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ABSTRACT

This work presents a review of the classification of the Dipters
Cyclorrhapha, based both on information svailable in the literature and
on the results of my own analysis of characters of the male postabdomen
and genitalia. The classification proposed is intended to be a phylo-
genetic classification consisting of probably monophyletic groups. A
review of the principles and procedures of biological systematics is
included.

The morphology of the male postabdomen and genitalis of the Diptera
Cyclorrhaphs is discussed. Recent observations on newly emerged Platy-
pezidae provide conclusive evidence that the 8th sbdominal segment in
Cyclorrhapha is rotated through half the angle of hypopygial rotation,
thus becoming inverted (rotated through 180°) when the hypopygium has
become circumverted (rotated through 360°). In Platypezidae hypopygial
rotation is not completed until after emergence from the puparium and is
partly reversed during copulation, which takes place with the hypopygium
in the inverse position. I conclude on the basis of comparative morphology
that the so-called "epandrium" of the Cyclorrhapha and some Empididae is
formed by fusion of the basimeres across the dorsum, and is therefore not
homologous with the epandrium of other Diptera (vhich has been completely
lost in all Cyclorrhapha according to this interpretation). The nsw term
periandrium is therefore proposed for the cyclorrhaphous "epandriu’.

A review of the classification of the Schizophora leads to a proposed
division of the group into five superfamilics: Lonchaeoidea, Lauxanioides,
Drosophiloidea, Nothyboides and Muscoidea. The prefamily category is

introduced between the superfamily and family categories. The Calyptratae
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are classified as one of the prefamilies of Muscoides, wvhich is the
largest superfamily of Schizophora. The custamary division of the
Schizophora into the Calyptratse and "Acalyptratse" is unacceptable in
the phylogenstic system, since the latter group is not monophyletic.

The new classification proposed is supported by the available ontogemetic
evidence, wvhich indicates that the morphological differences between the
male postabdomen of Muscoides and Drosophiloidea rest on differences in
the mmber and development of the imaginal discs.
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1. Introduction

In this work I deal mainly with two interrelated topics, the structure
of the male postsbdomen and genitalia of cyclorrhaphous flies and how these
insects should be classified in a phylogenetic system. New information and
interpretation is presented here, as well as commentary on the observations
and interpretation of previous authors. The field covered by this work has
long been recognized as difficult. 1 hope that this work will dispel some
of the difficulties. My proposal of revised terminology for certain parts
of the external genitalia thus should not be regarded as inmovation for its
own sake, but as an attempt to remedy a situation which has been widely
recognized as unsatisfactory.

In proposing a revised classification of the Schizophors, I have
followed the type of analytical procedure used by such authors as Crowson
and Hennig. In my opinion their rigorous approach to phylogenetic classifi-
cation provides the best available procedure for constructing a higher
classification on logically consistent principles. 1 discuss this question
in detail below (section 2). The importance of a clear understanding of the
theory of systematics for the success of attempts at higher classification
is worth stressing. The classifications which can be proposed by applying
different principles become increasingly divergent as ‘‘higher” (more exten-
sive) groups are considered, particularly because of differences in the
classification of highly modified forms. Considerations of theory are not
irrelevant to the practice of biological systematics as is sometimes main-
tained. A good contrary exsmple is provided by the history of the classi-
fication of the families of Schizophora, for some proposals of different
authors have been discordant in the extreme. The classification of the
Schizophora provides a good test for the effectiveness of phylogenetic
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systematics in dealing with complex patterns of character correlations
which older workers were unable to interpret satisfactorily. Hennig (1958)
began work on the phylogenetic classification of this group, and my present
work continues this endeavour. The classification presented here is still
provisional. Many additional studies c&uld be undertaken to test the
validity of my proposals, and I hope that publication of this work will
stimulate some of my colleagues to undertake such research.

In some parts of this work, I comment critically on the views of other
authors. I do this in order to make clear why I have reached di fferent
conclusions. Such detailed criticism is in my opinion an important part
of every scientific work which has a review content, since without such
criticism it is difficult for any reader who lacks a detailed knowledge of
the subject to judge whether different conclusions have been reached
arbitrarily or with good reason.

I prepared this work at the University of Alberta (Edmonton) during the
years 1967 - 1970. I have attempted to consider all relevant literature
up to the end of 1969, although I cannot guarantee that nothing has been
overlooked in the years since 1965, which have not yet been covered by the
"Zoological Record”. The material considered in this study may seem small
in relation to the field covered, but it should be appreciated that my
request lists were already long enough to strsin the patience of museum
curators. It is particularly regrettable that so little material of South
American Diptera could be made available to me, because many of the genera
are represented in collections only by a few type specimens. Further
studies on the dipterous fauna of this region may be awaited with interest,

and I hope that publication of this work will stimulate increased efforts
in this field.



The names used in this work for North American species generally
follow those in the most recent catalogue (Stone et al. 1965), except that
for Platypezidae I have’folloved the revised generic system of Kessel and
Maggioncalds (1968a). The names of Palaearctic species generally follow
those used in '"Die Fliegen der paldarktischen Region". For material from
other regions I have used the names under which the specimens were sent to
me. While efforts have been made to ensure that there are no errors at
generic or higher levels in the identification of specimens figured and
described, it is possible that a few identifications may be incorrect at
the species level. It was not practicable for me to check all the taxo-
nomic literature on Schizophora, a group containing about five times as

many species as the mammals. In most cases species identifications were

accepted on trust.

Material and methods

I worked mainly with dried specimens. These were first relaxed in a
humidified container, and the abdomen removed with needles under the bino-
cular microscope. Then the abdomen was lightly macerated in potassium hydrox-
ide (sbout five minutes in a 10% solution at 100° C), and washed for a few
minutes successively in (1) tap water, (2) a weak solution of glacial acetic
acid (sbout 20%), and (3) distilled water. After this treatment the
preparations were placed on slides without coverslips in a mixture (roughly
50:50) of glycerol and polyvinyl lactophenol. Since the elasticity of
chitin is restored and maintained in this medium, I was able to manipulate
or further dissect the preparations immediately, whenever the need arose.
This constant availsbility of the preparations for rechecking was essential

to the success of the project. The medium did not dry up during the period
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of two years during which the preparations were kept in it. At the end of
the project 1 washed off the temporary mounting medium with SOV ethanol in
water, and took the preparations through 98% ethanol into neutral Canads
balsam for permanent storage (except for some of the preparations of
specimens lent by the U.S. National Musewm, which were returned in microvials
of glycerol). In total, I made preparations of sbout 220 species during
this study: the species of Schizophora concerned are indicated in Appendix
1. In most cases only one or two preparations were made of each species.

1 made serial sections of a few specimens fixed in the field in Pampel's
fluid. The sections were stained in GimSri's Chrome Alum haematoxylin and
eosin according to standard procedures, and mounted in neutral Canada balsaam.
I was sble to check from these sections the course of the ejaculatory duct
and some details of the musculature. The sections will remain in my posses-
sion. They represent 21 gensrs, as indicated in table 1.



2. Principles and procedures of classification

2.1. The representation of phylogenetic relationship

in the Linnaean hierarchy

The theory of systematics has been the subject of so much controversy
in recent years, that all suthors of major systematic works would be well
advised to state their theoretical standpoint clearly at the outset and thus
prevent possible lism;dorstlnd:lu. Therefore I state that I am concerned
in this work with phylogenetic (cladistic) classification, and regard the
works of Hennig (1950, 1966a) as important clarifications of the logical
foundations of this type of classification. Some of the important features
of the theory of phylogenetic systematics, as affecting classification above
the species level, will now be outlined in broad terms.

Hemnig asserts that all groups in the phylogenstic system should be
monophyletic, including descendants of s common ancestral species. This
view has of course been held by many leading systematists ever since the
acceptance of Darwin's theory of evolution. Hennig's exploration of the
implications of this principle leads him to assert that, if sambiguity is to
be avoided, groups should omnly be described as monophyletic if they include
all the descendants of s cosmon sncestral species (or all descendants in a
particular time period, if the systems of different time periods are regarded
as separate). This precise definition of the concept of monophyly is neces-
sary if the hierarchical systes of classification is to provide unambiguous
{nformation on phylogenstic relationships between organisms, that is their
recency of common ancesiry (wvhether in absolute or in relative tems). To
clarify the grounds for this assertion, 1 offer the simple hypothetical
example shown in figures 1 and 2.
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Fig. 1. Phylogeny of a monophyletic group of four species at time t,
represented by a dendrogram.

Fig. 2. The four possible Linnaean hierarchies which are admissible

as representations of the phylogenetic relationships between the four
contemporsnecus species whose phylogeny is represented by the dendrogram
at fig. 1, vhen all taxa are monophyletic according to Hennig's
definition. Two forms of presentation are used, (1) that of Gregg
(1954), in which the taxa are mmbered (Gy, G, ...) and their inclusion
relations shown by arrows; and (2) the nesting bracket presentation
vhich is more familiar to systematists. The species (members of
category Cy) remain in the same order throughout.
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0f the four possible systems shown in figure 2, system 1 obviously
conveys more information than the others (in fact all the information about
the phylogenetic relationships between the contemporaneous species at time
t, conveyed by the dendrogram), and is therefore to be preferred. The other
systems are less complete, conveying some, but not all, of the information
conveyed by system 1. None of these four systems leads to filse inferences
concerning phylogenetic relstionships, and no other systems are possible
without violating the criterion of monophyly according to Hennig's defini-
tion. However, if a laxer definition of monophyly is accepted, other
systems can be admitted (an sdditional six systems in the example given,
thus making a total of ten). The additional six systems are all incongruent
with the dendrogram, and thus do not convey information sbout the phylo-
genetic relationships.

Simpson (1961) defined monophyly as "the derivation of a taxon through
one or more lineages, from one immediately sancestral taxon of the same or
lower rank”. Authors who follow this definition are faced with few constraints
on the delimitation of taxa (see Hull 1964). Since the units of evolution
are species, I think that ststements about descent are most clearly expressed
in terms of descent from (one or more) species. The phrase "derivation from
one immediately ancestral taxon of the same or lower rank" in Simpson's
definition is to my mind unacceptable, because its meaning in terms of
descent from species is mot clear. Furthermore, the wording of the defini-
tion allows highly heterogenous groups to be accepted as "monophyletic",
provided that they are given sufficiently high rank. Simpson used this
definition to justify horizontal divisions between taxa in paleontological
classification, because of the practical difficulties involved in extending

group concepts back in time to the common ancestral species (vertical
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classification in paleontology). These difficulties sre indeed serious,

but I think that the way of resolving them is to restrict the application
of the criterion of monophyly, not to redefine the term. The proposals to
divide the geological time scale for purposes of classification discussed
later in this section provide a possible spproach to the problem.

The example sbove (figs. 1 and 2) illustrates that a Linnaean hierarchy
is an sdequate representation of the phylogenetic relationships between
recent organisms, or organisms in any particular time period. This is one
of the grounds for the view of Hennig and other phylogenetic systemstists
that the phylogenetic system should be expressed by revision of the tradi-
tional Linnsean system, rather than by proposal of a separate classification.

Woodger (1952) and Gregg (1954) have studied the definition and proper-
ties of hierarchical systems from a logical standpoint. In such systeas all
the elements are related by unidirectional inclusion relations, emanating
ultimately from the 'begimner" of the system. The Linnsean hierarchy shows
an additional feature which is not present in other hierarchical systems:
this is that the taxa (the elements of the hierarchy) are members of cate-
gories (such as phylum, class, order, family, etc.), which are associated
with the system and indicate a sequence of ranking. A logical distinction
should be made between the inclusion relations between taxa, and the member-
ship relations between taxa and categories (Buck and Hull 1966).* Category
names are defined in terms of properties which taxa have (Buck and Hull
1966). Clearly some of these properties are formal, involving the use of

category names to indicate the sequence of inclusion relations between taxa.

*It is common practice to refer to taxs as “members"” of higher taxa, as well
as of particular categories. Buck and Hull use the term membership in an
unusually restricted sense in the interests of clarity.



Thus when an individual is classified as belonging to the species Homo
sapiens, the genus Homo, the family Hominidae, the order Primates and the
class Mammalia, the sequence of inclusion relationships (subordination)
between these five taxa is indicated by the reference of the taxa to
categories. A definition of a category name may therefore specify the
inclusion relations between the taxa referred to this category and taxa
referred to at least two other categories. It is possible to maintain

that category names have no meaning beyond this formal aspect. But most

biologists assume that the taxa referred to a particular category are, or

at least ought to be, equivalent to one another not only in a formal sense
but slso in respect of some of their empirical relations and properties.

Considersble controversy has arisen over the nature of these empirical

relations and properties which qualify taxa for membership of a particular

category. Mayr (1969: 233) susmarizes some of the criteria which have been
suggested under five headings, as follows: "1. Distinctness (size of gap);

2. Evolutionary role (uniqueness of adaptive zone); 3. Degree of differ-

ence; 4. Size of taxom; 5. Equivalence of ranking in related taxs."
However, any attempt at a consistent and precise application of these

criteria would be faced with serious difficulties, which I briefly summarize
as follows:

1. To speak of gaps in particular character sequences is meaningful, and
taxonomists of all schools use such gaps in the normal procedure of
defining character states. But to speak of gsps between whole organisas
(in other words, the totality of the differences in their attributes)
is quite another matter, snd any attempt at precise estimation of gaps
in this extended sense must lead into a logical and mathematical morass

similar to that involved in trying to estimate “overall similarity”
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(see section 2.2).

2. An "adaptive zone" is an ecological concept. Since some groups in
the phylogenetic system are diverse as regards the ecological roles
of their members, it seems scarcely possible to make consistent use
of ecological criteria of ranking.

3. The "degree of difference' is a phenetic concept, similar to Mayr's
first criterion (size of gap). The extension of such a concept from
particular character sequences to whole organisms is likewise problem-
atical (again see section 2.2).

4. Mayr recosmends that "the size of the gsp justifying the separation
of a higher taxon should be inversely correlated to the size of the
taxa”. The spplication of a criterion of this kind again depends on
estimating gaps between whole organisms.

S. The spplication of this criterion of equivalence depends on assuming
that the related taxa are correctly ranked. This may be an acceptable
temporary expedient in studies of a limited range of organisas, but
does not provide any general criterion for ranking.

For the reasons given sbove, I doubt whether the criteria listed by
Mayr can be satisfactorily spplied to the ranking of taxa in a phylogenetic
system in Hennig's sense. Even if the problems of measuring gaps or degrees
of difference between organisms could be overcome, & further serious diffi-
culty would arise. This is that the use of such criteris would not necessarily
lead to the reference of the monophyletic taxs in a phylogenetic system to
categories in a way compatible with the use of the category names to indicate
the sequence of subordination. Inconsistencies would need to be admitted in
the application either of the criteria for referring taxa to categories, or

of the monophyly criterion by which the taxa are delimited (such as by the
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admission of paraphyletic groups into the system). The reason for this
incompatibility may be shown by comparison of the system of taxa and the
phylogenetic relationships between organisms which it represents. If

the dendrogram at figure 1 is compared with the complete representation
of the phylogenetic relationships in a Linnaean hierarchy (system 1 of
fig. 2), the sequence of inclusion relations (subordination) which the
categories indicate is clearly congruent with the sequence of branching of
the phylogeny in time. Thus the categories necessarily correspond with
the time dimension in a relative sense in a system in which all taxa are
monophyletic according to Hemnig's definition, because the sequence of
inclusion relationships (subordination) in such a system is congruent with
the branching of the phylogeny in time. It is impossible within the
constraints of a phylogenetic system of this kind to define categories in
terms of phenetic criteria in s rigorous consistent way, because phenetic
divergences and degree of phylogenetic relationship (recency of common
ancestry) are not necessarily congruenmt.

Once it is recognized that the categories in a system of monophyletic
groups necessarily indicate the relative age of the stem-species ancestral
to members of each taxon, it is but a small step to suggest that categories
should be related in broad temms to the absolute age of the stem-species.
Hennig (1966a: 186) has made such proposals, and these have been taken up
and elsborated by Crowson (1970). To be sure, these proposals have been
made a little in advance of their time, since the phylogeny of most groups
of organisms (including those treated in this work) has not been sufficiently
clarified to allow confident use of a time criterion for ranking. Neverthe-
less these proposals provide the only theoretically sound basis for achieving

an objective equivalence betveen the taxa assigned to particular categories
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in a phylogenetic system, and thus pose a task for future phylogenetic
systematics. |

The question of which measurement of age is the best reference point
for the assigmment of taxa to categories thus arises. Hennig has con-
cluded that we should use the age of origin of the stem-species, that is
the time at which the stem-species split from its sister-species. A
logical consequence of Hennig's conclusion is that sister-groups must have
the same rank in the system, because their age of origin is the same. 1
have indicated the difference between age of origin and age of differenti-
ation on the dendrogram (fig. 1).

The classification of fossil organisms poses certain problems because
a Linnaean hierarchy is only an adequate representation of the phylogenetic
relationships between Recent organisms, or organisms in any particular time
horizon. Brundin (1966) rightly states that "we have to imagine a vast
series of horizontal systems upwards through time, together reflecting suc-
cessive change and the rise and fall of innumerable integrant sister-group
systems". Of course such a contimum of systems through time is ummanage-
able to the human mind, and we have to resort to the device of arbitrarily
breaking down the contimam into discrete sections, as Hennig (1950: 259)
concluded. The Linnsean systems of different time periods can thus be regarded
as different. It is a misconception to think that the demand that all taxa
should be monophyletic necessarily leads to an insistence on a "vertical”
system in which all taxa are held to extend back in time to include the stem-
species and all its descendants. Such vertical groups should be thought of
as extensions of taxa into an additional dimension, or series of taxa in the
systems of successive time-periods. The demand that all taxa be monophyletic

according to liennig's definition can thus be reconciled with 'horizontal®



13
classifications of fossil organisms, if it is understood that the taxa
which should be monophyletic belong to the systems of particular time
periods. The extent to which the same name should be applied to a series
of taxa through time thus becomes a secondary question which can be
decided upon other criteria, without violating the criterion that taxa be
monophyletic, and Simpson's (1961) proposal to justify horizontal classi-
fication by redefining monophyly becomes unnecessary.

Crowson (1970: 251) has made the first specific proposals for dividing
the geological time scale for the purposes of phylogenetic classification.
His proposals clearly need to be supplemented by an examination of possible
alternative ways in which the nomenclature applied to fossil organisms might
be amended in order to implement them. There is an obvious gap here in the
theory of phylogenetic systematics which is in need of detailed exploration.

An alternative approach to the classification of fossils is to relate
them to the system of recent organisms, as has been done in Hennig's (1969c)
book on the phylogeny of insects. A consequence of this procedure is that
the rank of the lowest groups to which fossils can be referred is propor-
tional to the age of the latter. Thus, if the boundary between the Lower
and Upper Cretaceous is used to define the family category, earlier fossils
cannot be referred to any family in the system of Recent organisms, but only
to higher groups. In the present work 1 am not concerned directly with the
classification of fossils, and discuss them solely in relation to the classi-
fication of recent organisms.

Some authors have interpreted Hennig's principles as entailing (for
instance) the classification of every new Precasbrium species in a new phylums,
which they consider to be a reductio ad absurdum of the principles. This

is a misunderstanding. New Precambrian species can be arranged by the use
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of lower categories in a hierarchical system of Precambrian organisms. If'
discussed in relation to the system of Recent organisms, Precambrian species
not referable to any Recent phylum can only be referred to a group of higher
rank (e.g. the Metazoa). The description of new "phyla' is not entailed.
Since the species in a phylogenetic system are in principle species
at a particular point of time, the question of how the specigs concept
should be extended in the time dimension is only of secondary importance
for the theoretical foundations of the system. Species are discrete at
any given point of time, but form part of a continuum when extended in the
time dimension. The breakdown of this continuum into discrete sections
for the purpose of classification is necessarily an arbitrary procedure.
Hennig argues that the best method is to delimit species in time by two
successive processes of speciation, becsuse it is these processes of
speciation which determine the phylogenetic relationships between living
species. This proposal is logically consistent. But serious doubts have
been raised about the practicability of delimiting fossil species in this
way, because of difficulty in establishing with sufficient precision when
speciation has occurred. Even when continuous fossil sequences are avail-
able (as in some marine deposits), the geographical extent of the relevant
record is usually limited, and therefore the times at which geographical
speciation may have occurred can rarely be postulated with much confidence.
The known fossil record of insects contains enormous temporal, as well as
geographical, gaps and the fossil species as we know them are delimited by
these gaps, not by theoretical principles which we may wish to apply. The
possibility of devising a theoretically consistent approach to the delimit-
ation of fossil species thus has little immediate priority for entomologists,

and is mainly of concein to workers on marine fossils.



