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I INTRODUCTION

The study of the biological scisnces has led to four grsat
generalizations:
(A) Darwin's and Wallace's (100 years ago) theory of svolution by

natural selsction, which tells us that higher organisms are

derived by a continuous eveolutionary progression from the first
primitive organisms,

(B) The cell theory of Schleiden (1838) and Schwann (1839), which
states that all organisms ars composed of cells,

(C) The chromosomal theory of heredity (Sutton 1903), which involved

the understanding that the function of chromosomegis to control

heredity.
(D) The gens - enzyme relationship (Garrod 1909) asserting that
genes control the synthesis of enzymes.

Recent biochemical - genetical studiss have provided evidence
that chromosomes synthesize messenger RNA which transmits its messages
to ribosomes; the ribosomes then act as ths sites for synthesizing
enzymes, which in turn control the function of the csll, The fact
that chromosomes are genetical material has been proved by Avery et
al. (1944), Hershey and Chass (1952) and others. It is now generally
agreed that, as far as the higher animals are concerned, most evolue
tionary transformations have had their origin in the chromosomes and
that these bodies which constitute the physical basis of heradity

also furnish the material source of evolutionary changes.
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Since the chromosomes represent the physical basis of the evolu-
tionary mechanism, any significant alteration in their structure or
behavior represents not only an evolutionary change, but also a
change in the apparatus upon which all future transformations will
depend., In this sense, the studies of morphological and physio-
logical characteristics of the chromosomes of an organism become
important. The comparistn.:of chromosomal DNA and its protein products
at the molecular level will give the most satisfactory information
of all esvolution studies. Unfortunately, such work is by no means
easy at this moment. However, the differences in chromosome number
and shape which frequently distinguish one species from its relatives
throw new light on the problems of taxonomy. In addition, the cyto-
logical characteristics of whole groups of organisms have a bearing
on the differentiation of the higher categoriss of our classifica-
tion and on the problem of their evolutionary patterns, plasticity
and adaptiveness,

I1. Review of Literature
1. The Kayyotype and Speciation

The karyotype is defined as the basic chromosome set of an in-
dividual or species, and variss in form, size and number. It is a
valuable morphological character, particularly because of its intimate
assosiation with the genetic make-up of the species. The karyotype
was early recognized as a definite species character (Navashin
1915); the morphology of the chromosome among individuals of

the same species being reasonably constant, with departures from



the species pattern being attributed largely to recognizable aberra-
tions. Thus cytology became an accepted and exceedingly useful tool
in the hand of the taxonomist who is interested in something more
than simple morphological criterias for defining species relation-
ships. In fact, relationships within natural groups of species can
scarcely be considered complete in an evolutionary sense unless there
is good cytotaxonamic data to reinforce comclsions based on morpho-
logical criteria. And the gross knowledge of the genome complement
of an organism would also be necessary in any molecular genetical
analysis.

In the early period of cytology it did not seem likely that
chromosome numbers as such were of any particular evolutionary im-
portance. Thus Morgan, Bridges and Sturtevant (1925) wrote to a
geneticist, "Many of these comparisons between the karyotypes of
different species will seem of little significance®™, because to them
it was not the shapes and sizes of chromosomes which were important,
but the genes contained in the chromosomes. Similarly, Wilson (1925)
considered that both cytological and genetical evidence proved that
the chromosomes were compound bodies, containing many different com-
ponents. So long as the sum total of these remains the same, or
nearly so, it seemed immaterial whether they be grouped to form few
or many aggregates.

Such views are no longer tenable for various reasons. In the

first place, it is now realized that the recombination index of a
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species (Darlington 1937a) is one of the fundamental properties of
its genetic system. This recombination index, which is simply the
sum of the haploid number and the chiasmg frequency, represents the
mean number of blocks of genes segregating independently at meiosis,
Thus the formal genetics of a species with many chromosome pairs and
/or a higher chiasma frequency will be quite different from that of
a species with a low recombination index. This difference is no
doubt reflected in the population dynamics and in the evolutionary
patterns of different groups of organisms. In the second place, we
now regard the overwhelming majority of evolutionary changes in the
karyotype as having been caused by structural changes involving both
breakage and fusion, rather than being due to fusion or fragmenta-
tion alone. In organisms with localized eentromeres which also do
not lose their function or arise de novo, each chromosome is mono-
centric and an evolutionary inerease in chromosome number must involve
duplication of a centromere together with a region (large or small)
around it. On the other hand, a decrease in chromosome number must
mean the permanent loss from the karyotype of a region containing a
centromere. This is the dislocation hypothesis of evolution of
chromosame number (Navashin 1932), and although its applicability in
groups such as the Homoptera, which seem to lack individualized cen-
tromeres, has been challenged (Troedsson 1944), there can be no
doubt that it does apply in the great majority of animal groups.

Thus, Wilson was in error in supposing that the sum total of heredi-
tary components remains the same when an evolutionary change in



the karyotype also involve alterations in gene sequence, which may

in many cases lead to position effects of one kind or another.. The
newer concept of the chromosome as an organized body whose parts stand
in a definite functional relationship to one another has replaced the
crude, atomistic idea of a row of entirely independent genes strung

together like beads on a thread.

It is obvious that, in the majority of species, the lengths and
shapes of the chromosomes which make up the karyotype are not at
random, In many forms we have a symmetrical karyotype. Alternative-
ly, there may be two size-classes of chromosome, each with definite
characteristics. These conditions would not be encountered with
such regularity if the structural changes which become established
in phylogeny were of all possible iypes. 1t seems, rather, that in
many groups chromosame after chromosome has undergone the same type
of structural change, so that they have all retained a similar mor-
phology (White 1954).

Chromosome modifications in either number or structure are often
associated with the accumulation of morphological changes that cul-
minate in speciation (Boyes 1965a). However, the fact that related
species may have similar karyotypes indicated that aberrations are
not a necessary accompaniment to speciation. B8peciation may be due
to gene mutation, with geographical space providing the barrier be=~
tween them, preventing crossing. On the other hand, similar karyo-

types, as seen in mitotically dividing cells, may mask a wealth of
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hidden aberration.
Two classical examples of pairs of sibling species are Drosophila

melanogaster Meigen and D. simulans Sturtevant, and D. pseudo-

obscura Frolowa and D._persimilis Dobzhansky. They differ in paracentric
inversions as demonstrated in their salivary chromosome, but their
mitotic karyotypes are very similar, Burla et al.(1949) have noted a
similar case in the willistoni group of D. tropicalis (Burla & da Cunha)
and D. paulistorum (Dobzhansky & Pavan) which have very similar (n = 3)
mitotic karyotypes but differ in their salivary gland chromosome structure.
It is, therefors, easier to identify the species by their salivary
chromosome rather than by mitotic chromosome morphology. In other
cases, there are different descriptions of karyotypes provided by
different authors for the same speciss. For example, Drosephila
robusta Sturtevant has three metacentrics and a dot according to Carson
and Stalker (1947); but Metz (1916) and Wharton (1943) found a rod, two
metacentrics and a dot. Some of these differences may stem from
inaccurate or incomplete observations, but some probably represent real
variation, indicating the presence of sibling species. Boyes and van
Brink (1964) reported two chromosome numbers (n = 4 and 5) in Syrphus
ribesii L. and suggested that when differences in chromosome nupber
occur within a species, the groups, involved are likely to be at least
sibling species.

Boyes (1954) reported an intraspecific difference of karyotypses
in a collection of Hylemya brassicae (Bouche) from different geographic

locations. On the other hand, Robertson (1957) in analysing the karyotypes



in geographic isolate of carrot rusty fly (Chamaepsila rosae (F:)) found

no chromosomal separation at subspecies levels. However, as will be
discussed later, due to the limitations of the techniques, the vari-
tions of karyotype measurements may be large enough to conceal some
existing karyotype separation. The value of cytotaxonomy is described
by Boyes (1965); "Cytological research is helpful in the solution of
taxonomic problems and its value in this context is obviously greater
in those taxonamic groups in which karyotypic variations are the most
abundant and frequent. Of course, no one would expect cytotaxonomy
to provide solutions for all taxonomic problems and in fact in some

cages it has revealed new ones or added to the complexity of old ones."

The general laws of Chromosomal changes of significance in evo-
lution may be classified into four main categories: (A) Gene mutation,
(B) sectional rearrangements of parts of chromosome, (C) loss or redu-
plication of whole chromosomes, (D) loss or reduplication sets of
chromosomes. Gene mutations, important though they may be as caus-
tive agents of evolutionary changes, may actually, be very minute
sectional rearrangements, differing only quantitatively from the se-
cond category. Losses and reduplications of whole chromosomes have
probably occurred only very rarely in animal evolution (Wnite 1963).
The occurrence of chromosome aberrations themselves are not alone
responsible for the evolution of species; good evidence has been pro-
vided, however, as to the possible role they can play. It is perhaps

best to consider their action within, rather than between, species.
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The evolutionary changes within species is dependent in the long run

upon a constantly produced series of randon gene mutations.

Gene mutations and chromosomal rearrangements are physical and
chemical accidents which are non-adaptive in origin. Natural selec-
tion acts as a filter eliminating mutations and rearrangements which
are non-adaptive, and conserving in the population, those which are
adaptive. No doubt countless structural changes and gene mutations
have failed to establish themselve in evolution, because they were
genetically "deleterious", in the sense that they upset genic balance
of the orgemism. But even if a chromosomal rearrangement is satis-
factory fram this point of view, it still has to be one which does
not diminish the efficiency of the mitotic or meiotic mechanism in

a purely mechanical way.

In sexually reproducing species, all populations may exhibit
genetic polymorphism; the characteristics of the populations as a
whole being determined by the gene frequezides in them. The species
is, therefore, a dynamic, rather than a static, entity; flowing, as
it were, through time and modified as mutation and selection pre-
ssures permit. Selection, however, acts not only on a single gene
but on the whole organismy and it is, therefore, the genotype as a
whole that is selected for or against by the environment in which it
finds itself. A new species group usually evolves from one species.
It is possible that much less frequently two or more species split

off together and, by parallel evolution at the species level, form



a new species. All evolutionary patterns are the resulis of the re-
sponses of genetical systems to the variety of ecological niches in
the environment. ZEvery species may be regarded as possessing a
genetic system which is theoretically unique in type. However, in
practice, the nature of chromoscmal modifications that accumulate in
different genera and families has been found to be characteristic

for the group concerned (White 1954).

2. Primary and Secondary Constrictions

The centromere, forming the primary constriction of metaphase
chromosomes, in Diptera - appears simply as a non-staining region
with no morphological evidence of strucfure under a photomicroscope.
It is one of the most important morphological characteristics of the
chromosome. The centromere is believed to be the attaching point of
the spindle during the poleward movement. Therefore, the position
of centromere is best identified at anaphase. The properties of
centromeres and telomeres do, to some extent, control the occurrence
of chromosomes. As mentioned before, an increase in chromoscme number
needs duplication of a centromere, while a decreased chromosome number

involves the loss of a centromere.

The secondary constriction is often related to nucleolar for-
mation and involves the presence of a separate segment or satellite
in a chromosome. Unfortunately, secondary constrictions are found

to be infrequent and irregular in location (Boyes 1953; Robertson 1957).

The value of secondary constrictions would be greatly increased if,
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with the improving of technique it were possible to reveal the pre-
sence of the secondary constrictions as clearly and constantly as

for the centrameres.

3. Somatic Pairing

Stevens (1907, 1908) first studied the chromosomes of Diptera
and called attention to the fact that the chromosomes are associated
in pairs in mitotic metaphase. This observation was then confirmed
and greatly extended in a series studies by Metz (1914, 1916a, 1916b,
1922)., It was found that in prophase the association of homologaus
is closer than in metaphase. Hinton (1946) explained that the pair-
ing between homologous chromoscmes is due to a specific attraction
between the homologous parts of the chromosocme and not to a gross
or general attraction between the chromosome as whole: or between
the centromeres., Somatic pairing begins at a time when the chramo-
somes are separated by distances too great for short-distance che=-
mical interactions to operate. The evidence indicates long range
specific attractive forces as the underlying mechanism in saomatic

pairing of sthe chromosomes (Hinton fp. .cit.).

4. Sex Chromoscmes
The sex chramosomes can be regarded as a rather highly modified
pair of autosomes which mainly control sex determination. Therefore,

most of the general laws of chromosome evolution appear to apply to



the sex chromosomes as well as to the autosomes. But the sex chromo-
somes seem to be, to some extent, isolated in their svolution from
the rest of the chromosome set,. Striking differences in sex chromo=-
somes of related species have been demonstrated in a number of insects
(Smith 1953, 1960; Bush 1962; Boyes 1965b; Schrader 1950; Manna
1958). In these cases, sex chromosames alone provide valuable data
for cytotaxonomical studies. The size of human sex chromosome, as
noted in the karyotype, has been proved to be dirsctly proportional
to the size of sex chromatin body (Barr body) (Taft st al. 1965).
Henderson and Parsons (1963) reported that the sex chromosomes
of eleven spaecies of Tipulid (Tipulidae; Diptera) show more readily
detectable variation than do the autosomes. Taylor (1960) and many
others have shown that the sex chromosomes are late in duplication.
All of these characteristics are believed to be related to the
heterochromatin which will be treated in a later section,
The sex chromosome system in Diptera is mainly of the XY type,

but the X0 type has been reported in Dasyllis grossa (Fabricius)

(Asilidae) and four species of Qrosgphila (Patterson and Stone 1952).
Also the X X,Y type has been found in Hylemy fugax (ng.)(Boyes 1953),

Anastrepha serpentina (Wied.) (Bush 1962) and Drosophila miranda

(Dobzhansky 1935a).
The earlier work on the genetics of Drosophila suggested that
in a specises of this genus the Y-chromosome may be more or less com-

pletely inert (Wilson 1925). However, Krivshenko (1952) has demon-
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strated that a primary non-disjunction of the sex chromoscmes of D.

Con.
busckii/\female results in the appearence of X X Y females but no
X0 male. The absence of X0 male indicates, then, that the Y-chromo-

Coa.
some of D, busckii/\conta:i.ns at least one gene which is essential for

the development of gzyyotes, carrying in the Y=chromosome. Exami-
nation of the chromosomes in the salivary gland cells of malé.: larvae
has revealed the presence of an euchromatic element in the Y-chromo=

SQme.

5. Heteropycnosis

Chromoscme, or parts of chromoscmes, whose cycle of condensation
differs fram that of the majority of the chromosomes are aaid to ex-
hibit heteropycnosis (Gutherz 1907). Heteropycnosis is said to be
positive if the chromosomes are more condensened, and negative if
they are less condensed, than the rest of the‘ camplement. A Barr
body, therefore, is the result of positive heteropycnosis of a single
X-chromosome during interphase. Chromosomes, or parts of chromosomes,
exhibiting positive heteropycnosis are often said to consist of he-
terochromatin (Heitz 1928). It is probable that all chromosomes
contain heteropycnotic regions which may be extensive or short, few
or numerous, but constant in position for any one chromosomal element
at various stages of the chromosomal cycle (White 1954). In certain
cases, a chromosome or chromoscme region which is positively hete-

ropycnotic at one stage, may be negatively heteropycnotic at another
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(White 1940a). On the other hand, some heterochromatic chromesomes
do not naturally show a reversal of behavior, Therefore the
characterigics of heteropyncnosis are helpful in identifying
individual chromosomes, particularly sex chromosomes. Howsver, they
also give a lot of difficulties in the composing of karyotypes, as
will be discussed later,

The inertness of heterochromatin was first suggested by Heitz
(1934). If heteropycnosis can be regarded as a universal sign of
genetical inertness, then we can predict the inertness of particular
chromosome region in species of animals which have not yet been‘
worked out genetically, In many cases, the X, as well as the Y,
chromosome is largely hetafopycnotic (White 1940a,b). It seems
likely that the active sex-determining regions of the X-chromosome
are rslatively small, most of the chromosome being inert (White‘gggugég.)

Due to the genetical inertness of heterochromatin, the
occurrence of centric fusions and other types of whole arm trans-
pasition is probably facilit.a:ted by the existence of the hetero-
chromatic region around the centromeres (White 1954). One would not
expect small deficiences and duplications of heterochromatin to affect
the viability of the individual nearly as much as would a corresponding
deficiency or duplication of euchromatin. By the same token, where-
ever the hesterochromatin is found, alteration in form or sizs of the
chromosome may be accomplished without the sacrifice of euchromatic

portions. Therefore, a certain ameunt of hakBrochromatin is
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evolutionary desirable as a gafety factor, permitting a greater degree
of karyofype variability than an inflexible system composed of
suchromatin only. In Drosophila, gain or loss of heterochromatin has
varied chromosome morphology considerably (Patterson and Stone 1952).
Seven different typss of Y-chromosomes, entirely heterochromatic, have

been recognized in Drosophila pseudeobscura (Dobzhansky 1935),.

Patterson and Stone (1952) listed 28 examples of added heterechromatin
in this genus. Smith (1965) reported that species of Chilocorus
differ in chromosome number owing to centric fusion of metacentric
chromosomes. The concomitant loss of arms is tolerated because in
all unfused chromosomes, one arm is completely heterochromatic, the
other euchromatic. All this indicates that the gain or loss of

heterochromatin is not uncommon in karyotype evolution.

6. Supernumerary Chromosomes.

Wilson (1905) first discovered supernumerary or aceessory
chromosomes in addition to the normal chromosomes in the hemipteran
insect Metapodius. Sup-chromosomes are generally of a smaller size
than other members of the chromosome complements. As a group, they
are relatively unstable, In wild populations of certain species of
animals, sup-chromosomes are present in some individuals but not in
others. In some cases the majority of the population may carry sup-
elements, whereas, in other instances the proportion of individuals

carrying them may be very low. Frequently a species which shouws
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sup-chromosomes in certain local populations may lack them in another
geographic area,

The sup-chromosome appear to be genetically inert (Swanson 1957).
Uhether absent or whether present in large numbers, they produce little
detectable phenotypic expression. This suggests that structurally
they are largely heterochromatic, a hypothesis supported by the fact
that they may also exhibit the differential staining characteristics
of heterochromatin. It is of course, possible that the continued
presence of supernumeraries in certain populations indicates that
they perform soms, as yet undetermined, function that guarantees
their survival, but that is too subtle to detect genetically.

However, the effect of sup-chromosomss seems very similar to that of
extra hsterochromatic regions prsssent in the larger- member of unequal
pairs of autosomes (White 1954). Where a supsrnumerary element is
present in a single dose, in a small fraction of the population, it is
probable that individuals with one supsrnumerary element are adaptively
superior to those with nons, but those individuals with several supa
chromosomes are inferior. Undsr such circumstances, an equilibrium
frequency would be established which would retain the sup-chromosomes
in the population at a level which would not lead to the production of
many individuals with a high number of sup-chromosomes.

In Drosophila putrida Sturtevant, the evolutionary dimunition of extra

chromosomes (heterachromatin) which results in forms with a reduced

number of chromosomes and the minimum of heterochromatin has besen



16.

suggested by Patterson and Stone (1952). The fixation of super-
numerary chromosomes in the population causes the increase of
chromosome number has also been demonstrated by Ward (1949), Patterson
and Steme (1952). Supernumerary chromosomes were also found in

Hylemya cilicrura H, (Boyes 1954) but their evolutionary value is

unknouwn.

Apart from sup-chromosome (accessory or extra chromosomes) which
are generally, although not necessarily, smaller than the usual
chromosomes, microchromosomes are sometimes found throughout the plant
and animal kingdom (Swansen 1957), They are minute in size and it is
difficult to distinguish heterochromatic accessory chromosomes from
euchromatic necessary ones, The "dot" chromosomes are found in many
Drosophila species (Patterson and Stone 1952) and Syrphid specises
(Boyes and van Brink 1964). In some cases, these tiny chromosomes
are confused with sex chromosomes; whether they are involved in a sex-
determining mechanism or whether they are independent from sex
chromosomes is not known in many cases. Presumably the most significant
role of the sup-chromosomes and microchromosomes is to provide a direct
way of varying the chromosome number. The.. terms supernumerary
chromasome, extra chromosome, accessory chromosome, E-chromosome,
S-chromosome, B-chromosome and microchromosome seem a little confusing.
As Stern (1958) has pointed out "the terminology, which applies the
word *supernumerary' alike to all special chromosomes nseds improvements,"

In the insect group, sup-chromosomes are so named, because they are
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absent in the somatic tissues and, cbviously, are not needed for
somatic development. They are nevertheless essential components of
the germ line (White 1950). E-chromosome was used by White (1950)

to refer to a sup-chromosome in order to separate it from the normal
chromosome complement (S-chromosome). B~chromosome is mainly used in
maize faor extra chromosomes, However, there are cases where extra
chromosomes are found in the germ line but there is no information as
to whether they are also found in somatic cells. In this case it

would seem proper to use the term extra or accessory chromosome.

7. Changes in Chromosame Number,

In theory, the changes in chromosome number can arise through
abnormal mitotic or meiotic division, However, most of the changes
in chromosome number which have occurred in insects have almost
certainly been the result of sectional rearrangements, while the
abnormal nuclear divisions are rare or do not occur at all (White 1963).
Patterson and Stone (1952) have suggested that centric fusions account
for the reductien in chromoseme number and the origin of metacentric in
thes genus Drosophila where the most primitive species have rod-shaped
chromosomes and subterminal chromosomes. According to their analysis,
the modifications of the primitive configurations which are dstectable
by an examination of the metaphase chromosomes have been: (A) centric
fusions, (B) pericentric inversions, (C) changes in the amount of
heterochromatin and (D) translocations. The number of centric fusions

which have become established in phylogeny is at least ten times as
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great as the number of ordinary translocations.

If most of a chromosome becomes translocated onto or into anether
chromosome, the minute region containing the spindle attachment, uvhich
is left behind, will usually be lost from the chromosome set after a
few generations if it does not contain any essential genes (White 1940).
This is probably the usual way in which the chromosome number becomes
diminished. Chromosome elimination in Miastor spec. has been shawn by
Nicklas (1959).

Evolutionary increases in chromesome number probably come about
through duplication of regiens containing a spindle attachment
(white 1940). One way in which this can occur is through the
formation of small sup-chromosomas as has been previgusly discussed.
flost of the sup-chromosomes which have been described have probably
arised through the deletion oF‘a large part of a chromosome (White O'ngii-)i
with the parts containing the spindle attachment and telomere sub-
sequently joining up to form a chromosome, Such a sup-chromosome may
easily become included in a gamete which also contains the normal
unaltered chromesomsa, In this way, the "sup" may later become part of
the regular chromosome set of the species, with the possibility of
portions of the ether chromosomes being translocated on to it during
further development.

So far as can be determined, there is no direct connection between
basic chromosome number and phylogenetic position (Swanson 1957). In

other words, there are differences among phylogenic groups, but no
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obvious trends can be correlated with the degree of phylogsnetic
development, or with specialization, unless such correlations are made
within the narrowsr limits of family or genus. At this level a general
tendency towards reduction in basic chromosome number parallels
specialization (Swanson op. cit.). Changes in the basic chromosome
number of Drosgphila have besn extensively investigated (Patterson and
Stone 1952), and the pattern of change indicates that reductions in
number are frequent (128 cases in 215 species investigated). On the
other hand, incrsases are rars, the only one being recorded is in

Drosophila trispine Loew which has been mentioned before. Therefore,

increase in chromosome number must be difficult and has seldom been
accomplished in Drosophila. Howsver, it would seem relatively easier

in a species with accessory and genetically inert slements to increase

the basic number than to decrease it. One would expect that the transfer
of euchromatin to these inert slements would, in one step, convert them

from unessential to essential members of the complement.

8. Changes in Chromosomal Configuration.

The discovery that X-rays could induce mutation (Muller 1927) and
the rediscovery of the salivary gland chromosome of the Diptera (Painter
1933; Heitz and Bauer 1933) led to a much more precise understanding
of the nature of structural rearrangements in the chromosome and their
consequences, on the cellular, organismal and population levels. It

is now possible to maks direct comparisons between the gene sequence of
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different individuals and species in certain cases (White 1954). Due
to homologous pairing, inversions and translocations in hybrids can

be identified and the nature of the chramosoms difference of the
parents can be determined., It is very unfortunate that the salivary
gland technique of cytolagical analysis can be applied only in some
Diptera, In addition to the salivary gland, the polytene chromosomes
of Diptera have been found in flalipighian tubs, vesicular seminales
(Pavan and Breuer 1952) as well as in the foot-pads (Whittem 1964)

and intestine, testis and ovary. But their usefulness in the purposse
of studying chromasomal rearrangements are unknown.

Theoretically, one might suppose that closely related species
might differ geneticdly but their chromosome sets would be structurally
identical, with the sequences of the genetic loci being exactly the
same. In fact, this seems to occur rarely, if aver, The case, at

least in the genera Drosgophila, ChHrenomus and Sciara, shows the

most closely related species almost always differ, if but slightly,
in their gene sequence (White 1954).

Fusions, translocations and pericsntric inversions will change
the chromosomal configuration. ODuplicatiens and deletions may further
alter form; but paracsntric inversions may merely shift the gene order
within an arm. With the exception of possible position effects which
will be discussed later, reciprocal transleeations and inversions are
balanced chahges and normally have no detectable phenotypic effect.

On the other hand, duplication and deficiencies are unbalanced changes
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and would usually have recognizable, and sometimes, severe phenotypic
effects. The general tendency from the patterns of chromosome
evolution in the genus Drosophila (Patterson and Stone 1952) show
translocations are few, except in special cases involving heterc-
chromatic material, Fusions are fairly common. Paracentric inversions
are very frequent, and pericentric inversions have occurred a number of
times. The addition, subtraction and shift of htero-chromatic has
accomplished some extensive changes in metaphase chromosame pattern
without a correspondingly great shift of genes in the system.

Brown (1940) has made the most complete and pertinent analysis
of the effect of translecation on crossing over and disjunction in
Drosophila. In general, all heterozygous translocations cause
reduction in number of functional gametes in both male and female.
Therefore, heterozygous translocations are at a decided selection
disadvantage and would be retained very rarsly (UWright 1941). However,
there are cases in which transloecations inveolved intse evolution af
Drosophila have been reported (Dobzhansky and Dreyfus 1943), Hiroyoshi
(1964) reported that the translocation of a part of the Y chromosome

to the second chromosome in Musca domestica L. results a sex-limited

inheritance and an abnormal sex ratio. Lachance (1964) has demon-

strated that a mutant of black R cell in wing Cochliomyia hominivorax (Cog.)

was associated with a reciprocal translocation which showed preferen-

tial segregation in male flies.
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Fusion invelves a transverse breakage of the chromosoms and
reunion of the broken ends in a way that is different from the
original one. Breakage without reunion does not give rise to stable
alterations of the karyotype, and reunien without previous breakage
does not occur at all (White 1954). Fusion may occur, not only in
such a way as to yield a metacentric (centric fusion), but it also
in such a way as to yield a longer acrocentric by tandem fusion.
Tandem fusions may alsoc yield larger subterminals from metacentrcs
and acrocentrics. The centric fusion may be considered as a special
type of translocation inveolving the entire euchromatic arms of raod

M.
chromosomes, In Drosophila melanogasterﬁx-a fusions have been

studied by Stone (1934), Painter and Stone (1935), and Stone and
Griffen (1940). Crossing over is not usually affected, although it
was reduced slightly in the region of the fusion in some cases. The
fusion is at no selective disadvantage either in the heterozygous or
homozygous condition. In Drosophila, however, centric fusions, are
possible, as well as more likely, than ether kinds of translocations,
because of the large blocks of centric heterochromatin,. Loss of a
centromere plus adjacent heterochromatin produces no marked effect on
viability, and can, consequently, be more readily withstood than the
loss of euchromatin. Furthermore, the more pronounced breakability
of heterochromatin as contrasted to euchromatin would tend to favor
centric fusions,. Robertson (1916) proposed that the number of major

chromosome arms in the complements of closely related groups of animals
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tends to remain constant in the course of svolution. This has been
referred to by some authors as M"Robertson's law". [Matthey (1945, 1949)
used the term "nombre fondamental" (N.F.) to indicates the numbsr of
major chromosome arms in a species; counting each metacentric as tuwo
arms and sach acrocentric as ons. Smith (1962) has studied the
chromosome reduction by centric fission between closely related species
of Pissodes (Bark weevil) by hybridization tests. Thus fusions are
commonly applisd to explain the numerical changes of the chromosome
complements of closely related species.

