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I INTRODUCTION 

The study of the bio1ogica1 sciences has led to four great 

generalizations: 

1. 

(A) Darwin's and Wallace 1s (100 years ago) theory of evolution by 

natural selection, which tells us that higher organisme are 

derived by a continuous evolutionary progression from the first 

primitive organisme. 

(8) The cell theory of Schleiden (1838) and Schwann (183g), which 

states that all organisme are composed of cells. 

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

the understanding that the function of chromosom~is to control 

heredity. 

(0) The gene - enzyme relationship (Garrod 1909) asserting that 

genes control the synthesis of enzymes. 

Recent biochemical - genetical studies have provided evidence 

that chromosomessynthesize messenger RNA which transmits its messages 

to ribosomes; the ribosomes then act as the sites for synthesizing 

enzymes, which in turn control the function of the cell. The fact 

that chromosomes are genetical materiel has been proved by Avery ~ 

~.(1944), Hershey and Chase (1952) and ethers. It is now generally 

agreed that, as far as the higher animale are concerned, most evolu

tionary transformations have had their origin in the chromosomes and 

that these bodies which constitute the physical basis of heredity 

also furnish the materiel source of evolutionary changes. 



Since the chromosomes represent the physical basis of the evolu

tionary mechanism, any significant alteration in their structure or 

behavior representa 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 morphologica1 and physio-

2. 

logical characteristics of the chromosomes of an organism become 

important. The comparismo; 10f chromosomal DNA and i ts protein products 

at the molecular leval will give the most satisfactory information 

of all evolution etudies. 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 organisme have a bearing 

on the differentiation of the higher categories of our classifica

tion and on the problem of their evolutionary patterns, plasticity 

and adaptiveness. 

II. Raview of Literature 

1. The Kavrotype and Speciation 

The karyotype is defined as the basic chromosome set of an in

dividual or species, and varias in form, sizs and numbsr. It is a 

valuable morphologica1 character, particularly because of its intimate 

assosiation with the ganetic make-up of the species. The karyotype 

was early recognized as a definite spacies character (Navashin 

1915); the morphology of the chromosome among individuals of 

the same species being reasonably constant, with departures from 
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the speoies pattern being attributed largely to recognizable aberra

tians. Thus cytology became an aocepted and exceedingly useful tool 

in the band of the taxonamist who is interested in sanething more 

than simple morphological criteria for defining speoies relation

ships. In fact, relationships within natural groups of species can 

scarcely be considered complete in an evolutionar,y sense un1ess there 

is good cytota:x:onanic data to reinforce cOŒllsions based on morpho

logical cri te ria. And the gross knowledge of the genane oanplement 

of an organism would also be necessa.ry in any molecular genetical 

analysis. 

In the early period of cytology i t did not seem likely that 

ohranosane num.bers as auch were of any particular evolutionar,y im

portance. Thus Morgan, Bridges and Sturtevant {1925) wrote to a 

geneticist, "Many of these canparisons between the karyotypes of 

different species will seem of little significance", because to them 

it was not the shapes and sizes of chranosomes which were important, 

but the genes contained in the chranosanes. Similarly, Wilson (1925) 

oonsidered that both oytological and genetical evidence proved that 

the chromosomes were compound bodies, containing many different cam

ponants. So long as the sum total of these remains the same, or 

nearly so, it seemed tmmaterial Whether they be grouped to for:m few 

or many aggregates. 

Suoh views are no langer tenable for various reasons. In the 

first place, it is now realized tbat the recombination index of a 
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species (Darlington 1937a) is one of the tundamental properties of 

its genetic system. T.b.is recambination index, which is simply the 

sum of the baploid number and the chiasma frequency, re presents 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 qui te different from tbat of 

a species with a low recambination index. This difference is no 

doubt reflected in the population dynamics and in the evolutianar,y 

patterns of different groups of organisme. In the second place, we 

now regard the overwhelming majori~ of evolutionary changes in the 

karyotype as having been caused by structural changes involving both 

breakage and fUsion, rather th.an being due to fUsion or fragmenta

tion alone. In organisme with localized oentrameres which also do 

not lose their tunction or arise !!!, .!!2!,2., each chromosome is mono

centric and an evolutianar.y increase in Chromosome number must involve 

duplication of a centramere together with a region (large or sma11) 

around i t. On the other hand, a decrease in chromosome number must 

mean the permanent losa from the karyotype of a region containing a 

centromere. This is the dislocation hypothesis of evolution of 

Chromosome number (Navashin 1932), and although its applicabili~ in 

groups auch as the Hamoptera, which seem to lack individualized cen

trameres, bas been ch.allenged (Troedsson 1944), there cau be no 

doubt tbat 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 
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the karyotype also involve alterations in gene sequence, which I1183'" 

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 definita functianal relationship to one another bas replaced the 

crude, atomistic idea of a row of entirely independant genes strung 

together like beads on a thread. 

