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Two m ain  fac to rs in  th e  fo rm atio n  o f th e  wing v enation  
o f D ip te ra

W ith 3 text figures

The order D iptera can he divided into m any categories, more than  50 in 
number, according to  their wing venation (Rohdendorf 1951). The ways and 
stages of wing specialization and, to some extent, the phylogenetic relationships 
are reflected in this preliminary system. However, the estimation of such groups 
from the standpoint of functional morphology is very difficult now. In  this 
connection the theory of the flapping flight m ay be regarded as making no 
satisfactory advance in distinguishing the groups.

The present paper intends to give a model for studying the influence of the 
main factors on the wing venation and to  analyse a number of concrete examples 
on the basis of this model.

At first we must find out the trends of the progressive alteration of the wing 
venation in Diptera. Five infraorders, most im portant for this purpose, m ay be 
chosen: Tipulomorpha, Bibionomorpha, Anisopodomorpha, Asilomorpha and 
Myiomorpha. The common trends of all the infraorders are the following: 
1) the reduction of free branches of B S; 2 ) the strengthening of a membrane 
between the radial and medial fields; 3) the formation of the discoidal cell and 
the gradual approach of its distal margin to the wing border; 4) the reduction of 
free branches of M ; 5) the shortening and the elimination of the cubital and anal 
veins. This results in the hardening of the front th ird  of the wing, in lightening 
the hind third of the wing and forming, in the middle part of the wing, flexible 
structures connecting the front and hind parts.

Let us assume now th a t the reason for these changes is the combination of 
two factors which are the lifting force and the dragging force, and the mecha­
nism of these changes is the interaction of the process of costalization and the 
process th a t we will here call the process of stabilization. We determine the 
process of costalization as a mechanism directly related to the increase of the 
lifting force and causing the following alterations: 1) the shift of the radial system 
of the veins to the costal border of the wing and their thickening; 2) the lighten­
ing of the hind p art of the w ing; 3) the reduction of free branches of certain veins 
or their bases only (this includes the reduction of C along the anal border of the
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wing); 4) the general enlargement of the wing area and the preservation of its 
wide base. We determine the process of stabilization as a mechanism directly 
related to the increase of the dragging force and causing the following altera­
tions : 1) the even development and distribution of the longitudinal veins on the 
wing surface; 2) the strengthening of the longitudinal veins with the help of 
various additional veins; 3) the non-enlargement of the wing area and the distinct 
isolation of the marginal regions (apex, anal lobe, alu la); 4) the narrowing of the 
wing base.

To give examples. I t  is known th a t the length of the branches of B 4~~B5 and 
their position with respect to the wing apex are very im portant for ascertaining 
the degree of phylogenetic relationship within the lower Asilomorpha (Steyskal,

Fig. 1. The phases of the shift of longitudinal veins. Explanations in the text

1956). How does the shortening of the fork R 4—R s occur? According to the 
definition of the processes stated above, we assume th a t this alteration, i.e. 
the movement of the base of B 4 along B s to the wing apex, consists of new for­
mations and reductions following one another. At first a cross-vein appears 
between B d and R s. This phase obviously depends upon the process of stabili­
zation (of. the 2nd point of the definition of the process). Then the base of B 4 
disappears for the extent from the point where B 4 branches off B s up to the new 
cross-vein (cf. the 3rd point of the definition of the process of costalizat-ion). This 
leads to the shift of the base of B 4 resulting from the cross-vein towards the wing 
apex (fig. 1 a —d).

We believe th a t the same explanation can be given for some other facts too, e.g. 
the shifts of veins to  the wing base, term ed a process of basalization by Ttjomx- 
koski (1966). The movement of the base of B S  along B 4 is another example. 
Looking at the wing of M  esophantasma tipuliforme (fig. 2) we see th a t B S  arises 
from B  with two veins which are shortly after wards fused together (Rohden- 
dobe 1962: 319). Is this character the aberrant one? I t  might be. But more
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probably it testifies to the movement of the veins. In  fact, a distal branch can 
correspond to an extra crossing vein whereas a poorly developed proximal branch 
corresponds to the gradually reduced base of RS. The analogous changes are 
peculiar to all longitudinal veins and consist of two phases: 1) the formation of 
the cross-vein between two longitudinal stem s; 2) the reduction of the base part 
of the smaller longitudinal vein. F irst of all it  concerns the formation of the 
discoidal cell, namely a loss of M 2 a t its base (fig. 1 e). Besides there is a junc­
tion of R 2+3 and R 1 realized in the same way among some Olbiogastridae, 
Eremochaetidae, Asilidae, Mydaidae, Apioceridae and several genera of Rhagio- 
nidae.