Many papers by Dobzhansky and others have demonstrated that each
local race of Drosophila is likely to carry a distinct combination of
inversions, The first case of pericentric inversion demonstrated by
direct cytological observation in a natural population is the one
reported by Miller (1939) in the B-chromosome (element E) of Drosophila
algonquin Sturtevant & Dobzhansky. Sturtevant and Beadle (1936) have
presented the basic genetic evidence and interpretation of the effects
of inversions in Drosophila. Inversions do not increase the rate of
nondis junction when chromatid exchanges occur within the limits of hetero-
zygous paracentric inversions, or involve the transposition of tle centro-
mers, Inversions produce so few aneupoid gametses that they are at only
a slight selective disadvantage. Pericentric inversions produce
relatively many aneupoid gametes, and, thus, are at a pronounced
selective disadvantage. Homozygous inversions have neither selective

advantage nar disadvantage. Furthermore, White (1963) explained

-
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that Drgsephila avoids "paying the penalty" for paracentric inwersion
heterozygosity because there is no crossing over in the male, and in
the female the dicentric and acentric chromatids are shunted into the
polar bodies. On the other hand, pericentric inversion heterozygosity
in Drosophila leads to the production of a certain number of eggs
carrying deficisncies and duplications, because there is no mechanism
for shunting such monocentric, but abnormal, chromatids into the

polar bodies. Thus pericentric inversions are a "prohibited" category
of rearrangement in Qigsgghila whereas paracentric cnes are "permitted".
The cytological analysis of the salivary gland chromescmes in
interspecific hybrids reported in Drosophilida, Chironomidae, Simuliidae
and Agromyzidae have been proved to bs a valuable method in dlucidating
inversions (Patterson and Stons 1952; White 1954). Furthermore,

the cytological evidence can also be compared with the genetic data,

S. The NMeasurement of Chromosome.

Cell size (Mirsky and Ris 1951), nutritional condition (Pierce
1937), degree of polyploidy (Manton 1952; Walker 1938) and genetic
condition (Thomas 1936) can influence the size af the chromosome.
Tobgy (1943) has shown that determination of chromosome size must
reside within the chromosome itself rather than being of a more
general nuclear origin. This gave the idea of using percentage of
total chromosome length (TCL) ta express the length of an individual
chromosome, The relative chromosome size in the complement is

considered to be reproducable.
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For many years, cytologists have described specific genomes in
terms of their measurements or relative lengths and arm ratios of the
chromosome involved. In general, these lengths and arm ratios have
been regarded as constants, subject only to the occasional deviations
of spontanecus rearrangements. Nevertheless, it has been recdgnizad
in practice that the manipulation during preparation and other
factors introduce errors, and that, in addition, chromosomas of a
genome may differ in innate variability. Temperature effects on
chromosome contraction have bsen described by Matsumea(1935, 1937),
Straub (1937), Huskins and Wilson (1938), Wilson and Huskin (1939},
Barber (1940), Warlington and Lacour (1940), Swanson (1942, 1943),
Wilson and Boothroyd (1944), Jain (1957) and Rees (1958). Genotypic
control of chromosome length has also been known for many years
(Lesley and Frost 1927; Lamm 1936; Upcott 1937; Swanson 1942, 1943;
Burnham 1946) .

Longley (1941) first suggested that the contracting process may
not take place simultaneously in all chromosomes of the genome, or
even in all sections of the same chromosome. The need for, and the
convenience of, an analysis of variance on cytological measursment.
data was discussed by Harte (1950). Ihm (1953) also pointed to the
need for setting confidence limits in cytological studies involving
size criteria. Hintzche (1955) reported on the necessity for adequate
numbers of observations in experiments dealing with comparison of

cytolegical data. A statistical procedure was designed by Lighty




and Plaisted (1960) to measure variation between homologues at
various stages in the preparation of the karyotyps. In assessing
the sources of variation of the measurements of the chromosomes of

Lilium cgndidum, it was found that the variation betwesn different

sources of the same clone, different plants within the sources and
different date of collections within the plants do not contribute
differentially to the mean ratio for all measurements of a given
chromosome, However, the slides, cells, and homologues each
introduced a differential contribution to the mean ratio, and had
large components of variance. Therefore, the observed variation
in the ratio measurement of a chromosome in a clone is largsely
attributable to the sffect of cytological manipulation, rather than
to variations existing in the living material. This leads Lighty
and Plaisted (op. cit) to point out the usefulnsess of a statistical
treatment in estimating the relative importance of the contribution
to variability of various factors. Lighty and Plaisted (op. cit.)
have also shown that the variance tends to increase as the mean ratio
gets largsr,. Therefore, if the chromosomes are predominantly of the
median type, fewer measurements need to be taken to give the same
standard deviation than if the chromosomes ars sub-median or sub-
terminal.

Maguire (1962) analyzed the variability in length and arm ratio
of the pachytene chromosome of corn and concluded that chromosomes

with larger arm ratios seem to have inherently more variable arm

26,
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ratios,. However, chromosomes with greater arm ratios do not appear
to have greater inherent variabilities in absolute length. Maguire
(op. cit.) also divided the chromosome variability into two kinds., One
contributes approximately uniformly per unit length to variability
throughout the genome, The other kind of variability is a character-
istic property of each chromosome unrelated to length in any consistent
way, although several of the shorter chromosomes would seem to be
comparatively low in this kind of variability.,

The differsntial chromosome condensation has been confirmed by
comparing the chromosome lengths at two diffsrent stages, late

prophase and metaphase of Petunia hybrida where the effect of

colchicine appeared equivalent at each stage (Takshisa 1963). From
this finding, it is svident that the differsntial chromosome conden-
sation is manifestation of the different condensating abilities
intrinsic to the chromosome itself and not a result of the modifictions
due to colchicine treatment. The differential chromosome condensation
has been reported by Svardson (1945), Wickbom (1949). On the other

hand, Bajer (1959) reportdd that in Haemanthus katharinas Bak. and

Leucojum aestivum L. all the chromosomes shorten in a similar way in all

the stages independently of their sizes., It sesms that the differential
chromosome condensation is a characteristic of a particular species.

In species where differences in condensation are normal
occurrences, they are found associated with hetsrochromatic chromosomes

or heterachromatic segments of chromosome (Rees 1958). The total
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amount of heterochromatin per complement differs in different species,
and the degree of chromosome contraction is different between the eu-~
and heterochromatic chromesomes or chromosome segment in meiosis (Eberlse
1957). In Scilla (a plant genus) it was found that long chromosomes
were more frequently retarded in contraction than short ones (Rees
1958)., Heterochrematin intimatsely relates to the differential
chromosome condensation in meiosis as confirmed by Eberle (1957) and
Brown (1961), whose studies show that paired chromosomes equal in
length, differ in their amount and distributions of heterochromatin,
Furthermore, Miduno (1962) has found, using his differential staining
technique that the heterechromatin may be responsible for the
differential chromosome condensatiocn. Therefore, the differential
chromosome condensation has a certain relationship to heterochromatin.
The differences in chromosomes, as related to the total
chromosome length, apparently involve heteropycnotic or heterochromatic
chromosomes or parts of chromosomes (Boyes 1961). Boyes and Naylor
(1962) analysed the allosome-autosome length relatienships in Musca
domestica L, and found that all chromosames contract in smaller cells
and expand in larger cells; and also, that the héerochromatic X-
chromosomes are less active in this respect than the autosomes.
Therefore, idiograms based on short somatic chromosome complements
may differ from those based on long complements if certain chromosomes
are heterochromatic. This leads them to suggest the necessity of

total complement length accompanying the idiograms. However, an
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assumption often made in preparing a karyotype is that there is no
variation in the percentage of TCL and arm ratics between homologous
chromosomes from different cells of the same tissus of the same
organism within a given environment. The composition of an idiogram
is based on the statistical results of a number of measurements, If
the idiogram should go with total chromosome length, then it is
necessary to give the same kind of statistical treatment for the TCL.
This will, however, make it difficult to follow Boyes and Naylor's
(1962) suggestion, because there is a large intrinsic variation in

between each total chromosome length (Boyes 1960).

10. Cytological Data on the SchizophogMs Flies
According to "A Catalegue of the Diptera of America North of
Mexico" (Steme gi al, 1965) the division af Schizophora includes 58
families, involving several thousand species of higher Diptera.
However, cytological data found in literature cites only 353 spscies,
These 353 species are distributed in 14 families; among them 108 species
are in the section of Calyptratae, and 245 species are in the Acalyptratae.
Before the 1940's, cytological data on Diptera was only available
on chromosome number and the relative length of individual chromosomes.
After 1950, and due to the improvement of slide preparation and light
microscopy, mors detailed studies of the morphology of chromosome
structure became possible. Sex-chromosames, centromeres, secondary

constrictions, heteropycnotic segments, and sppernumerous chromosomes

were then reported,
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Family Psilidae
Robertson (1957), by comparing the samatic complements of the

carrot rust fly, Chamaepsila rosae (F.), from different collections

concluded that the relative lengths and arm ratios of chromosomes

did not separate the carrot rust fly into geographical races.

Family Otitidae
Metz (1916) studied the chromosomal behavior in spermatogonial

cells of Chaetopsis fulvifrons M. and Camptonoura picta Fabr. His

illustrations of metaphase clearly showed 2n = 8 for Chaetopsis

fulvifrons fl. and 2n = 12 for Camptonoura picta Fabr. These

illustrations have been measured by me and the relative length of
individual chromosomes were calculkted. These data are presented in
Table 1. Unfortunately the centromsres are not clear in the

illustrations.

Family Tephritidae

The spermatogenesis of Tephritis arnicae L. was first studied by

Keuneke (1924). Several of his pictures showed 2n = 12 for this

species, Emmart (1935) reported 2n = 10 in Anastrepha ludens L.

Frissi and Springhetti (1953) found n = 6 in Dacus oleae Gmel. The
same number (n = 6) has also been reported for six out of seven species

of Queensland Dacinae by Davis (1955). One speciss, however, had

n=17 Unfortunately, the morpheology of the chromosomes was not clear,
Mendes (1958) found distinct morphological differences in the chromo-

somes of two species of Brazilian tephritids, Anastrepha fraterculus
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(Wied.) and Ceratitis capitata (Wied.) both of which had n = 6.

The karyotypes of six species of the flexican fruit flies in the genus
of Anastrepha were studied by Bush (1962). A number of telocentric
autosomes were reported in his paper. The most interesting finding
is the X1 X2 Y in A. serpentina (Wied.). Furthermore, 2n = 12 vas
found in A. ludens L. which was not in agresment with Emmart's (1935)
reports, Krimbas (1963) presented a better picture of the somatic

metaphase chromoscmes of Dacus olae G.

Family Dryomyzidase
A mitotic metaphase and a metaphase 1 figure of spermatocyte of

Neuroctena analis F. was illustrated by Metz (1916); 2n = 12 chromo-

somes are guite clear in his picture.

Family Sciomyzidae

The germ cells of Tetanocera sparsa were studied by Stevens early

in 1908. Five pairs plus an XY pair are fairly clear in her five

metaphase figures.

Family Lauxaniidae
A very good spermatogonial mitotic metaphase figure was presented
by Metz (1916). Five pairs plus an XY pair are quite obvious in his

illustratione.

Family Drosophilidae
The karyotypes of 215 species in the genus of Drosophila have

been used for the evolutionary study by Patterson and Stone (1952).



32.

In this genus 26 species have n = 3, 50 species have n = 4,
52 species have n = 5, 86 species have n = 6, and one species has

n =7, fietz (1914, 1916a, b) reported 2n = 8 in Chymomyza amoena,

Lh._procnemis, Mycodrosophila dimidiata and Scaptomyza graminum, and

20 = 10 in Scaptomyza adusta.

Family Anthomyiidase

Metaphase figures of Scatophaga pallida Walk. and Phorbia

brassica were first described by Stevens (1908). Metz (1916)

presented metaphase figures of Fucellia marina Wacg. Spermato-

genesis of Scatophaga stercoraria L. was then studied by Keuneks

(1924). Frolowa (1929) presented metaphase figures of Pegomya
geniculata (Bouche) in which five pairs plus an XY pair were also
found. The karyotypes of nine species of the genus Hylemya werse
carefully analysed by Boyes (1954a, b)., All species except H. fugax
had 12 chromosomes. H. fugax (Mg.) males had 13 chromoscmes and
females had 14 chromosomes. One to three supernumerary chromosomes
were found in a few larvae of H, cilicrura (Rond.). The most
stimulating finding was that he was able to demonstrate small intra-
specific differences between collections of H. brassicae (Bouche)

from different geographical areas.

Family Muscidae

The earliest valuahle chromosomal data was found in Stevens!
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(1908) illustrations of Musca domestica L. where she showed 2n = 12

chromosomes. fMetz (1916) also showed 2n = 12 in Homalomya sp.,

Ophyra leucostoma Wied., and fl. domestica L. Valuable cytological

data on fl, domestica L. has been reported by Keuneke (1924), Perje
(1948), Ramade (1961), Franco et al (1962), Boyes et al (1962), Rubini
(1964), Hiroyoski (1964),Milani (1964) and Boyes et al,(1964), among
which the finding of XX, XY, YO, XXX, XXY and 0Y and the translocation
of Y to the second chromosome are of particular interest. The number

2n = 12 was observed in Fannia glaucescens (Zett.) by Boyes (1954).

A description of the karyotypes of nine speciss in this family was

given by Boyes et al.(1964), in which Phaonia variegata Fabr.,

Muscina stabulans Fall. and Orthellia nudissima L. had 2n = 10.

Lachance (1964) also reported 2n = 10 in Haematobia irritans (L.) and

Stomoxys calicitrans (L.)

Family Calliphoridae

The cytological data of at least 28 species in this family are
available in the literature,. Again, the earliest data was found in
Stevens' (1908) work. Six pairs of chromosome were cl®atly indicated

in her metaphase illyustrations of Calliphora vomitoria (L.) and

Lucilia caesar L. fletz (1916) also reported 2n = 12 chromosomes in

Phormia regina (Mg.), Calliphora viridescens Desr. and C. erythrocephala

(Mg.). The karyotype of C. erythrocephala (fig.) has been the subject
of a2 number of studies (MQtz,>§?i§3 Keueneke 1924; Frolowa 1929; Naville

1932; Strasburger 1933; Bier 1960; Ullerich 1963; Melander 1963). The
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metaphase chromosomes of the species L. casesar L. showed much more
detailed in Keuneke's (1924) work than Stevens' (1908), Metaphase

figures of Phormia terrae-novae (Naville 1932) and Callitroga

hominivorax (Coq.) (Kaufman and Wasserman 1957) were also analysed

Mg

by Boyes (1961). The mitotic chromosomes of Lucilia sericata/gare

described by Fish (1950). Boyes (1961) has reported 2n = 12
chromosomes for 20 species of this family and Ullerich (1963) also
found six pairs in 11 species, Recently Lachance gg_gi.(1964) have
presented a very nice spermatogonial mitotic metaphase figure of

C. hominiverax (Cog.). By careful analysis, the relative length of
individual chromosomes and their arm ratios coincided in most details
with the results of Boyes (1961). However, a noticeable size

difference on the Y-chromosome was found.

Family Sarcephagidae
Cytological data for at least 29 species in this family are
available in the literature. Illustrations of mitotic metaphase

figures of Sarcophaga sarraceniae are available in Stevens' work (1908).

Cytological data of four species of this family (Sarcophaga tubsrosa

serraceniae Riley, Sarcophaga sp., Ravinia communis Park and R. peni-

culata Park) wers reported by Metz (1916). letaphase figures of

Sarcophaga carnaria (L.) have been illustrated by Keuneke (1924).

Boyes (1953) contributed karyotypes of nine species in this family,
in which nine pairs plus one or two tiny chromosomes were found in

Pseudosarcophaga affinis (Fall,) whereas the rest had 2n = 12.
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The karyotypes aof 12 more species were presented by Boyes (1963),
All of these species had six pairs of chromosomss. So far, with the
exception being P. affinis (Fall.,) it seems that the chromosome number

in this family is much more stable than in many other families,

Family Tachinidae
Cytological data on at least 18 species in this family are
available in the literature. A very clear mitotic metaphase

chromosome figure of Bessa selecta (Mg.) from Smith (1943) was

measured; the data is summerized in Table 1. Smith (1944) has also

seen 2n = 12 in Phorocera hamata (A. and W.). Boyes et al.(1957) has

presented the karyotypes of 16 species all of which regularly contained
2n = 12 chromosomes in their somatic complements. Thus far there is

no species in this family with a chromosome number other than 2n = 12,

Family Cuterebridase
Boyes (1964) reported six pairs of chromosome in Cutserebra
emasculator Fitch in which Pair VI is conspicuously longer than the

other autosomal pairs,

Family Oestridas

The karyotypes of Cephenemyia phobifer Clark, Oestrus ovis L.,

Hypoderma lineatum (de Villiers) and He bavis L. have been described

by Boyes (1964). All four species have six pairs of chromosomes.

The most interesting point is that 0. ovis L. and H. bovis L. both
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have a very long, metacentric and heterachromatic X-chromosome.

H. linsatum (de villiers) also has a fairly long X-chromosome, The
karyotype of H. lineatum (de Villiers) was also described by Lachance
(1964). Unfortunately the positions of centromeres on the
X=chromosome and the autosomes is not coincident with the report of

Boyes (1964).,
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IIT  MATERIAL AND METHODS

1, fMMaterials used:
The following synopsis gives the 54 species of Schizophora flies,

representing 40 genera and 14 families whose chromosomes were studied,

Acalyptratae

Diopsidae Dictya atlantica Steyskal
Sphyracephala brevicornis (Say) Dictya brimleyi Steyskal

Dtitidae Dictya sabroski Steyskal
Ceroxys latiusculus (L,) Dictya texensis Curran
Melieria crassipennis F. Sepedon armipes Loew
Myrmecothea myrmecoides L. Sepedon fuscipennis Loew
Seioptera vibrans (L.) Tetanocera loewi Steyskal
Euxesta notata Wied. Tetanocera sp.

Platystoﬁatidae Pscadina zerni Mayer
Rivellia prob. viridulans R.-D. Lauxaniidae

Tephritidae fMinettia flaveola Cog.
Epochra canadensis L. Chamaemyiidae

Dryomyzidae Cremifania nigrocellulata Cz.
Dryomyza anilis F. Lequgomx;a gbscura He.

Sciomyzidae Helemyzidae
Atrichomelina pubera L. Suillia nemorum (Mg.)
Pherbsllia grisescens M, Suillia sp.
Pherbellia nana F. Calyptratae
Pherbellia new sp. Anthomyiidase

Antichasta melanosoma M. Cordilura ciliata
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Cordilura ontario Cn. Phaenicia caeruleiviridis Macq.

Achaetella varipes (Walk,) Cynomyopsis éadaverina (Ro=D.)

Orthochaeta hirtipes John. Pollenia rudis (Fab.)

Hylemya echinata (Segny) Sarcophagidae

Hylemya florilega Zett., Sphenometopa tergata (Coq.)

Hydrophoria conica Wied. Blaesoxipha hunteri (Hough)

Pegomxg‘betae (C;) Blaesoxipha opifera (Cog.)

Pegomya bicolor (iied.) Sarcophaga latisterna Park.
Muscidae Ravinia guerula (Walk.)

Fannia canicularis (L,) Tachinidae

Hydrotaea scambus Zstt, Peleteria iterans (Walk,)
Calliphoridae Archxtés apicifera (Walk.)

Chrysomyia albiceps (Wied.) Bessa selecta (Mg.)

Chrysemyia chloropyga (liied.) Winthemia rufopicta (Big.)

Chrysomyia putoria (Wieds)

The locations where the flies were collected, the tissues used, the
number of cells analysed, and the number of individual flies invelved

are summarized in Table 1.

2& Preparation of Slides

Living flies were etherized until they stopped moving. The
anaesthetized flies were then placed on their back in a depression on
a dissecting slide and a few drops of distilled water were added.

Under a dissecting microscope, the testes or ovaries of the flies were
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pulled out from the lateral incisions on the fourth segment of the
abdomen, In cases where the third instar larvae were used, the
dissections were made by pulling the larval heads off and removing the
larval brains. The brains, testes or ovaries were then transfered
onto a (95% ethyl alcohol) clean glass slide, two drops of stain

(2% solution mixture of orcein in lactic and acetic acids) were added
for staining exactly three minutes. Uhile staining the tissues the
dissected flies were dried on a paper towel; their wings and legs,
were spread and pinned up for species identification. After removing
the excess stain, the tissues on he slides were covered with a cover
slip and firmly squashed and pressad. The slides were then left for
several hours to dry at the edges, after which the edges of the cover
slips were sealed with a thin layer of colourless, transparent finger
nail polish. These temporary slides can be stored for several weeks
if they are stored in a plasiic slide box with added moisture, and

sealed with cellulose tape at the edges of the slide box.

3. Analyses of Chromosome Complements

The temporary slides were scanned for metaphase chromosome
figures under a Zeiss Photomicroscope or Zeiss Ultra-Phot microscope.
Structural details of chromosomes on faintly stained slides were found
to be better resolved by using phase contrast whereas those on darkly
stained slides were found to be better resolved by using ordinary light.

Important characters of the chromosome were noted during the microscopic
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observation, The good metaphase chromosome figures were then
photographed under-a combination of a 100 X oil immersion objectivs,
1.25 X Bptovar and 3.2 X projective (this gave a film magnification of
X 400), or drawn by camera lucida. After photographs were taken the
slides were made permanent for further reference by quick freezing
with dry ice and prying off the coverslips. Slides and coverslips
were then transferred directly intoc 95% ethanol for about five minutes
and mounted separately in Zeiss L D 25 phase comtrast mounting medium.
The chromosome figures were printed at a magnifying of X 2250 from

the actual size of the chromosomes.

By choosing a central point on the centromere, both arms of each
chromosome were measured by a compass, For the purpose of secondary
arm ratio calculation, wherever a secondary constriction was
encountsred, the measurement of each segment of the arm was recorded
separately. The pairs of chromosomes were then numbered I-VI in
order of increasing size, on the basis of the average lengths aof the
homologeus pairs with the exception that the X-chromosomes which are
always Pair 1 regardless of their relative lengthse The percentage
of the total chromosomes length (TCL) of each pair was calculated
by considering the total length of Pairs I-VI as 100% (the X-chromosomes
were doubled in males). The arm ratio of individual chromosomes was
calculated by dividing the length of the long arm by that of the short
arme. The statistical analysis was done by IBfl programming. For

this purpose, both long arms as well as both short arms of a pair of
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chromosome were added up and ponched on the data cards, The program
is shown as follouws:

0 $IBFTC MAIN

1 DIMENSION P(100,20), SDT(20), spbu(20), DIv(100,20), TM(20),
1 v(100), A(100,20), B(100,20), SAB(100), PER(20), T(20),
2 U(20), SDAB(20), SARM(20), GARM(20)

2 19 READ (5,2)NCONT,NCEL ,NPAR,NSPC

7 2 FORMAT (413)
10 M = NCEL
11 N = NPAR
12 READ (5,1) (( A(1,3), I=1,N), I=1,M)
23 READ (5,1) ((B(1,3), 3=1,N), I=1,M)
34 1 FORMAT(16F5.2)
35 FLM = FLOAT(m)
36 FLM1 = FLM = 1,
37 FLN = FLOAT(n)
40 FLN1 = FLN -~ 1.
41 WRITE (6.3)NCEL,NPAR,NSPC
42 3 FORMAT (1HO,// 1H , 30X, 13, 6H CELLS, 5X, 13, 6H PAIRS, 10X,

1 3HSP., 13//1H, 5X, 3HNO., 7X, 3HPER, 9X, 3HSDU, 9X, 2HTMN,
2 10X, 3HSDT, 9X, 4HSARM, B8X, 4HGARN)

43 DO 11 K=1,M
44 SAB(K)=0.0
45 DO 11 J=1,N
46 SAB(K) = A(K,J) + B(K,3) + SAB(K)
47 11 CONTINUE
52 DO 10 J=1,N
53 PER(2)=0.0
54 SDAB(J)=0.0
55 DO 10 K=1,M
56 DIV(K,J)=A(¥,3)/B(K,3)
57 SDAB(3)=DIV(K,J) + SDAB(3)
60 P(K,d) = (A(K,3) + B(K,J)/SAB(K)
61 PER(J) = P(K,3) + PER(3J)
62 10 CONTINUE
65 DO 21 J=1,N
66 u(3)=0.0
67 T(3)=0.0
70 DO 21 K=1,M
71 T(3) = (SDAB(J)/FLM - DIV(K,3) )**2 + T(J)
72 u(a) = ( PER(J)/FLM - P(K,J) )**2 + U(3)
73 21 CONTINUE
76 DO 9 J=1,N
77 sbT(3) = SQRT(T(3)/FLM1)
100 sbu(3) = SQRT(U(3)/FLM1)*100,
101 ™(3) = SDAB(J)/FLN
102 PER(J) = 100.*%PER(J)/FLM
103 NUm = 3
104 SARM(3)= PER(J)/(TM(3)+1.)
105 GARM(3)= PER(3)~SARM(J)
106 WRITE (6,7)NUM, PER(3), sSbu(a), ™(3), spT(3), SARM(J),

1 GARM(3)
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107 7 FORMAT (1HO, 4X, 13, 6F12.4)

110 9 CONTINUE

112 SMEAN = 0.0

113 TNEAN = 0.0

114 DO 16 1 = 1,0

115 v(1) = 0.0

116 DO 15 3 = 2,N

117 15 V(I) = v(1I) + DIV(I,d)

121 TMEAN = TNEAN + V(I)/FLN1

122 16 SMEAN = SMEAN + SAB(I)

124 TMEAN = TWMEAN/FLM

125 SMBAN = SMEAN/FLMN

126 SHEANM= SMEAN * 40./9.

127 SDIVS = 0.0

130 TDIVS = 0,0

131 DO 17 I=1,M

132 US = THEAN - V(I)/FLN1

133 TDIVS = TDIVS + V5%V5

134 V6 = SMEAN - SAB(I)

135 17 SDIVS..= SDIVS + V6E*V6

137 TDIV = SQRT(TDIVS/FLM1)

140 SDIV = SQRT(SDIVS/FLM1)

141 SDIVM = SDIV * 40./9/

142 WRITE (6,18)N,TMEAN,TDIV,SMEAN,SDIV, SHMEANM, SDIVM

143 18FORMAT (1HO,/IH , 10X, 12HWEAN OF 2 TO, 13, 10H AVERAGE
1 ARM RATIO =, F8.4, 15X, 5HS.D.=, F8.4/ 1H , 20X,20HVEAN
2 of T.C.L. IN CM,4X, 1H=, F8.4, 15X, 5HS.D=, F8.4/1H,20X,
3 24HMEAN OF T.C.L. IN MICRON, 1H=, F8.4,15X, 5HS.D.=,
4 FB.4)

144 IF(NCONT.EQ.1) GO TO 19

147 CONTINUE

150 END

A sample of the results printed out by the machine is shoun

as follous:




2 CELLS 6PAIRS 5P, 54
ND. PER SDU T ST SARM GARM
(% of (Standard (Arm (Standard (Short (Long
©.ICL.) deviation) ratioc) deviation) artm) arm)
1 7.8916 1.3016 0.0000 D.DO0D 7.8816 0.0000
2 16.3163 0.0423 1.7071 0.6754 6.0273 10.2890
3 16.6419 1.2816 145425 D.4529 65,5455 10.0863
4 17.7592 0.8363 1.16821 0.0253 8.1384 9.6208
5 18.53846 0.6301 1.5685 0.3471 7.2394 11.3552
6 22,7966 0.0285 1.7660 0.1895 B8.2418 14,5548
MEAN OF 2 TO 6 AVERAGE ARM RATIO = 1.5532 S.D. = 0,1568
MEAN OF TCL . IN CM =14.,6750 S.D. = 2,7789

MEAN OF TCL .. IN MICRON=65.222 S.D. =12.3508

The percgntage of TCL and the lengths of short arm weré then
used for composing the idiogram of each species. The secondary arm
ratios were calcula ted manually using the proximal part over the distal
part. The percentages of TCL of Y-chromosomes were also calculated
manually from their relative ratio to the X-chromosomes. The per-
centages of TCL, the arm ratios of individual chromosomes, the average
I1-VI arm>ratios, the average TCL in microns aleng with their standard
deviations for the chromosomes of sach species, are summarized in
Table 1.