15
2.2. The comparative merits of phylogenetic systematics and

other approaches to the classification of organisms

So far 1 have attempted to justify in terms of theoretical consistency
the view that a phylogenetic (cladistic) classification of organisms can
be presented in the form of the traditional Linnaean hierarchy. Of course
the conclusion that the phylogenetic system can be so presented does not
necessarily show that it ought to be. This also depends on the further
question, whether the phylogenetic system is to be preferred over any other
types of system which can be presented in this form. For purposes of the
present argument the alternative approaches to biological classification
which are currently advocated for representation by the Linnaean hierarchy
are broadly grouped into two main typu phenetic classification (typo-
logical classification" in the sense of Hennig 1966a; including "mmerical
taxonomy" in the semse of Sokal and Sneath 1963), and the kind of approach
which Mayr (1969) calls "evolutionary taxonomy’, based on combining phylo-
genetic and phenetic principles of classification (called “syncretistic
system” by Hennig 1966a). 1 refer to the latter as combined classification
in this work, since the term vevolutionary taxonomy" has been spplied by
some authors to phylogenetic and combined systematics without distinction.

In judging the merits of classification systems I follow the view that
“of the many properties that could be used to construct a classification,
those causally connected to many others are the most fruitful because they
group the elements of the classification into classes whose names function
not only in the most inductive generalizations but in the most theoretically
significant generalizations” (Hull 1969, summarizing the work of Hempel
1965). Some recent authors have claimed that information retrieval is one

of the main purposes of classification systems (for instance, Mayr 1969).
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But in my opinion this emphasis is misplaced. Information retrieval
systems should be as simple as possible in the interests of efficiency,
and it hardly seems reasonsble to suggest that biologists have developed
an elaborate hierarchy with fifteen to twenty categories in common use
primarily to act as an information retrieval system. Linnaeus' original
five categories were already more than is needed for this purpose. Certain
categories in the Linnsean hierarchy, particularly the species, genus and
family, clearly have an important function in existing information retrieval
systeas; but this does not spply to the Linnsean system as & whole. The
use of some of the categories in information retrieval systems leads to a
conflict of interest among users of the classification. Those who sre not
directly interested in comparative (systematic) research often view
revisions of the system with disfavour, however good the reasons for thea,
because stable nomenclature facilitates rapid information retrieval. If
this conflict of interests becomes more severe in the future, it may become
desirable to devise an independent information retrieval system which will
not be affected by revision of taxa sbove the species level (for instance,
by allocating numbers to each species).
Phenetic classifiocation

Many pheneticists, like phylogenetic systamatists, are striving to
construct a theoretically consistent system, and there is no reason wvhy
both phenetic and phylogenetic systems, if both are possible, should not
coexist and be mutually illuminating. I think it unfortunate in retrospect
that bad nla.tions were engendered between the two schools by Sokal and
Sneath's (1963) attack on the validity of phylogenetic systematics, on the
grounds that evolutionary reasoning is inherently circular. The arguments

which they put forward have since been shown to be umwarranted (Hull 1967).
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It is doubtful whether such extreme views are still held by the authors,
since one of them has subsequently published a method of reconstructing
phylogeny (Camin and Sokal 1965). Some confusion has been engendered by
Sokal and Sneath's use of the term "mmerical taxonomy". Numerical
approaches are possible to many di fferent kinds of classification (including
phylogenetic classification, various ecological classificationms:etc.), and
the description "mumerical” is thus potentially ambiguous. Later authors
have justifiably substituted the term “phenetic taxonomy" for Sokal and
Sneath's proposed classification of organisas on the basis of similarity.
The attempt to classify organisms on the basis of similarity is by no means
new, having historical antecedents in the school of idealistic morphology
("typology" in the strict senmse), which had roots in pre-evolutionary thought
of the 19th century (see Simpson 1961). Idealistic morphologists thought
of species and higher groups as static entities which corresponded to un-
varying "archetypes'. Some held that the latter were equivalent to Platonic
forms. But the metaphysical beliefs of Plato have long since fallen from
favour in this field, and I do not consider them in this work.

The numerical approach to phenetic classification outlined by Sokal and
Sneath (1963) presents many theoretical difficulties. The authors aimed at
quantifying overall similarity, but unfortunately did not discuss the nature
of this concept in detail. The only definition given (page 50) reads:
“Overall similarity (or affinity) between any two entities is a function of
the similarity of the many characters in which they are being compared".
Taken literally this definition implies that overall similarity is an
arbitrary function, which varies according to the characters used in any
comparison. But probably this was not intended, since elsewhere the authors

speak of the characters used in particular analyses as representing ''samples”
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Presumably "overall similarity” is a function of the similarity between

two entities in all possible characters, and the values obtained with any
particular sample of characters should be regarded as spproximations to
this. At any rate the claim that phenetic classification can provide a
general reference system for biology depends ultimately on whether the
concept "overall similarity” corresponds to some real dimension which can
be quantified either in relative or absolute terms. If "overall similarity”
is a concept which does not correspond to a single natural dimension,
phenetic taxonomists will always be faced with the possibility of presenting
s variety of different systems, depending on which characters are chosen,
how they are coded and how they are weighted. Some of these systems may

be useful for some purposes, but it will be impossible to extend any ome
system over an extensive array of organisms because of the limjitations
imposed by the applicability of the chosen character set. Sockal and Sneath
seem to regard overall similarity as a function of genetic similarity, but
this does not alter the problem since genmetic similarity is s concept of the
same kind (meaning the "overall similarity" between two genomes). If
overall similarity (or genstic similarity) is a real single dimension,
phenstic classifications based on different classes of characters should
become increasingly congruent as the mmber of characters used is increased.
I do not think that this has ever been convincingly demonstrated, and same
studies definitely suggest that it is not the case (see the discussion by
Ehrlich and Ehrlich 1967). Relevant data have been presented in recent
discussions of the "nonspecificity hypothesis" ("Here we assume that there
are no distinct large classes of genes affecting exclusively one class of
characters such as morphological, physiological, or ethological, or affecting

special regions of the organisa such as head, skeleton, leaves"; Sokal and
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Sneath 1963: 85). But it seems to me that more than the relations between
the genome and the phenotype is at stake. If classifications based on

di fferent classes of characters do not become more congruent as the mmber
of characters is increased, then the fundamental assumption that the overall
similarity between two organisms is a parameter which can be spproximated
by taking samples of characters is suspect. The status of the values for
similarity (or dissimilarity) produced by phenetic anslyses thm‘ requires
clarification. It is obviously important whether these values can be
regarded as estimates of an underlying parsmeter (‘‘overall similarity”)

or are merely values gemerated by the arbitrary coding of the particular
character sets used in psrticular analyses. If the latter is the case (as
I believe), the frequently voiced claims of "objectivity” for such values
and the classifications derived from thes are unfounded.

Johnson (1970) has presented an important critical review of the
mathematical assumptions of mmerical pheneticists. According to Johnson
the claims of objectivity and precision made by this school are i11-founded,
and there is no hope of extending precise quantitative mathematics to
describe the biological situations encountered in taxonomy. Ghiselin (1969)
dismisses the concept of overall similarity as "nonsense’’, because there
is no finite mmber of characters or attributes of an organism; he maintains
that statements about similarity only have meaning if all the terms of the
similarity are supplied.

Apart from doubts about the objectivity of the similarity values
produced by mmerical phenetic studies, serious doubts can be raised sbout
the merits of converting such values into a hierarchicsl system. Similarity
(or dissimilarity) values constitute a matrix which can only be converted

into a hierarchical system by compression, with consequent loss of informatiomn.
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The steps involved in converting similarity matrices into other forms of
presentation have recently been discussed by Carmichael and Sneath (1969),
whose views should be authoritative in view of their experience in this

field. These authors state:

"Dendrograms have the advantage that they do not produce a

linear ordering of the OTU's [Operational Taxonomic Units].

However they achieve this by not specifying the relation

between individual OTU's, except for the initial pairs in any

stem . . . OTU's in widely separated stems may be more similar

to each other than to some of the OTU's in their own stems . .

. A dendrogram may be thought of as a "best-fit" model compressed

into one dimension by preserving the proximities between the

closest pairs in each stem and averaging the remainder in a

successively more general manner. It may be a successively

sore distorted manner if the relations among the OTU's do not

permit a linear representation, or are not strongly hierarchical.

Where a linear ordering is spplicable and the OTU's form strongly

hierarchical subsets, a dendrogram may be the simplest satisfac-

tory display."

Thus it seems that a dendrogrsm is a satisfactory representation of
phenetic relations only when these relations are strongly hierarchical, for
instance if they tend to correspond with the underlying phylogenstic rela-
tionships (which are necessarily hierarchical). In cases where the phenetic
relations sppear more reticulate and diverge strongly from phylogenetic
relationships, a dendrogram is not an adequate representation. From
Carmichael and Sneath's comments it appears that the only useful information
about the phenetic relations between species which is always retained in
a dendrogram is that the pairs of species linked at the final dichotomies
of each stem are most closely related to each other. No unambiguous
information is retained sbout the relations of any species linked to a
stem before the final dichotomy. Because of this loss of informatiom, fow
inferences can be made sbout the distribution of similarity values in the
original matrix. Of course the same limitations apply to the representation

of phenetic relations in a Linnasan hierarchy, whose properties are similar
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to those of a dendrogram.

1f a hierarchical system so inadequately represents phenetic relatioms,
{t is reasonsble to question the assumption of many phenetic taxonomists
that such a system of classification should be the end-product of their work.
This assumption seeas to be linked with the belief that biologists are so
used to hierarchical systems that they will reject any other type of classi-
fication. In my opinion this viewpoint obstructs real progress in the
field of phenetic classification, since any objectivity or usefulness that
may be credited to similarity values has been largely lost by the time these
have been converted into a hierarchical systes. The Linnsean hierarchy
conveys information sbout phenetic relations inefficiently, but can be an
adequate representation of phylogenetic relationships (see previous discus-
sion). For this reason 1 think that progress in all fields of systematics
would be better served if numerical pheneticists did not try to represent
their classifications in the traditional Linnsean hierarchy, but concentrated
on developing whatever forms of classification are best suited for represent-
ing phenetic relations. Mutual i1lumination between the different kinds of
classification might then tend to replace the polemics which have been so
prominent in recent literature.

From the considerstions presented above I conclude that many of the
claims made by Sokal and Smeath (1963) were overoptimistic, and that a
widely useful hierarchical system cannot be generated from a static (phenetic)
coding of character states which does not take account of their evolutiom.

Phenetic classifications can still be based on non-mmerical methods,
and indeed such attempts are faced with fewer methodological difficulties
than those which face numerical phenetics. Often such classifications result

from studies of a particular complex of charscters, such as Rohdendorf's
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(1964) classification of the Diptera, which was based on his analysis of
the functional types of dipterous wings. In so far as such classifications
present the results of morphological research, they may be useful and in-
fluential. The argument against preferring any such "morphological”
classification to a purely phylogenetic system is based mainly on what
Crowson (1970) calls the non-congruence principle. According to this
principle the distribution of character states is rarely coincident, unless
they are functionally correlated. This is why authors who have made inves-
tigations of a particular functional -morphological complex have so often
been led to propose classifications which conflict with those based on
earlier investigations of other characters. The well-known incongruences
between imaginal and larval classification in some groups of insects illus-
trate this point. And in the order Diptera an excellent example of the
classificatory problems posed by non-congruence is the long-standing dispute
on whether the primary division of the order should be between Nematocers
and Brachycers, or between Orthorrhapha and Cyclorrhspha. 1f the distribu-
tion of character states within a group is considered from a static (phenetic)
standpoint, non-coincidence of the points where msjor structural differences
occur cannot be resolved in the construction of a classification except by
arbitrary choice. Different workers may well wish to make divisions at
di fferent points, in accordance with their varying interests. In fact there
may be a large number of reasonably useful -orphological-phemtic classifi-
cations which could be presented for groups in which the pattern of character
state correlations is complex. For this reason I think that static presenta-
tions of the distribution of functional-morphological types should be regarded
as special-purpose systems, and that the synthesis of all comparative dats

available on organisas for presentation in the Linnsean hierarchy should be
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undertsken through application of the principles of phylogenetic systematics.

In phylogenetic systematics incongruences in the distribution of character
states are not treated arbitrarily, because the sequence in which divisions
should be made is determined by reference to the time dimension.
Combined classification

For purposes of this discussion I take the work of Mayr (1969) as
representative of the views of advocates of combined ("evolutionary”)
classification. The controversy between this school and phylogenetic
systematists should not be allowed to obscure substantial agreement on many
questions (such as the definition of species). The main area of disagree-
ment is that Mayr rejects Hennig's proposals for achieving an unequi vocal
correspondence between phylogeny and classification above the species level.
Mayr criticizes these proposals mainly on the grounds thst no account is
taken of different rates of evolutionary change in di fferent lineages.

However the implication of such criticisa that phylogenetic classifi-
cations ought to be corrected in some way to reflect varying rates of
evolution raises serious logical difficulties. Rates of evolution can be
estimsted on a reasonsbly objective basis only for particular character
sequences (particularly setric characters), but it is doubtful whether the
spplicstion of such a concept can be extended to whole organisms (in other
words, to the totality of their infinite attributes). Any attempt to
estimate rates of evolution in the latter semse in a non-arbitrary mamner
sust lead into the same logical morass which confronts attempts at estimating
"overall" similarity, gaps between whole organisas, etc. (see Johnson 1970).
Even if this difficulty could be overcome, there would remain the further
di fficulty that the Linnaean hierarchy is only an adequate representation

of one dimension, and that consequently ambiguity sust result fros attempting
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to use it to represent more than this (see Hennig 1966a: 77).

The di fferences between Hennig's and Mayr's views may be further
illustrated by comparing how they define the categories. They are in full
agreement in demanding a definition of species which reflects their role
as the units of evolution. ("Species are groups of interbreeding natural
populations that are reproductively jsolated from other such groups";
Mayr 1969). But their views on the definition of categories above the
species level are strongly divergent. Mayr (1969: 92) defines the genus
as "a taxonomic category . . . which is separated from other taxa of the
same rank (other geners) by a decided gap". He then defines the family
similarly. These definitions are logically unsatisfactory because they
include the tera to be defined (definiendum). Hemnig's proposal to define
categories sbove the species level in terms of the age of origin of the
stem species of the member taxa is not open to this objectiom, and to the
best of my knowledge stands as the only proposal for an empirical defini-
tion of such categories which is not open to logical objections. Of course
there are practical difficulties in many cases in spplying Hennig's propo-
sals at this time due to inadequate knowledge, but this does not affect
their validity in the long term.

In my opinion Hennig's thesis that the Linnaesn hierarchy should be
used to represent only phy logenetic relstionships (in the sense of recency
of common ancestry) is not weakened by criticisms that it is too restrictive,
so long as no satisfactory alternative is demonstrated. I do not find in
Mayr's work any sufficient discussion of the logical difficulties inherent
in his concept of s classification which reflects both cladistic relation-
ships and evolutionary divergence at the same time. The principles of

“evolutionary classification” as currently formulated do not provide



25
sufficient guidance on how classifications above the species level should

be revised as new information is obtained. Various different criteria are
suggested for the ranking of taxa, with the question of which should be
given weight in particular cases left to the arbitration of the classifier.
As a result no satisfactory empirical definition of categories sbove the
species level is possible.

Acceptance of Hemnig's view that the Linnaean hierarchy should repre-
sent only phylogenetic relationships (recency of common ancestry) does not
necessarily imply a denial of the importance or interest of rates of evolu-
tion. Estimates of rates of evolution can be presented as a separate
classification, as for instance in the diagrammatic presentations discussed
by Wagner (1969). However, there can be no one correct estimate of the
rate of evolution of whole organisas because of the multidimensional nature
of the data. Whether there is any other dimension except time to which
rates of evolution can be referred is not clear. 1 do not exclude the
possibility that they can also be referred to some determining factor at
the genetic level, in which case an alternative kind of evolutionary classi-
fication to phylogenetic classification in Hennig's sense could be devised.
But so far this possibility has not been demonstrated.

Phylogenstic clasei fioation

The claim that the phylogenetic system is a useful reference system
for biology rests on the fact that "there is one dimension to which all other
dimensions are referred, and that is the time dimension" (Brundin 1966).
Since there is only one phylogeny of any grow of organisas, phylogenetic
systematists are not beset with theoretical difficulties in reconciling the
evidence of different classes of characters. All available comparative

information can and should be considered. Because the phylogenetic system
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is congruent with 3 real common dimension, its conclusions are not logic-
ally dependent on the use of a particular suite of characters in analyses,
and the system can be extended to include all the organisas of 8 particular
time period. Herein lies one of the reasons for claiming superiority for
the phylogenetic system over phenetic systems. The latter are inevitably
restricted in their extent because of their dependence on particular
character suites.

The usefulness of 8 consistent phylogenetic systes in which phylo-
genetic relations (recency of common ancestry) are expressed without ambi-
guity is clear enough for those branches of biology which make historical
comparisons between organisms. Historical biogeography is an obvious
exsmple. It is perhaps not sO obvious that the use of a logically consis-
tent phylogenotic system also has significant advantages f or branches of
biology which compare only Recent organisas. Comparative morphologists
employ a concept of homology which is usually defined in terms of common
origin in time (evolutionary homology). Statements sbout homology in this
sense are best expressed through a classification of sonophyletic groups,
since only such groups have 8 unique common origin in time. In fact compar-
ative morphology cannot be divorced from phylogenstics, if an evolutionary
definition of homology is accepted. Phylogenetic classifications are
therefore very relevant to studies of comparative morphology, 83 well as
-orpholo;icnl-phmtic classi fications of particular character complexes.
A more general case for the relevance of phylogomtic classification to
comparisons between organisas, apart from the special question of the use
of an evolutionary criterion of homology, can be made in terms of the pre-
dictive value of such classifications. This can be a question of practical

importance in relation to attributes which can only be demons trated after
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laborious studies. For instance, if an unusual physiological process has
been demonstrated to occur in a small mmber of rather remotely related
species, how widely is this process likely to occur? Predictive answers
to questions of this kind are best made by reference to the monophyletic
taxa of the phylogenetic system. Such predictions are less reliably made
from morphological -phenetic classifications, unless there is a close
functional correlation between the character suite used to comstruct the
classification and the attribute whose distribution is predicted. There-
fore, 1 think that over a wide field of biology the phylogenetic classi-
fication is the classification which best meets Hempel's criterion of
functioning in the most inductive generalizations. Further arguments for
the special position of the phylogenetic system in biological research
have been given by Hemnig (1950, 1966a).

It is sppropriate here to refer to the distinction between general-
purpose (“'natural") and special-purpose (tartificial") classifications made
by Gilmour and his followers (the "philosophical school” of taxonomy). I
accept the general view that this distinction is useful, although there are
logical difficulties involved in attempting to apply it in a precise way
(see Johnson 1970). Gilmour and Walters (1964) define these terms as

follows:

"General-purpose classifications consist of classes contain-
ing objects with a large number of attributes in common, thus
making them useful for a wide range of purposes; special-purpose
classifications consist of classes containing objects with only
a few attributes in common, and hence serve a more limi ted range
of purposes."