It is obvious tbat, in the majority of species, the lengths and 

shapes of the chromosomes which make up the karyotype are not at 

ra.ndom, In many for.ms we have a s.ymmetrical kar,yotype. Alternative

ly, there may be two aize-classes of chromosome, each with definite 

chara.cteristics. These conditions would not be encountered with 

auch regulari ty if the structural changes which be come established 

in pbylogeny were of all possible types. It seems, rather, that in 

many groups chromosane after chromosome bas undergone the same type 

of structural change, so tbat 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 l965a). However, the fact that related 

species may have similar kar.yotypes indicated tbat aberrations are 

not a necessar.y accompaniment to speciation. Speciation may be due 

to gene mutation, with geographical space providing the barrier be

tween them, preventing crossing. On the other band, similar kar.yo

types, as seen in mitotically dividing cella, may mask a wealth of 



hidden aberration. 

Two classical examples of pairs of sibling species are Drosophile 

malanogaster Meigen and Q. simulans Sturtevant, and Q. pseudo-

6. 

obscure frolowa and Q. persimilis Dobzhan~ky. They differ in paracentric 

inversions as damonstrated in thair salivary chromosome, but their 

mitotic karyotypas are vary similar. Burla~~.(1949) have noted a 

similar case in the willistoni group of Q. tropicalis (Burla & da Cunha) 

and Q. paulistorum (Dobzhansky & Pavan) which have very similar (a = 3) 

mitotic karyotypes but differ in their salivary gland chromosome structure. 

It is, therefore, 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 sama species. for example, Drosophile 

robusta Sturtevant has threa metacentrics and a dot according to Carson 

and Stalker (1947); but Metz (1916) and Wharton (1943) found a rod, two 

metacentrics and a dot. Soma of these differences may stem from 

inaccurate or incomplets observations, but soma probably represent real 

variation, indicating the presence of sibling spacies. Bayas and van 

Brink (1964) reported two chromosome numbers (a • 4 and 51 in Slrphus 

ribesii L. and suggested that when differences in chromosome nu,ber 

occur within a species, the groups, involved are likely to be at least 

sibling species. 

Bayes (1954) reported an intraspecific difference of karyotypes 

in a collection of Hylemya brassicae (Bouche) from different geographie 

locations. On the other hand, Robertson (1957) in analysing the karyotypes 
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in geographie isolate of ca.rrot rusty fly (Cbama.epsila rosae (F;}) .found 

no chromosamal separation at subspecies levels. However, as will be 

discussed later, due to the limitations of the techniques, the vari

tions of ka.ryotype measurements may be large enough to conceal sane 

existing karyotype separation. The value of cytotaxonany is described 

by Boyes (1965); ttcytological research is helpful in the solution of 

taxonomie problems and its value in this context is obviously greater 

in those taxonanic groups in which karyotypic variations are the most 

abundant and frequent. Of course, no one would expect cytotaxonany 

to provide solutions for all taxonomie problems and in fact in som.e 

cases it bas revealed new ones or added to the canplexity of old ones." 

The general laws of Chranosomal changes of signifiçance in evo

lution may be classified into :fQur-- main categories: (A) Gene mutation, 

(B) sectional rearra:ngements of :p3.rts of chranosome, (c) loss or redu

plication of whole chromosomes, (D) loss or reduplication sets of 

chromosanes. Gene mutations, important though they may be as caus

tive agents of evolutiona:cy changes, may actually, be very minute 

sectional. rearrangements, differtng only quantitatively from the se

cond category. Losses and reduplications of whole chromosomes bave 

probably occurred only very rarely in anjmal evolution (White 1963). 

!rhe occurrence of chromosome aberrations themsel ves are not alone 

responsible for the evolution of species; good evidence bas been pro

Yided, however, as to the possible role they can Pla1• It is perbaps 

best to consider their action within, rather than between, species. 



8. 

The evolutionar,y changes witbin species is dependent in the long run 

upon a constantly produced series of randon gene mutations. 