For karyotypic comparisons, the available chromosome data in the

literature either results adopted directly, chromosomal illustrations
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measured (except flies in Drosophilidae) or data summarized is all
put in Table 1,

In arranging the position of each species of flies, the classi-
fication system from "A Cataleog of the Diptera of America North of
flexico" by Stone et al. (Agricultural Handbook Ne. 276, United States
Dept. of Agriculture) was used. Leven et al's (1964) nomenclature

system for centromeric position on chromosome was used in this thesis,
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IV DESCRIPTIONS OF KARYOTYPES

Sphyracephala brevicarnis (Say)

Adults collected in Virginia in August of 1964 were used for
cytological study. Eight metaphase I chromosome complements from
two adult fly testes were analysed, The results are shown in
Table 1, Idiogram 1, and a metaphase I chromosome picture is shouwn
in Figure 1.

In every complement, four pairs of autosomes and an XY pair
were found, The average TCL was 34,91 W. Pairs II and III were
very short compared to Pairs IV and V. The positions of the centro-
meres were not very clear in all the complement analysed.

Presumably, Pairs 11 and II1 were telocentric; whereas the centro-
meres of Pairs IV and V were in the median regions,

The distinct differences in length between each individual
chromosome makes the pairs of chromosomes easily identifiable, and
the karyotype af this species is distinguishable from those other
species studied.

The presumed X-and Y-chromesomes in this species were relatively
small and always far apart. The positions of centromeres obtained
in this study require confirmation.

Ceroxys latiusculus (L.)

A collection of adults in Pullman, Washington, U.5.A. in 1964
was used for this study. Eight mitotic metaphase figures from a
single ovary uwere studied. These results are presented in Table 1,

Idiogram 2, and a mitotic metaphase picture is given in Figure 2.
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The chromatids and centromeres were fairly clear in mest cases,
Twelve chromosomes were present in each cell, with an average TCL of
44,56 b, Pairs II, III, IV and V differed eonly slightly in length
between each two adjacent pairs, while Pair VI was distinctly longer
than Pair V. The centromeres of the autosomes were all found in
the submedian regions. However, PairsIII and IV had a lower arm
ratio when compared te the other autosomes. A secondary constriction
was aften found in the median region of the long arm of Pair V.

The X-chromosome appeared as a small dot and generally was not
paired, The big Pair VI and the small X-chromosome make this
karyotype easily identifiable.

Melieria crassipennis F.

Adults collected in the Netherlands in 1962 were subjects. for
this study. Ten mitetic metaphase figures from a single testis
were analysed. The results are summarized in Table 1, Idiogram 3.

A mitotic metaphase picture can be seen in Figure 3.

Four pairs of chromosomes were found in each of the ten figures
analysed. The average TCL was 35.48 W, Pair IV was 6.4% TCL longer
than Pair III and Pair III was 2.2% TCL longer than Pair II. Pair II
and Pair III could be separated more easily by their arm ratio.

Pair II and Pair IV had their centromers in the median region, while
the centromere of Pair III was in the submedian rsgion,

The X-chromosome constituted 10.5% of the TCL and was telocentric.

The Y-chromosome was small (about 3.2% of the TCL) and telocentric.
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Myrmecothea myrmecoides L,

Adult specimens were collected in Virginia in the August of 1964.
Four metaphase II figures from a testis wereanalysed. The results
are shown in Table 1, Idiogram 4, and a metaphase 1I picture is shoun
in Figure 4,

The chromosome complement of this species contains five pairs of
autosomes and most probably an XY, The average TCL was 54,82 W,
The centromeres of the autosomes were all found in the median region,
while the centromere of the X-chromosome was probably at ths terminal
point, Since only metaphase II figures were available, the X-and Y-
chromosomes in this species could not be distinguished one from the
other with certainty,

Seioptera vibrans (L.)

Adults were collected in Pullman, Washington, U.S.A. in August of
1964, Five mitotic metaphase complements from an ovary were studied,
The results are shown in Table 1, Idiogram 5, and a mitotic metaphase
picture can be seen in Figure S.

Six chromosomes were found in every figure studied. Unfortunately,
the position of centromeres was nat very distinct. The average TCL
was very low (24.35 (). The centromere of the smallest pair was
probably in the terminal region; while the centromeres of Pairs II and
I1I were in the median region. The smallest pair was presumed to be
the two X-chromosomes because in some figures they were peorly paired,.

The simplicity of the karyotype of this species makes its chromosome
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complement easily identifiable and the individual chromosomes are
easily recognized.

Euxesta netata Wied,

Larvae were obtained from the University of Western Ontario in
February of 1964, Ten mitotic metaphase figures from a larval brain
af a presumed male were analysed. The results of this analysis are
summarized in Table 1, Idiogram 6, and a mitotic metaphase picture is
given in Figure 6.

Five long pairs plus two small dot-like chromosomes were observed
in each of the ten complements. The average TCL was 51.05 - W,

Among the autosomes, the length difference between each two adjacent
pairs, except between Pairs V and VI, was not obvious, Pair II
constituted 16.8% of TCL, Pair III1 17,.8%, Pair IV 19.2%, Pair V 20.2%
and Pair VI 23.3% of TCL. No distinct difference in the position of
the centromerss was found, except that thd centromere of Pair 11 was
more nearly submedian, while the centromerss of the other autosomes
were more nearly median.

The X-and Y-chromosomesin this species were obvious as two very
small dots, but thoughi.ebeii, in most cases they were fairly clear,
Rivellia prob. viridulans R.-D.

Adults collected in North Carolina in July of 1964 were used for
the chromosome analysis of this species, All twenty-four mitotic
metaphase figures from an ovarian tissue centained six chromosomes,

The average TCL was 43.46 . The locations of centromeres of auto-
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somes were all found in median region, but the length of Pairs II and
111 were distinctly different. The most distinguishing characteristic
of this karyotype was the very long X-chromosome, which appeared as the
longest chromgsome in the complement. Even more surprising is the
fact that in no case was any indication of a centromere found along
the X-chromosome. The other reason supporting the X-chromosome's
being telocentric is thatin most cases one end of the X-chromosome
was narrower, This deduction is further strengthened by the
observation thers was a hint from three poor anaphase figures. The
X-chromosomes in most cases werenct paired and in several cases were
found to be heterochromatic.

The results of chromosome analysis are shown in Table 1, Idiogram 7,
and a mitotic metaphase picture is given in Figure 7.

Epochra canadensis L.

Adults collected in British Columbia were used for cytelogical
study. Eight mitotic metaphase figures from an ovary were analysed.
The results of the analysis ars shown in Table 1, Idiogram 8, and a
mitotic metaphase picture can be seen in Figure 8.

2n = 10 was: obtained in each of the eight figures analysed.

The average TCL was 71.80 M. The length differences between Pairs I,
I1I and III were not obvieus., Howaver, Pair III differed from PairlV
by 2.8% of TCL. Ansven more distinct length difference (11.3% of TCL)
was found betwsen Pair IV and V, Pair I had its centromere in a

subterminal region. The centromeres of other chromosomes in the
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complement were found in the median region. Pair I was not well
paired in some cases.,

The karyotype of this spepiea, as well as individual chromosomes
in the complement, was peculiar and easily recognized.

Dryomyza anilis F.

Collsctions obtained from Czechoslovakia in August of 1965 were
used for cytological study. Six mitotic metaphase figures from a
testis were analyzed. The results of the analysis are shown in
Table 1, ldiogram 9, and a mitotic metaphase picture is given in
Figure 9,

The average TCL was 75.71 i 2n = 12 was found in sach of the
six complements analysed, Four metaphase iI figures were also
obtained, in which one figure showed five autosomes plus one
X-chromosome, The other three figures showed five autosomes plus
a Y-chromosome. Pair 11 differed from Pair IIIby only 1.2% af TCL;
Pair IV differed from Pair V by only 0.7% of TCL, while Pair III
differed from Pair IV by about 1.6% of TCL. The difference betuween
Pair V and Pair VI was 2.8% of TCL. All the centromeres of the
autosomes were found in the median region; however, Pairs II and V
had relatively higher arm ratios than the rest of the complement.
Pair IV gave the lowest arm ratio.

The X-chromosome in this species was the only chromosome which
had a centromere in the subterminal region. It was very easily

recognised by this criterion alems., It was slightly longer than
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Pair III. The Y-chromosome was the shortest in the complement and
was presumably telocentric,

Atrichomelina pubera L.

Collections from Ithaca, New York were used for cytological
studies, Twelve chromosomes were found in each of the nineteen
mitotic metaphase ceomplements studied from four presumed female and
one presumed male larval brain. The results are summarized in
Table 1, Idiogram 10, and a mitotic metaphase picture is shown in
Figure 10.

The average TCL was 58.93 u; The autosomes did not show any
distinct differences in length, but the location of centromerss of
Pairs I1 and 111 wasu in the submedian region, while in Pairs IV, V
and VI the centromeres were in the median region. The X-and Y-
chromosomes appeared as tiny spots and were presumably telocentric.

Pherbellia grisescens M.

Collections from Kabul, Afghanistan were used for cytological
study. Nine mitotic metaphase figures from two pupal brains were
analaysed., The results of this analysis are summarized in Table 1,
Idiogram 11, and a mitotic metaphase picture is given in Figure 11.

Five pairs of autosomes and an X-X pair were found in the three
figures from one pupa; while only five pairs of autosomes and one
X were found for the other six figures from the remaining pupa.

The Y-chromosome was not observed., The average TCL was 55.67 [,

Pair VI in this species was distinctly longer than Pair V, but the
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length difference between the other two adjacent pairs of autosomes
was not obvious, Pair 11 and Pair IV had a very similar arm ratio
of 1.19 and 1.17 respectively; also Pair IV and Pair V had similar
arm ratios of 1.48 and 1.58 respectively. On the other hand, Pair VI
had a higher arm ratio of 1.72, and its centromere was closer to the
submedian region.

The X-chromosome was less than one half the length of Pair II.
One end of this chromoscme was narrow, indicating that perhaps this
X-chromosome was telocentric, Dccasiaonally a secondary constriction
was observed near the narrow end of the chromosome.

Pherbellia nana F.

Collections from Ithaca, New York were used for this study.
Nine mitotic metaphase figures from three presumed male larval
brains were analysed and the rssults are summarized in Table 1,
Idiogram 12, and a mitotic metaphase picture is given ih Figure 12.

In all cells five pairs of autosomes plus an X-and Y-chromosome
were found, The average TCL was 51.21 K. The centromeres of the
autosomes were all in the median region, and the difference in length
between esach two adjacent pairs was not distinct, Pair II differed
from Pair III by only 1.5% of TCL, Pair III differed from Pair IV by
1.1% of TCL, Pair IV differed From Pair V by 1.9% of TCL and Pair V
differed from Pair VI by 1.9% of TCL. The X-~-chromosome was much
shorter than any of the autosomes and was presumably telocentric.
The Y-chromosome dn this species was observed as a small dot and did

not stain very dlazkly at mitotic metaphase.
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Pherbellia new sp,

Thirteen mitotic metaphase figures from the pupal brain of two
presumed males were andlysed. The results are shown in Table 1,
Idiogram 13, and a mitotic metaphase picutre is shown in Figure 13.

The average TCL was 48.27 b. 2n = 12 was obtained in each of
the thirteen complements, The length differences between Pairs 1I,
III and IV were not obvious; while those differences betwsen Pairs IV,
V and VI were more conspicuous, Pair VI was 2,9% of TCL longer than
Pair V; Pair V 3.6% of TCL longer than Pair IV; Pair IV 1.4% of TCL
longer than Pair I1I; and Pair III 2.2% of TCL longer than Pair II.
The locations of thé centromeres of the autosomes of this species uwere
in the median region. However, Pair Il had a higher arm ratio than
the other members of the complements, while Pair V had a lower arm
ratia,.

The X-chromesome in this species was very small. The narrowing
at one end of it was presumed to indicate the position of the centro-
mere. A secondary constriction was found close to this narrower end
of the X-chromosome in two complements analysed. The Y-chromosome,
though small, was recognizable in every complement analysed.

Antichaeta melanosoma I,

Cytological studies were performed on specimens from Ithaca, New
York. Ten mitotic metaphase figures from a presumed female larval
brain were analysed. The results are summarized in Table 1,

Idiogram 14, and a mitotic metaphase picture is given in Figure 14.
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Twelve chromosomes were found in every figure studied. The
average TCL was 74.19 (b, The centromeres of Pairs II and III were
found in the median regiocn. In pairing assignment, the pairs were
found gradually increasing in length, but the length difference between
the shortest pair and longest pair was considsrable.

The X-chromosome was found to be about two-thirds the length of
Pair I1I, This chromosome was presumed to be telocentric and in
several cases. a secondary constriction was found in the median region.
In a few cases this constriction was submedian, but in no case did the
two constrictions occur together, Therefore, whether there is only
one constriction or two independent constrictiocns is not knoum.

Dictya atlantica Steyskal

Collections from Scranton, Pennsylvania, U.S.A. were used for
this study. The analysis was based on fourteen mitotic metaphase
figures obtained from the larval brains of ons presumed females, and
four presumed males. The results of the analysis are summarized in
Table 1, Idiogram 15, and a2 mitotic metaphase picture is given in
- Figure 15.

The average TCL was 61.01 M. The differences in the length of
autosomes were not obvious. Pair II constituted 16.0% of TCL, with
similar measurements for Pairs III, IV, V, and VI being 17.2%, 19.0%,
20.1% and 21.1% of TCL respectively. The centromeres of Pairs IV,

V and VI were in the median region, while the centromeres of Pairs II

and III were in the submedian regions., Pair Il had an arm ratio of
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2.02, Pair III 1.88, Pair IV 1,22, Pair V 1.29 and Pair VI 1.47,.

The X-chromosome constituted 6.7% of TCL, No sign of
constriction was found along the entire length of the X-chromosome,
However, in two casss, the X-chromosome was narrower at one end,
presumably this end carried the centromere. The Y-chromosome appeared
as a small dot corresponding to 3.1% of the TCL.

Dictya brimleyi Steyskal

Collections from Scranton, Pennsylvania, U.5.,A. were used for
analysis, The study was based on ten mitotic metaphase figures from
the larval brains of two presumed males. The results of the
analysis are summarized in Table 1, Idiogram 16, and a mitotic metaphase
picture is shown in Figure 16.

All ten complements analyzed contained twelve chromosomes each,
the average TCL measured 58.47 W, The differences in length of ths
autosomes were not distinct. Pair II was only 1.2% of TCL shorter
than Pair III; Pair III was 1.7% of TCL sharter than Pair IV; Pair IV
was 1.3% of TCL shorter than Pair V; and Pair V was 1.4% of TCL shorter
than Pair VI. The centromeres of Pairs IV, V and VI were in the
median reqgicn, while the centromeres of P#irs II and I1I were in the
submedian region. Furthermore, the arm ratio of Pair II was much
higher than that of Pair III, Pair V had a higher arm ratio than
Pair IV and similarly, Pair IV was higher than Pair VI.

The X-chromosome was less than one half the length of Pair II

and canstituted only 7.1% of TCL. It was presumed to be telocentric;
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however, a constriction was observed in the submedian region in four
of the ten cells analysed, The Y-chromosome showed as a very small
dot, corresponding to 3.1% of TCL and was presumed te be telacentric.

Dictya sabroski Steyskal

Collections from Lebanon, Mo., and Collinsville, Illinois were
used for the chromosome ashalysis of this species. Although more than
forty clear mitotic metaphase figures were obtained from the larval
brain preparation, only sleven figures from two presumed female larvae
and three male larvase were used for detailed examination. The results
ara summarized in Tabl® 1, Idiogram 17, and a mitotic metaphase picture
is given in Figure 17.

2n = 12 was obtained in every figurs, The averags TCL was
60.78 tbe The length differences in the autosomes were not very
obvious; Pair VI was only 1.2% of TCL longer than Pair V, Pair V 1.1%
of TCL longer than Pair IV; Pair IV 1.9% of TCL longer than Pair III,
and Pair III 1.2% of TCL longer than Pair II. The centromeres of
Pairs IV, V and VI were in the median region, with those of Pairs II
and III being in the submedian region. Pair II had a higher arm
ratio than Pair III; while Pair VI had an arm ratio higher than Pairs
IV and V. However, the arm ratios of Pairs IV and V were not
appreciably different.

The X and Y chromosomes in this species were telocentric. This
observation was confirmed by several mitotic anaphase figures, in

which the daughter X-and Y-chromosomes were straight and with no
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bending at the pulling points,. The X-chromosome was 9.7% of TCL
shorter than Pair II. The Y-chromosome appeared as a very small dot
and was quite often difficult to locate.

Dictya texensis Curran

Collections from Lubbock, Texas, U.S5.A. were used for these
studies, Thirteen mitotic metaphase figures from three presumed
female and two presumed male larval brains wers apalysed, A diploid
number of 12 was found for all complements. The figures were fairly
clear in showing the locations of the centromeres but chromatidé could
not be seen. The average TCL was 74.01 (L. The results of the
analysis of the chromosome complements are shown in Table 1, Idiogram
18, and a mitotic metaphase picture is given in Figure 18,

Pair II differed from Pair III by only 0.5% of TCL, and Pair III
differed from Pair IV by 2.2% of TCL. The centromeres of Pairs Iivand
III were in ths subﬁedian region, while those of Pairs IV, V and Ui wers
in the median region. The X-chromosome in this specieé was talocéntric,
and was very short when compared with the autosome. The X-
chromosome was 9.6% of TCL shorter than Pair II and in several cases
had a submedian secondary constriction, The Y-chromosome in this
species was evident as a small, pale staining dot.

Sepedon armipes Loew

Collections from Ithaca, New York were used for cytological
analysis. Nine mitotic metaphase figures from larval brains were
studied. The results are summarized in Table 1, Idicgram 19, and a

mitotic metaphase picture is given in Figure 19.
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Five pairs of autosomes were obtained in each of the complements
analysed. Two X's were consistantly found in each of five figures
from two larval brains; while in each of four other figures, also
from larval brain, only one X was found. These latter figures did
not suggest the presence of a Y-chromosome. The average TCL was
52.69 W, The X-chromosome was telocentric and constituted only 5.7%
of TCL. The arm ratios of the autosomes in this species were all
very lou; hence,‘all the centromeres of autosomes were found in the
median region, Pair II differed from Pair III by 1.5% of TCL;

Pair II1 differed from Pair IV by 1.2% of TCL; Pair IV differed from
Pair V by 1.7% of TCL; and Pair V differed from Pair VI by 2.3% of

TCL.,

Sepedon fuscipennis Loew

Collections from Ithaca, New York were used for cytoleogical
analysis. Seven mitotic metaphase figures from larval brains of one
presumed female and two presumed males were carefully sudied. The
results are summarized in Table 1, ldiogram 20, and a mitotic metaphase
picture is given in Figure 20,

The average TCL was 83.92 k. 2n = 12 was found in sach complement
analysed, The length differences between esach two adjacent autosome
pairs was not largs. However, it was not difficult to separate the
largest pair from the shortest pair eof autosomes, The X-chromosome

constituted 15.0% of TCL and was about the same length as Pair III,

Pair I had an arm ratio of 1,37, Pair II 1.48, Pair III 1,70, Pair IV



78,

40(

- 30 Sepedon fuscipennis L.
9]
= 20
N
(-]
\,Q
' II: !l! !I! !‘! !I! !I!
OL_
Idiogram 20
i -3 _""_ N Ll F 4 ] B
B “ ’ “
O » ; & » . .
" < < - " e~ v-'
s I 3

s * 0 ‘: -
S > 3

IS ‘O-“ -i

B .g 'y i
i ({\ Lo

o‘.-‘ - '. ; j ) \‘l

‘. [ 38 , Ya et

u ]

' TP e § ‘? ? v

& . WA g e A

Figure 20, Mitotic metaphase chromosome complement: of
Sepedon fuscipennis L. from a larval brain,

X 2250,




79.

1.82, Pair V 1.54, and Pair VI 1.59, The Y-chromosoms was about
4.2% of TCL and was presumed to be telocentric. The XX or XY
chromosomes were not paired in most cases,

Tetanoccera loewi Steyskal

Collections from Ilthaca, New York were used for cytological study.
Three mitotic metaphase figures from one testis, and two metaphase II
figures from a second testis were pooled for analysis, The results
are shown in Table 1, Idiogram 21, and a mitotic metaphase picturse is
given in Figure 21.

The average TCL was 79.43 e 2n = 12 was found in each of the
five complements analysed. The length differences among Pairs 11, III
and IV were not obvious; while the difference beétween Pairs IV and V,
and Pairs V and VI were appreciable, Pairs 11, 111 and IV had higher
arm ratios; whereas Pairs V and VI had lower arm ratios.

The X-chromgsome in this species was very small compared to the
autosomes, and was presumed to be telocentric. The Y-chromosome
appeared as a very small dot and in some cases was difficult to locate,
Tetanocera sp.

Adults collected in British Columbia were subjects:ifor this study.
Five mitotic metaphase figures from an ovary were analysed. The
results are shown in Table 1, Idiogram 22, and a mitotic metaphase
picture is shown in Figure 22.

Six pairs of chromosomes were found in each of the five complements

analysed. The average TCL was 107.98 i, The length differences
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between two individual chromosomes were not obvious. Pair II
constituted 14.5% of TCL, Pair III 15.9%, Pair IV 17.7%, Pair V 18.6%,
and Pair VI 20.3% of TCL. Pair 11 had a higher arm ratio and its
centromere was close to a submedian region, while the centromeres of
the other autoseomes were found in the median region.

The X-chromosome consituted 13.0% of TCL and slightly shorter
than Pair 1I. Nevertheless, because it is telocentric, the X-
chromosome was easily identified. A satellits was often observed
in one of the X-chromosomes,

Psacadina zerni Mayer

Collections from Sor, Denmark were used for cytological analysis.
Fiftenn mitotic metaphase figures from larval brains of four presumed
females and one presumed male were analysed. The results of the
analysis are shown in Table 1, Idiogram 23, and a mitotic metaphase
picture is given in Figure 23,

The average TCL was 77.96 . The X-chromosome in this specises
was not the shortest pair in the complement. On the contrary, the
length of the X-chromosome was found to lie between that of Pair III
and Pair IV, The X-chromosome constituted 16.1% of TCL, Pair 11
12.4%, Pair II1 15.1%, Pair IV 17.4%, Pair V 18.7% and Pair VI 20.2%.
The length difference between .:the.. . adjacent pairs was not obvious
in this spscies. The centromeres of Pairs IV, V and VI were in the
median region; while the centromeres of Pairs II and III were in the

submedian region, Furthermore, Pair VI had an arm ratic appreciably
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higher than Pairs IV and V, Pair III had an arm ratio higher than
Pair II. The most interesting observation was that the X-chromosome
had a centromere in the median region, although this was not obvious
in some figures, In some very extended figures a satellite on the
long arm of the X was observed. The Y.chromosome in this species
appeared only as asgnall dot.

A secondary arm ratio of 1.16 based on measurements of seven
chromosomes was obtained for the long arm of Pair V. The secondary
constrictions in othsr chramosomes of this species were not recorded
frequently.

inettia flaveola Cog.

Adults were collected in Pullman, Washington, U.S.8. in 1964.
Six mitotic metaphase chromosome complements from a testis were analysed.
The results are shown in Table 1, Idiogram 24, and a mitotic metaphase
picture is shown in Figure 24.

All figures analysed were neat and clear, In all cases the
eight autosomes were well paired, while the X-and Y-chromosomes were
not pairedi. The averagse TCL was 61445 M. The centromeres of the
autosomes were all found in the median region, while the centromeres
af the Xand Y-chromosome were found in the submedian regions, The
locations of the centromeres were also confirmed by a very nice mitotic
anaphase figure (Figure 25).

Pair 11 and Pair IIl were approximately in equal length. However,

there were noticeable length differences between Pair III and Pair IV
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as well as Pair IV and Pair V. The X-chromosome was guite long in
this species, It constituted 21.4% of TCL and was»just 1.5% of TCL
shorter than Pair V. The Y-chromosome was alsc long and corresponded
to 14.3% of TCL,

Cremifania nigrocellulata Cz,.

Larvae were obtained from Winterthur, Switzerland. Ten mitotic
metaphase figures from six larval brains were drawn with a camera
lucida and then analysed. The results of the analysis are shown in
Table 1, Idiogram 25, and a mitotic metaphase picture is given in
Figure 26.

Six chromosomesbwere obtained in each complement analysed. The
average TCL was 27.19 i, Pair II differed from Pair III by 8.8% of
TCL. The centromeres of both Pair Il and Pair III were found in the
median region, Nevertheless, Pair II had a higher arm ratio (1.42)
than Pair III (1.20).

The shortest pair in the complement was assumed to be the sex pair of
chromosomes; they were characterized by their poor pairing in most of
the casss., A mitotic anaphase figure was obtained which showsd very
clearly that the sex chromosomes were telocentric. One sex chromosome
was 95% (averaged from ten figures) of the other in length. It is
postulated that the Y-chromosome of this species is but 1.2% of TCL
shorter than the X-chromosomes. Otherwise, both chromosomes in
question in all the ten figures from six larvae were X-chromosomes,

A secondary constikiction was often observed in the sex chromosomes

but its location was not cansistent,
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Leucopmyia obscura H.

Six mitotic metaphase figures from three larval brains were drawn
by camera lucida and were analysed. Five pairs of autosomes and five
microchromosomes were found in each of the six figures analysed. In
analysing the chromosome complement of this species, the five micro-
chromosomes were put together as Pair I, The results of the analysis
are summarized in Table 1, Idiogram 26, and a mitotic metaphase picture
can be seen in Figure 27.

The average TCL was 46.86 W, Pair VI was 3.8% of TCL longer
than Pair V; Pair V was 2.1% of TCL longer than Pair IV; Pair IV
was 1.0% of TCL longer than Pair II1I, and Pair III was 1.8% of TCL
longer than Pair II. The centromeres of the autosamss were all found
in the median regions. The average I1I-VI arm ratio was only 1.25,

The five microchromosomes constituted 3.0%, 2.2%, 2.1%, 1.9% and
1.7% of TCL respectively. In four of the six figures a congtriction
in the centre of each of the five microchromeoscmes was observed.