If we attempt to read some operational significance into these definitioms,
they seem to suggest that we can form a judgement on whether a classifica-

tion is general-purpose or special-purpose by enumerating attributes in
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common. However, the term "attributes" is so indefinite that enumeration
of attributes is only possible if the range and kind of attributes to be
considered is specified; in which case the validity of any conclusions
for demonstrating general purposiveness would be in doubt. Recourse to
an all-attributes concept would lead us into a "hopeless morass' (Johnson
1970). For this reason Gilmour's distinction can only be spplied in a
vague qualitative way. We can try to consider what kinds of common attri-
butes are possessed by the classes of objects in particular classifications,
or in what fields of enquiry these classes are useful for conceptualization
and commmication. My attempt in the preceding paragraphs to demonstrate
that the phylogenetic system is useful in many different branches of
biology can thus be considered an attempt to demonstrate that the phylo-
genstic system is a "general-purpose’ biological classification. But it is
not necessarily the only general-purpose classification of organisms.
Probably some form of ecological classification of organisms can also be
regarded as a general -purpose system. In the latter case the "powerful
factor” (in the sense of Gilmour's and Walter's seventh principle) which
makes a general-purpose system possible is not phylogeny but the flow of
energy through the biosphere.

The definition of general-purpose classifications given by Gilmour
and Walters seems to me only partial. They do not demand that the classes
included in any particular classification shall be homogenous, nor do they
attempt to clarify the significance of the formal relations between classes
in classifications. A sufficient definition of general-purpose classifi-
cations should surely also refer to these aspects. The point may be
fllustrated with the words of Lewis Carroll's Walrus. °

*The time has come," the Malrus said,
*To talk of many things:



0f shoes—and ships—and sealing wax—
0f cabbages—and kings. - M

(Lewis Carroll, Through the Looking-Glass)
The five classes of objects in the last two lines doubtless all function
in general-purpose classifications, but should not be included in the same
classification. The definition of general-purpose classifications given
by Gilmour and Walters says nothing to discredit the Walrus' sbility as &
taxonomist. I conclude that the definition requires elsboration. Gilmour
and Walters were unsble to suggest any clearly defined procedure for
classifying through the Linnaean hierarchy. Their only comment on the use
of categories is that comparatively few changes should be made in the
ranking of taxa in the interests of stability of nomenclature. This is
hardly consistent with their general thesis, since the categories are
classes and ought therefore to indicate common attributes of the objects
referred to them in a general-purpose classification.

The conclusion which I draw from the considerations presented sbove is
that the phylogenetic system is a general-purpose classification widely
useful in many branches of biology, and that it is the most suitsble
classification for representation through the Linnaean hiersrchy. But this
does not imply that it is the only useful kind of classification, nor the
only possible general -purpose classification. Other kinds of classification
are useful in most, if not all, fields of biology. 1f misunderstanding and
conceptual confusion are to be avoided, other kinds of systems should be
presented independently of the phylogenetic systea. There are no grounds
for supposing it possible to produce 8 single optimal classifization which
is useful for all possible purposes.

Revision of the Linnaean hierarchy to represent phylogenstic relations

i{s not inconsistent with the recent history of systesatics. In practice,
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most recent revisionary work has tended to change classifications so that
the proportion of monophyletic groups in the system is increased, even
when the authors have not adopted any consistent theoretical standpoint.
For instance, if the history of changes in the ordinal classification of
insects is considered, the trend to break down polyphyletic or parsphyletic
groups (such as the Linnaean "Neuroptera") is readily apparent. Nearly
all the orders currently accepted in the classification of Recent insects
are believed to represent monophyletic groups, with possible exceptions

only in areas where the phylogenetic relationships require clarification
(e.g. Mecoptera).

2.3. Procedures of phylogenetic analysis

Hennig (1950, 1966a) discusses in detail the analytical procedures
involved in constructing phylogenetic classifications. He distinguishes
three methods, the comparative holomorphological method, the paleontological
method and the chorological method. In this work I employ the comparative
holomorphological method to produce a phylogenetic classification of

Recent species. My remarks are therefore concerned mainly with the use

of this method.
Theoretical oonsiderations

The starting point of Hennig's treatment of the compsrative holo-
morphological method is the observation that phylogenetic relationship is
not proportional to similarity, because there are demonstrated differences
in the rates of character change in different phyletic lineages. Communi ty
of descent can be inferred from common possession of the apomorphous condi-

tions of any character sequence (synapomorphy), but not from common possessio

of plesiomorphous conditions (symplesiomorphy).
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Hennig's terms "plesiomorphous” and "gpomorphous' are equivalent to
the more familiar terms "ancestral" and "derived". I use the former terms
in this work, since they have no conflicting meanings arising from usage
outside biological systematics, and since they can be readily compounded
to form such words as '‘synspomorphous”, vcatapomorphous” etc.  These
concepts can only be rendered clumsily using the ancestral/ derivative
terminology: for instance, the autspomorphous characters of a group would
have to be referred to as "those derivative characters of a group, which
are not shown by species outside the grow". Hennig's terminology was first
proposed in the Gemman language (as "plesiomorpher”, "apomorpher" etc.) and
has been variously rendered into English. 1 here follow the English forms
given in Hennig's (1966a) book. The terms “plesiomorphous' and "spomorphous'’
refer properly only to morphological characters, but similar terms are
available for characters of other kinds, such as "plesiooecous" and
"apooecous” (for ecological characters) and "‘plesiochorous' and "apochorous"
for distributional characters. Tuomikoski (1967) has appropriately suggested
that the more general terms "plesiotypic” and "spotypic' may be used to
embrace all kinds of characters.

The observation that taxa should only be characterized by apomorphous
(derivative) conditions in their groundplan is, of course, by no means new,
and to many people seems self-evident. But Hennig was justified in laying
great emphasis on this principle, since many authors have not followed it.
After exploring the implications of this principle, Kennig proposes the
"argumentation schese of phylogenetic systemstics” (fig. 3) as a model for
the performance and presentation of phylogenetic analyses.

In the argumentation scheme the grounds for a phylogenetic hypothesis

are illustrated by superimposing an interpretation of character states on
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Fig. 3. The argumentation scheme of phylogenetic systematics (after
Hennig 1966a). All groups regarded as monophyletic are distinguished
by the possession of derived (apomorphous) stages of expression
(black) of at least one pair of characters (synapomorphy of species
of monophyletic groups).
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a dendogram. It is conventional to use black rectangles for apomorphous
states, and white rectangles for plesiomorphous states. If the number of
characters considered is too large for convenient presentation in this
form, the postulated branching sequence may be indicated by brackets above
a table of character states (as in my fig. 17).

The terms apomorphous and plesiomorphous are relative. The apomorphous
conditions which characterize a group become plesiomorphous (''outside
primitives' in Throckmorton's terminology) from the standpoint of analysis
of its subordinate groups.

In phylogenetic systematics the characterization of groups is pre-
sented in terms of their apomorphous groundplan conditions. The groundplan
of a group is defined as the condition of the last common ancestral species
at the age of differentiation. The groundplan is thus a historical recom-
struction, not some kind of average condition for a group. An abstraction
of the latter kind would be an archetype, not a groundplan. Groundplan
characterization is not always the same as the diagnostic characterization
presented in keys to identification, because some or even most members of
a group may show conditions which represent further modifications of the
groundplan condition. In considering whether or not a species belongs to
a particular group, the question which should be asked is whether the condi-
tions shown by this species are more probably derived from the groundplan
conditions of this group, rather than from the groundplan conditions of any
other group.

Throckmorton (1962) discusses an alternative argumentation model, based
on the principle that '‘possession by two species of a particular characteristic
will indicate only that they are derived from some common heterozygous

population”. He argues that if the apomorphous condition was present as
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pert of a polymorphisa in the common ancestral species, some descendant
species may show the apomorphous condition and others the plesiomorphous
condition. In my opinion the use of this "balance hypothesis" model is
only warranted when the character states in question are known to form
part of a balanced polymorphism in some existing species, and I suspect
that Throckmorton may have overextended the use of his model to cases
where homoiology or parallelism would be a more probable hypothesis. At
any rate one must be guided in phylogenetics, as in other branches of
science, by the principle of parsimony (Occam's razor). In cases wvhere
Hennig's model (called the "classic' model by Throckmorton) provides a
consistent explanation of the observed distribution of character states,

I think this may be accepted as the most parsimonious explanation. In
studies of the relationships between groups of high rank, we are mainly
concerned with the distribution of rather strongly di fferentiated character
states to which the balance hypothesis can hardly apply. The argumentation
in this work is consequently presented within the framework of Hemnig's
argumentation schems.

Hennig's scheme has been criticized by several authors (including
Darlington 1970) on the grounds that it involves assuming that speciation
is usually dichotomous. These criticisms raise the complex yuestion of
the nature of speciation, which I do not consider in this review. However
di fferences of opinion on this question need not give rise to methodological
disputes, if a priori assumptions sbout the extent to which ewvolution is
dichotomous sre excluded from phylogenetic analyses. 1 do not think that
the application of Hennig's methods depends on making a priori assumptions
of this kind, and his argumentation scheme can be readily extended to cases

of non-dichotomous speciation. If the pattern of character states expected



to result from a dichotomy is found (alternance of apomorphous and
plesiomorphous states), then a dichotomy should be postulated as the most
parsimonious interpretation. But if such a pattern is not apparent, a
dichotomous classification should not be presented.

Darlington (1970) has expressed several further criticisams of the
procedures outlined by Hennig (1966a) on the grounds that they involve
unacceptable simplifications of the processes of speciation and evolution.
Unfortunately, some of Darlington's criticisms seem directed at distorted
interpretations of Hennig's thought. . FPor instance, I do not follow his
argument that Hemnig assumes rates of evolution and divergence in related
lines to be uniform, since this is contrary to Hennig's stated opinions.
Nor can I accept the argument that relative primitiveness of species or
groups (not just of character states) is important to the theory of
phylogenetic systematics (cladism). While the description of species or
groups as relatively plesiomorphous (primitive) or apomorphous (derivative)
seems meaningful in extreme cases, such statements should be avoided or at
least qualified as a general rule; for non-congruent changes in different
character sequences often make the extension of the concepts of plesio-
morphy and spomorphy from particular character sequences to whole organisas
problematical. Darlington's criticisms suggest a need for comment on the
nature of the simplifications inherent in Hennig's argumentation scheme
and other dendrogrammatic presentations of phylogeny and character change.
That these presentations are very simplified is not disputed, for Hemnig
(1966a: 88) introduces the diagram of speciation (reproduced by Darlington
as his figure 1) with the words "in this simplest possibility’. Simple
conceptual models are plainly useful in many fields of science, and there

is no reason why we systematists should be denied the use of such models.



The customary presentation of phylogeny as a dendrogram is already a
highly simplified conceptual model, and Hennig's argumentation scheme

di ffers primarily by the addition of a representation of character states.
This addition improves the model, because an unadorned dendrogram is

open to the misunderstanding that the differences between species can be
reduced to a single dimension. If we consider the argumentation scheme
(fig. 3), the simplifications inherent in it include: (1) representation
of species lineages by straight lines; (2) representation of speciation
by a branching point; (3) representation of character states as uniform
within species or groups of species; (4) representation of the camplexly
interrelated differences between organisms by separate series of character
states. Clearly there are purposes for which the argumentation scheme or
other form of simple dendrogram is not an adequate analytical model because
of these inherent simplifications (for instance, detailed analysis of a
speciation process). But this restriction applies to all conceptual models,
without exception (including those presented as mathematical formulse).
The usefulness of models should be judged primarily in relation to the
purposes for which they are proposed. It is not warranted to discuss a
model in relation to some purpose for which it was not primarily intended,
demonstrate its inadequacy for this purpose and then pronounce it useless
for any purpose. If true, this kind of argument would invalidate much of
what we now accept as theoretical biology. Darlington's conclusion that
many of Hennig's mcdels (“concepts") are of no practical use seems to rest,
at least in part, on unwarranted reasoning of this kind. The diagrams from
Hennig's (1966a) book which Darlington reproduces and criticizes were
introduced by Hennig in a discussion on "the rules for evaluating morpho-

logical characters as indicators of degree of phylogenetic relationship”
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in a section on the delimitation and ranking of groups sbove tiie species
level. The argumentation scheme and other simple dendrograms used in
that section are in my opinion adequate for character evaluation and
analysis of the relationships between species and groups of species, so
long as the variation within species (or groups of species) which is
concealed by the definition of character states is slight in relation to
the di fferences between the character states. Although I disagree with
much of what Darlington says, I see value in his paper as providing s
wamning against our losing sight of the simplifications inherent in the
analytical methods proposed by Hemnig. The only proof against the misuse
of conceptual models in contexts in which they may be misleading is an
swareness of their limitations.

Bvaluation of characters

The construction of phylogenetic classifications involves judgements
about the sequence of character changes, and the distinction of probable
synspomorphies from other types of resemblance (homoplasy). Such judge-
ments require a detailed knowledge of the organisms concerned, as well as
an understanding of the principles of phylogenetic analysis. The criteria
which can be employed in forming such judgements have been well discussed
in general terms by Hennig (1950: 172, and 1966a: 93), and I do mot give
an extensive review here.

Homoplasy is defined as "resemblance not due to inheritance from a
common ancestry" (Simpson 1961), and is equivalent to the wide sense in
which the term "convergence” has been used by some suthors. In this work
I use three terms to denote types of homoplastic resemblance: convergence,
parallelisa and homoiology. In practice not all cases of homoplasy can be

classified unequivocally with this terminology, but a rough distinction can



38

be made. The term convergence in the restricted sense here followed is
applied to homoplastic character states which are the result of different
transformation sequences. The acquisition of similar character states
independently by different species, but without different transformation
sequences, is called parallelism. When conditions are thought to have the
same genetic base and to reflect close kinship among their bearers, although
the phenotypic change occurred independently, they may be called "homoi-
ologous". Homoiology thus occupies an intermediate position between paral-
lelism and true homology.

One of the main problems confronting attempts at phylogenetic analysis
is the need to distinguish conditions acquired through parallelisam or
homoiology from truly synapomorphous conditions. Convergence in the re-
stricted sense rarely results in conditions so similar that they are likely
to be mistaken for synapomophous conditions, except in some reduction
sequences (such as in the wing venation of Diptera). The detection of con-
vergence in such cases clearly depends on reconstruction of the transforma-
tion sequences. In general the most useful criteria which can be employed
in evaluating character states are the following: (1) the criterion of genetic
complexity of character change ("Kriterium der Komplizierheit der Merkmale",
Hennig 1950), and (2) the criterion of compatibility with the distribution
of other spomorphous character states. Doubts have been raised about the
validity of Darwin's distinction between "adaptive" and "non-adaptive"
characters for purposes of evolutionary evaluation, and 1 therefore do not
employ such a criterion. Both the criteria which 1 employ lead to prob-
ability judgements. The justification for employing the “criterion of
complexity” is that the amount or complexity of genetic change required to

bring about particular changes in phenotypic character states is not constant.
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The change from a plesiomorphous to an apomorphous condition may involve
anything from a change at a single genetic locus to an extemsive reorgani -
zation of the genome. This is why the "non-weighting" procedure recommended
by some numerical taxonomists is invalid for phylogenetic analysis.
Clearly the odds against the same character change having occurred through
homoiology or parallelism must increase in relation to the complexity of
the required genetic changes. In cases where considersble genetic complex-
ity is believed to be involved, such as when nev and complex structures have
been acquired, the possibility that the whole of the genetic changes involved
may be ascribed to homoiology or parallelism becomes so negligible that it
may be discomnted. The same thought probably underlies Remane's (1952)
conclusions on the applicability of the law of irreversibility ("Dollo's
law"). He states that the law should not be applied to proportional rela-
tionships, quantitative differences, etc., but can be applied without
restriction to complex organs, because no case of the reappearance of complex
organs after loss has ever been demons trated.

The validity of the criterion of genetic complexity would be doubtful
only if ewlution were a predominantly convergent or equi final, rather than
divergent, process. In that case phylogeny would be relegated to a sub-
ordinate process in evolution, and a classification of monophyletic groups
would be of very limited value. 1 follow the orthodox view that evolution
has occurred within species and populations, and that when groups of
species show major structursl modi fications in common, they are descended
from s common ancestral species. This view has sound empirical foundation
in the obvious divergence in many characters often shown by vicariant
species or by separated populations of the same species.

The criterion of genetic complexity can at present only be spplied in
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a crude way, because the genetic basis of most character changes is not
known directly. Nevertheless many inferences about the relative genetic
complexity of character changes can be made from indirect evidence. For
instance, it is reasonable to suppose that character changes which can be
shown by viable mutants within a species may be of relatively low complex-
ity from a macroevolutionary point of view. For this reason I see little
difficulty in inferring that parallel changes have occurred in the mmbers
of spermathecae and of fronto-orbital bristles, when the distribution of
spomorphous states of these characters conflicts with the distribution of
other character states which are believed to have resulted from more com-
plex changes. It also sppears valid to assume that structures may be
readily lost through convergence or parallelism; for any complex organ or
system whose efficiency ceases to be maintained by selective pressure is
likely to degenerate due to the pleiotropic effects of genetic changes
(as in the many unrelated cavernicolous animals which have become blind).
The criterion of genetic complexity should not be applied in isolation,
but only in conjunction with the criterion of compatibility. This criterion
was treated by Hennig (1966a: 120) as the "method of checking, correcting
and rechecking”. I have applied this criterion by setting up hypotheses
sbout the limits of monophyletic groups based on the distribution of
particular apomorphous character states, and then by checking these hypo-
theses for compatibility with the distribution of as many other apomorphous
character states as possible. There is no restriction on the kinds of
characters which can and should be compared, since all the characters of
organisms have evolved in time. Therefore, the true transformation sequence
of all characters must be compatible. Apparent incompatibilities revealed

by the analysis may often be resolved by consideration of the mmbers of
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characters which support alternative hypotheses and their probable complex-
ity. Msny hypotheses may be rejected, or considered too douwbtful to be
expressed in the formal classification. In evaluating hypotheses one
should always bear in mind Hemnig's vaquxiliary principle"”, that the presence
of spomorphous conditions in di fferent species is always reason for sus-
pecting kinship, and that conmvergence or parallelism should not be assumed
a priori. This "auxiliary principle” is an spplication of the principle
of parsimony (Occam's razor). It is warranted to postulate from character
changes of low complexity that certain species constitute a monophyletic
group, if this hypothesis is compatible with the evidence of other characters.
Common apomorphous conditions should not be ascribed to hamoiology or
parallelism unless the hypothesis that they are synapomorphous is incom-
patible with other evidence.

Tiegs and Manton (1958) claim that "where specialization confers so
many advantages the condition for almost unlimited convergence arises".

They proceed from this premise to postulate s diphyletic origin of the
Arthropoda. I do not think that the evidence which they present justifies
their rejection of the view that the most probable phylogenetic hypotheses
are those with minimal postulated homoplasy. The fossil record does not
demonstrate that different transformation sequences have led to '"arthropod-
jzation" in the Myriapoda-Insecta on one hand and the Crustacea-Chelicerata
on the other.

Cain and Harrison(1960) have presented an important discussion on the
detection of homoplasy (“convergence” in their sense). They argue that
homoplasy between closely related groups is likely to be common, particularly
in respect of "'necessary functional correlates”. Clearly there is truth

in this argument at the level of parallel changes in proportions, quantita-
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tive differences, etc.; some groups of species do in fact display a
reticulate pattern of resemblances, which suggests that many parallel or
homoiologous changes have occurred. While accepting the opinion of Cain
and Harrison that some cases of homoplasy are likely to remain undetected,
I do not think this in conflict with the principle that the most probable

approximation to a classification of monophyletic groups is that with
minimal postulated homoplasy.