Gene mutations and chranosana.l rearrangem.ents are peysical 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 canserving in the populatiœ., those which are 

adaptive. No doubt countless structural changes and gene mutations 

bave failed to establish themsel ve in evolution, be cause they were 

genei:ical~ "deleteriousn, in the sense tba.t they upset genie balance 

of the organism.. But even if a chromosomal. rearrangement is satis

factory from 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 exbibit 

genetic polymorphism; the characteristics of the populations as a 

whole being determined by the gene frequenéiee in them. 1'he species 

is, therefore, a dynamic, rather tban a static, entity; flowing, as 

it were, tbrougb time and modified as mutation and selection pre

ssures pe:Dllit. Selection, however, acts not only on a single gene 

but on the whole organismJ: and i t is, therefore, the genotype as a 

whole tbat is selected for or against by the enviranment in whioh it 

finds itself. A new species group usually evolves fran one speoies. 

It is possible tbat much lesa frequently two or more species split 

off together and, by parallel evolution at the species level, for.m 



a new species. All evolutiona.r;y patterns are the resulta of the re-

sponses of genetical systems to the variety of ecological niches in 

the enviranment. Ever,y species may be regarded as possessing a 

genetic system which is theoretically unique in type. However, in 

prectice, the nature of chromosomal modifications that accumule.te in 

different genera and familias bas been found to be characteristic 

for the group concerned (White 1954). 

2. Primar,y and Secondar,y Constrictiona 

The centromere, foxming the primary constriction of metaphase 

chromosomes, in Diptera appears simply as a non-staining region 

with no morphological evidence of structure under a photomicroscope. 

It ia 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 beat identified at anaphase. The properties of 

centromeres and telomeres do, to some extent, control the occurrence 

of chromosomes. As mentioned before, an increase in chromosome number 

needs duplication of a centromere, while a decreased chromosome number 

involves the losa of a centromere. 

The secondary constriction is often related to nucleolar for-

mation and involves the presence of a separate segment or Sàtellite 

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 grea tly increased if, 
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with the improving of technique it were possible to reveal the pre

sence of the secondary eonstrictions as elearly and constantly as 

for the centraneres. 

3. Somatic Pairing 

Stevens (1907, 1908) firet 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 canfir.med 

and greatly extended in a series studies by Ketz (1914, 1916a, 1916b, 

1922). It was found that in prophase the association of hamologoas 

is closer than in metaphase. Hinton (1946) explained that the pair

ing between homologous chromosomes is due to a specifie attraction 

between the homologous parts of the chromosome and not to a gross 

or general attraction between the chromosome as whole; or between 

the centrœeres. Somatic pairing begins at a time when the chromo

sames are separated by distances too great for short-distance che

mical interactions to operate. The evidence indicates long range 

specifie attractive forees as the underlying mechanism in samatic 

pairing of r.the chromosomes (Hinton .22.~ ill• ) . 

4. Sex Chromosomes 

The sex chromosomes can be regarded as a rather highly modified 

pair of autoscmes which mainly control sex detezmination. Therefore, 

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



the sax chromosomes as wall as to the autosomes. But the sax chromo-

somas seem to be, ta soma extent, isolatad in their evolution from 

the rest of the chromosome set. Striking differences in sex chromo-

sames of related species have been demonstrated in a number of insecte 

(Smith 1953, 1960; Bush 1962; Soyas 1965b; Schrader 1950; Manna 

1958). In these cases, sax chromosmmes alana provide valuable data 

for cytotaxonomical studies. The aize of human sax chromosome, as 

noted in the karyotype, has been proved to ba directly proportional 

to the size of sax chromatin body (Barr body) (Taft et al. 1965). --
Henderson and Parsons (1963) reported that the sax chromosomes 

of eleven species of Tipulid (Tipulidae; Diptera) show more readily 

detectable variation than do the autosomes. Taylor (1960) and many 

ethers have shawn that the sax chromosomes are lata in duplication. 

All of these characteristics are believed to be related to the 

heterochromatin which will be treated in a later section. 

The sax chromosome system in Diptera is mainly of the XV type, 

but the XO type has been reported in Dasyllis grossa (fabricius) 

(Asilidae) and four species of Drosophila (Patterson and Stone 1952). 

Alea the X1X2Y type has been found in Hylemy fugax (Mg.)(Boyes 1953), 

Anastrepha serpentine (Wied.) (Bush 1962) and Drosophile miranda 

(Dobzhansky 1935a). 

The earlier work on the genetics of Drosophile suggested that 

in a species of this genus the Y-chromosome may be more or lesa cam-

pletely inert (Wilson 1925). However, Krivshenko (1952) has demon-

11. 
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strated that a pr:i.ma.ry non-disjunction of the aex chranoscees of~· 
(.01\. 

busckii female re sul ts in the appearence of X X Y females but no 
Î\ 

XO male. Die absence of 1:0 male indicates, then, tbat the Y-chrano
(eq. 

some of D. busckii contains at least one gene which is essential for - ;\ 

the developnent of z;yyotes, carrying in ~he Y-chromosome. E:x:ami-

nation of the chromosanes in the salivary gland cella of malâ,: larvae 

has revealed the presence of an euchromatic element in the Y -chromo-

some. 