These microchromcosomes my possibly be involved in the sex determination.
It would be interesting to see their behavior in the meiotic division,

Suillia nemorum (Mg.)

Adults collected in British Columbia in 1964 were used for this
study. Seven mitotic metaphase figures were obtained from the testis
of an adult fly. Surprisingly enough, these seven figures can be
divided into two cell populations. One population (three figurss)

showed a long X-chromosome with a centromere in its median region,
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while the other (four figures) had a short, telocentric X-chromosome.
The two cell populations wsre therefore analysed separately. After
discarding two distorted figures, two figures from the long X-
chromosome cell pepulation and three figures from the short X-
chromosome cell population were analysed, The results of this
analysis are summarized in Table 1, Idiogram 27 and 28. Two mitotic
metaphase pictures from the two cell populations are given in

Figure 28 and 29.

Both cell populations agreed with 2n = 12. However, the
average TCL and average I1I-VI arm ratio were completely different in
the two populations of cells, Since only a limited number of flies
and cells were analysed, these observations require further confir-
mation. It would be very interesting if these observations proved
te be trusa.

Suillia spe.

Adults were collected in British Columbia in 1964, Four mitotic
metaphase figures from an ovary were analyssed. The results are shoun
in Table 1, ldiogram 29, and amitotic metaphase picture is given in
Figure 30.

The average TCL was 52.88 W, Twelve chromosomes were found in
each complement analysed. Pair II differed from Pair III by only
0.9% of TCL; Pair III differed from Pair IV by 1.9% of TCL; Pair IV
differed from Pair V by 1.4j% of TCL; and Pair V differed from Pair VI

by 2.5% of TCL. The centromere of Pair II was close to the submedian
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region; whereas, the centromeres of the other autosomes were in the
median region. Furthermore, Pair III and Pair VI had higher arm
ratios; while Pairs IV and V had lower arm ratios;

The X-chromosome was a small telocentric dot-like canfiguration.

Cordilura ciliata

Adult specimens were collected in Czechoslovakia in August of
1965. Five metaphase 1 figures from a testis were apalysed, and the
results are shown in Table 1, Idiogram 30. A metaphase I picture is
shown in Figure 31.

S5ix pairs of chromosomes were found in each complement analysed.
The average TCL was 91.36 W The length difference between each two
ad jacent pairs of autosomes was not distinct. Except for Pair II with
a low arm ratio (1.33), the other autosomes had fairly high arm ratios
(e.qg. the average II-VI arm ratio was 1.61).

The X and Y chromosomes were short (5.20% and 4,37% of TCL
respectively) and appeared to be telocentric.

Cordilura ontario Cn,

Parasitic larvae were collected from their hosts in Virginia in
1964, Fifteen mitotic metaphase figures from four larval brains were
analysed, In all fifteen figures, the centromeric constrictions and
chromatids were very clear. The results of the analysis are
summarized in Table 1, Idiogram 31, and a mitotic metaphase picture
is shown in Figure 32.

A diploid number of twelve was found in every cell studied, and

the average TCL was 81.60 . The autosomes differed only slightly
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in length between each two adjacent pairs; with all the centromeres
being located in the median region, sxcept for Pair 111 where the
centromere was observed in the submedian region. A secondary con-
striction was occasionally found in the median region of the long arm

of Pair VI,

The X-chromgsome was small in comparison to the autosomes and was

telocentric, The presumed Y-chromosome was just 0.5% of TCL and
shorter than the X-chromosome, However, because of the small
difference in TCL (0.5%), it was difficult to be sure that it was in
fact an XY pair being studied and not a XX pair, A mitotic anaphase
picture showing the locations of centromerss is given in Figure 33,

Achaetella varipes (Walk.)

Larvae collected from Virginia in 1964 were used for cytological
studies, Five mitotic metaphase complements from a larval brain
were analysed, The results are shown in Table 1, Idiogram 32 and a
mitotic metaphase picture is given in Figure 34,

All five figures analysed had clear centromeres and all agreed
with 2n = 12. The average TCL was 77.64 {. From Bair 11 to V the
length differences betwsen each two adjacent pairs was slight. Howsver,

Pair VI was much. longer than these four pairs, The centromeres of

Pairs I1I, V and VI were in the median region, with those of Pairs III

and IV in the submedian region. A sacondary constriction in the

median region of the long arm of Pair III was occasionally observed.
The X-chromosomes were 4.0% of TCL shorter than Pair II and were

presumed to be telocentric. In most cases XX pairing was poor. In
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one case, an achromatic centromere-like region was observed in the
median region of one of the X's, In three of the five figures, a
secondary constriction near the centromere end.of the X-chromosome
was observed,. This then appeared as a satellite on the X-chromosome.

Orthochaeta hirtipes Jebhn,

Adults were collected in Part of Spain, Trinidad, in 1957. Six
pairs of chromosomes were found in three late metaphase II figures
from a female ovary. Although the chromesomes were slightly dis-
torted, the pulling apart of the daughter chromosames starting from the
centromeric region was obvious, The average TCL was 64.44 (b, The
results of analysis are shoun in Table 1, and Idiagram 33. A late
metaphase II picture is given in Figure 35,

The centromeres of Pairs 1II, III and V were at the median region,
while the centromeres of Pairs IV and VI were at the submedian
region. Pair II consisted of 13.9% of TCL, Pair III 16.8%, Pair IV
18.5%, Pair V 22.1% and Pair VI 24.5%. The length difference betuween
each two adjacent pairs was appreciable, The X-chromoseme was much
shorter than Pair II (4.2% of TCL) and presumably was telocentric.

Hylemya echinata (Segquy)

Larvae provided by Dr. Mary Miles (Wye College, Kent, England)

were studied cytologically. Ten mitotic metaphase figures from the

larval brains of two presumed females and one presumed male were draun
by camera lucida and analysed, The results of the analysis are
summarized in Table 1, Idiogram 34, and a mitotic metaphase drawing is

shown in Figure 36,
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2n = 12 was obtained in each of the ten figures analysed, The
average TCL was 9%.84 [.  The length differencesamong Pairs I1I, III,
IV and V were not obvious, while Pair VI was distinctly longervthan
Pair V. The II-VI average arm ratio was very high (2.06), but

Pair VI's centromere was in the median region. The centromeres of
the other autosomes were in the submedian region.

The X-chromosome was small, constituted 5.0% of TCL, and was
presumably telocentric. A secondary constriction was often found on
the X-chromosome. The Y-chromosome was slightly shorter than the
X-chromosome, and corresponded to 3.9% of TCL, Presumably, it was

also telocentric and with an occasional secondary constriction.

Hylemya florilegea Zstt.

Adults collected in the Netherlands in 1962 were used for
cytological study. Seven mitotic metaphase figures obtained from
an ovary were analysed. The results of analysis are shown in Table 1,
Idiogram 35, and a drawing of a mitotic metaphase is shouwn in Figurs 37.
2n = 12 was found in every complement analysed. The average
TCL was 60477 . Pairs II, III and IV were approximately equal in
length. Pair IV differed from Pair V by 2.7% of TCL and had a high
arm ratio. Its centromere was found in the submedian region, while
the centromeres of othesr autosomes were found in the median region but
near the submedian regions.

The telocentric X-chromosome constituted 4.9% of TCL and was

gquite clear in every complement.
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Hydrophoria conica Wied,

Adults were collected in St. George, Grenada, in July of 1957.
Three mitotic metaphase figures from an ovary and two metaphase Il
figures from a testis were put together for analysis. The results
of analysis are summarized in Table 1, Idiegram 36, and a mitotic
metaphase picture can be seen in Figure 38,

The chromesomes were very large in all five figures analysed.
The average TCL was 103,33 . Six pairs were found in this speciss,
Pairs I1 and III, Pairs IV and V were almost equal in length respec-
tively; while the length difference between Pair III and IV was
gbvious, Furthermore, there was even more distinct difference in
length between Pair VY and Pair VI. The centromere of Pair III was
in the submedian rsgion, as opposed to the centromeres of othef
autosomes which were lecated in the median region.

The X-chromosome. in this species was very small and was presumed
to be telocentric.

Pegomya betae (C.)

Larvae were provided by Dr., fMary Miles (Wye College, Kent, England).
Ten mitotic metaphase figures from the larval brains of three presumed

females and three presumed males were drawn by camera lucida and were

analysed, The results of the analysis are shown in Table 1, Idiogram

37, and a mitotic metaphase picture can be seen in Figure 39,

2n 12 was found in each of the ten figures analysed. The

average TCL was 112,54 [, From Pair II to Pair V the length
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difference between each two adjacent pairs was not obvious, while
Pair VI was distinctly longer than Pair V. Pairs III and IV had
their bentromeres in a submedian region, the centromeres of other
autosomes were found in their median regions. The II-VI average arm
ratio of this species was 1.74.

The telocentric X-chromosome canstituted 5.8% of TCL. The
Y-chromosome of this species was very small, corresponding only to
2.2% of TCL. |

A secondary constriction was consistently found in the
X-chromosome. An average secondary arm ratio of 3.8 from nine
chromosomes was~found in the long arm of Pair VI, an average secondary
arm ratio of 1,63 from ten chromosomss was found in the short arm of
Pair VI, and an average secondary arm ratio of 0.53 from seven
chromosomes was found in the short arm of Pair 1V, vInconsistently
located secondary constrictions were also found in the other chromosomes.

Pegomya bicolor (Wied.)

Larvae provided by Dr. Mary Miles (Wye College, Kent, England)
were used for cytological study. Eleven mitotic metaphase figures
from the larval brains of seven presumed females and three presumed
males were drawn by camera lucida and ahalyged, The results of the
analysis are shown in Table 1, Idiogram 38. A mitotic metaphase picture
can be seen in Figure 40.

The chromosome complement, 2n = 12 was found in sach of the sleven

figures analysed, The average TCL was 99,87 W, The length
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difference among Pairs II, III, IV and V was slight. However, Pair VI
was much longer than Pair V. The centromeres of Pairs IV and V wers
in the median regions, but Pair IV had a higher arm ratio than Pair V.
The centromeres of Pairs II, III and VI were found in the median regions.
The X-chromosome constituted 5.04% of TCL. A very good mitotic
anaphase figure showing the telocentric X was obtained. - The
Y-chromosome was very tiny, corresponding to only 1.74% of TCL.
Secondary constrictions were occasiomally observed in the
complements.

Fannia canicularis (L.)

An adult fly was caught in the Genetics Department of McGill
University in late September 1959 and its larvae were reared on liver-
Pard combination in a bottle with paper towel saturated with 11% sugar
solution, Eleven mitotic figures from the larval brains of two
presumed females and three presumed males were drawn by camera lucida
and were analysed. The results of the analysis are shown in Table 1,
Idiogram 39, and a mitotic metaphase drawing is shown in Figure 41,

The chromosome complement, 2n = 12, was found in each of the
eleven figures analysed. The averags TCL was 103.54 . Pair 11
differed from Pair III by 1.3% of TCL, Pair III differed from Pair IV
by 1.5% of TCL, Pair IV differed from Pair V by 4.4% of TCL, Pair V
differed from Pair VI by 3.4% of TCL. The centromere of Pair III was
found in a submedian region, while the centromerses of other chromosomes

were found in the median region, but Pair IV had ahigher arm ratio

than the rest.
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The X-chromosome constituted 14.6% of TCL, and its length was
ranked bstween Pair III and Pair IV. Thevbentromere was located in
the median region. The Y-chromosome was the shortest chromosome in
the complement, its length corresponded to 9.0% of TCL. The
Y-chromosome had a centromere in its median region.

The secondary constrictions were found in the X- and Y-chromosome
and every .autosome, but they were not consistent in their positions
and secondary arm ratios.

Hydrotaea scambus Zett,

A collection of adults from Pullman, Washington, U.S5.A. (July
1964) were subjected to analysis, Seven metaphase II figurses from
a testis were analysed, and the results are shown in Table 1,

Idiogram 40, and a metaphase 11 picture is given in Figure 42.

Five pairs of chromosomes were found in all seven complements
analysed. The average TCL was 88,97 W. The figures were all very
clear and neat, with the daughter chromosomés and centromeres bseing
obvious, The assignment of Pair I in this species was based only on
its being the shortest in length in the complsment. Therefors,
whether Pair I is involved in sex determination is not knoun. The
length differences between each two adjacent pairs of chromosomes in
this species was nét distinct except between Pairs V and VI, Never-
theless, the centromere of the longest pair was in the median region of
the chromosomes; while the centromeres of Pairs I, II, III and IV wsre

found to be closer to the submedian region. A very nice anaphase 1l

figure indicating the position of all centromeres was also obtained.
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This agreed well with the results from the metaphase II figures. No
sacondary constrictions wers found in this species,

Chrysomyia albiceps (Wied.)

Larvae obtained from Dr. H. Paterson (Johannesbwrg, South Africa)
in 1962 were used for cytological studies. Five mitotic metaphase
figures from larval brains of two presumed males were drawn with a
camera lucida and subsequently analysed. The results of analysis are
summariged in Table 1, Idiogram 41, and a drawing of a mitotic metaphase
picture is given in Figure 43.

Five pairs of autosomes plus an XY pair were found in each of
the five figurss studied. The average TCL was 43.88 [, Pair II
was 1.7% of TCL shorter than Pair III, while Pair III was only 0.7%
of TCL shorter than Pair V1. All autosomal centromeres were found
in the median region. Pair V had a higher arm ratio than the other
autosomes, as gpposed to Pair VI which had a lower arm matio., The
X-chromosome was telocentric and constituted 7.2% of TCL. The
Y-chromosome was a little bit shorter than the X-chromosome and was
also telocentric.

Chrysomyia chloropyga (Wied.)

The subjects of this study were also obtained from Dr. H. Paterson
(Johannesburg, South Africa) in 1962, Fifteen mitotic metaphase
figures from larval brains of three presumed females and four presumed
males were drawn with a camera lucida and then ahalysed. The results
of the analysis are shown in Table 1, Idiogram 42, and a drawing of a

mitotic metaphase is shown in Figure 44.



&b
o
1

Chrysomyia albiceps (W.)

Y | ' o 1\") \' Vi

Idiogram 41

w
o
T

N
o
T

%of TC L

—
Q
=]

—-

Figure 43, [itotic metephase chromosome complement of
Chrysomyia albiceps (Wied.) from a larval

brain, X 3523,




Figure 44.

40
- 30 Chrysomyia chloropyga (W.)
(9]
= 201
o
(]
: ) :II jll II!

s &

Y I I m v v Vv

Idiogram 42

Mitotic metaphase chromosome complement of

Ehrvsomz}i

brain, X 3523.

chloropyga (Wied,) from a larval

115.




116,

A diploid number of 12 was obtained in each cell analysed.
The average TCL was 64.37 [, No distinct length difference was found
between any two adjacent pairs of autosomes. The centromeres of all
the autosomes were found in the median region and all had very low arm
ratios, Pair II 1.22, Pair TII, 1.31, Pair IV 1.40, Pair V 1.30 and
Pair VI 1.30.
The X-chromosome had an arm ratio of 1.39 and constituted 12.3%
of TCL. The Y-chromosome was telocentric and corresponded to 4.8%
of TCL. In some cases the X- and Y-chromosomes were heterschromatic,
Secondary constrictions were found in many chromosomes of this
spescies, In the long arm of Pair I, a secondary arm ratio of 1.05
was obtained an four different measurements, while a similar ratio
of 3.27 in the long arm of Pair 11 was obtained (six chromosomes
measured) ., By measuring ten chromosomes of Pair II and eight of
Pair VI, secondary arm ratios of 1.05 and 2.13 were obtained for the
short arm of Pair II and the long arm of Pair VI, respectively. Other
secondary constrictions were examined in the long arm of Pair V, the
short arm of Pair IV and both arms of Pair III, but measurements showed
their positions to be inconsistent.

Chrysomyia putoria (Wied.)

Larvae obtained from Dr. H. Paterson (Johannesberg, South Africa)
in 1962 were used for cytological studies. Nineteen mitotic metaphass
figures from larval brains of two presumed females and three presumed
males were drawn with a camera lucida and subjected to analysis, The
results are summarized in Table 1, Idiogram 43, and a mitotic metaphase

drawing is given in Figure 45.
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2n = 12 was found in each of the nineteen figures analysed, with
an average TCL of 64.29 H. The X~-chromosome was about the same length
as Pair II and constituted 14.2% of TCL. Pair II constituted 14.3%
of TCL, while similar measurements taken for Pairs III, IV, V and VI
were 15.9%, 16.9%, 18.4%, and 20.2% of TCL respectively. The centro-
meres of all the chromosomes in the complements except the Y-chromosome
were found to be in the median region. The Y-chromosome was telo-~
centric and corresponded to 5.1% of TCL. A satellite was found at the
end opposite to the centromeres. In some cases the X~ and Y-chromosomes
were seen to be heterochromatic. Secondary constrictions were found in

almost every X- and Y-chromosome; however, they yielded very inconsistent

secondary arm ratios,.

Phaenicia caeruleiviridis Macq.

These adult spebimans mare‘collected in Mississippi, U.S5.A. in
April 1964, Four mitotic metaphase figures from a testis were
analysed. The resylts are summarized in Table 1, Idiogram 44, and a
mitotic metaphase picturs ié'given ip Figure 46, The average TCL
was 67.90 b, Pairs I1, III, IV and V differed only slightly in length.
However, the difference in iength between Pair II and VI was guite
noticeabla, All the centromerss of the X- and Y-chromosomes were
found in the submedian region. The X-chromosome was about the same
length as Pair 1I, whersas the Y-chromosome wés about two thirds the

length of the X-chromosome, No distinct secondary caonstrictions were

observed in this species.
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Cynomyopsis cadaverina (R.-D.)

Adults collected in Mississippi, U.S.A. were used for
cytolegical study,. A mitotic metaphase figure and a metaphase 1
figure were combined for analysis. The results are summarized in
Table 1, Idiogram 45, and a drawing of a mitotic metaphass can be
seen in Figure 47, Unfortunately, the two figures analysed were
ambiguous in some parts, This would certainly affect the accuracy
of the results and made the detailed comparison impossible,

Pollenia rudis (Fab.)

Adults were collected at Mount Orford, Quebec in July of 1963.
Eight metaphase I figures were obtained from a testis. Unfortunately,
the centromeres couid not be lecated with certainty. It was,
thersfore, considered futile to attempt to calculate the arm ratios.
The relative chromosome length is shown in Table 1, and a metaphase I
picture can be seen in Figure 48. The results appear in agreement
with those of Boyes (1961). ‘ However, a higher percentage of TCL for
the X-chromosome was obtained from this study. It could be that the
X's were compacted with the Y's, thereby increasing the measurement.

Sphenometropa tergata (Coq.)

Adults were collected in Pullman, Washington, U.S5.A. in July
1964, Four metaphase I figures from a testis were analysed. The
results are summarized in Table 1, Idiogram 46, and a metaphasse I
picture is given in Figure 49,

Six pairs were found in each complement analysed. The average

TCL was 63.22 (b, Pairs 1I and I1I, and Pairs IV and V were near
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each other in length. However, there was a noticeable differencse in
length between Pairs III and IV as well as Pairs V and VI, The
centromeres of these aﬁtosomes were all found in the median regions.

The X-chromosome was much shorter as compared to the autosomes
(about one third of the length of Pair II) and was found to be telo-
centric, The Y-chromosome was dot-liké in appearance, and was also
presumed to be telocentric.

Blaesoxipha hunteri (Hough)

Adults were collected at Pullman, Washington, U.S5.A. in July
of 1964, Due to the limitation of available figures, one mitotic
metaphase, one metaphase I and two metaphase II figures from two testes
wers pooled in the analysis. The results of analysis are summarized in
Table 1, Idiogram 47, and a mitotic metaphass picture is given in
Figure 50,

Six pairs of chromosomes were found in all four complements analysed,
The average TCL for four complements was 76.8 b, The length
difference betwesn each two adjaeent pairs from Pair 1I to Pair V was
slight, while Pair VI was appreciably longer than Paif Ve All the
centromeres of the autosomes were found in the median regions.
However, Pair IV showed a higher arm ratio, while Pair II and Pair VI
had a lower arm ratio.

The X-chromosome constituted 7.1% of TCL and was presumed to be
telocentric, It could be noted that a median constriction was observed

here in two cases, and a subterminal constriction in one case. In
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one case the X-chromosome was entirely heterochromatic. On the other
hand, the Y-chromosome was about 73% of X-chromosome, corresponding
to 5.2% of TCL and was presumed to be telocentric.

Blaesoxipha apifera (Cog.)

Specimens of adult flies obtained fat.. Pullman, Washington, U.S.A.
in July of 1964 were studied. Four mitotic metaphase figures from
three testes were subjected to analysis, The results are shown in
Table 1, Idiogram 48, and a mitotic metaphase picture is given in
Figure 51,

A diploid count, 2n = 12, was found in each complement analysed,
with an average TCL of 75.73 M. No obvious difference in length
between any of the chromesome pairs was found in this species.

Pair II differed from Pair III only by 0.9% of TCL, Pair III from
Pair IV by only 1.0% of TCL, and Pair IV enly 0.9% of TCL from

Pair V. On the other hand Pair VI was 2.3% of TCL longer than

Pair V. Pair II had an arm ratio of 1.19, while Pairs I, IV, V
and VI had an arm ratio of 1.73, 1.64, 1.50 and 1.41 respectively.
The large difference in arm ratic between Pairs II and I1II served as
an easy criterion for distinguishing these chromosomes.

The X-chromosome: . was about equal in length with Pair I1I and had
a very low arm ratio. The X-and Y-chromosomes were not well pairsd
in all the complements studied. 1t was, therefore, difficult to
differenciate the X-chromosome from Pair II, The Y-chromosome,

corresponding to 13.1% of TCL was slightly shorter than the
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X-chromosome and consistently carried a constriction near the
subterminal region, This was presumed to be a centromere,

Sarcophaga latisterna Parker

Adults were collected in Mississippi, U.S.A. in April of 1964.
Three metaphase 11 figures from a testis were studied, Five pairs
plus one chromosome were found in each complement, The average TCL
was 46,96 [, The centromeres of Pairs 11, iII, V and VI were in the
median region, whilé the centromere of Pair IV was in the submedian
region.

Since only metaphase II figures were available it is possible
that the presumed X-chromosome was in fact a Y-chromosome, or a XY
complex,

The results of chromosohe analysis are summarized in Table 1,
Idiogram 49, and a metaphase Il picture of the chromosomes is shoun
in Figure 52.

Ravinia guerula (Walk.)

Adults were collected in Pullman, Washington, U.S5.A. in July of
1964. Five metaphase I figures from a testis were analysed, and the
results are summarized in Table 1, Idiogram 50, and a metaphase I

picture is shown in Figure 53.

The average TCL was 70.84 p. The length differences between
each two adjacent pairs was appreciable; Pair II differed 3.4% of TCL
from Pair III; Pair III 1.9% of TCL from Pair IV, Pair IV 244% of TCL

from Pair V and Pair V 2.2% of TCL from Pair VI. The arm ratios were
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all very low in this species (II-VI average 1.22). All the centro-
meres of the complement were found in the median regions.

The X-chromosome was about half the length of Pair II and was
telocentric. The teleocentric Y-chromosome was about 80% of the
X-chromosome, corresponding to 4.9% of TCL. The X-and Y-chromosomes
were well paired in all five metaphase I figures analysed,

Peleteria iterans (Wlk.)

Adults were collected in British Columbia in August 1964. Four
mitotic metaphase figures from one ovary were analysed. The results
are summarized in Table 1, Idiogram 51, and a mitetic metaphase picture
can be seen in Figure 54,

The average TCL was 40,56 i, Twelve chromosomes were found in
every case, but the centromeres in most cases were not very clear,

Pairs 11, III, IV and V did not show any distinct differences in

length; however, Pair VI was appreciably longer than Pair V. Pair II
was also much longer than the X-chromosome. The centromere of Pair III
was found in the submedian region; while the centromeres of other
chromosomes, including the X-chromosome, were found in the median region.
Archytas prob. apicifera (Walk,)

Adults were collected from North Carclina in the July of 1564,

Five very good mitotic.metaphase figures were obtained from ovariap
tissue. Twelve chromosomes were found in each complement studied.
The average TCL was 50.62 W, Pairs 11, III and IV were almest equal

in length, while the length differences between Pairs IV and V, and
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V and VI were obvious. The two X-chromosemes were distinct in this
species; their length being about half that of Pair IV. . All the
centromeres of the autosomes were found in the median region, while
that of the X-chromosomes was probably telocentric. However, in one
case a subterminal constriction on the X-chromoscome was observed,
The results of chromosome analysis are shown in Table 1, Idiogram 52,
and a mitotic metaphase picture is given in Figure 55.

Bessa selecta (MQ.)

Larvae for these studies were gbtained from Winnipeg, Canada,
Fifteen mitotic metaphesefigures from three larval brains were draun
by camera lucida and subsequently analysed. The results are
presented in Table 1, Idiggram 53, and a mitoetic metaphase picture
is shown in Figure 56,

Twelve chromosomes were observed in each complement analysed.
The average TCL was 61.74 W, The length difference between each tuwo
adjacent pairs, from Pair II to Pair V, was not distinct. However,
Pair VI was appreciably longer than Pair V. The centromeres of the
autosomes were all found in the median region. The average I1-VI
arm ratio was low (1.37) in this species,

The shortest pair in the complement constituted .6,9%/0f TGL. A
centromere was found in its submedian region, while a secondary
constriction was often observed in its long arm. The shortest pair
was not well paired in several cases; hence they were assumed to be

the sex chromosomes, By measuring the length it was found that one



/35 .

&
o
L

Bessa selecta (Mg.)

w
o
|

N
o
|

% of T C L

e
o
]

Yy 1 nm m o w v VI

Idiogram 53

Figure 56, Mitotic metaphase chromosome complement of

Bessa gelecta (Mg.) from a larval brain,
X 3510,




136.

sex chromosome was about 80.7% of the other, Nevertheless, it
could not be ascertained that the shorter one was the Y-chromescme
and not the error observation of the X-chromesome,

Winthemia rufepicta (Big.)

Adults were collected in North Carolina in July of 1964, Two
mitotic metaphase figures from an ovary were analysed, the results
are summarized in Table 1, Idiogram 54, and a mitotic metaphase
picture is given in Figure 57.

Six pairs of chromosomes were found in both figures analysed.
The average TCL was 77.20 Y. fhe interesting observation in the
karyotype of this species was its X-chrémosome, which was more than
twice as long as Pair VI, and had a centromers in its median region.
Pairs 11, I11I, IV and V differed only slightly in their length, while
Pair VI was noticeably longer than Pair V. Also a higher arm ratio
was only found in Pair VI, nevertheless, the centromares of all the

chromosome camplements of this species were found in the median region.
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Note:

1. Standard deviatiens follow below the average
2. Numbers on top ef the percentages of TCL and

and are ssparated by sign of %.
arm ratios of the Y-chromosomes indicate the number of complements for the data of the Y-chromosomes.