Memeriocal methods

Recently several different methods of mmerical analysis have been
suggested for phylogenetic studies. Edwards and Cavalli-Sforza (1964)
proposed a Prim Network forming procedure intended primarily for analysis
of racial evolution. I doubt whether this method is useful for studies of
macroevolution, since it incorporates some assumptions which seem unreal-
fstic in this context (such as random drift of characters). Camin and
Sokal (1965) presented a method for reconstructing probable phylogenetic
relationships by comparing the evolutiomary patterns suggested by particular
character sequences against one another. Such checking for compatibility
of hypotheses suggested by particular character sequences is in my opinion
a necessary part of the method of phylogenetic systematics. But I do not
think that Csmin and Sokal have adequately treated this question. The
pattern tables for the character sequences given in their paper include
groupings formed on the basis of symplesiomorphy, and the compatibility
matrices consequently exaggerate the apparent conflicts between the evidence
of the different characters. [ also do not follow the logic behind their
"“monothetic method”, which seems to involve grouping species on the basis
of minimal mmber of retained plesiomorphous conditions (zeros in the matrix),

irrespective of whether they show the same or different apomorphous conditions.
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Throckmorton (1968) has suggested a procedure based on complete linkage

analysis, but Farris, Kluge and Eckardt (1970) have questioned the value
of this method on the grounds that some useful information is lost. The
latter paper probably provides the best introduction to recent work in
this field.

The use of mathematical analysis may well prove of value in some
circumstances, but I wish to interject a word of caution. The methods
of mmerical phyletics, like those of mmerical phenetics, presuppose the
metaphysics of logical atomism. According to logical atomists the world
of experience can be analysed into basic atomic facts or sentences which
are not logically subdivisible. The atamic facts relevant to the classi-
fication of organisms are now called "unit characters", following Sokal
and Sneath (1963). The unit characters are assumed to be all homogenous,
and in order to reduce the most highly heterogenous data to a common base
for mathematical handling, all that is necessary is to express the data
in terms of unit characters. The frequent claim that "non-weighting" of
characters (giving a set of characters equal weight) is "objective" clearly
reveals the nature of these hidden assumptions. Unfortunstely, there are
no empirical grounds for the belief in the existence of atomic facts or
unit characters in the sense of homogenous independent units like physical
atoms. In the 1920's and 1930's some philosophers, inspired by the early
works of Ludwig Wittgenstein, tried to reconstruct langusge from atomic
facts or sentences. But these efforts are now generally considered to
have been unsuccessful. In view of the demise of logical atomist ideas in
the field of philosophy, the unquestioning assumption of such metaphysics
in a very simple form by some mathematically oriented biologists seems to

me naive. If the characters of organisas are not analysable into homogenous
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atomic ("not logically subdivisible™) units, then the belief that there
is anything "objective" in the procedure of treating heterogenous charac-
ters as if they had a common metric base is without foundation, and it
should be recognized that arbitrary decisions are taken in the choice,
definition and weighting of characters. A further consequence is that
the problem of evaluating characters cannot be willed away by assuming
that all "unit characters" are equal. Probably the nearest approach to
a unit basis for character change lies at the genetic level, but even here
there are problems of interpretation (in particular, the equifinal nature
of many biological processes at the molecular level).

1f my denial of logical atomism is correct, then numerical phyletics
cannot supplant the traditional spproach to phylogenetic analysis elsbor-
ated in Hemnig's works. At most it can provide supplementary methods,
to be used with due caution in view of the arbitrary steps involved. I
do not employ mmerical methods in this work.
Certainty and phylogeny

The end results of phylogenetic analyses represent best estimates,
approximations to the underlying phylogenetic relationships which can never
be known with absolute certainty. Phylogenetic classifications thus should
not be regarded as static, but must be periodically revised as our knowledge
of phylogenetic relationships increases. The argument that phylogenetic
systematics is non-operational because phylogeny cannot be known with
certainty could be spplied to the whole of natural science (see Hull 1967).
Our observations of the real world and the inferences vhich we make from
these cbservations are never invested with sbsolute certainty, and it can
only be assumed that authors who demand absolute certainty misunderstand

the dependence of all physical and biological sciences on inductive hypotheses



3. The structure of the male postabdomen

3.1. Preliminary treatment and explanation of terminology

Segmentation

The basic segmentation of the abdomen in Cyclorrhapha has been well
discussed by Crampton (1942), van Emden and Hennig (1956), Steyskal
(1957a) and Hemnig (1958). If the andrium represents the 9th segment (as
now seems almost universally accepted), the numbering of the preceding
segments can be established from considerations of comparative morphology.
The Cyclorrhapha contain some member groups in which all eight preceding
segments are clearly defined and bear discrete sclerites. The correct
mmbering for groups in which sclerites have been fused or lost can be
established by analysis of the sequence of morphological changes which have
occurred and by ontogenetic evidence, when this is available. The inter-
pretation of the various conditions found in particular groups is discussed
below in my treatment of the groups concerned. One remaining source of
dispute affecting the interpretation of the postabdominal structure of all
Cyclorrhapha is whether or to what extent the 8th segment is rotated.
This question is discussed in detail below in section 3.2, vhere I present
what seems to me conclusive evidence that this segment is inverted (rotated
through 180°). 1 therefore follow Crampton in calling the dorsal sclerite
of this segment the 8th stermum, and the reduced ventral sclerite the 8th
tergumm. Reduction of the 8th tergum to a narrow band is probably a ground-
plan condition of the Cyclorrhapha (see section 4). My analysis of the
relationships between the families of Schizophors has led me to explore
certain sequences of modifications of the postabdominal sclerites. The
starting point for these sequences seems to be the condition shown by the

45
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Platypezidae (figs. 10 and 11), in which the 6th and 7th segments are
more or less ummodified, with their respective terga and sterna deve loped
as discrete sclerites in the normal dorsal and ventral positions, and the
inverted 8th segment retains a large dorsal sternum and a band-like tergum
vestige in ventral position.

The abdomen of male Cyclorrhapha is conventionally divided into the
preabdomen (segments 1 to 5) and the postabdomen (segments 6 and following),
following Metcalf (1921). This distinction is ome of descriptive conven-
jence, and does not reflect a fundamental morphological change between
segments 5 and 6. In some groups the 6th segment is ummodified and similar
to the preceding segments; in others, such as some Syrphidase, modi fication
of the terminal segments begins with the Sth segment. Even in forms with
a highly modified postabdomen, some structures (for instance the sensilla
trichodea [fig. 89]), the intersegmental musculature and the spiracles) are
often readily recognizable as homonomous ("serially homologous") as far as
the 7th segment. Some authors use these terms flexibly, varying the point
of division according to how many segments are urmodi fied. However there
are difficulties in applying this criterion to some families in which the
6th tergum is ummodi fied but the 6th sternum modified to some extent (for
instance Micropezoinea and Tanypezidae). 1 prefer to adhere to consistent
morphological definitions (following Hennig 1936a), to avoid possible mis-
understanding. The term protandrium has been proposed for that part of
the postabdomen which precedes the genital segment (Steyskal 1957a).

The term genital pouch may be applied, if convenient, to membranous
areas of the postabdominal venter which protect the aedeagus in its rest
position. However the term has no general morphological significance

or implications of homology, as the extent and manner of formation of such
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a pouch vary between di fferent groups.

Genitalia (gemeral questions)

The homologies of some parts of the external male genitalia of holo-
metabolous insects are still the subject of dispute, mainly because of
difficulties in interpreting the ontogenetic evidence. The crux of the
dispute rests on whether the large lateral clasping lobes of the genital
segment (usually biarticled except in Coleoptera) are homologous with the
appendage articles (precoxae and styli) found on the 9th sbdominal segment
of Thysanura. Authors who have accepted this homology have called these
lobes "gonopods", consisting of a basal "basistylus” or "coxite" and a
terminal "dististylus". Van BEaden and Hennig (1956) accepted this view,
and stated that the work of Abul Nasr (1950) on the ontogenetic development
of certain Nematocera had demonstrated the existence of true gonopods
(1imbs of the genital segment) in Diptera. However Abul Nasr's observa-
tions can be interpreted differently, and Snodgrass (1957: 47) explicitly
rejected van Baden and Hennig's interpretation. In the same paper
Snodgrass rejected some of his own earlier opinions on the homologies of
the male genitalia of insects, and in particular maintained that there
were no gonopods in any holometasbolous insects. According to Snodgrass’
interpretation the paired rudiments ("primary phallic lobes") which give
rise to the supposed "gonopods" of holometabolous insects, as well as to
the sedeagus and other parts of the reproductive spparatus, are homologous
with the rudiments which give rise to the aedeagus alone in Thysanurs.
Snodgrass proposed to apply the term “parameres"” to the supposed gonopods,
in accordance with the original use of the term parameres by Verhoeff

(1893).

The validity of Snodgrass' interpretation of the homology of the
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genital rudiments of Holometabola is doubtful in view of the radical

ontogenetic changes which have occurred in the evolution of this group,
and Sharov (1966) has criticized his work on these grounds. Sharov
states that ‘‘the external grasping sppendages . . . are homologous with
the precoxal plates and the styli sitting on them in Thysanura", which
is simply a restatement of the gonopod theory. He does not present new
evidence to support this view. Matsuda (1958) reviewed the ontogenetic
evidence and raised serious objections to homologizing any part of the
male genitalia of holometabolous insects with the appendage articles of
Thysanura. Unless these objections can be dispelled, the gonopod theory
should be regarded as not proven. Besides Snodgrass' view and the gonopod
theory, a third possibility should be considered: that the parameres may
be homologous with the gonapophyses of the 9th segment in Thysanura. A
firm judgement between these alternatives probably cannot be made at
present, because the ontogenetic changes which occurred in the evolution
of the Holometabola are not well enough understood. Controversy has
continued since the 1890's, and no consensus has yet emerged. In the
present work I follow Snodgrass' (1957) proposal of applying the ters
parameres in its original semse (to the supposed ''gonopods’), and calling
their component articles the basimeres and telomeres (= distimeres of

Crampton). This is a special terminology proposed for the genitalia of
Holometabola, and has the advantage that it does not imply homologies

with the structure shown by less modified insects, such as Thysanura.
E.L. Smith (1969) has proposed a revised interpretation of insect

genitalia and much new terminology. Smith's interpretation and temmin-

ology are not accepted in this work, since some parts of his theory are

untenable. In particular, I do not understand why he assumes that inter-
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locking gonspophyses of the 8th and 9th abdominal segments (as in females

of Thysanura and some pterygote orders) were an ancestral condition in
male insects, since there is no known male insect (living or fossil)
which shows such a condition. His view that the gonapophyses of the 9th
segment have partly fused in many male Pterygota to form an intromittent
tube (aedeagus) seems tensble, but he does not demonstrate why this inter-
pretation is to be preferred to the interpretations of the origin of the
pterygote intromittent organ put forward by other authors. This question
depends on the interpretation of ontogenetic evidence, which Smith does
not review in detail. I must also note that some of the statements which
he makes sbout Diptera are misleading. For instance, the statement that
female Diptera possess an "antovipositor, defined as an "egg-laying device
where nonsppendicular components dominate . . . homologous tod aedeagus"
is incorrect, because studies of intersexes in Diptera have not suggested
that any structures of the female are homologous with the male sedeagus
(see Laugé 1968). Another incorrect statement is that "potential homology
has been seen" between the gonopods of both sexes in Drosophilidae; for
irrespective of whether one supposes that gonopods are present in the male,
there are certainly no structures which can be homologized with gonopods in
female Drosophilidae. Because of such obvious deficiencies, I do not think
that much weight should be given to Smith's views.

In this account of the structure of the male terminalia I include
only synonyms which seem to me significant or which have been widely used.
The diversity of terminology used by di fferent authors is so great thst
attempts to compile complete synonymies are best left to works on individual
families. This diversity has arisen not only from the dispute on the

origin of the genitalia, but also because workers on cyclorrhaphous families



have found difficulty in homologizing some of the structures found in
these groups with those of other Diptera. As a result various provisional

terminologies have been proposed in taxonomic works.

The terms hypopygium or terminalia are here used to refer to the

whole of the genital (9th) segment (or andrium) and associated proctiger.
1 do not extend the application of these terms to preceding segments (as
did Lindner 1049). Objections have been raised to the term hypopygiwm
on the grounds that its application to structures situated above the anus
(which are hence epipygial rather than hypopygial) is linguistically
incorrect; but this objection loses its force, if the view advanced below
that all the hypopygial structures of Cyclorrhapha are ventral in origin
is accepted. The genital segment (andrium) and its associated structures

are also often referred to as the external genitalis.

The extermal sclerites of the genital segment

The genital (9th) segment or andrium is enclosed laterally and dorsally
by a large sclerite which has been assumed to be the epandrium (9th tergum)
by virtually all recent authors. Hennig (1936a) maintained that this
sclerite was formed by fusion of the 9th and 10th terga with the basimeres
(wvhich he called the basal articles of the gonopods). But van Emden and
Hennig (1956) followed the prevailing opinion that this sclerite is the
epandrium (9th tergum). There is indeed no evidence in comparative
morphology or ontogeny for a fusion of the basimeres with any tergum. But
there is strong evidence that the homology of this sclerite is not with the
epandrium but with the basimeres. My view is that the true epandrium (9th
tergum) is completely absent in the Cyclorrhapha, and that the so-called
"epandrium"” of this group is formed by upward growth of the basimeres

(basal articles of the parsmeres) and their fusion along the centre of the
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dorsum. Since the term epandrium should be applied only to the 9th tergum,
I therefore propose for this sclerite the new term periandrium. Since my
interpretation is new, further justification is needed.

The structure of the terminalia of Rhagionidae (figs. 4 and S) |is
taken (following Karl 1959) as close to the plesiomorphous condition for
the Brachycera (of which the Cyclorrhapha are a subordinate group). The
terminalia of this family can be homologized without difficulty with the
terminalia of many nematocerous families and named accordingly. The
genital segment bears ventrqlly a triangular 9th sternm (hypandrium) and
biarticled parameres, which serve as claspers during copulation. In dorsal
view a well-developed epandrium (9th tergum) can be seen, and the proctiger
bears a distinct tergum (tergum 10), as well as cerci. The termimalia
of the Eremoneura (including the Orthogenya and Cyclorrhapha) differ from
those of the Rhagionidae in several respects. The relevant information is
found in Bihrmann's (1960) study on the male copulatory organs in Bmpididae,
although the conclusions which 1 have drawn from the data differ in some
respects from those in that author’'s own discussion. According to Bahrmann's
interpretation the parameres (which he calls “Gonopoden') only occur in
those genera of Empidinse and Hemerodromiinae which are characterized by a
small and usually cleft epandrium. He interprets as plesiomorphous the
condition shown by other groups (such as the Hybotinae, Ocydromiinae and
Tachydromiinae), in which the "epandrium' covers the greatest part of the
genital segment and extends laterally to overreach the ventral surface. In
my opinion the character sequence is more probably the reverse. [ interpret
the large laterally placed basimeres of Bmpis and its relatives as indicating
the plesiomorphous condition for the Eremoneura; the condition shown by the

Hybotinae/Ocydromi inse/Tachydromiinae group I interpret as derived from this
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Figs. 4 - 8. 4. Rhagio sp. (Rhagionidae), hypopygium (¢) in ventral
view. S. Rhagio sp. (the same individual as showm in fig. 4), hypo-
pygsium (&) in dorsal view. 6. Atelestus pulicarius (Fsllén) (Empididae,
Atelestinae), hypopygium (&) in ventral view. 7. Atelestus pulioarius
(Fallén), hypopygium (#) in dorsal view. 8. Agromyaa phragwitidis
Hendel (Agromyiidae), ejaculatory bulb and apodeme ().

(Scale lines 0.1 mm.)
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by fusion of the basimeres anteriorly over the dorsum of the andrium, thus

forming a periandrium as in Cyclorrhspha. The groups which show such a
periandrium (see figs. 6 and 7) have been suggested on other grounds as
related to the Cyclorrhapha (implying that the "pmpididae" is a paraphyletic
group) by some recent authors. These suggestions are reviewed below in
section 4.

Black (1966) describes the formation of the "epandrium" in Buoalliphora
(Tachinidae s8.1.) by growth of the evaginated lateral pspillae of the
ventral genital disc, which eventually fuse across the centre of the dorsum,
My interpretation of the so-called "epandrium" of Cyclorrhapha as s peri-
andrium formed from the basal articles of the parameres is thus fully
compatible with the ontogenetic evidence. In conformity with this inter-
pretation I reject Black's homology of the anterior papillae of the genital
disc with the parsmeral lobes in Snodgrass' sense (= primary phallic lobes).
I suggest that both the anterior and lateral pspillae are divisions of the
true parameral lobes, which should be sought in the larval stage (as in
the nematocerous groups studied by Abdul Nasr). See section 6.1 for further
discussion of the imaginal discs.

The periandrium usually bears a pair of articulated lobes which func-
tion as claspers during copulstion. These have most commonly been called
"surstyli” by recent authors. Other frequently used synonyms include
“valvulae laterales" and "paralobi". If my view that the periandrium
is formed from the basal articles of the parameres is accepted, then clearly
these lobes may be accepted as their distal articles, for which Snodgrass
(1957) has proposed the term telomeres (equivalent to the "dististyli” of
msany authors). Their formation as lobes of the developing lateral papillse

of the genital disc described by Black (1966) fully accords with this
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interpretation. In some Cyclorrhapha additional lobes are differentiated
from the periandrium, or the telomeres are divided. I do not agree with
Steyskal's (1957a) view that such conditions indicate that the '"epandrium"
is composed of fused 9th and 10th terga. In those groups in which discrete
9th and 10th terga are present (for instance the Rhagionidae), these are
usually simple plates which do not bear articulated lobes. Only in certain
Asilidae are more or less articulated lobes of the epandrium present (for
which the name "surstyli” may appropriately be retained). However Karl's
(1959) analysis indicates that the presence of surstyli cannot be ascribed
to the groundplan of the Asilidae, and such conditions therefore do not
indicate the character sequence leading to the conditions shown by Cyclor-
rhapha. It is interesting that Brundin (1966: 80) concluded that in "the
basic design of the Nematocerous Diptera" (by which he must mean the ground-
plan of the Diptera as a whole, since the Nematocers are not a monophyletic
group), the telomeres were double and articulated separately with the basi-
meres. Thus, even if the presence of double telomeres is a groundplan
condition for the Cyclorrhapha, rather than secondary in this group as
Hennig (1936a) maintained, no special difficulty need arise in interpreting
this condition. However I think Hennig's interpretation more probable,
as double or divided telomeres are only found in a few families of Cyclor-
thapha.

Snodgrass (1935) stated that *movable claspers that can be identified
with the harpagones, or styli of the gonopods, are absent in muscoid
Diptera, but the 9th tergum commonly bears on its lower posterior angles a
pair of long lobes, which may be flexible at their base but are not provided
with muscles”. Snodgrass' opinion was probably based on the morphology of

Pollenia (Tachinidse s.1l.). In that family movement of the telomeres
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is produced by contraction of muscles inserted on the processus longi,

not on the telomeres themselves, as has been confirmed by Salzer's (1968)
detailed studies on Calliphora. However the condition shown by the
Tachinidae s.1. is clearly apomorphous and not a general condition of
the Schizophora ("muscoid Diptera"), as Snodgrass assumed. Certainly
in some groups of Cyclorrhapha muscles are inserted on the base of the
telomeres, for instance muscle 3" in Hennig's (1936a) description of the
susculature of Calycopteryx (Micropezidae). Rivosecchi (1958) has
described muscles inserted on the telomeres in Musca (Muscidae). I have
also noted muscles inserted on the base of the telomeres in serial sections
of a specimen of a Syrphus species (Syrphidss).

In most Cyclorrhapha the integument is strongly infolded between the
sides of the periandrium above the base of the aedeagus, thus forming
what may be called the periandrial fold. Sclerites linking the hypandrium

and telomeres are often present in the upper wall of this fold. For s

single such sclerite I propose the new term interparameral sclerite. The

use of the term "10th sternite” for such a sclerite is clearly umnwarranted,
since the 10th segment is part of the proctiger, which lies sbove the telo-
meres. In some groups the sclerotization of the upper wall of the peri-
andrial fold consists of a pair of latersl rod-like sclerites, known as

the processus longi o bacilliform sclerites. It is possible that the

processus longi of some Calyptratae arose as apodemes from the base of the
telomeres, since they bear muscles apparently homologous with those inserted
on the base of the telomeres in other groups (see preceding paragraph). The
lower wall of the periandrial fold above the sedeagal apodeme is usually
membranous, but sclerotization is developed here in a2 few groups (e.g.