5. Heteropycnosis 

Chromosane, or parts of chromosomes, whose cycle of condensa ti on 

differa fran tbat of the majority of the chranosomes are aaid to ex:

hibit heteropycnosis (Gutherz 1907). Heteropycnosis is said to be 

positive if the chranosomes are lÏI.ClDe condensened, and negative if 

they are less condensed, than the rest of the complement. A Barr 

body, therefore, is the result of positive heteropycnosis of a single 

X-chranosome during interphase. Chranosanes, or parts of chromosanes, 

exhibiting positive heteropycnosis are often said to oonsist of he

terochromatin (Heitz 1928). It is probable that all chromosanes 

contain heteropycnotic regions whichmay be extensive or Short, few 

or numerous, but constant in position for any one ohromosanal element 

at various stages of the chromosanal cycle (White 1954). In certain 

cases, a chranosome or chromosome region which is positively hete-

ropycnotic at one stage, ~ be negatively heteropycnotio at another 
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(White 1940a). On the other hand, sorne heterochromatic chromosomes 

do not naturally show a reversa! of behavior. Therefore the 

characteriSics of heteropyncnosis are helpful in identifying 

individual chromosomes, particularly sax chromosomes. However, 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 universel sign of 

genetical inertness, then we can predict the inertness of particular 

chromosome region in species of animale which have not yet been 

worked out geneticaLly. In many cases, the X, as wall as the Y, 

chromosome is largely heteropycnotic (White 1940a1 b). It ~eams 

likely that the active sex-determining regions of the X-chromosome 

are relatively small, most of the chromosome being inert (White .!a~; Qit.) 

Due to the genetical inertness of heterochromatin, the 

occurrence of centric fusions and other types of whole arm trans

position 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 indiv.idual nearly as much as would a corresponding 

deficiency or duplication of euchromatin. By the same token, where

ever the haterochromatin is found, alteration in form or size of the 

chromosome may be accomplishad without the sacrifice of euchromatic 

portions. Therefore, a certain amount ofhiŒèrochromatin is 
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evolutionary desirable as a safety factor, permitting a greater degree 

of karyotype variability than an inflexible system composed of 

euchromatin only. In Drosophile, gain or loss of heterochromatin has 

varied chromosome morphology considerably (Patterson and Stone 1952). 

Sevan different types of Y-chromosomes, entirely heterochromatic, have 

been recognized in Drosophile pseudoobscura (Dobzhansky 1935). 

Patterson and Stone (1952) listed 28 exemples of added heterochromatin 

in this genus. Smith (1965) reported that species of Chilocorus 

differ in chromosome number owing ta 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 ta 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 sorne individuels but not in 

ethers. In sorne cases the majority of the population may carry sup-

elements, whereas, in ether instances the proportion of individuels 

carrying them may ba very law. Frequently a species which shows 



eup-chromosomes in certain local populations may lack them in another 

geographie area. 

The sup-chromosome appear ta be genetically inert (Swanson 1957). 

15. 

Whether absent or whether present in large numbers, they produce little 

dstectable phenotypic expression. This suggests that structurally 

they are largely heterochromatic, a hypothesis supported by the fact 

that they may also exhibit the differentia! staining characteristics 

of heterochromatin. It is of course, possible that the continued 

presence of supernumeraries in certain populations indicates that 

they perform soma, as yet undetermined, function that guarantees 

their survival, but that is tao subtle ta detect genetically. 

However, the affect of sup-chromosomes sssms very similar ta that of 

extra heterochromatic regions present in the large~. member of unequal 

pairs of autosomes (White 1954). Where a supernumerary element is 

present in a single dose, in a small fraction of the population, it is 

probable that individuels with one supernumerary element are adaptively 

superior ta those with none, but those individuels with severa! sup• 

chromosomes are inferior. Under such circumstances, an equilibrium 

fraquency would ba astablished which would retain the eup-chromosomes 

in the population at a leval which would not lead ta the production of 

many individuals with a high number of sup-chromosomes. 

In Drosophila putrida Sturtevant, the avolutionary dimunition of extra 

chromosomes (heterochromatin) which results in forms with a reduced 

numbsr of chromosomes and the minimum of heterochromatin has been 
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suggested by Patterson and Stone (1952). The fixation of super-

numerary chromosomes in the population causes the increase of 

chromosome number has also been damonstrated by Ward (1949), Patterson 

and Staae (1952). Supernumerary chromosomes were also found in 

Hylemya cilicrura H. (Bayes 1954) but their evolutionary value is 

unknown. 