TABLE 1. CHRDMUSUMES OF SCHIZOPHORA, DIPTERA
Percentage of TCL Arm Ratio -
Average
Classification Y 1 11 11 1V v vt JEL Y I 11 Il v VI 8IMm ) thorities Materials 2:Of
in o ratio X cells
studied
e e BISVT e
Family Diopsidae
Sphyracephala 5?70 6.19 13.55 14.89 27.12 38.26 - 34.91 0 0 0 0 1.11 1.12 - 0.56 Jan Adult 8
brevicornis + + + + + + + + + testis
(say 1.64 1.33 2,10 1.67 3.14 2.94 1.982 0.17 0.10 0.04
Family Psilidase
Chamaepsila 36.6 16.7 22.3 24.4 - - 50.9 1.08 1.33 1.31 1.22 1«55 - - 1.36 Robertson larval 20
rosae (F) * + + * * + + + o + 1957 brains
0.35 0.25 0.22 0.21 1.6 0,03 0.03 0.04 0.0 0.02
Chamaepsila 36.2 16.5 22.5 24.8 - - 53.5 1.20 1.34 1.37 1.27 1.56 - - 1.40 Robartson larval 18
_ rosae EE) + + * * + + * + * * 1957 brains
0.35 0.24 0.25 0.25 2.2 g.05 0.03 0.05 0.04 0.04
Chamaepsila 36.6 16.3 22.3 24.9 - - 52.5 1.12 132 1.33 1.20 1.61 - - 1.38 Robertson larval 20
rosae (F) + + + + + + + + + 1957 brains
0.43 0.68 0.23 0,26 1.5 0.04 0.02 0.0 0,03 0.05
Chamaepsila 36.5 16.5 22.1 25.0 - - '50.8 1.11 1.38 1,36 1.16 1.56 - - 1.36 Robertson larval <415
rosae (F) + + + + + + + + + * 1957 brains
0.70 86.27 0.44 0.09 1.6 0.04 g.06 0.06 0.04 0.09
Family Otitidae
Subfamily Otitinae
Camptoneura 3.8 16.9 18.0 19.6 19.8 21.8 Metz 1816
picta Fabr.
Ceroxys 4,25 13.54 15.47 16.20 18.73 34.40 44.56 0 2.61 1.90 1.78 2.51 2.57 2.27 Jan adult 8
latiydculus + * * * + * + + + + + * + - ovary
(L) 1.33 0.0 0.99 0.98 0.88 1.23 34138 1.00 0.31 0.41 0.91 0.34 0.22
Melieria 3.16  10.47 26.93 28.08 34,52 - - 35.48 0 0 1.12 1.79 1.08 - - 1.33 Jan testis 10
crassipennis + + * + * + + + * +
Feo 2.00 1.053 1.436 1.467 1.491 5.489 0.108 0.153 0,079 0.077
Myrmecothea 3.42 14.40 15.97 18.03 20,56 27.62 54,82 0 0 1.80 1.67 1.49 1.60 "1.31  1.58 Jan adult - 4
mzrmecoides L. + + + + + + + B + + + + + + ' ! testis
O g.90 0.27 0.43 0.52 2.11 2.98 2,748 0.74 0.47 0.22 0.16 '0.48 0.21
Sejieptera 22.37 36.39 41.24 - - - 24.35 0 1.58 1.65 - - - 1.62 Jan adult 5
vibrans (L.) + + + + + + +
0.56 1.22 1.5 1.431 0.24 0.08 0.15

No.of
indi-
vidu-

als -

B i T R

Sources.
of
material

Virginia

England

Prince
Edward
Island

Ontario

British
Columbia

Pullman
Yashing-
ton

Nether-
lands

Yirginia

Pullman
dashing-
ton
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TABLE 1 (continusd)

Percentage of TCL ]

DY R -— .

| Arm Ratio T No. of Sources
Classification Y I 11 III 1y v VI TCL I 11 11l IV v VI afm  Authorities nacerials No.of ‘indi-— "7,
. . studied cells vidu- .
in ¢ ratio als material
I1-vVI e e
Subfamily Ulidiinae S~
Chastopsis
fulvifrons M. 3 3.2 19.3 37.6 40.0 - - Metz 1916
Euxasta 1.99° 2.69 16.79 17.77 19.22 20.20 23.33 51.09 0 1.33 1.53 1.50 1.73 1.32 1.48 Jan larval 10 1 Univ. of
notata Wied. it P + % * + * + + + * + t + * brains est Ont
0.18 1.01 0.99 0.88 8.96 0.83 0,98 9.637 0.31 0.38 0.35 0.55 0.12 0.10 Ontario
‘Familynﬁﬁatystomaﬁidae
Rivellia'prab, 42.17 23.71 34.12 - - - 43,46 0 1.20 1.35 - - - 1.27 Jan adult .24 1 North
vividulans,Rrb._' + + * + + + + gvary Caranlina
L 2.01 2,78 3.08 9.132 0.11 0.13 0.09
Family Tephritidae
Ceratitis n==56 Mendes 1958 Brazil
capitata (Wied,)
Anastrepha 2,55 9.6 17.1 17.2 17.3 178 20.8 2.26 1.92 1.64 1.17 3.32 1.55 1.92 Bush 1962 larval 25 5 Tamazun-
aphelocentoma : brains chale,
Stone San Luls
Potosi,
Mexico
Anastrepha Similar to Anastrepha fraterculus (Wiedemann) Bush 15962 larval 40 7 Cocoyoc
distincta brains Morelos,
Greene Mexico
Anastrepha n=25 Mendes 1958 Brazil
fraterculus (Wied.) 1 ‘
Anastrepha 15.8 15.8 16.4 15.8 16.5 23.6 g 0 0 o 0 0 0 Bush 1962 larval 128 32 Monte
culus (Wied.) brains Blanco,
Verocruz
Mexico
Anastrepha 2n = 10 Emmart 1935
ludens L.
Anastrepha 6.40 15.5 15.5 15.6 15.6 15.8 21.6 g G 1) 0 0 0 g Bush 1962 larval 47 16 Cuernc-
ludens ELoew) ‘ brains vaca,
Morelos,
Mexico
Anastrepha Similar to Apastrepha fraterculus (Uiedemann) Bush 1962 larval 46 14 Cocoyoc
membinpraeoptans brains Morelos,
Sein. Mexico
Anastrepha 23,62 12.2 14.7 16.4 17.8 22.1 - 0 1.41 1.46 1.0 1.80 - 1.34 Bush 19862 larval 39 13 Monte
serpentina (Wied.) 16.7 0 : brains Blanco,
Yeracruzi

flexico
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TABLE 1 (continued)
Percentage of TCL 1 Arm Ratio ‘ Vo.0f
- - , Average No .o6f izéi Seurces
C : : . 1 . . -
Classification Y I 11 111 o vi L Tth oy 1 I III vy yp ~ 8rm  Authorities Materials &), jq0- °F
in ¢ : ratio studied material
als
II1-VI
Anastrepha - -4.80 12.7 15.2 15.5 15.9 16.8  23.6 0 0 0 0 0 1.05 0.21  Bush 1962  awult 34 Canyon
, spatulata testes ' de Lebos
Stone Moreles,
‘ , . i Do N - Mexico
Anastrepha 3.86 16.3 14.3 15,9 15.9 16.0 21.6 0 0 0 8] 1837 1.33 D.54 Bush 1962 larval . 71 20 Tequila,
striata brains Jalisco,
Schiner Mexico
Anastrepha 10.22 13.5 15.9 16.3 16.3 16.9 21.0 0 0 0 0 0 0 0 Bush 1962 larval 39 3 Tamazun-
© zuelaniae brains chals,
Stone San Luis
Patesi,
fisxice
Dacus oleae n==56 Frizzi & Italy
Gmel. Springhetti
1953
Dacus olsae 8.7 16.2 16.9 17.5 18.4 22.1 i 2.80 22312 4,85 1.00 1.19 3.24 2.48 Krimbes 1963
GCmel. ]
Afrodacus VII 5 -
jarvisi 4,88 12.36 14.01 15.16 16.25 17.58 19,75 j Davis 1955 larval 9 12 Queens-..
éTryon) * + + * + % * ) brains land,
1.808 1.657 1.052 0.957 1.083 1.238 2.176 % Australis
Austrodacus 6 pairs % Davis 1955  larval 12 Queans -
cucumis (French) i brains land,
'f Australis
Diploedacus 6 pairs , Davis 1955 popsal 6 Queens-
sienatiles * ; testis land,
(Tryon) E ’ Australi
Epochra 15.09 16.51 17.16 19.94 31,30 - 71.80 | 2.05 1.41 3.54 1.57 1.14 - 1.92 Jan adult 8 19 British
canadensis L. + + t * * k.4 ] + + * + * * oevary Columbia
2.066 1.451 1.048 2.047 1,793 13.602 j 0.343 0.220 0.544 0.343 0.141 0.196
Strumeta 8%65 12.70 13,74 15,37 17.06 18.91 22.23 ’ Pavis 1955 larval 9 6 Queens->
bryoniae + + + + + + brains land,
(Tryon) 1.99% 1.199 1.182 0.814 0.941 1.335 1.475 Australia
Strumeta 6 pairs Davis 1955 larval : 6 Queens-
cacuminata Hering brains land,
Australia
Strumeta 10?20 14.78 13.65 15.46 16.92 18.43 20.76 Davis 1955 larval 10 12 Queens-
humeralis + + + + * + + brains land,
(Perk.) 1.020 4,486 1.702 0.730 1.475 0.745 1.604 Australia
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TABLE 1 (continued)

Percentage of TCL N Arm Ratio
Avsirage .
‘o . , _ cps Mlaterials
Classification y 11 I v v VI TCL 1 11 Il IV v vp 2 Authoritiss siidied
in # i11-91 5
Strumeta 11?00 12.66 13.75 14.80 16.94 19.74 22.10 Davis 1955 larval
tryoni * t + + + * *
Frogg.) 0.660 1.635 1,228 1.384 1,356 1.596 2.129
Tephritis ’ 71 15.5 15.5 18.1 18.7  25.2 Keuneke 1924 adult
arnicae L. ’ testes
Family Dryomyzidae
Dryomyza 7?56 18,25 14.16 16.28 16.87 17.63 28.37 75.71 6.00 1.47 1.29 1.17 1.48 1.21 1.32 Jdan adult
anilis F. + * . * * * * + % . % * % % % testis
1.97 1.86 D0D.66 0.95 1.55 1.21 0.77 5.6147 0.49 0,22 0.13 0.10 0.27 0.09 g.08 ’
Neuroctena 11.8 14.3  14.9 18.4 19.5 21.1 . Metz 1916
analis F. : .
Family Sciomyzidae
Subfamily Sciomyzinae
Atrichemelina 1?65 3.24 16.80 18.02 19.16 21.16 21.62 58.93 0 2,25 1.90 1.45 1.33 1.44 1.68 Jan larval
pubera L. * + + + + + + + st + + e + + brains
0.49 B.91 0.73 0.56 0.92 1.07 1.20 8.3053 0.42 0.52 0.25 0.16 0.17 0.13
Pherbillia 6.30 15.14 16.67 18.46 19.51 23.92 55.67 0 1.19 1.17 1.48 1.58 1.72 1.43 Jan pupal’
grisescens M. * + + + * + + + + + + + * brains
1.17 0.75 0.84 0.95 1.22 1.88 4,7538 0.13 0.16 0.33 0.63 0.5 0.1
Pherbellia 3?00 6.38 15.74 17.24 18.32 20,33 22.09 51.21 0 1.62  1.72 1.64 1.56 1.35 1.58 Jan larval
nana F. * * * * * * + * * + * * * * brains
D.84 0.76 1.48 0.48 0.70 1.01  0.78 8.12M g6.30 0.29 0.31 0.27 0.20 0.1
Pherbellia 1?98 4.12 14.72 16.%4 18.31 21.86 24.07 48,27 0 1.57 1.41 1.41 1.20 1.11 1.34 Jan pupal
new sp. + + + + + + * + + + + + o + brains
0.38 1.43 0.9 0.86 0.89 1.01 1.26 5.2684 0.24 0,19 0.20 0.25 0.14 0.08
Subfamily Tetanocerinas
Antichaeta 10.50 14.67 16.24 17.18 19.60 21.40 74.19 0 1.88 1.83 1.46 1.22  1.54  1.58 Jan larval
melanosoma M. + + + + + + + + + + + + + brains
' 1.18 1.02 1.10 0.85 ©8.92 1.07 10.74D4 0.26 0.41 0.44 0.12 0.61 0.14
Dictya 3267 6.67 15.98 17.18 18.95 28.09 21.14 61.01 0 2.02 1.88 1.22 1.29 1.47 1.58 Jan larval
atlantica + + + + + + + + + + + + + + brains
Steyskal 0.98 1.04 0.64 0.54 0.50 D.54 0.8B2 7.8253 0.38 0.5 0.18 0.21 0.38 0,15
Dictya 3EQ4 7.1 15.25 17.03 18.67 20,04 21.37 58.47 0 1.98 1.71 1.39 1.49 1.28 1.58 Jan larval
brimleyi + x * x + x % * * * * % * * brains
Steyskal 0.22 1.35 0.94 0.1 0.9 0.95 1.73 7.5471 0.26 0.58 0.33 0.42 0.13 0.14
Dictya 2?93 6.30 15.96 17.17 19.07 20.15 21.36 60.78 0 2.19 1.97 1.46 1.40 1.53 1.71 Jan larval
sabroski * * + + * * * + * * * * * + brains
Staeyskal 0.45 0.51 0.85 0.95 0.764 0.?3 0.82 05,8942 0.34 0.47 0.49 0,27 0.26 0.12

S

No.of
cells

19

13

10

14

10

No.of
indi-
vidu~

KLN
Q, 0

+0

o

c errm v

Sources
of
material

Queens-~
land,
Australi

Czechos-
lovakia

Ithaca,
New York

Rahuly,
Afghaosk
istan

Ithaca,
New Yark

Ithaca,
New York

Scranton
Pennsyl-
vania

Scranton
Pennsyl-
vania

Lebanon
fflo.
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TABLE 1 (continued)

Percentage of TCL | Arm Ratio No.of
Average . .. Sources
cos . . . Mlaterials No.of indi-
Classification y I imo1r o ovooovr TChey S S S 3 5 SN AN v am  Authorities "oy iied . cells vidu-  °F
in B ratie material
: als
IT1-V1 :
Dictya 2?36 6.38 16.00 16.48 18,73 20.63 21.77 74.04 0 0 1.91 1.98 1.73 1.30 1.39 1.56 Jan larval 13 3 @ Lubbock,
texansis + + + + + + + + + + + + + + brains 2 & Texas
Curran 0.42 1.2 1.95 1.35 1.12 0.84 1.27 11.6347 0.48 0.43 0,24 0.20 0.22 0.18
Sepedon 5.68 15282 17.33 18.53 20.16 22.47 56.69 0 1.52 1.47 1.23 1.20 1.16 1.32 Jan larval 9 39 Ithaca,
armipes Loeuw. + * * * * + * . + * * + * * brains New York
: 2.07 0.74 G.80 1.07 1.00 1.09 8.3182 0.29 0.27 0.25 0.30 0.12 0.05 ,
Sepedon 4%20 15.01 12.96 15.45 17.48 19.05 20,05 83,92 0 1,37 1.48 1.70 1.82 1.54 1.59 1.63 Jan larval 7 2 4§ Ithaca,
fuscipennis + + + + + + + + + + + + + * + brains 1% New York
Loew., 0.33 3.80 0.54 1.63 0.88 1.01 1.17 12.2507 0.32 0.35 0.38 0,83 0.38 0.38 0.19
Tetanocsra 2?10 4,20 15.74 16.87 17.78 21.42 23.98 79.43 0 0 1.66 1.67 1.70 1.32 1.14 1.50 Jan adult 5 2°'d 1lthaca,
loswi + + + + + + + + + + + + + B testaes New York
Steyskal 0.e0 1.04 1.29 0.71 D.45 1.38 1.22 8.4187 0.20 0.58 0.44 0,18 0.76 0.12
‘Eatanocera 13.04 14.46 15.%2 417.70 18.59 20,30 107.98 0 1.72 1.31 1.22 1.31 1.47 1.41 Jan adult 5 1 9 British
sp. + + + + + + + + + + + * + ovary Columbia
0.967 0.652 0,230 0,859 0.527 0.767 12.414 D.436 0.538 0.192 0.174 0.177 0.083
Tetanocera 1.5 4.6 16.3 17.4 18.5 21.2 22.4 Stevens 1908 adult
sparsa testes
Pscadina 2390 16.14 12.40 15.12 17.39 18.73 20.22 77.96 0 1.30 1.94 2.12 1.27 1.36 1.55 1.65 Jan larval 15 1d Sor,
Zerni Mayer + + + + + + + + + + + + * + brains 4 9  Denmark
2,02 1.0 0,73 0,93 0.99 1.10 10.847 o.18 0.50 0G0.71 0.24 0.33 0.54 0.26
Family Lanxaniidas
Rinettia 14?30 21.35 17.30 17.84 20.53 22.98 - 61.45 1?95 2,08 1.22  1.33 1.32 1.11 - 1.25 Jan adult 6 1 d Pullman
flaveola Cog. + + + + + + + + + + * + + + testes Yashing-
0.12 2.81 0,47 0.86 2.25 2.14 8.0711 0.27 0,20 0.16 0.,20 0.20 0.12 0.02 ton
Physsgenua 4.6 16,7 17.5 19.1 20.0 21.6 Metz 1916
wittata Macqg.
Family Chamaemyiidae
Cremifania 24.319 33,54 42.27 - - - 27.19 : 0 1.42  1.20 - - - 1.31 Jan larval 10 6 Uinter-
nigrocellulata + + + + + + + brains thur,
Cz. 2.65 1.7 3.19 3.365 0.14 0.15 0.10 Switzer-
Leucopemyia 10.93 14.19 15.97 16.96 19.10 22.85 46.86 0 1.36 1.16 1.21 1.31 1.23 1.25 Jan larval 6 3 land
obscura H. + + + + + + + + + + + + + brains feld-
0.437 1.243 0.610 0.837 1.555 b5.528 0.282 0.115 0.227 0.182 0.2817 0.078 g“?tsnt
witzer-

land
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TABLE 1 (continued)
_ Percentage eof TCL T Arm Ratio -
Average Mlaterials Ng.of ?ﬁéiff Sources
Classification I II 11 v vi ek oy 1 I III 1V v yi ~ °rm  Authorities ", died cells vidu- _ °F .
in W ratio 1s materia
11-1V a8
Family Heleomyzidae
Suillia 3?06 17.18 14.74 15.11 15.70 17.99 19.47 64.00 0 1.11 2.27 1.43 2,5 1.35 1.17 1.75 Jan adult 2 1d British
nemorum (Mg.) S4u + + + + + + + + + + + + + + testis Columbi
0.232 0.546 0,385 0.558 0,094 0.316 0.78 6.788 o.081 0,09 0,035 0.080 0,067 0.027 0.029
Suilla 2?03 4,05 16.36 17.73 19.02 20.11 22.73 46.67 O 0 1.20 1.92 1.%8 1.19 1.12 1.48 Jan adult 3 1d British
nemorum (m9.) * + * + € + + + + + + + + * testis Columbi
0.522 0,865 0,433 0,383 0,781 0,765 0.871 7.086 G.177 0.216 0.24% 0,889 0.058 0.374 0,074
Suilla 5.33 15.97 16.91 18.81 20.24 22,74 52.88 0 1.75 1.63 1.36 1.32 1.52 1,52 Jan adult 4 19 British
8p. + + + + + + + + + + + + + evary Columbi
0.98 1.30 1.8 0.77 1.91 2.04 2.5631 0.41 0.31 0.17 0.13 0.37 G.10
Family Anthomyiidae
Subfamily Scatophaginase
Bordilura 4?37 5.20 16.93 17.39 19.10 19.86 21.52 91,36 0 0 1.33 1.65 1,76  1.67 1.65 "~ 1.61 - Jan adult 5 1 d Czeches
ciliata > + * * * * + * * + % % % z testés lovakia
0.71 0.79 2.02 0.97 1.49 1.11 1.26 8.1538 0,10 0.32 0,52 0.75 0.31 0.17
Cordilura 5360 5.48 16.44 16,62 19.00 20.57 21.88 81.60 0 0. 1.46  1.96 1.41 1.35 1,39 1.51 "Jan larval 15 4 Virgini
ontarie Cn. + * + + + + + + + + + + + + brains ,
0.45 0,70 1,73 0.80 ©0.71 0,5 0.83 12,7996 0.37 0.50 .0.34 0.23 0,25 0,07 g
Achaestella 10.55 14,55 15.41 16.64 18.36 24,49 77.64 0 0 1.26 1.94 1.85 1.16  1.10 1.46 Jan larval 5 1 Virgini
varipes (Walk) * * E N * * + * 3 + * * brains
0,53 0,97 0.69 0.79 0.76 0.95 9.9551 0.06 0,31 0.11 0.13 0.03 0.08
Orthechasta 4,17 13.94 16.84 18,53 22.07 24.45 64.44 0 0 1.76 1.61 2.47 1.59 2.5 2,00 Jan adult 3 ? Port of
hirtipes John. + + + + + + + * * I S * ovary Spain,
' < 1.28 1.58 1.17 1.%4 0,95 1.75 6.2698 0.29 0.25 0.50 0.16 0.16 0.09 , Trinida
Scatophaga 2,9 14,8 18.7 20,3 20.6 22.0 ' Stevens 1908
pallida Walk.
Scatoghaga' ‘ Szpairs £ xy Keuneke 1924
stercoraria (L.)
Subfamily Fucellinas
Fucellia 12.0 16.6 17.6 16.10 17.3 20.0 Metz 1916
marina Macqg.
Subfamily Anthomyiinas -
Hylemya 4,3 17.1 17.6 17.8 19.3 23,9 B5.4 0 1.50 2,59 2,08 1.45 1.30 1.78 Beyes 1954 larval 80 33 St.Jean
antigua Mg. + * + * + * % + * + + + > brains Quebec
0.46 0.61 0,60 0,60 0.55 0.72 3 0.11 0.17 0.16 0.11 0.08 U
Hylemya 3,39 16.7 17.6 18.8 19,8 23.8 80.0 0 2,13 2,36 2,75 2,17 1.46 2.17 Boyes 1954 larval 13 8 Bellevi]
brassicae (Bouche) brains radish
Hylemya 3.33 16.5 17.8 18.7 19.9 23,8 73.5 0 2,01 2,35 2.83 2.3 1.47 2,19 Boyes 1954 larval 30 1 Belhyil
brassicae (Bouche) brains cabbage
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(continued)
Percentage of TCL | Arm Rgtio
Averags No.of Sources
Classification TCL arm Authorities Materials Ne.of indi- of
Y I 11 111 1v v VI . Y 11 III Iv v VI . studied cells vidu- .
in i ratio material
als
11-VI
Hylemya 3.07 16.7 18.1 18.9 19.6 23.6 63.8 2.03 2,40 2,98 2.34 1.5% 2.25 Boyes 1954 larval 10 4 Clovers=~
brassicae (Bouché) brains dale
radish
Hylemya , 3.49 16.7 17.8 18,3 20.0 23,7 6AA.3 2.13 2.42 2.85 2.21 1.53 2,23 Boyes 1954 larval 11 5 Charlotte
brassicae (Bouche) brains town
turnip
Hylemya 3.52 16.9 17.8 18.3  19.8 23,7 71.1 2.03  2.41 3.10 2.1 1.55 2,24 Boyes 1954  larval 25 10 Guelph
brassicae (Bouché) brains turnip
Hylemya , 3.38 17.1 17.9 18.3 19.9 23.5 61.7 2.05 2.30 2.85 2,18 1.52 2.18 Boyss 1954 larval 20 7 Prest-
brassicae (Bouche) ' brains wick
br.sprod
Hylemya 3.25 16.9 18.1 18.7 19.7 23.5 71.5 2.11 2,31 2.84 2.15 1,50 2.18  Boyes 1954 larval 20 9  St.Jehn
brassicae (Bouchf) brains turnip
Hylemya 4.3 16.1 18.4 19,9 18.9 22.5 44.0 1.35 2.63 1.34 1.81 1.38 1.70  Boyes 1954 larval 5 Belle-
cana + b + + + + + * b + et brains ville
Macquart 0.59 1.20 0.76 0.41 0.61 0.95 06.09 0.06 0.09 0.11 0.07 Ontarie
Hylemya 4.4 16.4 18.3 19.1 19.2 22.5 78.0 1.38 2.34 1.36 2.04 1.39 1.70 Boyes 1954 larval 29 26 Brandon
cilicrura * + & + + + + + + + + brains Manitoba
(Rond.; 0.46 0.39 8.71 0.79 0.49 0.79 0.08 0.16 0.11 0.16 .09
crucifera * + + + + * * + + + + brains Manitoba
Huck. 0.36 0.%7 0.744 0.615 0.685 #.092 0.185 0.157 0.174 08.138 0.064
Hylemya 4.4 15.6 16.9 18.0 19.4 25.7 61.8 1.85 2.16 2.45 2.09 1.65 2.03 Boyes 1954  larval 20 9 Saskasen
cruficera + * + + + + + + + + + brains Sask,
Huck. 0.385 0.494 0,732 0,788 0.692 0,995 dg.10¢ 0,130 0.128 0.156 0,078
Hylemya 3?85 4.99 17.17 17.63 18,66 . 18,77 22.78 19.84 0 1.78 2,04 2,20 2,78 1.50 2.06 Jan. larval 10 29 Uye Coll
echinata + + + + + + + s + + * + + brains 1d Kent,
(segay) 0.871 0.584 O0.660 0,580 0,659 0,705 13,.57- 0.197 0.172 0.128 0.249 0.094 0.0866 England
Hylemya 3.8 15.7 16.8 18.1 19.9 25.8 63.5 1.86 2.06 2.47 2.19 1.64 2.04 Boyes 1954 larval - 21 Elgin
floralis (Fall) + + + + + + + + + + + brains Scatland
0.30 1.07 0.51 0.52 0.64 D.83 0.12 0.10 0.13 0.14 0.07
Hylemya 4,87 16.63 17.15 17.91 20.57 22.88 60.77 1.48 1.60 2.16  1.61 1.48  1.67 Jan adult 7 19 Nether-
florilega Zett. * * + * * + * + + + + * * avary lands
1.30 1.41 0.54 0.78 1.4 0.92 4.920 0.32 0.51 0.33 0.40 0.23 0.1
Hylemya 7?3 12.9% 12.7 16.6 17.8 18.4 21.7 100.4 1.79+ 1.56 1.65 1.60 1.30 1.32 1.49 Boyes 1954 vlarval 22 10 Uye
fugax (Mg.) + + * * * * * * + * * brains ‘ England
0.72 0.48 0.50 0.51 0.64 0.71 0.17 0.12 0.13 0.08 0.09
% including x, and x