Micropezoinea).
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The cyclorrhaphous hypandrium in my view consists solely of the 9th
stermm and is fully homologous with the hypandrium of the Bmpididae
(Orthogenya). In conformity with my conclusion that the periandrium is
formed from the basimeres, I cannot accept suggestions that these may
have been involved in the formation of the hypandrium. Chillcott's (1958)
homology of the hypandrium with the basimeres (which he called "gonocoxites")
was based on direct comparison with the condition in the Bombyliidae, where
the basimeres and telomeres are ventrally situated and a true epandrium
retained. While Chillcott's assumption that the conditions of the
genitalia shown by the Bombyliidae are relatively plesiomorphous for the
Brachycera seems substantially correct, he failed to consider the condi-
tions shown by the Empididae, whose study is in my opinion essential to an
understanding of the character sequences leading to the organization of
the genitalia in Cyclorrhaphs. Gooding and Weintraub (1960) tentatively
suggested that the hypandrium may include elements derived from the pre-
ceding segments, because of the presence of a partial transverse suture
in Bypodema. However neither my comparative studies nor Black's ontogenetic
studies provide evidence for such a fusion. Hennig (1936a) also suggested
that the hypandrium was formed by fusion of two sclerites, but subsequently
sbandoned this view; van Emden and Hennig (1956) accepted the hypandrium
as the 9th stermm.

The anterior end of the hypandrium is in some species produced into

8 rod-like process called the hypandrial apodeme. Posteriorly the hypandrium

usually divides into a pair of hypandrial arms. In some groups these arms

bear more or less vertically directed extensions posteriorly (called the
vertical sections of the hypandrial arms in my descriptions).

My interpretation of the origin and homology of the hypandrium,
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periandrium and telomeres (which for brevity may be referred to as the

"periandrium hypothesis') may at first seem improbable, because it breaks

with tradition. But it has much greater explanatory power in terms of

the available evidence than the traditional view that the parameres (or

ngonopods") have been lost or fused with the hypandrium, and that the

large dorso-lateral sclerite represents an epandrium from which secondary

sppendages ("surstyli’) are di fferentiated. The following points of

comparison seem significant:

(1) According to the perisndrium hypothesis the clasping mechanisa in

the Cyclorrhapha does not differ substantially from that of many
nematocerous fsmilies, and both the sclerites and some of the muscles
involved may be homologized widely throughout the order Dipters.
According to the traditional interpretation the sternal clasping
mechanisa (parameres) of the Nematocera and most non-cyclorrhaphous
Brachycera has been lost and functionally replaced by secondary

structures of tergal origin.

(2) The periandrium hypothesis implies a gradual process of dorsal

expansion of the basimeres, which is exemplified by the conditions
shown by certain Empididae. The complete loss of the parameres which
the traditional interpretation implies has not been supported by s

convincing sequence of character change.

In the light of the sbove considerations I maintain that the periandrium

hypothesis is much more consistent with the known facts and provides s

simpler interpretation of thes than the traditional homologies.
Pregonites and postgonmites

In some Cyclorrhapha (see figs. 60 and 70) there are two pairs of

lobes near the base of the sedeagus. Following Crampton and others 1 call
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these the pregonites and postgonites. The homology of these structures
has long been a source of difficulty. Either or both have often been
called "parameres", a usage which Snodgrass (1957: 48) justifiably rejects.
The postgonites are clearly a form of paraphysis, as there defined by
Snodgrass. These are sensory lobes arising from near the base of the
aedeagus; they are probably homologous with lobes present in certain
Empididae and other "lower Brachycera', but the extent to which they can
be homologized with similar structures in nematocerous families and other
holometsbolous orders has not been clarified. According to Black's (1966)
study of Bucalliphora the pregonites (which she calls "anterior parsmeres'')
develop as lobes from the same papillae as the postgonites (anterior
pspillae 2). They thus represent additional parsphyses, not appendsges
of the hypandrium as some authors have suggested. Similar articulated
pregonites are widespread among the Calyptratae, but the extent to which
homologous structures occur in other groups of Cyclorrhapha is unclear.

In some groups the structures which lin called pregonites (or the equivalent)
may in fact be processes or lobes of the hypandrium rather than parsphyses.
My use of the term pregonites for groups other than Calyptratae is
provisional, and does not indicate any firm opinion on homology. It has
frequently been suggested that the pregonites of Calyptratae may be the
distal articles of the parameres (the "styli of the gonopods" of van Emden
and Hennig 1956), but this view cannot be reconciled with Black's account
of their ontogeny.
Aedeagus

The intromittent organ itself I call the aedeagus, and regard the
terms "phallus" and "penis” as synonyms. The aedeagus provides many char-
acters which are important for the classification of the Schizophora.
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In many Orthogenya the aedeagus is long and slender, more or less uni -
formly sclerotized, upcurved distally. I postulate below that an aedeagus
of this type can be ascribed to the groundplan of the Eremoneura (see
section 4). Among the Cyclorrhapha this type of aedeagus is shown by
many Platypezidae (Platypezidea) and Lonchaeoidea (Schizophora) (figs.
21 and 23). In some Schizophora a complex mechanism has evolved for
swinging the aedeagus about its articulation with the aedeagal apodeme
into an anteriorly directed rest position. The groups which show this
spomorphous condition are classified below in the Nothyboidea and
Muscoidea. Salzer (1968) has described in detail the functioning of this
mechsnism in Calliphora erythrocephala Meigen (Tachinidse s.1.) (figs.
52 and 53), in which the arc of movement is about 160°. In other super-
families of Schizophora (Lonchseoides, Lauxanioidea and Drosophiloides)
and in all non-schizophorous Diptera, only a limited degree of movement
of the aedeagus in relation to the aedeagal apodeme is possible.

In those groups of Schizophora in which this swinging mechanism is
present (Nothyboidea and Muscoidea), the walls of the aedeagus are dif-
ferentiated into sclerites and membranous areas. The basal sclerite on
which muscles are inserted is called the phallophore (= basiphallus).

This is a large cylindrical structure in some groups, but in others
consists of only a narrow basal ring or partial ring of sclerotization.

The term "theca" recommended by van Emden and Hennig (1956) was originally
spplied by Wesché (1906) throughout the Diptera to structures of seversal

di fferent origins, and is clearly insppropriate in this context since it
literally means a 'sheath”. Some authors have suggested that the terw
aedeagus or phallus should be restricted to parts distal to the phallophore.

1 follow van Emden and Hennig in rejecting this usage, because only the
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whole intromittent organ can be widely homologized; the distinction between

a phallophore and "aedeagus" in the above sense cannot be applied satis-
factorily in groups other than Muscoidea and Nothyboidea. Metcalf (1921)
considered the hypandrium and aedeagal apodeme of Syrphidae as parts of
the "penis", and some of the terms used for the hypandrium by other
authors on Syrphidae (“inner copulatory organ', “phallosome", “penis
sheath”) are also open to the misunderstanding that this is part of the
intromittent organ. Such teminology is in my opinion misleading and
should not be used. 1 apply the term paraphalli to lateral sclerites in
the walls of the aedeagus of Muscoidea (see my characterization of that
group below). In some groups of Muscoidea the phallophore bears a charac-
teristic sclerotized fold or process which extends posteriorly from the
base of the aedeagus. This is known as an epiphallus (= spinus). The
epiphallus moves with the aedeagus when this is swung about its articulation
with the aedeagal apodeme into the copulatory position. It is likely that
an epiphallus has been evolved independently in different groups of
Muscoidea.
Aedeagal apodeme and ejaculatory apodeme

The aedeagal spodeme (or phallapodeme) is usually a conspicuous struc-

ture articulated with the base of the aedeagus; it bears strong musculature

involved in the extrusion and retraction of the aedeagus. Ontogenetically
the aedeagal apodeme develops as an ingrowth of the integument at the base
of the aedeagus (Schrider 1927, Black 1966). Hennig's (1958: $39-540)

statement that the sedeagal spodeme "has a similar morphological value" to
the epiphallus, because both structures represent sclerotized folds of the
integument, is correct as regards their ontogeny, but these structures are

not functionally equivalent. 1 suggest that in the groundplans of the
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Syrphidea and Schizophora the aedeagal apodeme was rod-like (bacilliform),
attached to the body wall only where it articulates with the base of the
aedeagus. This condition is shown by all Syrphidea, as far as I am
aware, and by many groups of Schizophora. The presence of any sclerotized
link or fusion between the aedeagal apodeme and the hypandrium or body
wall between the hypandrial arms, is treated as an apomorphous condition
in my analysis. Such conditions occur widely among some groups of
Schizophora, and have probably been evolved independently on many occasions.

The ejaculatory spodeme (fig. 8) is a completely internal apodeme,

arising from the wall of the ejaculatory duct. It serves as the attach-

ment for muscles which force seminal fluid from the ejaculatory bulb (an

expanded chamber of the ejaculatory duct) through the narrow terminal part
of the duct. Although an intemal structure, this apodeme is conveniently
considered together with the external genitalia, as it is ectodermal in
origin and can be readily studied in macerated preparations. Such an
apodeme occurs in all Syrphidea and Schi zophora, except where secondarily
reduced.

Further investigation is needed to clarify the homologies of the
sedeagal apodeme and ejaculatory apodeme of Cyclorrhapha with structures
found in other Diptera. Hennig (1936a) suggested that both these apodemes
may have arisen by splitting of a previously uniform structure equivalent
to the "ejaculatory apodeme" of Orthogenya, but no convincing evidence
supports this hypothesis. An alternative explanation is that the 'ejacu-
latory spodeme"” of Orthogenya is homologous with the aedeagal apodeme of
Cyclorrhapha, and that the ejaculatory apodeme of some Cyclorrhapha
(Syrphidea and Schizophora) is neomorphous. Two criteria can be adduced

in support of the interpretation that the aedeagal apodeme of Cyclorrhapha
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is homologous with the "ejaculatory apodeme" of Orthogenya: similarity
of position and similarity of musculature. Both structures articulate
with the base of the aedeagus, and hence occupy a similar position in
relation to other hypopygial structures; and according to Trehen's
(1960, 1962) studies the muscles of the ''ejaculatory apodeme'" of
Empidinae all insert on the hypandrium or at the base of the aedeagus,
as is the case with the cyclorrhaphous aedeagal apodeme. However, this
interpretation conflicts with another valid criterion of homology, contin-
uity of function; for it involves postulating that the ejaculatory function
has been lost by one structure and taken over by a neomorphous structure.
I think any conclusion must await detailed comparative information on the
structure of the Platypezidea and Hypocera. In two species of Platypezidae,
Polyporivora polypori (Willard) and Plesioclythia agarici (Willard), I
have found sclerotized areas and musculature on the terminal part of the
ejaculatory duct; but the conditions are very different in each case,
and it is not clear whether either is relevant to the evolution of the
characteristic ejaculatory bulb and apodeme of Syrphidea and Schizophora.
Prootiger

The proctiger, containing elements derived from the 10th to 12th seg-
ments of primitive insects, is usually much reduced in the Cyclorrhapha.
The 10th tergum seen in Rhagionidae (fig. 5), like the 9th tergum, seems
completely lost. The only large sclerotized structures are the cerci.
Some suthors have maintained that these are not cerci but should be called
“paraprocts” or "parspodial plates. However, Herting (1957) has pointed
out that in the groundplan of the Brachycera these structures are biarticled
in the female, which supports the view that they are true cerci. The

homology of the male and female structures has been demonstrated by Milani
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and Rivosecchi (1955), who have described a convincing series of inter-

mediate conditions from sexually abnormal specimens of Musca domestioa
L. The 10th sternm (on the ventral side of the proctiger) is vestigial
or absent in many Cyclorrhapha, but is distinct in the hypoceran Ironomyia

figured by J. F. McAlpine (1967) (as "? sternite 11").

The meaning of such terms as "dorsal", 'ventrsl", "left" and "right"
is potentially ambiguous because parts of the male postabdomen of Cyclor-
rhapha are rotated and deflexed (as explained in detail in section 3.2).

I disregard the effects of rotation in spplying these terms, so that, for
instance, the large inverted 8th stermm is described as occupying a
"dorsal” position. However deflexion of the hypopygium must be taken into
account in interpreting my use of such terms as "“dorsal' and '"ventral".
Thus the cerci and the centre-line of the periandrium are always considered

to indicate the "dorsal" side of the hypopygium, irrespective of the degree
of deflexionm.

3.2. The "hypopygium circumversum” condition

The subject of hypopygial circumversion (rotation through 360°) in
male cyclorrhaphous Diptera has attracted much interest and comment over
the years, although few authors have attempted to discuss all the extensive
pertinent literature. Perhaps the most balanced previous review is that
in Lindner's (1949) handbook in "Die Fliegen der paldarktischen Region'.
Very recently the subject has acquired a new dimension as the result of
discoveries made by E. L. Kessel of the University of San Francisco in the
course of his studies on Platypezidae (Kessel and Maggioncalds 1968,

Kessel 1968). These discoveries provide the first important new factusl
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information on this subject since the ‘'thirties.

Confusion has long persisted in the literature because of the wide-
spread currency of theories which assume some direct causal relationship
between hypopygial circumversion and the asymmetrical conditions of the
postabdomen shown by the Muscoidea (in the sense defined below). The
most influential source of such theories was G. C. Crampton. Hennig
(1958) criticized some aspects of Crampton's views, but several other
authors have continued to accept them in their entirety. In view of this
continuing controversy, I think that progress will be best served if I
include here a critique of the views of Crampton wnd G. H. Hardy, who
approached this question with similar assumptions.

The evidence for circumversion

Feuerborn (1922) proposed the temm "hypopygium circumversum” in the
sense of a rotational circumversion of the hypopygium. He did not observe
the rotation, but postulated its occurrence inside the puparium of
Calliphora to explain the looping of the ejaculatory duct over the hind
gut in this genus (to which Briiel [1897] had first drawn attention).
Feuerborn's conclusion was fully confirmed by the work of his pupil Schrader
(1927), who demonstrated that in Calliphora a 360° clockwise rotation of
the hypopygium took place on roughly the fifth day after pupation. Schrilder
thought that the duration of the process was at most 24 hours. He claimed

that a growth process was responsible for the rotation, since he could see

no muscles in his serial sectionms.

Gleichauf (1936) published a detailed study of the development of
Drosophila melanogaster (Meigen). He concluded that circumversion began
on the second dsy after pupation, and was completed at latest by the end

of the third day. The direction of the rotation was clockwise, as in

Calliphora.
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Further observations on the process of circumversion within the
puparium are found in recent works by Milani and Rivosecchi (195S),
referring to Musca domestica L., and Gooding and Weintrauwb (1960), refer-
ring to Aypoderma spp. These accounts are less detailed than the
earlier works, but clearly indicate the occurrence of rotation within
the puparium, as described for Calliphora and Drosophila.

The process of circumversion has certain characteristic effects
upon the internal structure of the mature adult. First, the ejaculatory
duct is looped over the hind gut, passing upwards on the left side of
the insect, then crossing above the gut, and then passing dowrwards to
the aedeagus on the insect's right side (fig. 9). Both Schrader and
Glei chauf demonstrated that this looping resulted directly from the rota-
tion of the hypopygium within the puparium, this vindicating Feuerborn's
(1922) hypothesis. Secondly, the postabdominal nervous system shows a
double chiastoneury (crossing over) of the nervi terminales, as Salzer
(1968) has described in much detail. Thirdly, the longitudinal tracheal
trunks are crossed posterior to the last pair of spiracles (fig. 12).

As far as is known, the process of circumversion is completed within
the puparium in all Schizophors. But Kessel and Maggioncalda (1968) and
Kessel (1968) have reported that in certain Platypezidae only the first
180 degrees of the rotation takes place within the puparium; the addi-
tional 180 degrees takes place in the teneral state immediately following
emergence. The extent to which muscular action is involved in the first
part of rotation within the puparium has not been investigated; but it is
evidently involved at least in the part of rotation completed after emer-
gence. Kessel and Maggioncalda state that all the movements involved in

the post-emergence part of circumversion in platypezids occur to the right
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Figs. 9 - 11. 9. Plesioolythia agarici (Willard) (&) (Platypezidae),
schematic representation of the ejaculatory duct and hind gut, with an
outline of the body wall as seen in sagittal section along the mid-line.
10. Plesioclythia agarici (Willard), postabdomen in ventral view of
mature male, showing a hypopygiwm circwmerswm condition. 11. Plesio-
olythia agarici (Willard), postabdomen in dorsal view of mature male,
showing & hypopygiwm circwmereuwm condition.

(Scale lines 0.1 =m.)
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of the main axis of the body; in the most teneral flies examined (of the

genus Plesioclythia), the postabdomen projected

", . . sharply out to the right in the horizontal plane and a
little toward the rear with reference to the longitudinal axis
of the body. The seventh and particularly the eighth abdominal
segments are somewhat attenuated to form a stalk which bears

the hypopygium at its end. The hypopygium is inverted, with

the hypandrium and its parameres above, and the epandrium and

its surstyles below, showing the circumversion has progressed

180 degrees . . . . Immediately following emergence, the

second half of circumversion takes place as the stalked abdomen

continues to move in its arc, rotating another 180 degrees as

it passes downward and posteriad to finally reach the position

of its beginning at the midline. These movements complete the

360 degrees of circumversion and the hypopygium is right-side-up

once more" (Kessel and Maggioncalda 1968: 82).

A similar description of the process in Paraplatypesa coraxa (Kessel) is
given by Kessel (1968: 246), with a photograph of a newly emerged living
male. Plates I and II are photographs of a newly emerged specimen of
Plesioclythia agarici (Willard), from material which Dr. Kessel kindly
sent me.

The completion of circumversion in such Platypezidae is not irre-
versible. Kessel (1968) reports that all Platypezidae which he has
observed in copulation have utilized a linear position (or rather "opposed
position", if one follows Hardy's 1944 definitions), that is '"tail-to-tail
and right-side-up for both partners". Such a mating position can only be
expected in flies with an inverted hypopygium, since inverse correlation
of the male and female genitalia (that is, the dorsum of the aedeagus
contiguous with the venter of the vagina) appears to be a mechanical
necessity in insects, with the probsble exception of some Lepidoptera and
Trichoptera (Richards 1927, Hardy 1944). A mount of s mating pair of

Grossoseta oalifornioa (Kessel), a unique mount since platypezid pairs

usually separate on cspture, confirms that the male hypopygium is in an
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Plate 1. ilepic~luthic zpario? (willard) (Platypezidae), pos tabdomen
in dorsal view of newly emerged male, showing a hyroyuatue inverauwr
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Plate 11. Plesioolythia agarioci (Willard) (Platypezidase), pos tabdomen
in ventrsl view of newly emerged male (the same individual as shown in

plate 1) (photograph by Dr. D. A. McB. Crsig).
(Scale line 0.1 mm.)
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Plate I1. Plesioclythia agarici (Willard) (Platypezidae), postabdomen
in ventral view of newly emerged male (the same individual as shown in
plate 1) (photograph by Dr. D. A. McB. Craig).

(Scale line 0.1 mm.)
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inverse position. Kessel has concluded that the hypopygium was unwound
(anticlockwise) throixgh 180 degrees from the circumverse to the inverse
position. I have seen the mount in question and agree with this inter-
pretation. Opposed mating positions are, for obvious reasons, normally
assumed after copulation has begun in some other position. Kessel has
not yet observed how copulation in platypezids is initiated, but suggests
that the male vertical pose (a "superimposed position" in Hardy's termin-
ology) is first assumed, with the male hypopygium still in the circumverse
position. However this needs to be confirmed by observation, as there are
other possibilities (see Hardy 1944).

The process of reversible circumversion now established tor the
Platypezidae may clearly be regarded as a less modified condition than
that shown in the Schizophora, where the entire process occurs within the
puparium and is irreversible. The change which has occurred is the
acceleration of an ontogenetic process, so that it is completed at an
earlier stage in relation to the overall ontogeny of the animal. It has
unfortunately not been made clear whether the insect is a pupa or pharate
adult when rotation takes place in Schizophors.