x

!------1----- 1
1mm

Fig. 2. The wing of Mesophantasma tipuliforme Rohdendobi’ (After Rohden- 
DOBlj

Another example of the way the main factors act is provided by the formation 
of the first vein of R 8  in Brachycera. The problem i s : what veins are fused in 
this case ? As suggested by H ennig (1954: 330 — 333) these are the veins R 3 and 
R i th a t mix and form the anterior branch of RS. To prove it he mentioned two 
fac ts : 1) a bend of R 2 in Lampromyia pallida Meig en ; 2) the presence of a recur­
rent appendage near the base of R d in m any Tabanidae. But if we agree with 
H ennig we shall not be able to explain why the so-called R s is always absent 
in Stratiomyidea and Tabanidea and is often detected in Asilidea, Bombyliidea 
and especially Empididea possessing fairly apomorphic patterns of wing vena­
tion. Isn ’t  it better to assume th a t this “ R 3” in Asilomorpha appears irrespective 
of other veins, simply as an ex tra  crossing vein in the course of the stabilization 
of the wing venation ? Then the recurrent appendage in a cell r3 can be regarded 
as a rem nant of the former base of R 4.

We want to stress here th a t i t  is wrong to derive the additional cross-veins 
from the general plan of wing venation in Diptera, N e e d h a m : (1908) was the 
first to  develop this method, using the m aterial on Tipulidae. H a b d y  further 
developed N e e d h a m ’s ideas in  “ The reticulation theory of wing venation in 
D iptera” (1951), where the deviating types of wing venation are constructed 
from the reticulum by the consecutive reduction of crossing veins. The attem pt 
to  interpret all cross-veins in th is way is justifiable only in T i l l y a b d ’s arche- 
dictyon, i.e. a t the level of infraclasses, cohorts and superorders. As to  the
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lower taxa, e.g. the family Nemestrinidae, the presence of the organized system 
of extra crossing veins can be explained by their secondary origin in the course 
of the process of stabilization.

A few examples, mentioned above, clearly show th a t longitudinal veins are 
shifting along the main axis of the wing. On the  other hand, such movements 
conform very well to the interaction between the  processes of costalization and 
stabilization. On the basis of these principles it is possible to explain m any struc­
tural alterations in the wing venation of D iptera. Now we shall try  to show th a t 
they also give a key for solving a more general problem.

Since the beginning of the 20th century the  problem of the veins separating 
adjacent fields of the wing has been a m atter of controversy. In  particular, the 
authors could be divided into three groups according to their assumptions about 
the nature of the vein which is interm ediate between M s and Cuj in Diptera. 
For instance, Tillyard (1919) held it to be the last vein of M , namely 
Comstock (1918) believed th a t it was the anterior branch of cubitus, Cu1. 
Finally, H ehnig  (1934) interpreted this vein in analogy to  two other fields 
(Sc—E  and B —M)  as a product of junction of M 4 and Cula. In  his argument 
with Tillyard he advanced two considerations (p. 252), F irst, th a t „die frag­
liche Ader wohl sehr oft keine Verbindung zur Media, häufig aber nur eine solche 
zum Cubitus (Culb) h a t“ . Secondly, „handelt es sich hierbei um eine deutlich 
konvexe Ader“ .

Fig. 3. The wing of Pareremochaetus 
minor U ssa t c h o v

H ennig’s former objection is untenable because of the secondary connection 
between M 4 and Gut resulting in the formation of the so-called cubital fork, while 
the anterior branch of the true cubital fork doesn’t  mix with M 4 bu t is gradually 
reduced in Mecopteroidea and entirely lost in Diptera. On the other hand, there 
is no doubt the natural cohesion of and the main stem of M  (fig. 3). These 
veins are joined not only in such Nematocera sa Tipulomorpha (Psychodidae) 
and Bibionomorpha (some Fungivoridea, Scatopsidea, Cecidomyiidea) but, as we 
know now, in the initial forms of Asilomorpha (Ussatchov 1968).

As to his latter objection, H ennig proceeds from Adole’s criterion (1879) of 
identifying veins by their convexity or concavity in the wing surface. Though 
he warns against placing too m any hopes in the furrows of the undulating wing 
membrane, still he himselfinvestigat.es the nature of the convex veins Rj, B b, M 4 
in connection with this principle. The final conclusion is th a t the vein lying on 
a convex ridge draws up a concave one situated just before, so th a t convex veins 
R j, M a+, Cu4a and corresponding concave veins Sc^, R J , M 4 are fused two by two.
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Using the definition of the two main factors stated above, we could take 
a different view of the phenomena th a t occur between adjacent fields of the 
wing. I f  the veins had been under the influence of the process of stabilization 
only, the scheme of H bnnig would have remained valid. However, it is necessary 
to  to take into consideration the process of costalization which decreases in its 
effect toward the anal margin of the wing. Then it would be logical to  assume 
th a t Sc2 and R¡ are mixed together and th a t an additional longitudinal fold 
(vena spuria) appears, between R s and M ■, while M 4 and Cuj remain joined by the 
crossing vein mcu. That means th a t a vein M  4 A-Cut does not exist.