1
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Percentage of TCL | Arm Ratie
Average No.of Sources
. R cL . Materials No. of indi=
Classification I 11 III IV v viTEk Y, I 11 III 1V v VI arm  Authorities ' 4 iied cells vidu- of
in ratio material
. als
IIsVI
Hylemya 3.5 16.2 17.8 18.2 20.7 23.7 66.6 0 2.07 2,33 2.63 2.28 1.58 2.18 Boyes 1954 larval 20 8 Brandon
planipalpus + + + + * + + bt + + + brains Manitoba
(stein) 0.39 0.63 0.38 0.55 0.59 0.78 0.10 0.16 0.16 0.13 0.06
Hylemya 3.8 16.5 18.0 18.0 20.4 23.3 68.5 0 1.45 2.35 1.37 1.77 1.40 1.67 Boyes 1954 larval 20 4 Clover-
trichodactyla + + + + + + + + + + + brains dale,
(Rond.) 0.53 0.5 0.40 0.52 0.62 0.70 0.172 0.15 0.10 0.17 0.07 British
Bherbia 11.8 14.8 14.8 18.3 19.0 20.6 Stevens 1908 Columbie
brassica
Hydrophoria 3.89 14,97 16.01 18.71 19.36 27.06 103.33 0 1.55 2.17 1.43 1.33 1.26 1.55 Jan adult 5 1 5St.Geoxp
conica Wied. + + + + * + + % + * z % * testis & 19 Grenada
0.48 0.53 1.086 0.58 0.66 0.88 14.183 0.63 0.39 0.14 0.0% 8.20 0.09 ovaries Canada
Pegamya 2?16 5.82 16.62 16.90 18.34 19.41 22.91 1%2.58 0 0 . 1.48 2.29 2.24 1.32 1.37 1.74 Jan larval 10 39 Uye Coll
betas (C.) + + + + + + + + + + + + + + brains 3 d Kent,
0.314 0.71 0.721 0.522 0.656 0.689 1.380 168,364 0.069 0,282 0.188 0.111 0.15%9 0.079 England
Pegomya 1?74 5.04 16,49 17.49 17.50 18.19 25.29 91,37 0 0 . 1.83 1.41 2.10 1.72 1.49 1.65 Jan larval 11 7 9 Uye Coll
bicolor (Wied.) * + + + + + + ot * * * + brains 5 d Kent,
0.382 0.511 0.468 0.509 0,392 0.708 16.849 0.1919 0.149 0,163 0.235 0.078 0.046 England
Pegomya 5.6 13.9 . 17.5 18.1 20.5 24.4 0 1.92 2.00 2.12 2.00 1.27 - Frolowa Measure-
eniculata 1928 ments
%Bouch85 Boyes
1954
Family Mustidae
Subfémily Fanninae
Fannia 9200 14.57 12.72 14.05 15.51 19.85 23.30 103.8% 1?31 1.15 1.34 1.85 1.66 1.22 1.20 1.45 Jan larval 11 3 4 Montreal
canicularis (L.)x * * + * * * * * + * + % 3 + + brains 2 9
2.920 1.578 0.472 06,678 0.790 1.00 0.607 27.8%27 0.185 0,120 0.13% 0.292 0.258 0.123 0.104 0.073
Fannia 6 pairs Boyes 1954 larval
laucescens brains
EZett.)
Homalomyia 11.0 13.0 16.0 17.5 19.0 22.7 Metz 1916 adult
(Fannia) sp. testes
Subfamily Phaoniinae
. Hydrotaea 17.05 18.62 19.55 21.04 23.74 - 88.97 1.68 1.74 1.58 1.64 1.27 - 1.56 Jan adult 7 1 d Pullman
scambus Zett. + * * + + * + * z + * % testis Washing-
' 0.73 0.67 0.81 1.01 0.64 9,297 0.30 0.56 0.55 0.26 0.09 0.07 ton
Ophyra 4.1 17.1 15.6 19.2 20.2 23.7 Metz 1916
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TABLE 1 (continued)

Percentage of TCL 1 T Arm Ratio N of
Average Materials No.of iﬁéi Seurces
Clasgification I I 111 1V v VI TCL Y I 11 111 1y v yp  3Fm  Authorities "y iied  cells vidu-  OF
in W ratio als material
II-VI
Ophyra 4.2 17 .1 17.6 18.5 20.2 22.4 58.2 ¥ R 1.27 2.1 2.61 1.18 1.63 1.76 Boyes et al larval 11 5 Algon-
leucostoma + + + + + * * ﬁ * + % + + * 1964 brains quin
Wied. 0.61 1.27 0.71 0.83 1.17 1.26 8,83 .1 0.10 0.33 0.23 0.15 0.14 0.08 Park,
Phaonia 32,8 10.4 12.0 13.2  14.2  17.4 96.0 0 1.24  1.85 1.12 1.39  1.27 1.37  Boyes et al adult Ontario
basalis Fabr. 1964 testis Nether-
lands
Phaonia 16,2 19.0 20.1 21.1 23.7 - 780.3 1.28 1.49 1.56 1.25 1.45 - 1.41 Boyes gt al adult Nether-
variegata Fabr. + + + + + + + + + + + + 1964 testis lands
1.17 1.14 0.61 0.86 1.33 14.78 0.10 0.15 0.21 0.08 0.09 0.06
fluscina 16.8 17 .4 17.8 21.7 26.3 - 56.7 1.48 .2.18 1.67 1.15 1.13 - 1.52 Boyes gt al 1larval 16 10 Belle-
stabulans % + * . * * * * * * * 1964 brains ville
Fall. 0.66 0.68 0.76 0.90 1.09 11.25 0.11 G.20 0.11 0.0 0.07 0.06 Ontario
Subfamily Muscinae )
Orthellia 16.2 18.5 18.3 22.5 24.6 - 81.5 1.46 2.53 1.66 1.13 1.31 - 1.62 Boyes gt al larval 10 3 Naumu,
nudigsima L. ~ + + + + + + * + + + + * 1964 brains Northern
1.3 1.50 0.80 0.82 1.26 17.01 0.12 0.3 8.21 0.06 0.06 0.10 Natal
Musca 2,2 6.1 15.3 17.4 18.0 20,6 22.7 95.2 1.59 1.34¢ 2.27 1.87 1.22 1.38 1.62 Boyes et al larval 12 10 Guelph,
autumnalis + + + + + + + + + + + + + + + 1964 brains Ontario
DeG. 0.37 0.87 0.95 0.74 0.88 1.05 1.10 15.69 0.18 0.27 0.27 0.31 0.11 0.14 0.09
flusca 9.3 10.7 16.3 18.5 20.7 24.7 Stevens 1908 adult
domestica testes &
Linne ovaries
Musca 18.8 12.3 16.7 17.4 17.4  17.4 1.06 1.10 1.30 1.48 1.20 1.44 1.30 Metz 1916 adult
domestica ovary
Linne
Musca ~ Keuneke adult
domestica L. 6 pairs 1924 testis
Musca 5 pairs + x y Per je 1948 adult
domestica L. testis
fNusca
domestica L. Description of karyotype Ramade 1961 adult
—_——s testis
larval
brains
Musca
domestica L. Photomicrograph of ¢ karyotype Franco 1962 larval
brains
Musca Allosome - autosome length relations Boyes st al larval 50 Canadian
domestica L. 1962 brains & Powell

strains
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TABLE 1 (continued)

Percentage of TCL Arm Ratio
Average No.of Sources
. o . - Materials No.of ind-
Classification I 11 III Iy v vi ey I 11 III v v yi 2rm  Authorities .y iied cells vidu- _ °F .
in W ratio material
! als
I1-¥1
flusca illustrated XX, XY, X0, XXX, XXY and 0Y in larvase Rubini larval
domestica L. 1964 brains
flusca ? larvae 5 pairs + XX; d larvae 5 pairs + XY or X0 or XX Hiroyoshi larval
domestica L. 1964 brains
Musca found XX, XY, X0, XXX in larvae Milani larval
domestica L. 1964 brains
flusca 7.5 18.5 13.7 14.2 15.5 18.6 19.5  71.1 1.44 1.20 1.45 1.68 2.36 1.48 1.13 1.62 Boyes et al larval 12 7 Algon-
domestica L. T + + + + + + + * * + + * + + * 1964 brains quin
1.0 2.27 0.52 0.76 0.80 1.19 1.15 18.75 0.21 0.10 8.20 0.10 0.18 0.14 0.08 0.04 - Park,
Musca 7.2  17.1  13.9  14.8 15.4 19.1 19.8 74.1 1.35 1.20 1.38 1.68 2.40 1.50 1.11 1.62 Boyes et al larval 8 6 Untarie
domestica L. + + + + + * + + + + + + + + + + 1964 brains Pouwsll
0.55 0.47 0.41 0.68 0.60 0.80 D0.42 7.41 0.194 0.14 0.12 0.15 0.27 g.10 0.09 0.05 strains
Musca 6.4 17.0 13.7 14.8 15.6 19.2 19.6 81.2 1.29 1.12 1.33 1.69 2,20 1.50 1.17 1.58 Beyes gt al larval 12 10 Canadian
domestica L. - + + + + + + + + * + + + + + + 1964 brains strains
-0.67 1.03 0,57 0.56 g.92 0.71 1.27 10.99 g.16 0.19 0.1 0.14 0.19 0.1 8.15 0.06
Musca 6.1 17.8 13.7 14.7 15.9 19.2 18.7 78.5 1.11 1.10 1.60 1.41 2.26 1.5 1.22 1.61 Boyes gt al larval 11 3 Jehann-
domestica % * * * * * * * + * * * * % * 1 1964 brains eshurg,
colleva Wal. 0.62 1.05 0.70 0.89 1.00 0.90 1.06 17.24 0.09 0.07 0.21 0.17 g.29 0.19 0.13 0.10 S.Africa
fflusca 8.4 19.2 1.30 14.9 15.2 18.3 19.4 69.2 1.36 1.06 1.58 1.44 2,40 1.52 1.09 1.60 Boyes gt al larval 10 8 Swazi-
domestica + A * * * * + * * * * * * * * 1964 brains land
curviforceps 0.58 1.83 1.14 1.02 0.69 0.87 1.00 9.74 0.17 0.03 0.27 0.13 0.29 0.14 0,06 0.08
S. & R._
sorbens Wied. * + + * * pa + + * 4 * * * * * + 1964 brains Nerthern
0.0 1.90 0.69 1.06 0.82 1.78 1.78 6.14 6.173 0.05 0.45 0,09 0.29 0.29 0.24 0.10 ‘ Natal
musca 13.9 18.5 14.1 1508 1501 1801 dgoé 68-8 1.40 1.58 1061 1053 2.35 1-24 1-44 ’ 1.64 BGyaS _e_t a_l lar\/al 11 4 Canbrra
vetustissima + + + + + b + s + + + * + * + + 1964 brains Australa
Walk. 1.33 0.79 0.91 0.64 8.70 1.02 1.09 13.79 0.20 0.15 0.12 0.16 0.24 .14 0.22 0.07 '
Subfamily Stomoxyinae
Haematobia 14.1 16.3 19.8 22.% 28.2 - 1.60 2.00 1.06 1.46 2.80 - Lachance
irritans (L.) 1964
Stomoxys 15.1 17.4 20,3 21.7 25.0 - 1.61 2.05 1.23 1.71 1.00 - Lachance
calcitrans (L.) 1964
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: TABLE 1 (continued)

Percentage of TCL ] Arm Ratio
5 : Average . Materials No.of ?2&10F Seurces
Classification , 11 III v v vi TER oy I 11 111 vow yi ~ °orm  Authorities “., died wells vidu- _ °f |
in @ : ratio material
) als -
; I11-VI o
Family Calliphoridae |
Subfamily Chrysbmyinae
Tribe Chrysomyini
Callitroga 3.5 12.4 13.7 16.1 16.7 18.6 22.5 Acro. 5.15 1.07 1.63 1.93 1.72 2.30 Kaufman & Measura-
hominivorax ’ ’ Wasserman ments
Cog.) 1957 Boyes
1961
Callitroga 4.70 8,83 16,53 16,83 17.52 19.00 21.18 38.9 0 0 1.38 3.1 1.38 1.58 1.43 1.78 Boyes 1961 larval S Univ.ef
hominivorax . * * * + + * * * * % * - S SR - . " brains -’ -~ Texas
(Coeg.) 0.424 1.028 0.510 0.917 0.686 0.964 0.987 5.937 0.214 0.752 0.187 0.279 0.228 0.197
Callitroga 2.60 7.8 16.1 17.2  17.8 19.4 21.8 0 0 1.48 2.93 1.72 1.37 1.38 1.78 Lachance adult
( iomyia) et al 1964 testis
hominiverax (Coq.)
Callitroga 3.35 4.54 16.26 18.13 18.84 19.79 22.48 41.6 0 1.28 1.46 2.18 1.48 1.30 1.54 Boyes 1961 larval 18 St.Geagy
mocellaria + + + * + * * + * ¥ % b * * brains Grenada
(Fab.) 0.459 0.900 1.176 0.830 1.005 0.968 1.353 8.330 0.170 0.241 002396 0.155 0.179 0.114
Chrysomyia 7.8 15.1 16.4 18.1 19.6 22,6 0 1.68  1.44 1.31 1.61 1.16 1.44 Ullerich adult Seuth
albiceps 1963 evaries Africa
(wiedemann)
Chrysomyia 5?10 7.18 15.85 17.63 18.06 19.84 21.44 43.88 0 1.66 1.41 1.30 1.58 1.21 1.43 Jan tdrual 5 2 & Johann-
albiceps + * + + + + + + + * + * * + : brains esburg,
(wiedemann) 0.53 0.72 1.25 0,80 0,82 0.46 1.48 7.210 0.41 0.23 0.18 0.54 0.10 0,05 S.Africe
Chrysomyia 4?81 12.33 14,93 16.38 17.26 18.62 20,47 64,37 1039 1.22 1.37 1.40 1.80 1.30 1.31 Jan ddpual 15 3 2 Johann-
chloropyga * + + + + % + + * + + + + * + brainss & 4 4 esburg,
Wiedemann) 1.07 2.8 1.05 0.68 Q.90 1.18 0.96 15.413 0,32 0.22 0.26 0,30 0.19 0.21 0.14 testes 5.Africe
Chrysomyia 4.6 10.0 14,5 15.3 19.3 20,0 20.8 0 1.07 1.80 1.42 1.36 1.25 1.38 ‘Ullerich adult Japan
¢ megacephala 1963 testes
(Eabricius)
Chrysomyia 5313 14.24 14.33 15.92 16.95 18.40 20.16 64.29 1.26 1.46 1.39 1.42 1.34 1,36 1.39 Jan tdpual 19 Johann-
%uteria + + * + + * * * * * + * % * + brainss & esburg,
Wiedemann) 0097 2.55 0087 1016 0093 1.07 1058 15.514 0021 0.55 0025 0019 0020 0.30 0;15 t;"::‘S S.Africa
Chrysomyia 7.4 17.2  17.8 18.0 19.2 20.7 e 1.5 1.3 1.8 2.2 1.4 1.6 Ullerich adult Austra-
rufifacies 1963 ovary lia
(macquart)
Tribe Phormiini.
phﬂrmia 301 8.3 1600 1803 18.5 1904 1905 .- - - - - 1032 b thZ 1916 adult measura-
regina M. testes ments
Boyes
1961
Phormia 3.9 8.3 16.8 17.5 18.0 18.2 21.2 64.7 0 1.29 1.32 1.95 1.39 1.38 1.46 Boyes 1961 larval 11 18 Algon-
regina M. * + + * + * + + + * + + + + brains guin
0.993 0,784 0.622 0.369 0.560 0.706 1.131 7.051 0.310 0.148 0.123 0.187 0.141 0.063 Park
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TABLE 1 (continued)

[ S

Percentage of TCL i Arm Ratio
_No.of
Average Materials No.of indi Sources
Classification I 11 111 vy v TEb oy 1 11 11 v yp  2Fm  Authorities "y 4ied cells vidu- O |
in ¢ ratio 1 material
I1-VI ais
Phormia 4.2 9.8 16.0 17.4 17.7 18.3 20.8 56.5 0 0 1.24  4.38 1.95 1.33 1.32 1.45 Boyes 1961 larval 10 18 5t.Hil-
reqgina M. * * + + + * * + + * * * + * brains aire
0.893 1.306 0.672 0.685 1.142 0.991 1.066 8.396 D.158 0.164 0.263 0.182 0.126 0.089
Phormia 5.1 9.8 15.9 17.3 17.7 18.7 20.6 57.8 0 0 1.27 1.28  1.93  1.31 1.30  1.42 Boyes 1961 larval 12 18 St.Hil-
regina M. + * + + * + + + * + * * % brains aire
0.920 0,523 0.626 0.880 0.759 0.986 6.629 0.122 0.134 0.110 0.164 0.130 0.045
Phormia 3.5 8.7 15.0 17.3 17.5 20.6 20.8 0 1.14 1.17 1.82 1.65 1.44 1.25 1.47 Ullerich adult
regina (Meigny 1963 testis
Phormia - 7.3 16.4 17.8 19.0 19.1 20.4 - Acro. High High  High Low Low Naville adult feasure-
terras-novae 1932 ovary ments
Boyes
1961
Protecalliphora 4.0 7.4 16.3 17.4 17.7 18.7 22.6 63.57 0 0 2.08 1.56 1.29  1.24  1.19 1.48 Boyes 1961
asnea S. & D. + + + + + s + + + + e + + +
0.696 0.595 0.499 0,758 0,784 0,791 1.535 15.258 0.175 0,142 0.151 0.149 0.092 0.059
Protocalliphora 5.4 6,8 16,0 16,9 17,7 19,2 23,3 68,8 0 0 2459 1446 1,50 1;41 %423 1,65 Boyes 1961
avium S, & D. 0ces4 0.523 0.311 0.558 0.%91 1.332 4.939 0v250 07135 07195 07133 05087 07063
Protocalliphora 12 chromosomes Boyes 1961
hirundo S. & D.
- H
Protocalliphora 5,2 10.0 15.6 16.4 17.4 18.5 22.1 75.5 0 0 2.02 1.58  1.49 1.26 1.26 1.52 Boyes 1961 larval 10 5
metallica + + * * + * * * ‘ * * * + * * brains
(Tns.) 0.804 0.559 0,833 0.528 0.379 0.557 0.892 10.651 3 0.133 0.079 0.11¢ 0.142 0.093 0.045
Protocalliphora 12 chromosomss Boyes 1961
sialia R. & D.
Protocalliphora 12 chromosomes Bayes 1961
new sp. near
sialia
Protophormia 3.3 7.0 16.6 16.6 18.6 19.1 22.0 76.53 0 0 1.19 1.76 1.78 1.22  1.34 1.45 Boyes 1961 larval 2 Wey-
terrasnovae brains bridge,
Re~D. England.
Pullman,
Uashing-
Subfamily Calliphorinae ton
Tribe Luciliini
Lucilia caesar L. 6 pairs Stevens 1908
~ Lucilia 7.5 9.5 15.4 16.4 16.9 20.9 20.9 - Acro. 1.33 - - - - 1+22 - Keuneke 1924 adult ‘miitotic Measure-
caesar L. testes metaphass ments
Boyes
1961
Lucilia 2n = 12 Ullerich neuro-
caesar (Linne) 1963 blast
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TABLE 1 (continued)

Percentage of TCL { Arm Ratio
- Average No. of Sources
o R C s Materials No.of indi-
Classification I 11 III IV v vi L TCE oy 1 11 11 TV v yi1 8Fm  futhorities .y ijed cells vidu- _ °f
in @ ratio material
als
11-V1
Lucilia 14.7 20.0 13.4 15.0 15.3 15.9 20.0 2.5 1.7 1.5 1.4 1.7 1.5 1.1 1.44 Ullerich adult
cuprina 1963 testis
dorsalis (R.-D.)
Lucilia 9.4 16.2 14.6 16.0 16.7 17.5 19.0 76.5 0 0 1.28 1.21 1.192 1.21 1.34 1.24 Boyes 1961 larval 6 5 Algon-
illustria (Mg.) + + + + + + + + + + + + + brains quin
1.695 0.789 0.468 0.734 0.889 0.532 7.037 0.134 0.141 0.022 0.152 0.158 0.063 Park,
Ontario
Lucilia 7.1 17.9 13.8 16.5 16.4 17.6 18.0 69.2 ] 0 1.18 1.35 1.12 1.23 1.25 1.22 Boyes 1961 larval 8 2 Alten-
illuystria (Mg.) * + + + + + * + + + + * + + brains quin
+1.189 0,775 0.954 0.518 0.533 0.476 1.034 7.567 0.089 0.105 0.110 0.130 0.179 0.032 Park,
' : Ontarie
Lucilia 18.6  13.7 15.2 16.7 17.2 18.5 56.7 0 0 .11 1.417  1.16 1.44 1.32 1.29 Boyes 1961 larval 3 3 Montreal
illustria (Mg.) + + + + * * + + + * + S + brains Quebec
0.866 0.463 0.494 0.322 0.514 0.322 2.127 0.032 0.212 0.145 0.161 0.164 0.045 - .
Lucilia 5.7 15.9 15.5 15.9 16.9 17.7 18.1 57.4 0 0 1.19 1.30 1.16 1.13 1.24 1.20 Boyes 1961 larval 6 4 Wey~
illustria (Mg.) # + + * * + + * + * * * * * brains bridge,
0.597 0.309 0.292 0.498 0,546 0.383 0.394 7.556 0.095 0.126 0,071 0.055 0.055 0.028 England
Lucilia 6.0 10.0 16.3 16.5 16.8 19.8 20.6 0 0 1.19 1.01 1.13 1.60 1.01 1.19 Ullerich adult
illustris 1963 testis
(Meigen)
Lucilia Fish 1950
sericata (Mg.)
Lucilia 13.6 22.6 12.1 14.8 15.3 17.4 17.8 g 1.06 1.5 1.88 1.25 1.07 Ullerich adult
sericata (Mg.) 1963 testis
Phaenicia 9?90 14.78 15.23 15.60 16.84 17.76 19.79 67.90 1.28 2.27 1.19 1.35 1.43 1.45 1.13 1.31 Jan adult 4 1d Missis-
caerulei- % + + * + * * + + + + + + + * * testis ippi
viridis Macqg. 2.16 1.35 0.61 0.86 0.42 0.29 0.51 34,56 0.35 0.46 0.12 0.15 0.14 0.24 0.10 0.05
Phasnpicia 5.3 14,3 17¢7 19.4 18.9 23.3 50.7 - - 1.14 1.56 1.60 2,35 1.14 1.56 Boyes 1961 larval : 1 Port of
eximia (Wd.) brains Spain,
Trinidac
Phaenicia 11.3 22.9 13.3 14.4 15.3 16.4 17.6 63.3 0 0 1.24 1.61 1.63 1.26 1.37 1.4 Boyes 1961 larval 5 Meontrea.
sericata (Mg.) * * + + * % + + * * + + * * brains Quebec
0.141 1.479 1.069 0.652 0.158 0.321 0.404 8.630 0.077 0.197 0.152 0.084 g.164 0,045
Phaenicia 10.4 21.5 13.3 14.3 15.5 17.0 18.5 71.2 0 0 1.27 1.66 1.84 1.23 1.25 1.45 Boyes 1961 larval 7 St.Hil=-
sericata (Mg.) = + + * % : - % * + * c % * brains aire
0.853 1.016 0.515 1.175 1.175 0.923 0,472 9.934 0.173 0.126 0.205 0.118 0.141 0.077 Quebec
Phaenicia 7.9 19.9 13.6 15.0 15.6 17.2 18.6 64.0 0 ¥] 1.24 1.59 1.58 1.21 1.29 1.38 Boyss 1961 larval 6 Vey -
sericata (Mg.) ¢ * * + + + * * * % * * % * brains bridge,
1.288 0.807 0.438 0.766 0.766 0.747 0.420 4,290 0.870 0.263 0.213 0.417 0.220 0.095 England
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TABLE 1 (continued)

Percentage of TCL | Arm Ratio iversas No. of Source
o . s Materials No. of indivi-
Classification I 11 111 woovoovr Ry I 11 III v v VI arm  Authorities " i 4jed cells duals __ °F
in ¢ ratio material
11-VI o
Tribe Callipharini
Eucalliphora 2n = 12 Boyes 1961 larval Pullman,
lilaea (Walk.) brains Washing-
Calliphora 5.0 14.9 18.22 18.80 21.2 21.7 - Metz 1916 ton
erythrocephala M.
Calliphora 4.4 8.1 13.5 16.9 17.7  21.4 22,0 0 0 1.1 2.16 1.25 1.28 Keuneks:: adult
erythrocephala 1924 testis
Meign.
Calliphora 5 pairs # xy Frolowa
erythrocephala Meign. 1929
Calliphora Naville
erythrocephala fMeign. 1932
Calliphora Strasburger
erythrocephala Meign. 1933
Calliphora Bier 1960
erythrocephala NMeign.
Calliphora 3.42 4,57 15.1 17.1 19.8 20,2 23,3 0 2.2 1.3 1.54 1.77 1.06 1.4@ 1.42 Ullerich adult
erythrocephala 1963 testis
Mleign.
Calliphera 4.7 14.8 16.2 18.8 21.2 24.0 - 0 1.30  2.37 1.93 1.1 1.38 1.62 lelander
erythrocephala 1963
Meign. .
Calliphora 3.7 4.7 15.2 16.7 19.9 21.2 22.4 75.7 1] 0 1.2 2.15 2,002 1.18 1.20 1.585 Boyes 1961 larval 12 Montreal
vicina R.-D. + + + + * + * * + * * + * + brains Quebec
0.095 0.542 0.829 0,460 1.179 0.974 0.699 13.55 6.100 0,272 0.210 0.110 0.118 0.045
Calliphora 4.8 15.5 18.3 18.5 20.7 22.2 55.9 0 0 1.53 2.19 1.94 1.16 1.20 1.61 Boyes 1961 larval 3 Montreal
vicina R.-D. + + + * + + * * + x E * x brains Uuebec
‘ 0.436 0.8517 0.514 0.155 0.578 ©9.168 3.920 0.155 0.134 0.134 0,089 0,045 0.143
Calliphora 3.6 4.8 15.7 16.7 19,9 20.6 22.3 B1.5 0 0 1.25 2.1 1.39 1.17 1.26 1.54 Boyes 1961 larval 10 Montreal
vicina R.-D. + + + * + + * + + * + * * brains Quebec
0.548 0.488 0.765 0.919 0.791 0.881 0.644 3.533 o.084 0.228 0.228 0.095 0.134 0.077
Calliphora 3.4 4.5 16.9 17.6 18.5 20.4 22.1 81.8 0 0 1.25 2.02 1.95 1.23 1,22 1.53 Boyes 1961 larval g Yays
vicina R.-D. + + + + + + + + + + + + + + brains bridge,
0.471 0.572 1.656 1.2617 1.196 0.851 1.134 16.111 0.147 0.146 0.146 0.434 0,122 6.084 England
Calliphora
viridescens Desr. 6 pairs Metz 1916
Calliphora 4,2 7.1 14.1 17.6 18.2 18.9  23.8 Stevens
vomitoria (L.) 1908
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TABLE 1 (continued)