Distribution of the "hypopygium circumversum" ocondition

While the number of species for which circumversion has been demon-
strated directly in ontogenetic studies is very low, the occurrence of circum-
version can also be inferred from looping of the ejaculatory duct over the
hind gut. Since looping of the ejaculatory duct over the hind gut has now been
confimed for a representative range of species, I am confident that the
hypopygiwn circumversum condition is universal among male Cyclorrhapha,

and that the more plesiomorphous reversible expression of this character
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shown by the Platypezidae occurred in the last common ancestor of the

group. Table 1 sets out in detail the evidence for making such a general-
.iution.

The information on the distribution of circumversion is still in-
adequate in some respects. In particular, no detailed information is
available on the process of circumversion and mating positions in the
Lonchopteridse. The only relevant information is Hennig's (1958: $3S)
brief statement to the effect that he thought he saw looping of the
ejaculatory duct over the hind gut in Lonchoptera (™usidora”). In view
of the postulated sister-group relationship between the Lonchopteridae
and other Cyclorrhapha (see section 5), investigations on circumversion,
mating positions and related questions in this family might yield
interesting results from an evolutionary point of view. The other major
gap in the information concerns the timing of the process of circumversion
in the Hypocera and Syrphidea. I suspect that in the Syrphidea the process
is completed at an early stage within the puparium, as in Schi zophors,
since the lack of extensive intersegmental membranes in the postabdomen
of Syrphides makes the possibility of rotation after the sclerites have
been formed seem unlikely. But there have been no ontogenetic studies
which clarify this point.

Loss of circumversion has not been demonstrated in normal males of
any species of Cyclorrhapha, although sbnormsl specimens with only partial
rotstion of the hypopygium are known in Drosophila (extensive literature)
and Musoa (Milani and Rivosecchi 1955). In the micropezid Calyoopterye
moseleyi Eaton from Kerguelen Island the rotation has been reduced to
about 320° (see Hennig 1936a); this is doubtless a secondary modi fication,

since the normal 360° rotatiom occurs in other Micropezidse. Skaife's
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Table 1. List of genera for which the hypopygium circumversum
condition has been estsblished by ontogenetic studies
or by examination of the course of the ejaculatory duct
in relation to the hind gut.
Acropters
Lonchopteridae - Lonchoptera (Hennig 1958: §$35)
Atriata
Platypezidea

Platypezidae - Calotarsa* (Kessel & Maggioncalda 1968),
Plesioclythia* (Kessel & Maggioncalda 1968) , Polyporivora**

Hypocers

Phoridae - Anevring**
Syrphidea

Pipunculidse - Alloneura**

Syrphidae - Syrphus sens. lat.**, genus not stated (van Emden 1951)
Schi zophora

Lauxaniidse - Sapromysa (Hshn 1929), Lauzania**

Chamaemyiidae - Chamenyia**, Leuoopis**

Drosophilidae - Drosophila (Gleichauf 1936, Miller {n Demerec 1950,
etc.)

Ephydridas - Soatophila(Bolwig 1940), Psilopa**
Psilidae - Loxooera**

Micropezidae - Miaropesa (Hemnig 1934)
Sciomyzidse - Pherbellia**

Sepsidae - Newopoda**

Sphaeroceridse - Leptocera sens. lat.**
Trixoscelididas - Zagomwia**

Anthomyzidse - Anthomysa**

(Cont'd)
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Teble 1 (Cont'd)

Clusiidae - Clusia**

Agromyzidse - Melamagromysa* (Ipe 1967), Phytomysa**
Chloropidae - Chlonbpc“

Conopidae - Thecophora**

Tephritidae - Dacus, Chaetostomella and Urophora (=Buribia)
(Hennig 1936a), Tephritis (Rivosecchi 1957)

Anthomyiidae - genus not stated (Chillcott 1958)

Muscidse - Nusoa (Hewitt 1907, Milani & Rivosecchi 19SS,
Rivosecchi 1958), Stomozys (Tulloch 1906)

Hippoboscidae - Raymondia (Jobling 1951), "Nycteribiidae"
(genus not stated) (Theodor § Moscona 1954a)

Glossinidae - Glossina (Minchin 1905, Zumpt 1936)

Tachinidae - Calliphora (Bruel 1897, Schrider 1927, Richards
1927, Salzer 1968), Phormia (Crampton 1944a),

(Petzold 1927), Bypodawma (Mote 1929, Gooding & Weintraub
1960)

*The single asterisk indicstes that the published record has been confi rmed
by examination of serial sections of the sbdomen in my possessiom.

aoThe double asterisk indicates a new record based on serial sections of the
sbdomen in my possessiom.
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(1921) account of the internal reproductive system of Braula (Braulidae)

does not include reference to looping of the ejaculatory duct over the
hind gut, which is surprising as there seems no doubt that Braula is s
true schizophoran. However Skaife's description is very brief, and I
suspect that his observations were incomplete. Unfortunately I was unable
to obtain fresh material of Braula to check this point. Ferris (in
Demerec 1950: 418) published some remarks which cast doubt on the occur-
rence of rotation in Drosophila, and several later authors have cited
these. However, Ferris seems to have been unaware that circumversion in
Drosophila had been conclusively demonstrated by Gleichauf (1936), since
he makes no reference to that paper.

Direction of rotation

Rotation normally occurs in a clockwise direction (as seen from
behind) in all species investigated.

Milani and Rivosecchi (1954, 1955) described a ''countercoiled" muta-
tion in Musoa domestioa L. in which the hypopygium is rotated in an anti-
clockwise direction, and referred to the existence of a similar mutation
in Drosophila (Milani and Rivosecchi 1955: 347). These authors concluded
that in Musoa the mutation was highly disadvantageous because of imperfect
integration with the rest of the genome, and occurred only at frequencies
in the order of magnitude of 1:10,000 in natural populations.

Which segments are involved in rotation?

Circumversion clearly involves the whole hypopygium, that is the 9th
(genital) segment and the proctiger, including the hypandrium, which
ontogenetic studies have shown to be wholly derived from the 9th segment.
But di fficulties have arisen in judging to what extent segments preceding

the hypopygium are involved. Some authors (notably Crampton, Aczél and
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G. H. Hardy) drew conclusions from the strongly asymmetrical structure of

the postabdomen in some groups, in particular the Syrphidea and Muscoidea.
But this reasoning is clearly unwarranted, as the asymmetries in question
are not present in the groundplan of the Cyclorrhapha and have not been
shown by ontogenetic studies to be the result of rotation. My views in
this respect accord fully with those expressed by Hemnig (1958) in
criticizing the work of Crampton. In the groundplan of the Schizophora
the 6th and 7th abdominal segments were more or less ummodified, with terga
and sterna in normal dorsal and ventral positions (as also in the Platy-
pezidae); the hypopygium circumversum condition must therefore have
evolved long before the asymmetrical conditions of the sclerites of the
6th and 7th segments with which it has been causally linked by Crampton,
Hardy and others. In view of the above considerations, I reject all conm-
clusions based on inferences from the arrangement of the sclerites of the
mature adult, and proceed first by considering whether there is ontogenetic
evidence for rotation of segments preceding the hypopygium in the Schizo-
phors. Relevant information is given by Schrader (1927) and Gleichauf
(1936). After considering the evidence for Schizophora (on which the views
of earlier authors were largely based), I then support my argument with the
new information now available on circumversion in the Platypezidae (Kessel
and Maggioncalda 1968, Kessel 1968).

The point of rotation is well known for many "hypopygium irversum”
forms belonging to nematocerous groups. But the point of rotation in the
Cyclorrhapha cannot be reliably inferred from the conditions shown by such
forms, since none can be synapomorphous in this respect with ancestors of
the Cyclorrhapha. The most closely related groups to the Cyclorrhapha

(the Orthogenya and other groups of Brachycers) consist, with few exceptions,
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of species without hypopygial rotation. Feuerborn (1922) and several
subsequent authors seem to have assumed that the 180° rotation shown by
certain nematocerous groups was an ancestral condition leading to the
360° rotation of Cyclorrhapha. But this view cannot be reconciled with
modern conclusions on the phylogeny of the Diptera.

Schrader (1927) demonstrated that the 6th stermm ("Basalring") in
Calliphora takes mo part in the rotation. It became visible before the
start of the process and remained in unchanged position throughout.
Unfortunately Schrider was unable to reach a firm conclusion on the
extent to which rotation occurred in the area immediately preceding the
hypopygium, which in Calliphora bears a large sclerite formed by partial
fusion of elements derived from the 7th and 8th segments (cal led "7th
tergite" by Schrider). The sclerotization of this area did not become
distinct until rotation was almost completed. However his observations
suggested that some degree of rotation probably occurred here.

Gleichauf (1936) concluded that in Drosophila the sclerites preceding
the hypopygium were not rotated. This conclusion confirms Schrader's
finding that the 6th segment is not rotated, and also rules out the pos-
sibility of rotation of the 7th segment (whose tergum is fused with the
6th tergum in male Drosophilidae). However his observations could not
clarify to what extent the 8th segment might be rotated, as the sclerites
of this segment are much reduced or sbsent in male Drosophilidae. When
Gleichauf writes of rotation between the 7th and 8th segments, he means
between the 7th segment and the hypopygium. He thought that the basal
phragma of the periandrium represented the 8th tergum, but this is now

known to be incorrect (see my treatment of the Drosophiloides in section
6.2).
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I think it must be accepted that Gleichauf's observations definitely

rule out any involvement of the 6th and 7th segments in rotation, despite
the speculation to the contrary by later authors, such as Hardy (1944).
The view that the 7th segment is substantially rotated ("lateroverted",
that is turned through 90°, according to Crampton 1942) has not been
supported by ontogenetic evidence. Furthemmore, the pattern of scleroti-
zation on which Crampton's and other similar views have been based is an
spomorphous condition confined to part of the Schizophora (the Muscoides
in the sense proposed in this work), and not a condition of the whole of
the Schizophora, as Crampton seemed to assume.

Munro (1947) suggested that in Calliphora the spiracles of the 7th
segment "will have reversed their positions, and the right spiracle of
the synsternite will have come to lie next to the sixth spiracle of the
left side". Kim and Cook (1966) suggested that one of the postabdominal
spiracles is carried to the other side of the body in Sphaeroceridae. But
these suggestions are contrary to the evidence. Rivosecchi's (1958: 480)
figure of the tracheal system of Musoa domestioa L. (copied here as fig. 12)
shows clearly that the lateral tracheal trunks are only crossed posterior
to the spiracles of the 7th segment. The same is the case with every other
cyclorrhaphan vhose tracheation has been examined. There are no grounds
for postulating that any spiracles have crossed from one side of the body
to the other.

To susmarize, the ontogenetic work of Schrader and of Gleichauf
clearly showed that the 6th and 7th segments are not rotated. Schrider's
observations indicated that the 8th segment might be rotated, but he did
not reach a firm conclusion. The argument between Crampton and his critics

sbout whether the 8th segment is rotated through the full 360° or only
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Fig. 12. Musoa domsstica L. (Muscidae), trachestion of male abdomen
(after Rivosecchi 1958) (dorsal view).
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through 180° was unresolvable at the time, since there was insufficient
information upon which the question could be judged.

The new information on the process of circumversion in the Platy-
pezidse (Kessel and Maggioncalda 1968, Kessel 1968) does not conflict
with any of the conclusions on segmental involvement stated above; but
it clarifies several points, since in Platypezidae all the abdominal
segments are discrete and part of the process of circumversion takes
place after emergence. Kessel and Maggioncalda (1968) originally
believed that rotation began at the junction of the 6th and 7th segments
(the junction of the preabdomen and postabdomen according to their
definitions). This view was based on visual observation under the dis-
secting microscope of the final 180° of circumversion, which occurs
rapidly (requiring no more than a few minutes) shortly after emergence
of the fly from its puparium. Following the realization that the hypopygium
is "unwound" to the inverse position during copulation, Kessel (1968)
has somewhat modified his earlier view on the basis of study of the avail-
able mount of a pair in oopula. He now reports that no rotation has
occurred between the sixth and seventh segments, but that the part of
the seventh segment ufter the 7th tergum is "considerably distorted" and
"flattened by the pressures resulting from the progressively greater
rotation of the structures distal to it".

It is pertinent here to consider the morphology of the terminal
sbdominal segments in Plesioclythia agarici (Willard), selected as a repre-
sentative of the Platypezidae (figs. 10 and 11). Dorsally there is s
complete series of eight sclerites before the periandrium, and ventral
sterna of normal appearance continue as far as the 7th segment. These

sterna bear sensilla trichodea, thus confirming Wheeler's (1960) conclusion



that the sensilla form a homonomous (''serially homologous') series as
far as the 7th sternum. The 8th segment is largely membranous ventrally,
but bears a band-like sclerite which extends from the venter around the
right side of the insect, where it lies inside the apex of the 7th tergum.
It is clear from the structure of newly emerged males (plates I and
IT) that the definitive external structures of the 7th segment, namely
the tergum, the sternum and the spiracles, are not rotated. The 7th
segment is only involved in rotation to the extent that its membranous
areas (especially of the venter) take up some part of the turn between
the sclerites of the 7th and 8th segments. In Plesioclythia the ventral
membranes after the 7th sternum appear involved in rotation to some extent,
while the lateral membranes (where the 7th spiracles are situated) are not.
These two areas of membrane are delimited in the specimen photographed
(plate II): the swollen central area is continuous with the membrane of
the 8th segment, and no clear intersegmental boundary is evident. Most
of the first 90° of the observed post-emergence rotation of 180° occurs
between the sclerites of the 7th and 8th segments. In newly emerged
specimens (plates I and II) the large sclerite of the 8th segment lies on
the left side of the insect, and only moves through 90° to its normal dorsal
position as the hypopygium is moved through 180° (from the inverse to the
circumverse position). The mount of the pair of Grossoseta in ocopula shows
that the same differential rotation occurs when the hypopygium is unwound
to the inverse position during copulation. The remaining 90° of the post-
emergence rotation of 180° must therefore occur between the sclerites of
the 8th segment and the hypopygium.
This observed differential rotation of the 8th segment indicates that

this segment is not rotated through the full 360°. If the same differential
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rotation occurs within the puparium as that observed after emergence
(which seems to me the most probable hypothesis), then the 8th segment
must be inverted when the hypopygium is in its circumverse rest position,
as Crampton thought. Since I believe that the irreversible "hypopygium
ecircumversion” condition of the Schizophora is a further development of
the condition shown by the Platypezidae, I therefore homologize the large
dorsal sclerite of the 8th segment present in some groups of Schizophora
with the 8th sternum, and consider the band-like ventral sclerite (retained
only in a few Schizophora) to be a reduced 8th tergwm.

To summarize, I conclude that rotation in male Cyclorrhapha occurs
between the hypopygium and the sclerites of the 8th abdominal segment,
and between the sclerites of the 7th and 8th segments (with a slight
involvement of part of the ventral membrane of the 7th segment); the
sclerites and spiracles of the 7th segment are not involved in rotation.
Differential rotation between the 8th segment and the hypopygium can be
observed in adult platypezids, in which the last 180° of hypopygial rota-
tion takes place after emergence from the puparium and is reversible.
Ontogenetic studies on Schizophora (where the whole process of circumversion
takes place within the pwariwm) give no reason to suppose that the seg-
mental involvement differs from that observed in Platypezidae. The
opinion of some authors that the 6th and 7th segments are rotated to some
degree was based on the assumption that the asymmetrical conditions of the
sclerites of these segments shown by certain groups were caused by rotation;
this assumption is not supported by ontogenetic evidence. While it is not
impossible that in some groups with a highly modified postasbdomen, parti-
cularly the Syrphidea and Muscoidea, the process of circumversion has been

modified to involve to a limited degree segments preceding the 8th, I think



82

it unwarranted to assume that this is the case in the absence of evidence.
Asymmetrical sclerites may develop in situ, and this is always the simplest
explanation in my opinion. In accordance with the principle of parsimony
we should not assume that any unusual ontogenetic phenomenon such as
rotation has occurred, unless there is positive evidence to this effect.
The views of G. C. Crampton

Crampton (1941, 1942, 1944a) propounded a theory in which various
asymmetrical conditions of the postabdomen in Cyclorrhapha were explained
as the direct result of circt-ve;:'sion. This theory still commands wide-
spread support, in spite of the criticisms of van Emden and Hennig (1956)
and Hennig (1958). Crampton's method was to place the conditions found
in various families of Cyclorrhapha in an evolutionary series, leading
from the "borderline" families Lonchopteridae and Phoridae, through the
Syrphidea (Syrphidae and Pipunculidae), through various "acalyptrate"
families, culminating in the conditions found in various Calyptratae. He
claimed that the 7th segment in the Cyclorrhapha becomes ''lateroverted"
(turned through 90°) and the 8th segment inverted (turned through 180°)
through involvement in the process of rotationm.

I support Hennig's (1958) criticism of Crampton's theory, for the
following reasons:
(1) Crampton's placing of conditions shown by certain Syrphides in an
evolutionary sequence leading to the conditions shown by the Calyptratse
seems to me untenable, because the Syrphidea show in their groundplan
spomorphous conditions of the postabdomen which are not present in the
groundplan of the Schizophora (see also under section 5). According to my
present analysis the diverse arrangements of postabdominal sclerites shown

by various groups of Schizophora have been derived from a more or less
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symmetrical condition of the type shown by the Platypezidae. If this

view is correct, the condition shown by the Syrphidea must be considered
an independent modification of the structure shown by Platypezidae, not
a stage in a character sequence involving ancestors of the Schizophora.
(2) Crampton assumed that the asymmetrical arrangement of the post-
abdominal sterna shown by the Muscoidea (in the sense of this paper) was
a general condition of the Schizophora. My analysis indicates that this
is incorrect, since there are a few groups of Schizophora in which both
the 6th and 7th sterna are symmetrically developed in ventral position.
(3) No ontogenetic evidence supports Crampton's view that the 7th
abdominal segment is "]1ateroverted' (rotated through 90°), as discussed
previously in this section.

In one important respect I think that Crampton was correct: this
is that the 8th segment is inverted and bears its sternum in dorsal posi-
tion. However, at the time Crampton wrote there was no convincing evidence
to prove that he was correct, and it is understandable that many authors,
including Hennig, were sceptical.

After publication of his theory Crampton attempted a wider study of
the terminalia of the so-called "Acalyptratae', but never published his
results in detail. He produced a "purely tentative arrangement’ of some
families of "Acalypterates’ (Crampton 1944b), but this paper contained only
the briefest characterization and has had little influence on subsequent
workers. It was strongly criticized by Hemnig (1958). Crampton classified
the "Acalypteratae” (in which he included the Syrphidae, Pipunculidae and
Platypezidae, as well as the customary range of schizophoran families) into
two divisions, the "Syrphomorpha’ and "Platypezomorpha", on the basis of

the sclerites of the 6th abdominal segment. Such a classification cuts



right across all other evidence; it was a logical consequence of his
assumption that the conditions of the terminalia found in the Syrphidae
and Pipunculidae were a stage leading to the evolution of the asymmetrical
conditions of the groups which I classify as Muscoidea. Groups whose
structure conflicted with this assumption because they showed an obviously
more plesiomorphous condition of the 6th segment, were assumed to belong
to a different ewolutionary line, and were therefore classified in the
highly heterogenous assemblage ''Platypezomorpha’.

The views of G. H. Bardy

Hardy (1944) published a useful analysis of copulating positioms in
Diptera, but unfortunately his speculation in that paper regarding the
origin of the "hypopygium circumversum” condition is misleading. Hardy
seems to have been unaware of Schriader's (1927) and Gleichauf's (1936)
ontogenetic studies which conclusively proved the correctness of Feuerborn's
(1922) hypothesis of rotational circumversion in the Cyclorrhapha; instead
he elaborated a theory which purported to show that Feuerborn's conclusion
was a misunderstanding, and that the observed looping of the ejaculatory
duct over the hind gut in Calliphora indicated a "hypopygium {mversaim”
condition. The condition shown in Syrphidae was considered to be a stage
from which that of the Calyptratse was derived by movement of the anus.