Apart from eup-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 (Swanson 1957). They are minute in size and it is 

difficult to distinguish heterochromatic accessory chromosomes from 

euchromatic necessary anas. The "dot" chromosomes are found in many 

Drosophile species (Patterson and Stone 1952) and Syrphid species 

(Bayes 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 independant from sex 

chromosomes is not known in many cases. Presumably the most significant 

role of the s~-chromosomes and microchromosomes is ta provide a direct 

way or varying the chromosome number. The .. terms supernumerary 

chromosome, extra chromosome, accessory chromosome, E-chromosome, 

S-chromosome, B-chromosome and microchromosome seem a little confusing. 

As Stern (1958) has pointad out "the terminology, which applies the 

ward 'supernumerary' alike to all special chromosomes needs improvaments." 

In the insect group, sup-chromosomas are sa namad, because they are 
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absent in the somatic tissues and, obviausly, 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 arder to separate it from the normal 

chromosome complement (S-chromosome). B-chromosome is mainly used in 

maize for extra chromosomes. However, there are cases where extra 

chromosomes are found in the germ lina 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 Chromosome 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 insecte have almost 

certainly been the result of sectional rearrangaments, 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 reduction in chromosome number and the origin of metacentric in 

the genus Drosophila where the most primitive specias have rod-shaped 

chromosomes and subterminal chromosomes. According to their analysia, 

the modifications of the primitive configurations which are detectable 

by an examination of the metaphase chromosomes have been: (A) centric 

fusions, (8) 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 another 

chromosome, the minute region containing the spindle attachment, ~ich 

is left behind, will usually be lost from the chromosome set after a 

few generations if it does not contain any essentiel genes (White 1940). 

This is probably the usual way in which the chromosome number becomes 

diminished. Chromosome elimination in ffiiastor s~ec. has been shGmn by 

Nicklas (1959). 

Evolutionary increases in chromosome number probably come about 

through duplication of regions containing a spindle attachment 

(White 1940). One way in which this can occur is through the 

formation of small eup-chromosomes as has been previously discussed. 

Most of the sup-chromosomes which have been describad have probably 

arised through the delation of a large part of a chromosome (White .e.e.~ ill·); 

with the parts containing the spindle attachment and telomere sub-

sequently joining up to form a chromosome. Such a eup-chromosome may 

easily become included in a gamete which also contains the normal 

unaltered chromosome. In this way, the "sup" may later become part of 

the reguler chromosome set of the species, with the possibility of 

portions of the other chromosomes being translocated on to it during 

further development. 

Sa far as can be detarmined, there is no direct connection betwean 

basic chromosome number and phylogenetic position (Swanson 1957). In 

other words, there are differences among phylogenic groups, but no 



obvious trends can be correlated with the degree of phylogenetic 

development, or with specialization, unless such correlations are made 
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within the narrower limita of family or genus. At this leval a general 

tendency towards reduction in basic chromosome number parallels 

specialization (Swanson ~· cit.). Changes in the basic chromosome 

number of Drosophila have been 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, increases are rare, the only one being recorded is in 

Drosophile trispine Loew which has been mentioned before. Therefore, 

increase in chromosome number must be difricult and has seldom been 

accomplished in Drosophil~. However, it would seem relatively assier 

in a species with accessory and genetically inert elements to increase 

the basic number than to decrasse it. One would expect that the transfer 

of euchromatin to these inert elements would, in one stap, convert them 

from unessential to essential members of the complement. 

8. Changes in Chromosomal Configuration. 

The discovery that X-rays could indues mutation (muller 1927) and 

the rediscovery of the salivary gland chromosome of the Diptera (Painter 

1933; Haitz and Bauer 1933) led to a much more precisa 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 make direct comparisons between the gene sequence of 
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different individua~and species in certain cases (White 1954). Due 

to homologous pairing, inversions and translocations in hybride can 

be identified and the nature of the chromosome difference of the 

parents can be determined. It is very unfortunate that the salivary 

gland technique of cytological analysis can be applied only in sorne 

Diptera. In addition to the salivary gland, the polytene chromosomes 

of Diptera have been found in malipighian tube, vesicular seminales 

(Pavan and Breuer 1952) as well as in the foot-pads (Whitten 1964) 

and intestine, testis and ovary. But their usefulness in the purpose 

of studying chromosomal rearrangements are unknown. 