Percentage of TCL 1 Arm Ratio NG.oFf
Average . . . . Sources
o . Mis Ca . Materials No.of indi-
Classification 1 11 1II 1V Y v 'Ct I 11 Il 1y y VI arm  Authorities = i iied cells vidu- _ °F
in ¢ ratio als material
II-Vl
Calliphora 3.4 5.3 16.2 17.8 18.0 19.4 23.3 75.8 o 1.41 1.86 2.21 1.36 1.33 1.63 Boyes 1961 larval 12 Algon-
vomitoria (L.) 2 + % + + + + + + + * + + * brains quin
0.579 0.775 0.594 0.959 1.243 1.174 1.558 13.395 0.190 0.259 0.197 0.235 0.148 0.09% Park,
Ontario
Calliphora 3.8 5.3 16.3 18.8 18.3 19.4 22.0 54.8 0 1.55 1.53 2.03 1.38 . 1.33 1.56 Boyes 19861 larval 5 Way-
vomitoria (L.) % + + + + + + + + *+ * + x + + brains bridge,
0.458 0.240 0.626 0.537 0.464 0.572 0.847 6.0583 0.194 0.183 0.169 0.130 0.164 0.063 « England
Calliphora 3.4 4.8 15.8 16.8 17.5 21.3 23.8 0 1.85 1.52 1.62 1.53 1.18 1.54 Ullerich adult
vomitoria 1963 testis
(Linne) :
Cynomyopsis 2.5 5.8 16.2 17.8 18.4 18.9 22.5 79.4 0 1.47 1.57 3.66 1.53 1.38 - 1.92 Boyes 1961 larval 5 Algon-
cadaverina + * + + * + + + + + * * * * brains quin
(R.D.) 1.012 1.608 0.497 0.673 0.764 0,513 1.863 20.958 0.195 0.322 0.288 0.089 0,200 O0.110 ' ’ Park,
’ Ontario
Cynomyapsis 4.8 6.1 16.2 17.7 18.6 19.1 22.4 76.7 0 1.31 1.49 2.25 1468 1.34 1.57 Boyes 1961 larval 10 Mlontreal
cadaverina + + + + + + + + + + + + + brains - Quebec
(R.-D.) 0.499 0.542 0.609 0.715 0.723 1.113 6.362 6.170 0.200 0.167 0.214 0.130 0.055
Cynomyopsis 3.8 6.6 17.0 17.8 18.3 18.4 22.0 84.0 0 1.36 1.66 2.35 1.29 1.41 1.61 Boyes 1961 larval 5 Pullman,
cadaverina + + + + + + + + + + + + + + brains Washing-
(R.-D.) 0.604 1,092 0.228 0.158 0.476 0.518 0.785 2.426 0.100 0.114 0.226 0.044 0.110 0.055 ton
Cynomyopsis 3.6 6.2 17.0 17.7 18.9 18.2 22.0 84.5 0 1.38 1.61 2.30 1.30 1.43 1.61 Boyes 1961 larval 4 Uey -
cadaverina + + + + + + + + + + + + e + brains bridge,
(R.-D.) 0.404 0.569 0.141 0.1453 0.208 0.311 0.686 3.051 0.108 0.020 0.261 0.014 0.115 0.155 England
Cynomyopsis 7.89 16.32 16.64 17.76 18.59 22.80 65,22 0 1.71 1.54 1.18 1.57 1.77 1.55 Jan adult 2 1 4 Missis-
cadaverina + + + + + + + + + + + * + testis sippi
(R.-D.) 1.302 0.042 1.282 0.636 0.630 0.029 12.351 0.675 0.453 0.025 0.347 0.190 0.157
Cynomyia 1.9 11.3 15.2 16.0 17.9 18.0 21.6 0 1.07 2.05 1.10 1.66 1.30 1.44 Ullerich adult
mortuorum 1963 testis
(Linne
Subfamily Palleniinae
Tribe Polleniini
Pollenia 4,16 17.2 18.1 18.6 189.3 22.6 57.6 1] 1.62 3.07 1.81 1.57 1.64 1.95 Boyes 1961 adult 13 2 Macdorald
rudis (Fab.) + + * + t + + * + * * * ovaries College,
0.511 0.863 0.89%91 0.480 D.71D 0.898 0.1617 0.228 0.145 0.084 0.138 0.226 Quebec
Pollenia 6.14 15.90 17.00 18.01 19.74 23.21 70.17 Jan adult 8 1 d fMount
rudis (Fab.) + + * + + + + testis Orford,
0.67 0.56 0.78 0.90 1.14 1.81 B8.644 Qluebec
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TABLE 1 (continued)

/e

Percentage of TCL Arm Ratio
Average No.of Sources
s o X s Materials No.of indi-
Classification I I 111 1V v vi | TCk Y I 11 111 1V v yp ~ 2rm  Authorities ", iied cells vidu- _ °f .
in ratio al material
I1-VI S
Family Sarcophagidae
Subfamily Miltegramminae
Tribe Miltogrammini
Sphenometopa 3?90 5.13 15.01 15.99 19.56 20.18 24.12 63.22 0 0 1.21 1.41 1.19 1.55 1.42 1.35 Jan adult 4 1d Pullman,
tergata (Cog.) = * * + * + + * * + 3 * + + testis Washing-
¢.72. 0.28 0.99 1.50 1.04 0.59 1.30 23.471 8.17 0.25 0.1 0.20 0.26 D.12 ton
Tribe Paramacronychiini ,
Pseudosarcophaga 9 pairs + 1 or 2 tiny 60.3 xy not distinguishable Boyes 1953  larval 12
affinis (Fall.) brains
Wohlfahrtia 19?4 28.5 12.0 13.3 13.9 15.0 17.3  50.2 0 0 1.23  1.83 1.44 1.28  1.78 1.51 Boyes 1963 larval 10 2 d
meigeni + * + * * * + + * * * * + * brains 39
Schin.) 1.76 1.9 0,73 0.73 0.84 0,89 0.99 6.83 .13 0.11 g0.16 0.14 0.09 0.08
Uohlfahrtia 18.2 27.2 12.2 13.5 14.2 15.2 17.7  47.1 0 0 1.21 1.74  1.46 1.36  1.57 1.47 Boyes 1963 larval 10 3d
opaca (Cog.) + + * * + * + * + + + + + brains 39
"1.30 1.95 0.67 0.80 0.69 0.76 1.03 7.12 0.11 0.16 0.14 0.34 0.20 0.096
Subfamily Sarcophaginae
Acridiophaga 14.1 20.4 13.4 14.8 15.7 1%2.5 18.2 70.4 2.92 5,06 1.07 1.34 1.55 1,33 1.28 1.31 Boyes 1953  larval 13 5 d Belle-
aculeata (Ald.) + + + + + + + + + + + brains 29 wville,
1.08 0.53 0.54 0.5 0.75 0.60 0.06 0.11 0.08 0.15 0.104 Ontario
Blaesoxipha 5?2 7.1 16.2 16.9 18.2 19.5 22.1 76.8 0 0 1.07 1.31 1.69 1.38  1.14 1.32 Jan adult 4 2 & Pullman,
hunteri % 3 + % * * * % * E: * * : testis Washing-
(Hough?) 1.67 1.05 1.22 0.69 0.60 0.69 18.14 0.045 0.204 0.138 0.272 0.092 0.246 ton
Blaasaxigha 13?05 14,68 14.93 15.84 16.84 17.68 20.02 75,73 3.00 1.10 1.19 1.73 1.64 1.50 "1.41 1.50 Jan adult 4 2 d Pullman,
opifera + + + + + + + + + + + + + + + + testis Yashing-
Kellymyia 10.7 15.1 16.1 17.1 19.8 21.2 74.6 3.26 1.10 1.31 1.51 1.16 1.75  1.37" Boyes 1953 larval 15 9
kellyi (Ald.) + * + t * * + + + > + > brains
1.9 0.67 0.54 0.96 0.90 0.89 g0.65 0.05 0.14 0.1 0.07 0.12 ,
Helicobia 2?6 4,0 17.0 18.2 18.8 20,2 21.8 51.2 0 - 1.38 1.80 1.37 1.37 1.34  1.45 Boyes 1963  larval 6 19
rapax Walk. * + + + + + + + * + + s + + brains 14
0.26 6.20 1.01 1.13 0.70 0.79 1.21 9.26 0,72 08.26 0.1t 0.09 0.07 0.08
V‘Helicobia - 22.1 12.4  13.9 14.2 15.8  21.7 52,2 0 1.44 1.54 1,68 2,07 1.37 1.12  1.56.  Boyes 1963  larval 3 39 Guade-
sp. + + + * + + + ! + + + + + * brains loupe
0.55 0.68 0.64 0.81 0.48 0.27 2.13 0.06 0.1 0.23 0.38 0.09 0.43
Neobellieria 8.0 14.9 18.2 18.6 19.4 21.0 62.8 1.21 1.62 1.38 1.30 1.52 1.41 Boyes 1963 larval 2 19
bullata (Park.) * + * * + * * + * + * + * brains
0.354 0.566 0.100 0.424 0.424 B8.34% 5.636 0.191 0.014 0.15 0.120 0.177 0.127
Hystricocnema 12.2 15.1 16.3 16.5 18.2  21.6 51.2 0 0 1.72 2.04 1.37 1.50 1.15 1.55 Boyes 1963  larval 5 39 Martin-
linthopyga * 3 £ * * * t * * * + * * brains ique
%GIEETT“__ 0.5s2 1.05 0.84 0.99 1.06 0.85 7.46 0.31  0.30 0.17 0.14 0.14 0.09
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TABLE 1 (continued)

Rercentage of TCL Arm R-tio -
Average .
o . ey fMlaterials No.of
Classification I 1T III 1V v vi ek Y 1 11 11l 1V v yr @ Authorities . iieq  cells
in M ratio
I11-VI
Paraphrissopoda |
chrysostoma 14.1 26.0 11.5 13.6 15.0 15.4 18.5 52.4 3,18  1.15 1.52 2.07 1.29 1.19 1.44 Boyes 1963 larval 7
(wied.) 1457 2 * * * + + * * * ¥ * + + * brains
1.191 2.440 0.479 0.905 1.138 1.066 0.39 8,551 0.562 0.086 0,268 0.148 0.140 0.127 0.091
Euboettcheria 10.6 12.0 - A6.6 18.1 21.1 22.2 57.2 1.80  1.34  1.44 1.34 1.36 1.46 Boyes 1963 = larval 2
sp. i * * * * * + £ * * + * t brains
0.848 2.263 3.747 1.697 0.990 1.414 20.128 0.205 0.057 0.240 0.071 0.127 0.035
Boettcheria 9.6 14.0 17.1 17.6 20,3 21.5 60.5. 0 1.73 1.12 1.74 1.17 1.21 1.39 Boyes 1963 larval 4
cimbicis + + + + + + + + + * + + * brains
(Tawns,) 1.62 0.72 0.45 1.47 1.19 0.67 5.9 0.19 0.07 0.17 0.04 0.10 0.061
Protodexia 2?97 10.0 16.1 16.7 17.3 18.5 21.5 60.0 1?19 5.0 1.08  1.36 1.5 1.56 1.17 1.34 Boyes 1953 larval 6
australis + + + + + + + + + + + + + + brains
(Blanch.) 0.359 0.48 0.53 0.41 0.22 0.67 1.24 0.17 ©0.72 D0.07 0.19 ©0.15 0.15 D0.09
Protodexia 336 7.2 16.6 17.5 18.0 19.2 21.5 64.1 1.00 1.38 1.15 1.35 1.58 1.32 1.34 1.35 Boyes 1953  larval 12
hunteri + + + * + * + + * + + + + brains
(Hough) 0D.60 0.90 0.71 0.50 0.83 0.41 0.88 0.25 0.07 0.12 0.12 0.15 0.06
Sarcophaga 3.5 6.7 16.6 17.4 18.7 19.8 20.8 48.0 0 1.55 1.10 1.48  1.56  1.17 1.38  1.34 Boyes 1953  larval 11
aldrichi + + + + + + + FA + + * * brains
Park. 0.52 0.79 0.98 0.40 0.70 0.88 0.16 0.07 0.17 0.12 0.09 0.16
Sarcophaga
argyrostoma R.D.
(1) Para- 1239 16.4 14.2 15.6 16.7 17.8 19.3 76.4 1.11 0 1.19 1.73 1.%5  1.25 1.49 1.41 Boyes 1963  larval 12
sarcophaga + + + + + + + + * + + + + * + brains
argyrostoma 1.707 1.734 1.017 0.824 0.532 0,864 0.882 15.609 0.059 0.121 0.208 0.155 0.147 0.165 0.046
Desv.
(2) Sarcophaga 1221 17.2  14.2  14.9  16.5 17.9 19.3  25.4 1.11 0 1.20  1.24 1.56  1.27 1.26  1.31 Boyes 1963 larval 5
argyrostoma + + + + + + + + z{ + + + + + + brains
R.D. 1.50 2.26 0.68 0.59 0.84 4.09 1.07 12.83 0.11 0.06 0.18 0.26 0.24 0.14 0.12
(3) sarcophaga 10.5 16.0 15.1 15.8 16.5 17.5 19.1 69.4 1.1 0 1.16  1.95 1.67 1.22 1.49 1.50 Boyes 1963 larval 10
falculata + * * % % % + + * * * + * % % brains
Pand. 0.523 1.652 0.721 0.52% 0.660 0.654 1.370 12.457 0.054 0.129 0.152 0.212 0.096 0.147 0.051
}
Sarcophaga 7.7 13.0 17.3 18.8 19.8 23.4 | Keuneke adult
carnaria (L.) | 1924 ovary
Sarcophaga 8.9 16.8 17.1 17.7 18.7 20.9 64.9 i 1.10  1.12  1.98  2.22 1.37 1.41 1.62 Boyes 1953 larval 5
cooleyi EAld.) + * + * + * + % * * * + brains
0.50 0.42 0.37 0.71 0.38 1.27 0.07 0.11 0.06 0.05 0.08

No.oaf
. . .Sources
indi- -
. of
vidu- .
material
als
3 d Port of
Spain,
Trinidad
29 Basse
Terre,
Guade-
2 Q loupe
2d Belle-
19  wville,
Ontario
3 d Belle-
19 ville,
Ontario
1d
4 Q
19
3d
3 d
4 4§ NMontreal
29 Quebec .
29
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TABLE 1 (continued)

Percentage of TCL 1 Arm Ratio
Average flaterials No.of ?aégf Sources
. N s TC A PR . n -
Classification I 11 111 W v vi PRy I 11 III vy yi  2rm  futherities oy djed cells yidu-  °F
in W ratie 1 material
! II1-VI als
Sarcophaga
crassipalpus Macq.
(1) Sarcophaga 13.4 18.4 14.6 15.4 16.6 16.9 18.2 68,2 1.41 1.23 1.80 1.64 1.37 1.40 1.49 Boyes 1563  larval 10 2 ? [Montreal
securifera + + + + + + + + + + + + + + + brains 3 d Quebec
Vill, 0.729 0.818 0.910 0.672 0,528 0,729 0.630 8.014 0.15 0.110 0.187 0.222 0.142 0.133 0.087
Sarcophaga 10?2 13.1 15.3 16.2 17.1 18.5 19.8 74.3 1.29 0 1.26 1.41 1.35 1.42 1.50, 1.39 Boyes 1963 larval 10 4 &
exuberans + * * + + + + * + + * + * * brains 29
Pand. 0.77 1.030 0.611 0,556 0.517 0.777 1.02 13.42 : 0.8 0.29 0.25 0.219 0.14 0.09
Sarcophaga 5.86 9.0 14.8 17.0 18.1 20.2 20,9 76.7 1] 1?21 1.09 1.51 1.68 1.39 1.37 1.41 Boyes 1853 larval 17 7
WEW_T%EEE_ + + + * + + + + + * + * + brains
reversa) 0.57 0.5 0.77 0.62 0.80 0.72 0.97 g.45 0.04 0.10 0.10 0.10 0.07
Sarcophaga 6.65 13.04 16.14 18.83 20.95 24.39 46.96 0 1.39 1.86 2,59 1.5 1.32 1.68 Jan adult 3 14 Missis-
latisterna + * x + + + + + + + + + % testis sippi
parker 2.25 2,53 0.62 = 0,76 1.32 1.26 12.830 06.54 0,37 0,35 0.04 0.25 0.13
Sarcophaga 24.2 12.7 13.9  14.0 16.0 19.2 41.8 2.21 1.17 1.22 1.85 1.30 1.37 1.38 Boyes 1963 larval 3 19 Peort of
occipitalis * + + + + + + * + + * * * + brains Spain,
Thoms. 0.70 0.64 0.50 0.95 1.21 1.57 4.31 0.37 0.05 0.03 0.21 0.20 0.08 B.07 Trinidad
Sarcophaga 4?76 8.8 15.1 17.0 18.6 19.6  20.9 75.7 1?22 1.12 1.07 1.61 1.84 1.35 1.45 1.47 Boyes 1953 larval 9 3
reversa * s * * * X * + * + + * + * brains
Ald. 0.6 0,44 0,54 0.49 0.44 0.36 0,57 0.35 0.1 0.04 0.1 0.73 0.06 0.08
Sarcophaga
serraceniae
Riley .
(1) Sarcophaga 2.4 837 16.7 17.5 18.7 19.0 19.6 ‘ Metz 1916
tuberosa
serracemiae
Riley
(2) Sarcophaga 1.5 5.4 15.9 17,3 20.2 20.2 21.0 '  Stevens
sarraceniae . 1908
sarcophaga sp. 8.6 14.4 15.9 18.4 20.9 21.4 etz 1916
Ravinia - L
communis Park. 2n = 12 - Metz 1916
Ravipia
peniculata Park. 5.3 15.1 17.6 18.2 21.1 22.1 Metz 1916
Ravinia 4.9 6.16 13.5 16.88 18.84 21.17 23.43 70.84 0 0 1.16 1.20 1.22 1.26 1.23 1.22 Jan adult 5 1 d Pullman,
querula + + + - + * * s + + * & o b testis Washing-

(walk.) 0.4 0.45 0.76 1.09 0.69 0.71 0.85 6.337 0.06 0.08 0.22 0.13 0.06 0.05 » ton
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TABLE 1 (continued)

"

brains

Percentage of TCL Arm Ratio
Average Materials No.of gzégf Sources
Classification I 11 111 IV v vi IEt Y I II 11l 1V v v arm  Authoritiss i 4jed cells vidu- _ °F
in M ratio material
als
II-VI
Family Tachinidae
Subfamily Tachininae
Peleteria 11.14 14.72 15479 16.15 18.09 24.12 40.56 1.38 1.15 2.01 1.37 1.51 1.41 1.49 Jan adult 4 19 British
iterans (Wlk.) * + + + + + + * * * * + * + ovary Columbia
1.64 1.24 4.17 0.60 0,28 3.32 2.411 .10 0.11 0.61 8.13 0.36 0.10 0.15
Archytas prob. 7.47 15.22 16.45 17.02 19.38 24.45 50.62 0 1.11 1413 1.13 1.27 1.23 1.17 Jan adult 5 1% North
apicifera (Wik.) + + + + + + + + + + + + + sgvary Carolina
0.29 0.76 0.69 0.73 1.78 1.01 5.160 0.06 0.10 0.07 g.10 0.12 0.084
Mericia 3.6 7.0 15.5  16.7 18.6 19.7 22.5 42.7 o 1.12 1.84 1.36 1.30 1.20 1.05 1.35 Boyes gt al larval 2 d
ampelus (Wlk.) 1953 brains
Subfamily Geniinae
Tribe Acemyini
Ceracia 5.6 6.2 16.8 17 .1 17.9 18.7 23.4 52.7 1.25 2.61 1.09 1.67 1.23. 2.38 1.27 1.53 Boyes st al larval 4 1 d Belle-
dentata (Coq.) 1953 btains ville,
Tribe Blondelliini Ontario
Spathimei- 4.4 6.0 14.2 17.2 18.7 19.6 24.3 53.8 1?17 2.80 1.32 1.67 1.50 2.086 1.49 1.61 Boyes et al larval 12 4 4
genia sp. 1953 brains 29
Tribe Exoristini
Bessa selecta 4.6 15.9 16.7 17.1 19.5 26,2 1.93 1.85 1.66 1.70 1.20 1.67 Smith 1943 mesateron
(mg.) .
Bessa selecta 6.87 16.20 16.99 17.57 19.27 23.10 61.74 1.74 1.38 1.45 1.61 1.26 1.14  1.37 Jan larval 15 3% Winni-
(mg.) + * * * + * * + + * + * + * brains peg,
1.02 0.66 0.61 0.86 1.15 1.12 10.521 0.47 0.13 0.18 06.23 0.18 0.1 0.05 flanitoba
Neophorocera 3.4 4.8 16.5 17.5 18.4 19.6 23.2 68.3 1.10 1.41 1.72 1.60 1.53 1.84 1.37 1.60 Boyes et al larval 12 1d
hamata (A. & W.) ; 1953 brains 4 9
Phorocera 2 n =12 Smith 1944  adult
hamata (A. & W.) testis
Tiibe Sturmiini
Drino bchemipa'S.éz 7.4 14,7 16.5 17.5 19.1 24.8 63.7 1.21 2.09 1.1 1.13 1.32 1.16 1.39 1.23 . Boyes et al larval 27 6 d
Mesn. ’ : . 1953 : brains 6 ¢
Tribe Winthemiini
‘Nemorilla 13.0  15.3 15.7 16.6 18.4 21.0 55.4 .18  1.34 1.07 1.37 1.19 1.10 1721 Boyes et al larval 3 2 British
pyste (Wlk.) 1953 brains Columbia
Omo toma 8.7 10.9 14.2 15.3 16.0 20,0 23.5 64.3 1.36 1.71 1.37 1.22 1.09 1.35 Boyes st gl larval 12 4 d
fumiferonae (Tot.) 1953 4 pupal 2 ¢
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TABLE 1 (continued)

Percentage of TCL Arm Ratio
Average Materials No.of ﬁﬁégF Sources
Classification I 11 111 IV v vi ety g 111l 1V v VI arm  Authorities ", died cells vidu- . °F.
in © ratio al material
11-VI S
Yinthemia 31.0 12.5 13.1 13.8 14.3 15.4 54.0 1.13 1.25 1.40 1.20 1.42 1.47 1.34 Boyes et al larval 12 4 2
datanas Tns. 1953 brains
Winthemia 6.0 16.2 13.7 15.0 17.3 18.5 19.4 64,0 7.53 1.14 1.11 1.27 1.38 1.34 1.25 Boyes et al larval 12 29 British
occidentis 1953 brains 3 d& Columbia
Rnh.
Winthemia 34.6 11.7 12.1 12.5 12.9 14.9 77.20 1.12 1.37 1.21 1.10 1.37 1.63 1.38 Jan . . adult 2 1 North
nufopicta (Big.) _ ovary Caroline
Tribe Eryciini
Aplemya 3.5 1.3 14.6 15.6 16.6 18.2 23.6 57.7 1.68 1.54 1.63 1.71 2.14 1.50 1.70 Boyes st al larval 12 4 & Ontario
caesar (Ald.) 1953 brains 39
Aplomya 4,0 9.1 14.3 1%.9 17.4 19.3  24.0 45,5 1.61 1.40 1.50 1.94 2.25 1.51 1.72 Boyes et-al larval 12 4 4 Europe
mitis (Meig.) ' 1953 brains 19
Lgdella 18.4 19.8 14.2 14.8 15.8 16.5 19.0 69.8 1.24 1.25 1.20 1.12 1.17 1.23 1.35 1.22 Boyes st al larval 4 1 Ontario
grisescens R.D. 1953 brains
Ceromasia 4.4 6.0 15.7 17.0 17.8 18.5 25.1 54.8 1.22 1.67 1.20 1.22 1.32 1.13 1.27 1.23 Boyes st al larval 12 2 4 British
auricaudata 1953 brains 5 ¢ Columbie
Tns.
Eumea 5.9 16.3 17.4 19.1 20.1 21.3 50.8 2.17 1.95 1.03 1.13 1.13 1.12 12.8 Boyes et al larval 1 19 Europe
westermanni 1953 brains
Zett.
Madremyia 4.3 12.9 14.9 16.3 17.0 18.4 20.5 52.8 0 0 1.22 1.26 1.26 1.24 1.11 1.22 Boyes et al larval 12 3 4
saundersii 1953 brains 4 Q
Wlk.
Phryxs 4.19 6.6 16.4 17.3 18.1 19.5 22,2 48,9 0 2.60 1.11 1.19 1.22 1.21 1.10 1.17 Boyes et al larval 12 34
scosensis 1953 brains 29
(Tns.)
Family Cuterebridae
Cuterebra 6?7 8.7 15.7 16.8 17.3 18.0 23.7 42.6 0 0 1.76 1.99 1.8 2.08 1.52 1.87 Boyes 1964  larval 10 14 Algon-
emasculator * * + + * * + i + * * + + * brains 6 ¢ quin
Fitch 0.639 1.041 0.600 0.878 0.639 0.770 1.170 7.662 0.1617 0.364 0.377 0.483 0.179 0.146 Park,
Ontario
Family Oestridae
Subfamily Cephenemyiinae
Cephenomyia 5?3 1.2 14.8 16.9 17.2 18.0 22,1 58.7 0 0 1.26 3.27 1.31 1.56 1.58 1.79 Boyes 1964 larval 7 3 d Algon-
phobifer + + + + + + + + + + + + + + brains 19 quin
Ciark 0.572 0.914 0.777 0.897 0.623 1.227 1.215 7.840 dg.118 0.302 0.158 0.225 0.080 6.092 Park,

Ontario
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TABLE 1 (continued)

Percentage of TCL | Arm Ratio
Average Matsrials No.of ?Oégf Seurces
. . : . Y 2 . n -
Classification I 11 III IV v vi o TRy I 11 III 1V v yp  8PM  Authorities "y iied cells vidu-  °F
in W ratio 1 material
- 11-VI ) S
Subfamily Oestrinae 7
Oestrus 31.6 12.2 13.0 13.6 14.9 15.3 66.4 1.11 1.44 1.58 1.30 2.37 1.47 1.63 Boyes 1964 larval 12 29 Montreal
ovis L. + + + + + + + + + + + + + + brains Juebec
2.414 0,722 0,328 0.471 0.838 0,923 12.467 0.044 0.201 0.148 0,204 0.276 0.171 0.072
Subfamily Hypodermatinae
Hypoderma 273@ 41.1 9.5 10.1 12.1 12.9 14.1 46,3 B.14 1.13 2.39 1.25 1.45 1.52 1.48 1.61 Boyes 1964  larval 20 4 ? Montreal
bovis L. * s + + + + + + + + * + * + * * brains 1 d Quebec
2.832 2.712 0.814 0.844 0.6919 0,940 1.050 6.798 0,897 0.094 0.379 0.174 0.310 0.263 0,163 0§.090
Hypoderma 22?3 26.9 12.2 12.7 14.5 16.2 17.3  39.9 0 2.34 1.41 1.34 1.78 1.64 1.65 Boyes 1964 larval 4 1 & Montreal
Iineatum * + + + * + * + + + + + + * brains Guebec
(de villers) 0.665 0.971 1.602 0.929 0.624 1.153 1.621 6.892 0.206 0.286 0.110 0.134 0.098 0.073
Hypoderma 2n = 12; lengest pair acrocentriec, 2 other acrocentric pairs, and 3 mstacentric pairs Lachance larval 45 19
lineatum 1964 brains
(de Villers)
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Y COMPARISONS OF KARYOTYPES

Striking differences, such as chromosome number and distinct
chromosome morpholégical variatﬁoné} are found between the karyotypes
of different species in some cases whereas in a large number of cases,
the karyotypes appear to be very similar, The casual observation
alone is insufficient to reveal small differences., Therefore, a
detailed analysis has been carried out with the intention of revealing
such differences. Unfortunately, due to the difficulties of
observation, this work is not always successful. The coefficient
of variation of the less satisfactory chromosome complements of some
species is so high that detailed comparisons are impossible, Errors
of measurement are always unavoidable when dealing with poor figures,
Secondary constrictions may be mistaken for centromeres, The
distortion of ths chromosomes may affect the measurement, consequently
influencing the arm ratios and the assignment of pair number. Com-
bining the chromosome lengths and their arm ratios helps in obtaining
a more correct pair assignment. However, in practice, thers are
cases where the consideration of both factors at the same time is not
entirely possible, For example, cases occur where in the first cell
Pair A constitutes 18.6% of TCL and with an arm ratie of 1.30, Pair B
19.0% of TCL and with anaem ratio of 1.40; the second cell may have a
measurement of Pair A of 18.8% of TCL and an armratio of 1.50,

Pair B 19,0% of TCL and arm ratio of 1.40. " In the above example

considering the percentage of TCL alone the correctness of the arm
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ratio will be sacrificed and the same kind of problem arises if arm
ratios only are considered. An arbitrary correction is statistically
unsatisfactory. Doubtful cases, such as the above mentioned, have
been treated as has been defined in the methods section of this thesis

"The chromosome pairs were numbered I-VI in the order of increasing

- size, on the basis of average lengths of the homologous pairs except

that the X-chromosomes are always Pair I regardless of their relative
lengths." This procedure reduces the standard error in the per-
centages of thes TCL but raises the error of the arm ratios. In a
few speciss a large standard error of arm ratios was obtained.
Nevertheless, a detailed comparison of the karyotypes by the mean
values will be made as follows, with the hepe of shedding some light
on the cytotaxonomical studies, It has been kept in mind that the
detailed descriptions and comparisons may afford supplementary data
for certain species identification.