In support of this remarkable suggestion he argued that '"suthors had over-
looked the fact that the aedeagus had remained inverted in an spparently
erect hypopygium’.

The evolutionary series comstructed by Hardy is clearly contrary to
the availsble evidence. His suggestion that the condition found in
Syrphidea had originated by "curving round" of a hypopygiim imversm is
contradicted by the evidence now available that the hypopygiim circumversim
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condition (in its partly reversible expression) was already present in

the groundplan of the Cyclorrhapha. I have explained above (in the dis-
cussion of Crampton's views) why I do not think that the condition found
in Syrphidea is similar to that of any ancestor of the Schizophora.

Hardy's generalization that the aedeagus is "inverted'" (directed anteriorly
rather than posteriorly) in Schizophora (called 'Muscoidea' by Hardy) will
not bear close examination. His remarks on an "inverted" aedeagus pre-
sumably refer to the anteriorly directed rest position assumed by the
aedeagus in certain groups of Schizophora (Nothyboidea and Muscoidea in the
sense of this work). Most members of these groups are able to swing the
sedeagus through a wide arc against the aedeagal apodeme by muscular action.
During copulation the aedeagus is swung out, so that it becomes directed
posteriorly or posteroventrally. It is clearly this copulatory position
which is comparable with the position of the aedeagus in other groups of
Diptera. In those groups of Schizophora in which this swinging mechanisa
has not evolved and the aedeagus retains a more or less fixed orientation
(Lonchaeoidea, Lauxanioidea and Drosophiloidea), it is directed posteriorly
or posteroventrally. The evolutionary changes which have occurred thus
involve the orientation of the aedeagus, and the anus has not moved.

Munro (1947) also published criticisms of Hardy's paper, but these
were made from a standpoint different from mine sbove, since Munro accepted
Crampton's theory.

Origin and functiomal significance of circumversion

Since the process of hypopygial circumversion through 360° returns
the aedeagus and anus to their original positions, it is scarcely possible
to explain the evolution of this process on the basis of comparison of the

hypopyg ium circuwersim condition directly with the normal unrotated hypo-
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pygium. The only authors who have speculated on this basis are Kessel

and Maggioncalda (1968: 85), who suggest that circumversion magy possibly
bring certain advantages through greater flexibi lity of the postabdomen.
But such an explanation hardly seems adequate to me, as the degree of
flexibility of the postabdomen is more dependent on the musculature

and the extent of membranous areas than on circumversion as such.
Zaka-Ur-Rab (1963) appears to have despaired of finding an explanation,
since he states that torsion is an "accidental development in the phylogeny
of male Diptera".

Faced with this dilemma, many authors postulated an intermediate
hypopygiun inversum stage in the evolution of the cyclorrhaphous hypopygim
oirowmersum. This suggestion was soundly based, since it is difficult to
believe that such a major organizational change as circumversion could
have been achieved in one step (spart from the rotation as such, major
changes in musculature are involved). Unfortunately, confusion arose
because the hypopygium imverewm condition has evolved independently in
different groups of Diptera, including many families of "Nematocera" and
a few genera of "lower Brachycera" (included in the Asilidae and Bombyliidae).
None of these hypopygium imversum conditions can be ascribed to synapo-
morphy with ancestors of the Cyclorrhapha, since most members of the
Orthogenya, the group most closely related to the Cyclorrhapha, show a
normal unrotated hypopygium. So do the great majority of other "lower
Brachycera”. Thus there is no group showing the hypopygium imversum condi-
tion which has yet been demonstrated as synapomorphous in this respect with
any ancestor of the Cyclorrhapha. Kessel and Maggioncalda's (1968) sug-
gestion that the empidid genus Nicrophorus may represent such a group

requires much more investigation (see section 4). Nevertheless, the hypothesis
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that there was a hypopygium inversum stage in the phylogeny of the Cyclor-
rhapha is practically inevitable in view of the recent discovery that
Platypezidae copulate with the male hypopygium in the inverse position.

I set out below what seems to me the simplest possible evolutionary

sequence for the evolution of the hypopygium circumversum condition.

1. Hypopygium normal, not rotated.

(2. Hypopygium rotated through 180° to the inverse position during
copulation (rotation reversible) ]

(3. Hypopygium rotated to the inverse position after emergence;
copulation in the inverse position (rotation irreversible).]

(4. Hypopygium rotated to the inverse position within the puparium;
copulation in the inverse position (rotation irreversible).]

S. Hypopygium rotated to the inverse position within the puparium;
then rotated through a further 180° to the circumverse rest
position after emergence, but umwound to the inverse position
during copulation (rotation partly reversible).

6. Hypopygium rotated through the full 360° to the circumverse
position within the puparium; copulation in the circumverse
position (rotation irreversible).

Stage 1 in the sbove sequence is the condition inferred for the groundplan

of the Eremoneura, as retained by the Orthogenya. Stages 2, 3, and 4 (in
square brackets) are still hypothetical as far as the ancestry of the

Cyclorrhapha is concerned (although conditions equivalent to stages 2 and

3 are known in some groups of Diptera, as previously discussed). Stage 5

is the condition shown by all Platypezidae which have been studied. Stage

6 is the condition shown by the Schizophora and probably also by the

Syrphidea. It will be seen from the sbove sequence that acceleration of



the process of rotation in relation to the ontogeny of the insect must
be assumed to have occurred in at least two stages. The hypopygium
inverewn condition is assumed to have been reversible when first evolved,
as has now been demonstrated for the hypopygium circumvereum.

The evolution of the hypopygium imversum condition must clearly
have been linked with a change of mating position. The platypezids
which have been studied mate on the wing in an opposed (tail-to-tail)
position (Kessel 1968). It is evident from the condition of reversible
circumversion shown by these platypezids that the circumverse position
was first evolved not as a mating position but as a rest position, which
allows the external genitalia to be folded under the abdomen and theredby
protected. Later the process became irreversible, and the male vertical
(or "superimposed'") position adopted for copulation. This is the ususl
mating position of the Syrphidea and Schizophora. The opposed position
with one of the partners upside-down figured by Hennig (1966b) for
Conopidse can be assumed from the male vertical position without any ro-
tation of the postabdomen.

Salzer (1968) has suggested a different sequence of mating positions
leading to the evolution of the hypopygium circumversum condition. However
he was writing before the new information on the copulation of Platypezidae
became availsble, and this clearly necessitates revision of his views. I
doubt whether he was correct in postulating steps of 90°, since in those
Diptera vhich copulate in the air rotation always inwolves all-or-nothing
movements of about 180°.

Cirownwersion, deflexion and asywmetry
It is evident from my review of the literature that many taxonomists

have been thoroughly confused over the relationships between circumversion,
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deflexion and asymmetry. This is hardly surprising, since such confusion
was inherent in the discussion of these questions by such authors as
Crampton, G. H. Hardy and Acz€l. Circumversion of a segment means that
the segment has been rotated through 360° about the longitudinal axis of
the insect. Deflexion of a segment means that the segment has been turned
downwards, and I regard the longitudinal axis also as turned downwards.
Asymmetry in this context means bilateral asymmetry, that is unequal
development of a structure on either side of the centre-line of the insect.
These words all denote different concepts.

As has been pointed out in the previous discussion, circumversion
has not been demonstrated to produce asymmetry in the development of the
postabdominal sclerites. In the Platypezidae circumversion occurs in two
stages, 180° of the rotation occurring between the sclerites of the 7th
and 8th segments, and the additional 180° between the sclerites of the 8th
segment and the hypopygium. Rotation through any angle other than 180°
or a multiple thereof would produce bilateral asymmetry of an originally
symmetrical structure, but rotation through 180° does not. There is no
convincing evidence that the asymmetry of the sclerites of the 6th and 7th
segments in some groups of Cyclorrhapha is caused by anything other than
asymmetrical development in situ. The Cyclorrhapha include many groups
with a fully or nearly symmetrical postabdomen (not only the Platypezidae,
but also some groups of Schizophora, such as the Drosophiloidea), and these
are just as much "hypopygium ciroumversum” forms as those with a strongly
asymmetrical postabdomen.

In the case of the Cyclorrhapha there seems to be a consistent corre-
lation between circumversion and deflexion. Kessel's observations on the

Platypezidae indicate that the hypopygium '"passes downward" as the final
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180° of rotation is completed. Deflexion and the completion of circumver-
sion seem to be manifestations of a single process in this case. Never-
theless, we should recognize a conceptual di fference between deflexion
and circumversion. We would still describe a rotational movement of
360° as circumversion, even if no deflexion occurred. And there are many
insects with deflexed terminalia which are not rotated. What has been
observed in the Platypezidae is a complex movement which we analyse into
two components, a rotational component and deflexion. Failure to appre-
ciate the conceptual difference between rotation and deflexion has led to
some confusion in the literature on Syrphidae, which I illustrate from the
work of Zumpt and Heinz (1949). Zumpt and Heinz state that in Eristalis
"we are dealing with a hypopygium inversum", thus apparently contradicting
the view (which I hold to be correct) that all Cyclorrhapha possess a
hypopyg ium circumverswun. However, if Zumpt and Heinz's arguments are
followed closely, it will become aspparent that they have confused rotatiomal
movement and deflexion. The hypopygium of Eristalis is "inverse” in the
sense that it is so strongly deflexed that it points anteriorly and its
"dorsal” side has become ventral. But the phrase "hypopygium imversim”
was proposed by Feuerborn (1922) for rotational inversion, as shown by
some Psychodidae, Dixidae, Tipulidae and Culicidae, and does not refer to
deflexion. Eristalis does not have a "hypopygium inversum” in Feuerborn's
sense, but a "hypopygium circumversum”. To prevent misunderstanding some
word other than inversion should be used to describe the strongly deflexed
position of the hypopygium in Syrphidae. Steyskal's (1957a) word "reflex-
ion" seems appropriate. The hypopygium of Syrphidae may thus be described
as reflexed or, if we wish to extend Feuerborn's Latin teminology, as a

"hypopygiim cirowmvermam et reflexim”.
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Steyskal (1957a) rightly points out the distinction between circum-
version and reflexion. But I do not understand his reference to a "third
type of movement, which we may call strophe”. In my opinion the structure
of the postabdomen of all male Cyclorrhaphs can be explained as the result
of a combined rotational and deflexional movement followed by asymmetrical
development of some sclerites in situ in certain groups; I see no need to
postulate a third type of movement.



4. The relationship of the Cyclorrhapha

to other Eremoneura

The following three sections (4 - 6) deal with classification. A
summary of the classification proposed is given in table 2.

I have not undertaken a new investigation of the relationship of
the Cyclorrhapha to other Eremoneura, but include this brief review of
the available information as orientation for my treatment of the Cyclor-
rhapha. 1 use the names Eremoneura Lameere (1906) and Orthogenya Brauer
(1883) in preference to Hennig's names Muscomorpha and Bmpidiformia, both
on grounds of priority and because at least the use of the suffix "-morpha"
leads to formal difficulties, as it is also used to indicate groups of
higher rank in the classification (such as Culicomorpha and Bibionomorpha).
In general the use of neutral names without connotations sbout rank does
not seem objectionable for taxa above superfamily, and may be positively
advantageous because revisions of the rank of taxa do not necessitate
consequent names changes (see further the discussion by Hennig 1968b).
Characterisation of the Eremoneura

The characterization of the Eremoneurs (= Muscomorpha Hennig) was
discussed by Hennig (1952a, 1954), who classified the Cyclorrhapha and
Orthogenya (= Empidiformia) in this group. This classification agrees
exactly with that proposed by Lameere (1906). Hennig referred to the
following groundplan conditions which are spomorphous with respect to the
groundplan of the Brachycers, as indicating that the Eremoneura probably
represent a monophyletic group:

(1) Hypopharyngeal skeleton of larvae V-shaped.

(2) Media with only 3 branches (m, fused with my).

(3) Anal cell closed spically; veins cu and la with common
92
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Table 2. Check-1list of revised family classification of the Cyclorrhapha.

The nmmes of the groups accepted in this work are listed below, to
serve as a summary of the classification. All nmmes with the suffix -idae
refer to groups with the rank of family. The categories to which other
groups are referred are stated. The sequence of categories used follows
von Kéler (1963: 635-636), but with substitution of the name prefamily for
"suprafamilia’ (see section 6.1).

The list is complete for the phalanx Cyclorrhapha. The unresolved
question of how other Eremoneura should be classified is discussed in
section 4. The relationships of the Eremoneura to other Brachycera also
require clarification. The sister-group of the Brachycera is either the
whole or part of the Bibionomorpha in the sense of Hennig (1968b).

The new family names given in this list will be formally validated

when the longer version of this work (which includes family descriptions)
is published.

Infreorder Brachycera

Superphalanx Eremoneura (= Muscomorpha)
Phalanx Cyclorrhapha
Subphalanx Acroptera (= Anatria, Anatriata)
Lonchopteridae
Subphalanx Atriata
Infraphalanx Hypocera (= Phoridea)
Ironomyiidae
Sciadoceridee

Phoridase (inc. Termitoxeniidae)

(Cont'd)



Table 2 (Cont'd)

Infraphalanx Platypezides
Platypezidae
Infraphalanx Syrphidea
Pipunculidse
Syrphidae
Infraphslanx Schizophors
Superfamily Lonchaeoidea
Lonchasidae
Cryptochetidae
Superfemily Lauxanioidea
Prefamily Lauxanioinea, Lauxaniidae (incl. Celyphidee)
Prefamily Chamaemyioinea
Burychoromyiidae
Chamaemyiidse
Superfamily Drosophiloides
Drosophilidae
Camillidse
Curtonotidae
Campichoetidae new family
Ephydridse (incl. Diastata)
Superfemily Nothyboides
Nothybidae
Teratomysidae
Periscelidides (incl. Somstiidee)
Psilidas (= Loxoceridae)

(Cont'd)
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Superfsmily Muscoidea

Prefamily Tanypezoinea
Tanypezidae (incl. Strongylophthalmyiidse)
Heteromyzidae

Prefamily Calyptratse (= Thecostomata)
Scatophagidse (= Cordiluridse)
Anthomyiidae
Fanniidae
Muscidae

Tachinidae (incl. Oestridse, Hypodermatidae, Cuterebridae,

Gasterophilidse, Calliphoridas and Sarcophagidae)
Hippoboscidae family-group
Glossinidae
Hippoboscidae (incl. Nycteribiidae and Streblidse)
Prefamily Micropezoines
Cypselosomatidse (incl. Pseudopomyzidae)
Micropezidae family-grouwp
Neriidese
Micropezidae (incl. Calobatidae and Taeniapteridae)
Prefamily Austrslimyzoines, Australimyzidae new family
Prefamily Diopsioines
Diopsidae
Syringogastridae
Prefamily Sciomyzoines
Coelopidae

Phasomyiidse nev status

(Cont'd)



Table 2 (Comt'd)

Dryomyzidae (incl. Helcomyzidae)
Sciomyzidae
Helosciomyzidae new status
Sepsidae family-grouwp
Ropalomeridas
Sepsidae
Megamerinidas
Cremifaniidse nev status
Prefamily Anthomysoines
Heleomyzidae
Rhinotoridae
Anthomyzidse
Borboropsidse pev family
Trixoscelididse
Asteiidae
Opomytidae
Sphasrocoridse (= Borboridae)
Chyromyidse
Aulscigastridees
Prefamily Agromyszoines
Clusiides
Agromyzidae
Prefamily Tephritoines
Chiropteromytides
Mommotoayiidee

(Cont'd)



Teble 2 (Cont'd)

Cnemospathidae

Odiniidse

Tethinidae

Chloropidae family-group
Acartophthalmidse
Carnidse
Milichiidae
Chloropidae (incl. Mindidae)

Conopidse (incl. Stylogastridas)

Tephritidse family-group
Burygnathomyiidae new status
Richardiidae
Piophilidse (incl. Thyreophoridse and Neottiophilidae)
Tephritidae (= Trypetidae; incl. Platystomatidae,
Pyrgotidse, Tachiniscidae, Otitidae, Ulidiidae,
Pterocallidse and Fulloptera)

Schizophora incertae sedis

Canacidae

Pergusoninidae

Notomyzidae new family

Srsulidae
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terminal section (the "anal vein").

In the light of my reinterpretation of Bahrmann's (1960) data on
the male genitalia of Empididae and my own data on the genitalia of
Cyclorrhapha, I am able to add the following, all of which appear to be
autapomorphous groundplan conditions of the Eremoneura:

(4) Basimeres (J) expanded dorsally, forming large lateral

plates which are only narrowly separated on dorsum of

genital segment.

This characterization depends on the validity of the periandrium
hypothesis discussed in section 3.1. I postulate that the possession of
separated basimeres, as in the Empidinae, is a more plesimorphous condi-

tion than the possession of a periandrium formed by fusion of the basimeres
across the dorsum of the genital segment.

(5) Epandrium (J) either lost or fused with cerci.

Bahrmann's (1960) statement that the simplest form of epandrium in
the Papididae consists of two large lobes which are fused basally on the
dorsum and extend laterally towards the ventral surface of the hypopygiwum,
refers to the type of sclerite which I call a periandrium. In those
Empididae in which the basimeres remain separate (Hemerodromiinse, Bmpis,
Rilara, Rhamphomyia), Bihrmann reports that the epandrium is usually cleft,
and that the cerci are either absent or more or less fused with the epandrium.
Since a discrete epandrium and cerci are apparently never present in these
insects, I suggest an alternative explanation; that the true epandrium
(9th tergum) has been lost in all Eremoneura, and that the sclerites in
question are all referable to the proctiger, representing modified cerci
and/or 10th tergum. The presence of the 10th tergum in the groundplan of
the Brachycera is indicated by the presence of this sclerite in male
Rhagionidae (fig. S).

(6) Aedeagus (d) slender, upcurved distally.

Bahrmann (1960) did not give a precise estimate of what he thought
might be the groundplan condition of the aedeagus for Empididae, beyond
the general statement that ''der Aedoeagus besitzt eine schlauchformige
Gestalt von unterschiedlicher Lange und ist mitunter stark gebogen'". A
rather slender, upcurved aedeagus was probably present in the groundplan
of the Cyclorrhapha, as shown for instance by many Platypezidae and
Lonchaeoidea (figs. 9, 21 and 23). The aedeagus of the Dolichopodidae
and some groups of Empididae (such as Bmpie and Rhamphomyia) is also of
this type. From this distribution I infer that a slender upcurved sedeagus
was present in the groundplan of the Eremoneura. 1 list this condition of
the aedeagus as an autapomorphous groundplan condition of the Eremoneura,
since as far as | am aware such a condition is not shown in the groundplan



of other groups of Brachycera. However the information available is not
complete.

The Eremoneura, as defined above, do not include Hilaramorpha, which
Bahmmann (1960) has transferred from the Empididae to the Bombyliidae.
The structure of the male genitalia of Hilaromorpha figured by Bahrmann
fully supports his exclusion of this genus from the Bmpididae. Hilaro-
morpha shows a true epandrium in dorsal position (as in the Bombyliidae
and others).

