tissue can be observed below the epi thel ia l cel ls cover ing the lower 
a n d upper surfaces ; this is characterist ic of an extremely loose structure, con-
taining few ce l lu lar e lements and re la t ive ly more interst it ia l f ibres . The f ibres 
are a r r anged in small bundles, some of which frequent ly run from the larger 
tracheal branches to the base of the f i l aments (Fig . 1). 

Between the interstit ial cells and f ibres haemocytcs a re f requent ly to be 
found ; these are recognizable by their typical organel les . It is character is t ic of 
these cells that their nuclei a re e l l ipt ical , whi le in the cytoplasm of the cell 
bodies of var iab le density can be observed, the structures of some of which 
can be c lear ly recognized whereas others appea r homogeneous (F ig . 8) . These 
special organel les can be c lass i f ied according to their structure in types 1 and 
2 of the hacmocyte granules as systematized by SCHARRER (1972) . 

S u m m a r y 

Anatomica l and histological observat ions on the tracheal gill of Palingen'ta 
longicauda OLIV. a r e reported. The studies deal with the structures of rhe 
branchial lamel la and the f i laments . The connective structures of the epi thel ia l 
cells ad their electron-microscope structures arc reported. 
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