Karyotypic data on the Otitidae are now available for seven species.

Seioptera vibrans L. with three pairs of chromosomes has a.very.rare

karyotype so far in Schizophora outside of Drosophila. Melieria

crassipannis F. and Chaetopsis fulvifrons M, both have four pairs of

chromosomes., However, the X-chromosome of M. crassipennis F. is much

longer than that of C. fulvifrons fi. The species Camptonoura picta

Fabr., Ceroxys latiusculus (L.), Myrmecothea myrmecocides L. and

Euxesta notata Wied. have six pairs of chromosomes. (. picta Fabr.

and E. notata Wied. have very similar relative lengths for each
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chromosome pair. Unfortunately, due to the lack of data on arm
ratio in C. picta Fabr., a more detailed comparison is not possible.
Appreciable differences in the relative length of each chromosomal
pair are found among €. latiusculus (L.), M, myrmecsides L. and

E. natata Wied, Furthermore, €. latiusculus (L.) has an average
I1-VI arm ratio of 2,27, whereas E. ngtata Wied. has an average II-VI
arm ratio of only 1.48 and M. myrmecoides L. one of only 1.58. In
general, so far the species of this family have distinct karyotypes,

Epochra canddensis L. is probably the aonly species so far in

Tephritidae, which has only five pairs eof chromosomes. Emmart's

(1935) report of 2n = 10 in Anastrepha ludens L. has been challénged

by Bush's (1962) finding of 2n = 12, Four pairs of autosomes have
been reported in A. serpentina (Wied.), however, it has an X%, ¥
type of sex chromosome pechanism”[Bush 1962).

Karyotypes of two species of Dppmyzidae are available now,

Although letz's (1916) metaphase chromosomes illustration of Neuroctena
analis F., did net show the details of the chromosomal morphelogy, it
is possible by simply comparing the relative lengths of the individual

chromosomes to find that the X-chromosome of Dryomyza anilis F, is

not shorter than Pair Il and Pair I11I; whereas in the species of

Neuroctena analis F. this is not so,.

Cytological data for thirteen species of Sciomyzidae are available
Nows The three species in the genus of Pherbellia are very similar

with each other in karyotype, However, by careful comparison it is



found that Pherbellia new sp. and P. grisescens M. have relatively

longer pairs of VI than P. nana F, The species Pherbellia grisescens .
has a high arm ra£10 on Pair V1, whereas the arm ratio on Pair VI of
Pherbellia new sp. and P. nana F. is much lower. Furthermore, the
X-chromosomes constitute 6.3% and 6.4% of TCL in P. mana F. and P.
grisescens M. respectively, but only 4.1% of TCL in Pherbellia new sp.

The species Atrichomelina pubera L. has a short X-chromosome (3.2% of

TCL), and high arm ratio for Pair II, A. pubera L. has an average
II-VI arm ratio of 1.68, P. grisescens fl. 1,43, Pherbellia new sp.
134, and P, nana F. 1.35. It seems then that there is not much
difficulty in distinguishing A. pubera L. from the Pherbellia species.
No appreciable difference in the relative length of any individual

chromosome has been found in the specises Dictya atlantica S., D. brimleyi

Sy D. sabraski S. and D, texensis C., not even in the size of the
Y-chramosaome, Slight differences are found in the arm ratios,

Chromosome Pair II, of D. sabroski S. has a higher arm ratie:.:. than the
other three Dictya species; Pair III of D. sabroski S. and D. texensis C.
have higher arm ratios; PairsIV and V of D. sabroski S. and D. brimleyi S.
have higher arm ratios; Pair VI of D, atlantica S. has a higher arm

ratio than in the other species. The average I11-VI arm ratio in

D. atlantica S. is 1.58, in D. brimleyi 1.58, in D. sabroski 1.71 and

in D. texensis 1.56. Hence it would be easy to differentiate the
karyotype of D. sabreski 5. from the other three Dictza species.

Antichaeta melanosoma M. has a noticiably longer X-chromosome in com-

parison to the four Dictya species.
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Tetanocera loewi S. has long Pair VI and short Pair I, a high

arm ratio on Pairs II, III, and IV, and a low arm ratio on PaimsV and
VI, This is distinguishable from the other species in the Sciomyzidae

family, Tetanocera sp. and Pscadina zerni Mayer have long but telo-

centric X-chromosomes, which arc quite distinguishable. The
X-chromosome of Tetanocera sp. is shorter than its chromosome Pair II,
whereas in P. zerni M. the X-chromosome is longer than Pair II and
Pair I1I. By measuring Steven's (1908) metaphase chromosomes illus-

trations of Tetanocera sparsa, it was found that in. T. sparsa the

relative length of each chromosomal pair is roughly similar to that

of Tetanocera loewi S. Unfortunately, further comparison of acm

ratios is not possible, So far, no gensral characterisiics of
karyotype at the subfamily level of the Sciomyzidae can be found.

Karyotypic data for two species of lLauxaniidae ars now available,
Metz (1916) presented illustrations of metaphase chromosomes af

Physegenua vittata Macq. in which six pairs of chromosomes were shown.

However, only five pairs of chromosomes were found for flinettia

flavela Coqg. in this study.
The karyotype study in the family of Chamaemyiidae has been started

with Cremifania nigrocellulata Cz. and Leucopomyia obscura H. The

species C. nigrocellulata Cz, has only three pairs of chromosomes,

A more interesting finding is the microchromosomes of L. ebscura H.
This is the only case of the finding of microchromosomes in the

Schizophora.
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The family - ' Helemyzidae is also karyslogically new, Six pairs

of chromosomes are found in both Suillia nemorum (NMg.) and Suillia sp.

In comparison the karyotypes of the long X-chromosome cell population
and the short X-chromosome csll population of the S. nemorum (Mge), it
was found that the chromosome configurations of Pairs IV, V and VI were
similar in both cell populations. However, the centromersess of Pair I1
and Pair III in the short X-chromosome cell population were found in
the median region and submedian region respectively, whereas in the
long X-chromosome cell population they were just the opposite. On
account of the small length difference betwemn Pair II and Pair III

of the long X-chromosome cell population, the pairs assignment cled

be mistaken for sach other in the karyetype of the long X-chromosome
population, If this assumption was right, then the difference

between metacentric long X-chromosome and the telocentric short
X=-chromosome is not the result of any X-autosome or autosome-X trans-
location. There is a possibility that the X-chromosome may have been
involved in the addition or subtraction of extra heterochromatic
ealements,

The karyotypes of Cordilura ciliata and C. ontarie Cn. are similar

to each other, no appreciable differences were found. The X-chromosome

of Achaetella varipes constitutes 10.6% of the TCL, Orthochaeta hirtipes

4,2% of the TCL, Cordilura ciliata 5.2% of the TCL, C. ontario Cn.

5.5% of the TCL. On the other hand, Scatophaga pallida Walk,

(Stevens 1908) has a small X-chromosome (2.9% of the TCL). Therefore,
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there would be no difficulty in distinguishing Achaetella varipes

and S.pallida Walk. simply by cemparing the sizes of their X-chromosomes.

Pair VI constitute 24.5% of the TCL in both Achaetella varipes and

0. hirtipes whereas Pair VI of C. ontarie Cn. constitutes only 21.9%
of the TCL; but Pair VI of 0. hirtipes has an arm ratio of 2,54 whereas
in A, varipes it is only 1.10. Big differences are also found in the
length of Pair II; C. ciliata and C. ontarig Cn. have a relatively
longer Pair II than others.

Boyes (1954) was able to classify nine Hylemya species into
four categories by their chromosome numbers and average II-VI arm
ratios. This classification is still found suitable for the new

cytological data of Hylemya echinata (S.) and H. florilegea Zett.

Accordingly, H. echinata (S.) which has twelve chromosomes and an
average 1I-VI arm ratio of 2.06 will be placed in the second category
and H. florilegea Zett., which has twedve chromosomes and an average
II-VI arm ratio of 1.67 will be placed in the third category of

Boyes' (1954) classification. Pair II of H. florilegea Zett, has a
comparatively low arm ratic (1.60) among the Hylemya species; ihis

is also found in H. fugax (Mg.) (1.65) (Boyes 1954), Houwevsr,
He_fugax (Mg.) has thirteen chromosomes in male and fourteen chromosomes
in female (Boyes‘égig), which enables it to be easily separated from

He. florileqea Zett, H. echinata (S.) has a relatively higher arm ratio
for Pair V than the other Hylemya species.

Pair VI of Hydrophoria conica Wied. constitutes a very high per-

centage of the TCL (27.06%), which is quite distinct in the family of
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Anthomyiidase. Also, a noticeably low average II-VI arm ratio (1.55)
may be a valuable auxiliary point in distinguishing;ﬂ. conica Wied,
from the other species,

Frolow's (1929) metaphase picture of Pegomya geniculata (Bouchd)

was measured by Boyes (1953). P. geniculata (Bouché) is separable
from P, betae (C.) and P. bicolor (Wied.) by the low percentage of
TCL and high arm ratio of Pair II. The species P. betae (c). and
B. bicoler (Vied.) are separable by the appreciable difference in the
percentage of TCL which Pair VI constitutes, and the arm ratios of
Pair II and Pair VI, The low arm ratio of Pair II in P, bicolor
(Wied.) is distinct in the family of Anthomyiidas.

Boyes EE.EL'(1964) have reported five pairs of chromosomes for

Phacnia variegata Fabr., fluscina stabulans Fall. and Orthellia nudis-

sima L, Lachance (1964) has also ;.found.. five pairs of chromosomes

in Haematobia irritans (L.) and Stomoxys calcitrans (L.). Adding to

these, five pairs were found in Hydrotaea scambus Zett. Haematobia

irritans (L.) has shorter Pair I and longer Pair V compared to the

other five five-pair species, The length differences between Pair IV

and Pair V in [l. stabulans Fall., Haematobia irritans (L.) and

S. calcitrans (L.) are more obvious than- in Hydrotaea scambus Zett.

and P. variegata Fabr. The arm ratio of Pair V is distinctly high in

Haematobia irritans (L.) but very low in S, calcitrans (L.). The

épacies of Hydrotaea scambus Zett. and S. calcitrans (L.) have relatively

higher arm ratios on Pair IV than the other four five-pair species.
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Haematobia irritans (L.) has a distinctly low arm ratio on Pair III.

On Pair II, Hydrotaea scambus Zett. has an arm ratio of 1,74, P. variegata

(Fabr.) 1.49, whereas the other-four five-pair species have a much
higher arm ratic. P. variegata Fabr. has &:lower arm ratio on Pair I.
In this context, it seems that the six five-pair species in the family
of Muscidae can be separated karyologically simply by their differential
arm ratios.

The chraomosomes of Chryomyia albiceps (wied.),_g. megacephala

(Fab.) and C. rufifacies (Macq.) have been studied by Ullerich (1963).
The karyotypes 6F.Q. albiceps (Wied.) and two other species in
Chrysomyia genus have been analysed in this study. For a detailed
comparisaon, measurements were attempted on Ullericht's (1962) figures
(Abb. 8a, Abb. 17c and Abb. 4b). The measurements of L.albiceps
(Wied.) from Ullerich's (1963) picture agree very well with the results
of this study. (. chloropyga (Wied.), C. putoria (Wied.) and C. mega-
cephala (Fab.) have long X-chromosomes. However, the X-chromosomes

of the former two species have theéir centromeres in the median region,

whereas the latter species has a telocentric X-chromosome, In

L. putoria (Wied,) the X~chromgsome is about the same length as Pair II,

whereas the X-chromosome of C. chloropyza (Wied,) is appreciably shorter
than Pair I1. The karyotypes of C. rubifacies (Macq.) and C. albiceps
(Wied.) may be separated by the fact that the former has a higher arm
ratioc for Pair V than the latter, also Pair 11 of the former constitutes

17.2% of the TCL, whereas in the latter it constitusss only 15.9% of the

TCL.
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The karyotype of Phaenicia caeruleiviridis Macq. is distinctly

different from that of.E.'eximia (vied,) and P, sericata (Mg.)
(Boyes 1961). P. sericata'(MQ.) has a telocentric X-~chromosome which
is the longest chromosome in the complement; the X-chromosome of

B. caeruleiviridis [acqg. is slightly shorter than the chromoscme of

Pair II, and has its centromere in the submedian region; on the other
hand, P. eximia (Wied.) has a small X-chromosome, which constitutes
only 5.3% of the TCL. The centromere of the Y-chromosome of

P. caeruleiviridis Macqg. is found in the mddian region, whereas in

P. saricata (Mg.) the Y-chromosome is telocentric, Furthermore,

Pair VI of P, eximia (Wied.) constitutes a distinctly higher percentage
of thes TCL and its Pair V has a high arm ratio, these two criteria

maks the karyotype of P. aximia (Wied.) gbite distinguishable from
those of the other two Phaehicia species.,

Boyes (1961) has studied the karyotype of Cynomyopsis cadverina

(Re-D.) from different collections. A significant difference ih arm
ratio was found between this study and Boyes' (@p.cit}esults., However,
due to the poor quality of the chromosamal Figures photographed and the
loy number of cells analysed in this study, an argument will not be

presented.

The karyotype of Sphenometopa tergata (Cog.) has short X-and Y-

chromosomes and a long Pair VI, which is uncommon among the family of
Sarcophagidae. The majority of Sarcophagidae flies for which
cytological data are available so far, have long X-and long Y~

chromosomas. Furthermore, the length differences bstween Pair 11,
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the X-chromgsome and the Y-chromosoms are very helpful in recognising
the karyotype of S. tergata (Coq.); the average II-VI arm ratio in
certain cases also providés valuable auxiliary déia.

The karyotypes of Blaesoxipha hunteri (Hough) and B, opifera (Cog.)

are distinctly different.‘ VThe former has short X-and Y-chromosomes
(7.1% and 5.2% of the TCL respectively), uwhereas the latter has long
X-and Y-chromosomes (1.47% and 13.1% of the TCL respectively). HMore-
over, the X-and Y-chromosomes of B, hunteri (Hough) are telocentric,
whereas &h arm ratio of 1.10 was obtained for the X-~chromosome, and one
of 3.00 was obtained for the Y-chromosome of B. gpifera (Coq.). Again,
the length difference bstwsen Pair II, the X-chromdsome and the
Y-chromosome is found to be useful in bothzspeciss for distinguishing
their karyotypes from the others,

Sarcophaga latisterna Parker has a short telocentric X-chromosome

and its Pair VI constitutes a relatively high percentage of the TCL
(24.39%). These together with its high average II-VI arm ratio

(1.68) make S. latisferna Parker distinguishable from the other speciss
of Sarcophaga.

Metz (1916) has reported six pairs of chromosomes for Ravinia
communis Pakr. and R.peniculata (Walk.). He alsé gave two miﬁotic
metaphase figures of R. Eeniéulata (Walke.)e The new cytological data
of R. guerula (valk.) from thisrstudy does not provide'any distinct
difference between R. communis Pakk, and R. peniculata (walk,) in

respect to the chromosome number or relative length of chromosomes.
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The noticeable karyotype differences between Pelesteria iterans

(walk.) and Archytas prob. apicifera (Walk.) are found in the per-
centage of the TCL of Pair I and the arm ratios of Pair I and Pair III.
The telocentric X-chromosome and low average 1I-VI arm ratio (1.17) »
of A. prob., apicifera (Walk.) are very distinct in the family of
Tachinidase.

Smith (1943) illustrated a very good mitotic figure of Bessa
selecta (Mg.)e The measurement of his picture is significantly
different from the ressults of this study, both in the percentage of
TCL and the arm ratios, floreover, the average II-VI érm ratio is
different in the two independent studies. Although Smith's figure
was from mesenteron cell (whereas larval brain cells were used in this
study), a satisfactory explanation is still needed.

Boyes et al (1953) studied the karyotypes of Winthemia datanae

Tns. and Y. occidentis Rnhe  The species W. occidentis Rnh. has a low
percentage of TCL and a high arm ratio for Pair I‘which is sasily
distinguished from those'oﬁig. datanas Tns, and Y. rufopicta (Big.).
The difference in the percentage of the TCL for Pair 1 between

Y. datanae Tns. and W. rufopicta (Big.) is probably the most distinct
point of valus in sseparating these two species karyologically. Other
differences are also found in the arm ratios of Pair 1I, Pair IV and

Pair VI,
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VI GENERAL COMMENTS

Cytological data on 403 species of Schizophoraus;flies:are
available now. These include 273 species of acalyptrate: and 130
species of calyptrate: flies. The karyotypic studies of @calyptratae:
flies have been carried out for the families Diopsidase, Psilidae,
Otitidae, Platystomatidae, Tephritidae, Dryomyzidae, Sciomyzidase,
Lauxaniidas, Chamaemyiidae, Drosophilidae and Helsmyzidae. Except
for the family Drosophilidas, the cytological studies of the families
of Tephritidae and Sciomyzidae are more extensive than those of the
other families. In the Calyptratas, karyotype studies have been
reported for the families Anthomyiidas, fuscidas, Calliphoridae,
Sarcophagidae, Tachinidae, Cuterebridae and Oestridae, among which
the families Calliphoridae and Sarcophagidae have been more extensively
studied than other Ramilies.

The distribution of chromosome pairs in the families of Schizo-
phora is summarized in Table 2. In the Acalyptratae the chromosome
number is commonly six pairs, However, three pairs, four pairs, five
pairs and even ssven pairs have bsen found, 122 species of the
Calyptratae have eachvsix pairs of chromosomes but six species in the
family Muscidae have each five pairs of chromoseomes, and one species
in the Anthomyiidae (Hylemya fugax (Mg.)) has five pairs plus X XY
in males and X, X, X.,X, in females, and one species in Sarcophagidas

17122

(Pseudosarcophaga affinis (Fall.)) has nine pairs plus one or two tiny

chromosomes., In this context, two tentative assumptions may be put

. forward:



TABLE 2. DISTRIBUTION OF CHROMOSOME PAIRS IN THE FAMILIES OF SCHIZOPHORA, DIPTERA

Number of Species
Family . . . . . . . This Over-
3 pairs 4 pairs 5 pairs 6 pairs 7 pairs Total Literature Thesis lapping
Diopsidae 1 1 0 1
Psilidase 1 1 1 8]
Otitidae 1 2 4 7 2 5
Platystomatidae 1 1 0 1
Tephritidas : *19 1 20 19 1
Dryomyzidae 2 2 1 1
Sciomyzidase 15 15 1 14
Lauxaniidae 1 1 2 1 1
Chamaemyiidage 1 *%1 2 0 2
Drosophilidae 26 54 53 86 1 2290 220 0
Helemyzidae 2 2 0 2
Total 28 58 55 130 2 273 245 28
Acalyptratae .
Anthomyiidae ‘ 22 #1 23 14 9
Muscidae 6 10 16 14 2
Calliphoridae 31 %31 28 3 3
Sarcophagidae 33 34 29 5
Tachinidas 21 21 18 3 1
Cutersbridae 1 1 1 1]
Osstridae 4 4 4 8]
Total : )
Calyptratae o 0 6 122 1 130 108 22 4
Total 28 58 61 252 3 403 353 50 4
Schizophora : ]

*ZLL

* Anastrepha serpentina (Wied.) has 4 pairs plus X,X,Y in males,
#*% | sucopomyia obscura H, has 5 pairs plus 5 microchrdmosomes.
# Hylemya fugax (Mg.) has 5 pairs plus X,X,Y in males.

£ Pseﬁdosaréoghaga affinis (Fall) has 9 Aa%rs plus 1 or 2 tiny chromosomss.




TABLE 3. DISTRIBUTION OF CHROMOSOME PAIRS IN THE SUBORDERS AND DIVISIONS OF DIPTERA
Suborder Number of Species ‘ , S v £
and 2 "3 4 5 6 7 ) 5 10 ources o

. a s . X . X . ) X . X Total data
Division pairs pairs pairs pairs pairs pairs pairs pairs pairs
Nematocera 2 55 46 5 5 6 - - = 119 | Boyes 1958
Brachycera - - - 6 5 2 2 1 - 16 Boyes 1858
Cyclorrhapha - 30 113 105 303 5 - 1 - 557

(Aschiza) - 2 55 43 52 2 - - - 154 | Boyes et al,

1964

(Schizophora) - 28 58 6% 252 3 - 1 - 403 | Table 2
Total 2 85 159 115 314 13 2 2 - s92 |
Diptera

AR

\\l\j
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(1) The value of cytotaxonomy seems grsater in those families of
Rcalyptratae which have the advantage of greater chromosome number
variation.

(2) Boyes et al. (1964) have reported the chromosomes of 154
species in the family of Syrphidae, in which two species had n = 3,
fifty-five species had n = 4, Forty-three species had n = 5, fifty-tuwo
species had n = 6 and two species had n = 7, The family of Syrphidae
belongs to Aschiza. Chromosome numbers of more primitive forms of
Diptera have also been collected by Boyes (1958). From Table 2
and Table 3, there seems to be a tendency for karyotype eVolution in
the Diptera to fix six-chromosome pairs. Howsver, Patterson and
Stone (1952) have certainly believed that the six pairs of chromosomes
(unlike thase of higher Diptera) are the basic chromosome number in
Drosophila. Boyes et al, (1964) have also suggested that the six pairs
of chromosomes are the more primitive condition in the family of
Syrphidae,

A rough estimation has been made on the yield of metaphasse
chromosome figures from larval brains and adult testes and ovariss,
About 80% of the third instar larval brains give good metaphase figures,
whereas in the testes or ovaries from adult flies collected in the
field, only about 30% of the flies give metaphase figures. Slides
from old testes or old ovaries in which ths mature sperms or eggs are
seen, seldom give good metaphase figures. In slides full of thick
fibres instead of a nice well-spread cell matrices, few metaphase

figures are found,. Furthermore, the mitotic metaphase chromosomes
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are more concise and centromeric regions are clearer than in the
meiotic metaphase chromosomes.

The results of this study also show that in the majority of species
there is a distinct length difference between Pair I and Pair II.

Also there is often a distinct difference in length between the longest
pair and the next to longest pair. In a few cases the X-chromosomes
are longer than Pair 11, whersas in the great majority the X-chromosomes
are much shorter than Pair II,

In the comparison of karyotypes at the interspecific level, the
percentage of the TCL of the X~-chromosomes were found to have more
fluctuation than those of autosomes. Also, the Y~chromosomes are
relatively more stable than the X-chromoscmss.

With very few exceptions, the Y-chromosomes are telocentric.

The great majority of the X-chromosomes are telocentric. No species
has been found with a tselocentric X-chromosome and with a Y-chromosome
other than telocentric, On the other hand, the great majority of the
centromeres of the autosomes are found in the median ar squedian
regions,

Lighty and Plaist (1960) and Maguire (1963) have shown that the
variance of arm ratios tends to increase as the arm ratio increases.
The results of this study support this conclusion. However, the
following factors contribute to the variance of the individual
chromosome arm ratios. (A) The distortion of the chromosomes,

(B) siistaking a secondary constriction for a centromere, (C) the
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incorrect pair assignment, and (D) the value of the arm ratio. Although
a selection of representative figures is statistically daot.accepgtable, it
seems logical to accept that the measurement of few ckeéar-cut figures
is far better than to measure a quiver full of distorted and ambiguous
figures. This deduction suggests an emphasis upon the technique of
good slide preparation for the purpose of karyotype study.

The results of this study show that the variance of average
1I-VI arm ratios is smaller than the variance of individual chromosome
arm ratios in every case, Although these two variances ars not to be
compared at the same level, the values of average II-VI arm ratios
are entirely free from the incorrect pair number assignments. On
account of the precisensss of the average 1I-VI arm ratio, this value
may be very helpful for karyotypic comparisons in the groups where very
similar karyotypes are found.

The inconsistency of thse value of the total chromosome length
(TCL) has been discussed in the introduction. In addition to this,
the available data prove that the intrinsic variation of TCL is so large
as to jeopardize the comparison of TCL at any taxonomic level. For
example, a coefficient of variation of 35% was found for the.TCL of the

chromosomes from the larval brain cells of Eubosttcheria sp. (Boyes 1963).

It follows that data on the TCL of species must be used with great .care

in karyological comparisons.
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On the basis of observations now available certain tentative
statements can be made regarding the characteristics of the karyotypes
of some familiss, In the DOtitidae, the TCL's are shorter (below
60 {¢); the chromosome pairs vary in number from three to six; the
X-chromoscmes are telocentric. In the Tephritidae, nearly all speciss
have six pairs of chromosomes and in the genus Anastrepha, telocentric
autosomes have besn found in several species (Bush‘1962). This is
the only genus where telocentric autosomss have besn found, except in
Drosophila (Drﬁsophilidae), so far in Schizophorous. flies. In the
Sciomyzidae, fiftsen species all have six pairs of chromosomes but the

author has seen five pairs of chromgsomes in Pteromicra similis

Steyskal; the X- and Y-chromosomes are often short and telocentric and
the average 11-VI arm ratios vary from 1.3 to 1.8. In the Anthomyiidae,
twenty~-two out of twenty-three speeies havs six pairs of chromosomes,
the X~ and Y-chromosomes are telocentric and they are often short; the
average II-VI arm ratios vary from 1.4 to 2.3, In the fluscidae, ten
species have six pairs of chromosomes and six species have five pairs
of chromosomes; the X- and Y-chromosomes are usually metacentric and
they are often long; the average II-VI arm ratios vary from 1.3 to 1.8,
In the Calliphoridae, the thirty-one species studied to date all have
six pairs of chromosomes; the Y-chromosomes are nearly all short and
telocentric; the X-chromosomes are often short and telocentric; the
average 11-VYI arm ratios vary from 1.1 to 2.3. In the Sarcophagidae,

thitty-three species have six pairs and one species is exceptional;
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the X- and Y-chromosomes vary from short to long and from telacentric
to metacentric; the average II-VI arm ratios vary from 1.2 to 1.7.

In the Tachinidae, the twenty-one species reported all have six pairs
of chromosomes; the X- and Y-chromosomes vary from short to very long;
the Y-chromosomes are telocentric or metacentric whersas the
X-chromosomes are rarely telocentric; the average II-VI arm ratios
vary from 1.1 to 1.9. In general, however, it sesms too esarly to
decide whether or not a characterisfic karyotype can be assigned to

any particular genus or family.
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SUMMARY

The karyotypes of 54 species of Schizophora flies, representing
40 genera and 14 families have been studied, among which 50 species
and 4 families are karyologically new.

The comparisons of the above mentioned karyotypes and others
previously reported show that the species aré cytologically separable
in almost all cases, however, it is too early to decide whether or
not a characteristic karyotype can be assigned to any particular
genus or family,.

Microchromosaomes were found in Lsucopomyia obscura H. In Suillia

nemorum (Mg.) two populations of cells, one with long X~chromosomes and
the other with short X-chromoscmes were found in the testis of an
adult male,

Karyotypic studies were found to be mors satisfactory using
mitotic figures from third instar larval brains and from adult testes
or ovaries than using meiotic figures.

The distribution of chromosome numbers in Diptera has been
discussed in terms of cytotaxonomic and karyotypic svolution.

Distinct chromosome length differences are often found between
Pair I (the X-chromosomes) and Pair 11, alsc between the longest pair
and the next to longest pair. In a great majority of cases the
X~chromosomes are shorter than Pair I1. The length of X-chromosocmes

fluctuates more at the interspecific level.
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The Y-chromosomes are mostly telocentric; the X-chromosomes
are often telocentric; the autosomes are mostly metacentric or
submetacentric,

The cytotaxonomic value of arm ratio and TCL (Total Chromosome

Length) has alsc been discussed.
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