As far as I sa aware, the only family of Brachycera outside the
Eremoneura in which no true epandrium seems to be present is the
Scenopinidae. The figures in Kelsey's (1969) revision of this family
indicate that the so-called epandrium consists of a pair of lateral plates
which are contiguous or slightly separated on the dorsum of the genital
segment. It is possible that these plates represent laterally situated
basimeres (as in the groundplan of the Eremoneura), rather than a cleft
epandrium. However, the larvae of the Scenopinidae do not show the
modi fications characteristic of the Eremoneura, but are very similar to
the larvae of the Therevidae (Hennig 1952a). If the Scenopinidae are in
fact more closely related to the Therevidae than to the Eremoneura (as is
currently believed), then the similarity between the genitalia of the
Scenopinidae and Eremoneura can only be ascribed to convergence or paral-
lelism. On the other hand, if the similarities between the Therevidae and
Scenopinidae are due to symplesiomorphy, the possibility that the Scemo-
pinidae are the sister-group of the Eremoneura cannot be excluded. I

offer no opinion on this question, but draw attention to it for consider-

ation in future studies.
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Protempididae

Until recently no information on the age of the Eremoneura was avail-
able, but Ussatchov (1968) has described as Protempis (Protempididae) a
relevant fossil species from Jurassic deposits in Kazakhstan. The wing
venation of Protampis corresponds exactly with what can be inferred about
the groundplan condition of the wing venation for Eremoneura. The
Protempididae may thus represent the stem-group of the Eremoneurs, in
accordance with the definition of "stem-group" proposed by Hennig (1965b).
The full suite of plesiomorphous conditions shown by Protempis is not
shown in combination by any recent species, as far as I am aware, althougha

few recent species classified in the Empididae have wing venation little

removed from that of Protempis.
Characterization of the Cyclorrhapha

The Cyclorrhapha (= Musciformia Hennig) are a subordinate monophyletic
group of the Eremoneura. The earliest known fossil Cyclorrhapha are from
the Cretaceous Period (see J. F. McAlpine and Martin 1969 and J. F. McAlpine
1970). The apomorphous conditions of the Eremoneura are as follows:

(1) Larval head capsule reduced; individual parts of cephalic and
pharyngeal skeleton fused into uniform "cephalopharyngeal
skeleton"; pupa enclosed within puparium formed by contraction
and hardening of integument of 3rd larval instar.

The morphology of the larvae of Cyclorrhapha was reviewed by Hemnig
(1952a). The name Cyclorrhapha, first proposed by Brauer, refers to the
circular ecdysial suture around the first sbdominal segment of the larva
and puparium of most Schizophora (except Cryptochetidae). However Hennig

indicated that the position of the ecdysial sutures on the puparia of other

groups of Cyclorrhapha varies, and the groundplan condition for the group
as a whole has not been established.

(2) Radial sector two-branched; ry+s not forked (Hennig 1954).

This condition is also shown by various groups of Empididae and such
reduction may in some cases represent synspamorphy with the Cyclorrhaphs.



101
The second venational character given by Hennig (1954), loss of rj3, does
not in my opinion differentiate the groundplan of the Cyclorrhapha from
the groundplan of the Eremoneura, since the presence of an apparent rj as
a cross-vein in Dolichocephala (Empididae) is most probably secondary
(apomorphous). Such a vein is not normally present in other Brachycera
except in members of groups which show a clear tendency to develop
additional cross-veins (in particular the Nemestrinidae and some Bombyliidae).
(3) Hypopygiumm () rotated to inverse position within puparium,

then rotated through further 180° to circumverse rest position

soon after emergence; 8th adbominal segment rotated through

half angle of hypopygial rotation (through 90° within the

puparium, then through further 90° to inverse position after

emergence).

This characterization is the result of the analysis presented in

section 3.2. The postulated groundplan condition is retained by the
Platypezidse.

(4) 8th tergum ) (normally in ventral position in mature adult)
reduced to narrow band (fig. 10).
Reduction of the 8th tergum also occurs in Atelestus and in some other
genera of Empididae (see Bihrmann 1960, fig. 1). Since the BEmpididae are
probably paraphyletic (see below), the possibility that such reduction may

represent synapomorphy with the Cyclorrhapha should be borne in mind. The

reduced 8th tergum in these Empididae is dorsal, since their postabdomen
is not rotated.

Atelestus
The delimitation of the Cyclorrhapha has long been largely settled,

and the only remaining dispute in recent literature concerns the classifi-
cation of the genus Ate¢lestus (= Platycnema). Most authors have included
this genus in the Empididae, but others (notably Kessel 1960 and Krystoph
1961) have referred it to the cyclorrhaphous family Platypezidae. Clearly
there is substance in the arguments of Kessel and Krystoph that Atelestus

is strongly divergent from most other Empididae and shows certain resemblances

to the Platypezidse. Another resemblance, besides those stated by these
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authors, is in the structure of the male genital segment (figs. 6 and 7).

This bears a large symmetrical periandrium, agreeing remarkably with the
condition shown by the Cyclorrhapha. Nevertheless, I do not think that
Atelestus should be included in the Platypezidae, because it shows at

least one feature which seems to me irreconcilable with such a classifica-
tion: this is that the 8th abdominal segment of the male bears a narrow
band-1ike sclerite dorsally and a large sclerite ventrally. This is the
reverse of the groundplan condition for the Cyclorrhapha (retained by

the Platypezidae), in which the inverted 8th segment bears its large
sternum in a dorsal position. The obvious inference from the condition of
the 8th segment shown by Atelestus is that its terminalia are not rotated:
at any rate it seems reasonable to assume this unless contrary evidence

can be found, for instance from dissection of fresh material (which was not
availsble to me). If Atelestus does not possess rotated terminalia, then
the genus cannot be referred to the Platypezidae (or any other cyclorrhaphous
family), and the possibility must be considered that its resemblances to the
Platypezidae are in fact resemblances to the groundplan of the Cyclorrhapha
as a whole. Since the Platypezidae shov the least modified adult morphology
of all groups of Cyclorrhapha in many respects, such an interpretation
raises no conceptual difficulty. The question of how Atelestus should be
classified probably cannot be settled at present, since the phylogenetic
relationships of the groups currently included in the Empididae require
clarification. Pending such clarification I think it best to retain the

conventional classification of the genus in the Empididae for purposes of

nomenclature.

The Orthogenya

Brauver (1883) proposed the group Orthogenya to include the Empididae
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and Dolichopodidae, that is all Eremoneura excluded from the Cyclorrhapha.

Identical group concepts were also proposed by Lameere (1906) ("Orthor-
rhapha') and Hennig (1952a, 1954) ("Empidiformia"). Hennig's discussions
of this group have been concerned mainly with demonstrating its affinity
with the Cyclorrhapha. The question of whether the Orthogenya are mono-
phyletic or paraphyletic (containing more than one lineage of non-
cyclorrhaphous Eremoneura), has not been settled. Aczél (1954) and
Kessel and Maggioncalda (1968) have implied that the Orthogenya are not
monophyletic, because they suggest that particular groups of Orthogenya
are more closely related to the Cyclorrhspha. I do not think that this
question can be settled from existing analyses, but briefly review these
authors' views with the aim of clarifying the issues involved.

Aczél (1954) considered that the Dolichopodidae should be grouped
with the Cyclorrhapha, and consequently proposed a new subdivision of
the Brachycera into two 'Divisions”, the Orthopyga and Campylopyga. He
included in the Campylopyga the Dolichopodidae and Cyclorrhapha, and
characterized the group as follows:

"Male postabdomen without exception folded beneath last tergite

of the preabdomen and circumverted. Antennae inserted below the

prefrontal suture and consisting of three segments, scape,

pedicel and postpedicel only."

The value of the form of the antennae in indicating the relationships
of the Dolichopodidae is uncertain, since there is no clear-cut distinction
between the types of antennse shown by the Cyclorrhapha, Dolichopodidae
and some groups of Empididae. Purther investigation of the character
sequence involved is needed. The part of Aczél's characterization which
I am able to assess definitively is the first sentence, which implies that

the Dolichopodidae possess a hypopygium circumversum and are hence
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monophyletic with the Cyclorrhapha. Until recently some doubt has re-

mained as to whether this is correct. Hardy (1953) stated that in
Dolichopodidae the alimentary and genital tracts are "in one plane", and
that "this difference in anatomical detail shows that the Dolichopodidae
are not in the direct evolutionary line that leads to Cyclorrhapha".
However D. K. McAlpine (1960) stated that "in Sciapus the relative
twisting of the hind gut and vas deferens is indicative of circumversion".
Béhrmann (1966) has clarified these apparent contradictions. He reports
that the genus Dolichopus contains species without looping of the ejacu-
latory duct over the hind gut, as well as species in which such looping

is almost complete. He concludes that the irregularity of this looping is
evidence against the assumption of synapomorphy between the Dolichopodidae
and Cyclorrhapha in respect of hypopygial rotation. Thus the only demon-
strated similarity between the hypopygia of the Dolichopodidae and
Cyclorrhapha is that in both groups the hypopygium is deflexed. This does
not provide sufficient grounds for inferring that the Dolichopodidae are
monophyletic with the Cyclorrhapha, when the detailed structure of the
hypopygium is very different in the two groups. The hypopygium in the
Dolichopodidae is enclosed by a highly modified "genital capsule”, which

is connected with the preceding segment only through a narrow opening
situated asymmetrically on its left side (Bahrmann 1966). This capsule is
more or less uniformly sclerotized, and its homology is in doubt. However,
its muscular connections with the aedeagal spodeme suggest that it is
largely of hypandrial origin (see Bahrmann 1966: 70). Possibly the nearest
relatives of the Dolichopodidae should be sought amongst those groups
referred to the Empididae in which the hypandrium is enlarged at the expense
of the basimeres (as for instance in Heleodromia). Bihrmann (1960) discusses
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the possibility of such a relationship, but reaches no definite conclusion.
Thus, although the available analyses of the relationships of the Dolicho-
popidae are not conclusive, it seems unlikely that Aczél's Campylopyga

is monophyletic, and I therefore follow Hennig, Bahrmann and others in
rejecting Acz€l's classificatory proposals.

Kessel and Maggioncalda (1968) have advanced a different hypothesis
about the relationship of the Cyclorrhapha with particular groups of
Empididae, in elaboration of views expressed by Kessel in earlier papers.
These authors consider that the Cyclorrhapha are phylogenetically related
to certain genera of Empididae ("that branch of the Hybotinae which leads
to the Platypezidae'). The genera stated to belong to this 'branch”
are Meghyperus, Ocydromia, Leptopesa, Bicellaria, Euthyneura, Oedalea,
Syndyas, Trichina, Hyboe and Microphorus. The order in which the authors
comment on these genera (as given in my previous sentence) corresponds with
the degree of apparent rotation of the postabdomen. Meghyperus, whose
hypopygium is fully symmetrical, is considered as '‘the perfect representative
of the ancestral line forming the base of that branch of the Hybotinae which
leads to the Platypezidae"; Ocydromia and Leptopeza are then mentioned as
"other primitive genera'". The authors then mention Bicellaria, Euthynewra,
and Osdalea as examples of genera "in which there is already a slight twist
of the postabdomen towards the right. At still a higher level, and in such
genera as Syndyas, Trichina and Hybos, this twist has become a full 90-degree
rotation with reference to the main axis of the abdomen, and this rotation
has become the rule in that hybotine line which leads towards Platypezidae
and Tachydromiinae". Finally, Microphorus is discussed, "a genus of
Hybotinae above Hybos and also representing the empidid stock leading to
Platypezidae. In this form the postabdomen is stalked and bears the
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hypopygium in inverted position, the relationships of these male sexual

structures resembling those of Platypezidae at the time of emergence''.
These statements imply that the Orthogenya are not monophyletic, since a
particular group of Empididae is considered to be "ancestral to the
platypezids". The latter phrase should not, however, be taken as a denial
of the monophyly of the Cyclorrhapha, since the authors explicitly state
(page 103) that they are convinced that the Cyclorrhapha are properly
considered to be a monophyletic group.

Kessel and Maggioncalda'"s argument is mainly based on placing condi-
tions of the hypopygium shown by Recent forms in a series which they
believe to represent stages in the evolution of the cyclorrhaphous hypopy-
gium. In attempting to judge to what extent their conclusions are warranted,
I now comsider their argument in the light of the two recent comparative
morphological studies of the Empididae by Béhmmann (1960) and Krystoph
(1961).

I must first remark that the Hybotinae in the sense followed by
Kessel and Maggioncalda are no doubt paraphyletic. Both Bahrmann snd
Krystoph use the name Hybotinae in a more restricted sense, and conclude
that the Hybotinae (in their restricted sense), the Ocydromiinae and the
Tachydromiinse together form a monophyletic group. This group is well
characterized by apomorphous conditions of the mouthparts (Krystoph 1961).
The tormae are free from the clypeus in their lower two-thirds, not articu-
lated with the labrum, but standing separate from it on the margins of the
cibarium; the maxillary laciniae have been lost, and the palpi are separated
from the maxillae (borne on palpifers).

Of the genera stated by Kessel and Maggioncalda to belong to their

"branch leading to the Platypezidae", all belong to the Hybotinae/Ocydromiinae/
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Tachydromiinae group of Krystoph, with the exception of the last genus

Microphorus (discussed further below). However, the markedly apomorphous
features of the mouthparts shown by this group clearly exclude the
possibility that the Cyclorrhapha were derived from it (in the sense of
having a more recent common ancestry with particular genera within the
group than these have with each other). In many Cyclorrhapha well-developed
maxillary laciniae are retained, and a palpifer of the type stated is not
developed; the tormae are usually not separated from the labrum in the
manner stated. Such conditions are plesiomorphous in comparison with the
conditions shown by the Hybotinae/Ocydromiinae/Tachydromiinae group, and
indicate that the Cyclorrhapha could not have been derived from this group,
although the possibility of some close relationships between the Cyclorrhapha
and the group as a whole is not thereby excluded. The "rotated" hypopygia
shown by certain genera within this group cannot be ascribed to synapomorphy
with conditions shown by ancestors of the Cyclorrhapha. In many genera

of the group the hypopygium seems unrotated; and apparent rotation, where

it occurs, is usually associated with asymmetrical modifications of the
periandrium (which is almost invariably symmetrical in Cyclorrhapha). I am
doubtful whether any true rotation in fact occurs, since the change in the
orientation of the genitalia may be the result of asymmetrical development
in situ. 1 think that the sequence of hypopygial modifications shown by
members of the Hybotinae/Ocydromiinae/Tachydromiinae group proceeded
independently of the evolution of the hypopygiwn circwmversum condition of
the Cyclorrhapha. If there was a common ancestor of the Cyclorrhapha and
that group, this probably had a symmetrical unrotated hypopygium, as in

Atelestus (figs. 6 and 7).

The genus Nicrophorus is probably related to the Hybotinae/Ocydromiinse/
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Tachydromiinae group according to Krystoph (1961), but retains a more
plesiomorphous maxilla; the laciniae are well developed and the palpi in
normal position, borne on the maxillae (without any intervening palpifer).
Similar plesiomorphous conditions must be assumed for ancestors of the
Cyclorrhapha (but are not evidence of phyletic relationship, which can
only be inferred from common possession of apomorphous conditions). The
common apomorphous condition of the mouthparts which led Krystoph to infer
a relationship between Microphorus and the Hybotinae/Ocydromiinae/Tachy-
dromiinae group, is the structure of the tormae. The condition of the
tormae in the groundplan of the Cyclorrhapha is thus highly relevant to
the suggestion of an affinity between the Cyclorrhapha and Microphorus,
but I am not at present able to judge this question. Frey's (1921)
classical comparative study of the mouthparts was unfortunately confined
to the Schizophora; there is insufficient comparative information on the
mouthparts of the other subgroups of the Cyclorrhapha. It certainly seems
possible that the condition of the postabdomen shown by Nicrophorus repre-
sents (through synapomorphy) a stage in the evolution of the conditions
shown by the Cyclorrhapha, since the inverted position and rightward
direction of the 8th segment and the hypopygium in this genus resembles
the condition shown by newly emerged platypezid males (as Kessel and
Maggioncalda have stated). But further detailed comparative studies are
needed before firm conclusions can be drawn.

The conclusion which I draw from the above discussion is that, while
there are good reasons for doubting whether the Orthogenya are monophyletic,
the authors who have raised this question have not made sufficiently

extensive studies to settle the matter.
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The views of Bennig (I970)

Shortly before completing the manuscript of this work I received a
new paper by Hennig (1970), in which he reviews some of the material which
I have covered (independently) in the preceding discussion. Hennig also
affirms that the Hybotinae/Ocydromiinae/Tachydromiinae grouwp is monophyletic,
and discusses other characters in addition to those which I have mentioned.
He suggests that this group can probably be classified with the Micro-
phorinse and Atelestinae in a "subfamily-group"” Ocydromioinea, while all
other Empididse can be referred to another group of the same rank, the
Empidoinea.*

This seems s useful working classification for the present, although
doubt must remain sbout whether these "subfamily-groups" are monophyletic
until the relationships of the Dolichopodidae and Cyclorrhapha have been
clarified. The groups which Hennig includes in the Ocydromioinea are
those which show a periandrium, and I think that the possibility that the
whole or part of this group i3 more closely related to the Cyclorrhapha
than to other "Bmpididae’ remains open (see previous discussion).

In this paper Hennig expresses doubt about the monophyly of the
Eremoneurs on the basis of a character not previously considered, the
structure of the antennal arista. He points out that a three-articled
arista (with two small basal articles) must be ascribed to the groundplan
of the Cyclorrhapha, but the arista has only two articles in those recent
Orthogenya which he examined (including Atelestus). This character seems

to him to indicate the possibility that the Orthogenya should be included

*Hennig's use of the suffix "-oinea" for "subfamily-groups" is inconsistent
with the proposal of von Kéler (1963) to use this suffix for a category
between family and superfamily (see section 6.1). But this discrepancy is

likely to be removed in future revisions, since the present wide limits of
the "Bmpididae” are untemable.
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in the Asilomorpha (which have a two-articled arista), as in Rohdendorf's

(1964) classification, rather than considered more closely related to the
Cyclorrhapha.

I do not share Hennig's doubts about the monophyly cf the Eremoneura,
and think he is placing too much weight on one character in isolation.
The evidence for the monophyly of the Eremoneura has become very substantial.
To the resemblances in wing venation and larval morphology discussed in
Hennig's previous works, I can now add the similar structure of the male
genital segment. In particular, the genus Atelestus shows certain strong
similarities to some groups of Cyclorrhapha (such as the Platypezidse),
which cannot be summarily dismissed as due to convergence. The hypothesis
that the similarities between Atelestus and the Platypezidae are retained
from a common ancestor of the Ocydromioinea and Cyclorrhapha has much to
commend it. If Hennig's suggestion that the Cyclorrhspha may be thé sister-
group of the Asilomorpha (including Orthogenya) is correct, then we must
infer the existence of an independent lineage leading to the Cyclorrhapha
at least since the Jurassic Period. Any fossils belonging to this lineage
would be recognizable by a series of antennal modi fications leading to the
formation of a three-articled arista. But nothing in the assemblages of
Jurassic Diptera so far described suggests the existence of such an inde-
pendent lineage. In default of such contrary evidence, I think that the
three-articled arista condition was probsbly derived from the two-articled
condition, not through an independent series of modifications. This inter-
pretation is fully compatible with the evidence of other characters.



5. The major subordinate groups of the Cyclorrhapha

The characterization of the Cyclorrhapha has been discussed in the
previous section. Hennig (1952a) followed de Meijere (1900) in dividing
the Cyclorrhapha into two sister-groups: the Acroptera (= Anatriata)
containing the single family Lonchopteridae, and the Atriata containing
all other Cyclorrhapha (fig. 13). I also accept this division, but prefer
to use Brauer's (1883) name Acroptera to Hennig's Anatriatas (= Anatria
de Meijere) on grounds of priority. Many authors still follow a traditional
division of the Cyclorrhapha into the Aschiza and Schizophora. However
only the latter group is monophyletic. The "Aschiza" constitute a residual
paraphyletic assemblage of all Cyclorrhapha which are excluded from the
Schizophora because they lack a ptilinum. To my knowledge i t has never
been claimed that the Aschiza show any apomorphous conditions in cosmon.
Such a group has no place in a phylogenetic classification in the sense
followed in this work.

The justification for the division of the Cyclorrhapha into the
Acroptera and Atriata rests largely on larval characters. In the Acroptera
8 small remnant of the larval head capsule is visible in dorsal view (de
Meijere 1900, Hennig 1952a), a relatively plesiomorphous condition in
comparison with the highly spomorphous '"headless" condition shown by all
other cyclorrhaphous larvae, in which no free remnant of the head capsule
is visible externally. Adult lonchopterids are of uniform appearance,
characterized by several spomorphous conditions, for instance in the shape
and venation of the wing (see Hennig 1954). Thus there appears to be an
alternance of apomorphous and plesiomorphous conditions between the

Acroptera and Atriata, which is the basis for inferring that these groups

111



Fig. 13.
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Systematic division of the Cyclorrhapha, in accordance with
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(cont'd)



Fig. 13 (Cont'd)
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