Theoretically, one might suppose that closaly related species 

might differ geneticci[y 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 evar. The case, at 

!east in the genera Drosophila, C~onomus and Sciara, shows the 

most closely related specias almost always differ, if but slightly, 

in their gene sequence (White 1954). 

Fusions, translocations and pericentric inversions will change 

the chromosomal configuration. Duplications and delations may further 

alter form; but paracentric inversions may merely shift the gene arder 

within an arm. lliith the exception of possible position affects which 

will be discussed later, reciprocal translocations and inversions are 

balanced chahges and normally have no detectable phenotypic affect. 

On the other hand, duplication and deficienc&ès are unbalanced changes 
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and would usually have recognizable, and sometimes, severe phenotypic 

affects. The general tendency from the patterns of chromosome 

evolution in the genus Drosophile (Patterson and Stone 1952) show 

translocations are few, except in special cases involving hstero-

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 sorne extensive changes in metaphase chromosome :pattern 

without a correspondingly great shift of genes in the system. 

Brown (1940) has made the most complete and pertinent analysis 

of the affect of translocation on crossing over and disjunction in 

Drosophila. In general, all heterozygous translocations cause 

reduction in number of functional gametes in bath male and female. 

Therefore, heterozygous translocations are at a decided selection 

disadvantage and would be retained very rarely (Wright 1941). However, 

there are cases in which translocations involved in~e evolution of 

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. resulta a sex-limited 

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

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

was associated with a reciprocal translocation which showed preferen-

tiel segregation in male flies. 
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Fusion involves a transverse breakage of the chromosome and 

reunion of the broken ends in a way that is different from the 

original one. Breakaga without reunion does not give rise to stable 

alterations of the karyotype, and reunion without previous breakage 

does not occur at all (illhite 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 also yield larger subterminals from metacentDbs 

and acrocentrics. The centric fusion may be considered as a special 

type of translocation involving the entire euchromatic arms of rod 
M. 

chromosomes. In Drosophile melanogaster X-4 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 sorne 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 other kinds of translocations, 

because of the large blacks of centric heterochromatin. Losa 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 evolution. This has been 

referred toby sorne authors as "Robertson's law". Matthey (1945, 1949) 

used the term "nombre fondamentaP1 (N.F.) to indicate the number of 

major chromosome arms in a species; counting each metacentric as two 

arms and each acrocentric as one. Smith (1962) has studied the 

chromosome reduction by centric fission between c1ose1y re1ated species 

of Pissodes (Bark weevi1) by hybridization tests. Thus fusions are 

common1y applied 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 Drosophile is 1ikely to carry a distinct combination of 

inversions. The first case of pericentric inversion demonstrated by 

direct cytologica1 observation in a natura1 population is the one 

reported by Miller (1939) in the B-chromosome (element E) of Drosophile 

algonquin Sturtevant & Dobzhansky. Sturtevant and Beadle (1936) have 

presented the basic genetic evidence and interpretation of the affects 

of inversions in Drosophile. Inversions do not increase the rate of 

nondisjunction when chromatid exchanges occur within the limita of hetaro

zygous paracantric inversions, or involva the transposition of tre centre-

mere. Inversions produce so faw anaupoid gametes that they are at only 

a slight selective disadvantage. Pericentric inversions produce 

re1ative1y many aneupoid gametes, and, thus, are at a pronounced 

selective disadvantage. Homozygous inversions have neither selective 

advantage nor disadvantage. Furthermore, White (1963) exp1ainad 
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that Drosophila avoids "paying the penalty" for paracentric inuersion 

heterozygosity because there is no crossing over in the male, and in 

the female the dicentric and acentric chromatide are shunted into the 

polar bodies. On the other hand, pericentric inversion heterozygosity 

in Drosophile leads to the production of a certain number of eggs 

carrying déficiencies and duplications, because there is no mechanism 

for shunting such monocentric, but abnormal, chromatide into the 

polar bodies. Thus pericentric inversions are a "prohibited" category 

of rearrangement in Drgsophila whereas paracentric ones are "permitted". 

The cytological analysis of the salivary gland chromosomes in 

interspecific hybrids reported in Drosophi~/Chironomidae, Simuliidae 

and Agromyzidae have been proved to be a valuable method in elucidating 

inversions (Patterson and Stone 1952; White 1954). Furthermore, 

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

9. The measurement 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 of the chromosome. 

Tobgy (1943) has shawn 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) to express the length mf an individual 

chromosome. The relative chromosome size in the complement is 

considered to be reproducable. 
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Far many years, cytologiste have described specifie 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 spontaneous rearrangements. Nevertheless, it has been recognized 

in practice that the manipulation during preparation and ether 

factors introduce errors, and that, in addition, chromosomes of a 

genome may differ in innate variability. Temperature affects on 

chromosome contraction have been described by matsu~~a(1935, 1937), 

Straub (1937), Huskins and Wilson (1938), Wilson and Huskin (1939}, 

Barber (1940), Warlington and Lacour (1940), Swanson (1942, 1943), 

Wilson and Baothroyd (1944), Jain (1957) and Reas (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). 