Returning now to the beginning of the paper let us consider five infraorders, 
chosen for our purpose, in connection with the suggested model.

The process of stabilization is predominant in Tipulomorpha and is the cause 
of the isolation of the wing base and the prim ary formation of a discoidal cell, its 
distal margin approaching the term inal border of the wing while shifting with 
the whole cell. In  Bibionomorpha, on the contrary, the process of costalization 
prevails and causes the strong reduction of veins, especially in Cecidomyiidae, 
some Mycetophilidae and Keroplatidae. On the whole both groups were, so-to- 
speak, “experim ental” for the formation of the venation in higher Diptera.

A more successful combination of these processes gives rise to Anisopodomor- 
pha. U ntil recently this infraorder had been included in Bibionomorpha as 
a sister-group of Bibionidea-f-Fungivoridea. However, T iiomikoski (1961) 
demonstrated peculiar characters within this group and established a new infra­
order. W ith respect to  the wing venation it even keeps two very plesiomorphic 
features, the retention of A 2 and four branches of M , indicating old links with 
Tipulomorpha. In  other venation characters which are the location of the dis­
coidal cell and the structure of R S  {R2+3 ', -R5), Anisopodomorpha differs
greatly from the rest of Nematocera and gives the foundation for constructing 
the wing venation of Asilomorpha.

The full reciprocal co-ordination of the two processes is completed in Myio- 
morpha, where we find branches of R S  and M  in twos, a long discoidal cell and 
a considerable shortening of Cu4.

So the results of this study have organized the meaningful pattern  of the 
interaction between the process of costalization and the process of stabilization. 
Such an interaction, as we have seen, is a main cause of various alterations in the 
wing membrane’s venation.

In  bringing this paper to  a close it is perhaps necessary to stress th a t we have 
created a rather idealized scheme in which the shape of the wing, the distribu­
tion of microchaetae and sensillae, the structure of the wing base and the wing 
root have not been taken into account. Nevertheless such restrictions seem to be 
justified, for the shape of the wing is to  a greater extent related to  the charac­
teristics of the whole body, the distribution of the chaetae — to the manoeuvra­
bility during the flight, while the  transmissive sclerites depend on other laws of 
mechanics than  the veins of the  wing membrane.
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Z usam m enfassung
Bei Betrachtung verschiedener Geädertypen des Dipterenflügels kann man zwei Grund­

prozesse feststellen und unterscheiden, den Prozeß der Kostalisierung und den Prozeß der 
Stabilisierung, die für die Formierung und die Entwicklung des Systems der Adern und 
Zellen verantwortlich sind. In ihrer Eigenschaft als allgemeinere anschauliche Anlage der 
untersuchten Mechanismen wurde eine Reihe aus fünf Infraordnungen aufgestellt und der 
Versuch gemacht, die progressiven Veränderungen in dieser Reihe auf der Basis dessen zu 
erklären, daß die vorliegenden Prozesse Wechselwirkungszeiten eines Widerspruchs dar­
stellen. In Abhängigkeit von den Existenzbedingungen wird eine dieser Seiten zur Haupt­
richtung.

Sum m ary
If we examine various types of the venation of the wings of Diptera, we find and distin­

guish two basic processes which determine the formation and the development of the system 
of veins and cells, the process of costalization and the process of stabilization. As a more 
general and instructive arrangement of the mechanisms under consideration, a series of five 
infra-orders was established, and an attempt was made to explain the progressive changes 
in this series by the assumption that the existing processes represent the interacting sides 
of a contradiction. As a result of the habitat conditions, one of these sides becomes the main 
trend.

P e 3 H)Me
IIpH paCCMOTpeHHH pa3JIHUHHX THITOB JKHJIKOBaHHH KpblJia y  HByKpblJIHX 

naceKOMbix M0H5H0 BbinejiHTb H onpeReuHTb HBa ocHOBHHX nponecca, npoqecc 
K0CTajiH3apHH Hirpopecc CTaßiurasaiiHH, OTBeTCTBeHHwx sa (JopMiipoBaeae m  pa3- 
BHTHe cHCTeMW jKiwioK H Huelí. B KauecTBe HaHßoJiee oSipero HarnHHHoro npuno- 
HterniH HaynenHbix M ex a m ra M O B  n p e H C T a B n e H  phh Ha hath KJiioqeBux rraijbpaoT- 
p tm o B  H  cnenana nonbiTKa oöbHCHHTb nporpeccHBHLie H3MeHeHHH b  3 t o m  pnny 
na ocHOBe Toro, u t o  jiaHHbie npopeccw cocTaBnaioT B3aHMOHeñcTByiomHe cTopomi 
OJIHOrO IipOTHBOpeqHH. B 3aBHCHM0CTH OT yCJIOBHfi CymeCTBOBaHHH TJiaBHOH 
0K a3H B ae-T C H  OJJHa II3  3TH X  CTOpOH.
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