Langley (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 cytalogical measurement· 

data was discussed by Harts (1950). Ihm (1953) alsa pointed to the 

need for setting confidence limita in cytological studies involving 

size criteria. Hintzche (1955) reported on the necessity for adequate 

numbers of observations in experimenta dealing with comparison of 

cytological data. A statistical procedure was designed by Lighty 



and Plaisted (1960) to measure variation between homologues at 

various stages in the preparation of the karyotypa. In assessing 

the sources of variation of the measurements of the chromosomes of 

Lilium cgndidum, it was found that the variation between 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 elides~ ca~·s, and homologues aach 

introduced a differentia! 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 largely 

attributable to the affect of cytological manipulation, rather than 

ta variations existing in the living material. This leads Lighty 

and Plaisted ~· ci~) to point out the usefulness of a statistical 

traatment in estimating the relative importance of the contribution 

to variability of various factors. Lighty and Plaisted (.ge. oit.) 

have also shawn that the variance tends to increase as the mean ratio 

gets larger. Therefore, if the chromosomes are predominan~ of the 

median type, fewar maasurements nead ta be taken to give the same 

standard deviation than if the chromosomes are sub-median or sub

tarminal. 

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 

ta have greater inherent variabilities in absolute length. maguire 

{Be• cit.) also divided the chromosome variability into two kinds. One 

contributes approximately uniformly par unit length ta variability 

throughout the genome. The ether 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 law in this kind of variability. 

The differentiel chromosome condensation has been confirmed by 

comparing the chromosome lengths at two different stages, lata 

prophase and metaphase of Petunia hybrida where the affect of 

colchicine appeared equivalent at each stage (Takehisa 1963). From 

this finding, it is evident that the differentia! chromosome conden

sation is manifestation of the different condensating abilities 

intrinsic ta the chromosome itsalf and not a result of the modifiations 

due ta colchicine treatment. The differentia! chromosome condensation 

has been reported by Svardson {1945), Wickbom (1949). On the othar 

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

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

the stages indapendantly of their sizes. It seema that the differentiel 

chromosome condensation is a characteristic of a particular specias. 

In spacies whera differences in condensation are normal 

occurrences, they are found associated with heterochromatic chromosomes 

or heterochromatic segments of chromosome (Reas 1958). The total 
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amount of heterochromatin per complement differa in different species, 

and the degree of chromosome contraction is different between the eu

and heterochromatic chromosomes ormromosome segment in meiosis (Eberle 

1957). In Scilla (a plant genus) it was found that long chromosomes 

were more frequently retarded in contraction than short ones (Rees 

1958). Heterochromatin intimately relates to the differentia! 

chromosome condensation in meiosis as confirmed by Eberle (1957) and 

Brown (1961), whose etudies show that paired chromosomes equal in 

1ength, differ in their amount and distributions of heterochromatin. 

furthermore, miduno (1962) has found, using his differentia! staining 

technique that the heterochromatin may be responsible for the 

differentia! chromosome condensation. Therefore, the differentia! 

chromosome condensation has a certain relationship to heterochromatin. 

The differences in chromosomes, as related ta the total 

chromosome length, apparently involve heteropycnotic or heterochromatic 

chromosomes or parts of chromosomes (Bayes 1961). Bayes and Naylor 

(1962) analysed the allosome-autosome length relationships in musca 

domestica L. and found that all chromosomes contract in smaller cells 

and expand in larger cells; and also, that the ~rochramatic 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 ta suggest the necessity of 

total complement length accompanying the idiograms. However, an 
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assumption often made in preparing a karyotypo is that there is no 

variation in the percentage of TCL and arm ratios between homologous 

chromosomes from different cells of the same tissue 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 lengtn, then it is 

necessary to give the same kind of statisfica1 treatment for the TCL. 

This will, however, make it difficult to follow Bayes 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 Schizopho~s Flies 

According to "A Catalogue of the Diptera of America North of 

mexico" (Steae ~ ~. 1965) the division of Schizophora includes 58 

familias, involving severa! thousand species of higher Diptera. 

However, cytological data found in literature cites only 353 species. 

These 353 species are distributed in 14 familias; among them 108 spacies 

are in the section of Calyptratae, and 245 species are in the Acalyptratae. 

Before the 1940's, cyto1ogica1 data on Diptera was only available 

on chromosome number and the relative 1ength of individual chromosomes. 

After 1950, and due to the improvement of slide preparation and light 

microscopy, more detailed studies of the morphology of chromosome 

structure became possible. Sax-chromosomes, centromeres, secondary 

constrictions, heteropycnotic segments, and sppernumerous chromosomes 

were then reported. 
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family Psilidae 

Robertson (1957), by comparing the somatic 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 spermatoganial 

cella of Chaetopsis fulvifrons m. and Camptonoura picta Fabr. His 

illustrations of metaphase clearly showad 2~ = 8 far Chaetopsis 

fulvifrons M. and 2n = 12 for Camptonaura picta fabr. These 

illustrations have been measured by me and the relative length of 

individual chromosomes were calcu~ed. These data are presented in 

Table 1. Unfortunately the centrameres are not clear in the 

illustra tians. 

Family Tephritidae 

The spermatogenesis of Tephritis arnicae L. was first studied by 

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

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

frisai and Springhetti (1953) faund n = 6 in Dacus aleas Gmel. The 

same number (n = 6) has also been reported for six out of sevan species 

of Queensland Da.c:iflae. by Davis ( 1955). One species, however, had 

n = 7. Unfortunately, the morphology 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.) bath of which had n = 6. 

The karyotypes of six species of the mexican 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 !• serpentina (Wied.). Furthermore, 2n = 12 was 

found in !• ludens L. which was not in agreement with Emmart 1 s (1935) 

reports. Krimbas (1963) presented a better picture of the somatic 

metaphase chromosomes of Dacus olae G. 

Family Dryomyzidae 

A mitotic metaphase and a metaphase 1 figure of spermatocyte of 

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

semes are quite 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 XV pair are quite obvious in his 

illustration. 

Family Drosophilidae 

The karyotypes of 215 species in the genus of Drosophila have 

been used for the evolutionary study by Patterson and Stone (1952). 
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In this genus 26 species have fl = 3, 50 species haven • 4, 

52 species have n = 5, 86 species have n = 6, and one species has 

n = 7. metz ( 1914, 1916a, b) reported 2:.!1 = 8 in Chymomyza amoena, 

f.b. procnemis, mycodrosophila dimidiata and Scaptomyza 9raminum, and 

2ll = 10 in Scaptomyza adusta. 

Family Anthomyiidaa 

Metaphase figures of ScatophaQa pallida Walk. and Phorbia 

brassica wera first dascribed by Stevens (1908). metz (1916) 

presented metaphase figures of Fucellia marina macg. Spermato-

genesis of Scatophaga stercoraria L. was then studied by Keuneke 

(1924). Frolowa (1929) presented metaphase figures of Pegomya 

geniculata (Bouche) in which five pairs plus an XV pair were also 

found. The karyotypes of nina species of the genus Hylemya were 

carefully analysed by Boyes (1954a, b). All species axcaptH• fugax 

had 12 chromosomes. H• fugax (mg.) males had 13 chromosomes and 

females had 14 chromosomes. One to thrae supernumerary chromosomes 

were found in a few larvae of]. cilicrura (Rond.). The most 

stimulatigg finding was that he was able to demonstrata small intra

specific differences between collections of H· brassicae (Bouche) 

from different geographical areas. 

Family muscidae 

The earliest valuable chromosomal data was found in Stevens• 
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(1908) illustrations of musca domastica L. whera she showed ~ = 12 

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

Oph~ra leucostoma Wied. and ill• domestica L. Valuable cytological 

data on ill• domestica L. has been reported by Keuneke (1924), Perje 

(1948), Ramade (1961), Franco,!!!~ (1962), Bayes _!!13!!1- (1962), Rubini 

(1964), Hiroyoski (1964},fl1ilani (1964) and Bayes _!!1 al. {1964), among 

which the finding of XX, XV, vo, XXX, XXV and OY and the translocation 

of Y ta the second chromosome are of particular interest. The number 

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

A description of the karyotypes of nina species in this family was 

given by Bayes et ~.(1964), in which Phaonia variegata Fabr., 

muscina stabulans Fall. and Orthellia nudissima L. had 2fl = 10. 

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

Stomox~s calicitrans (L.) 

Family Calliphoridae 

The cytological data of at !east 28 species in this family are 

available in the literatur~. Again, the earliest data was found in 

Stevens' (1908) work. Six pairs of chromosome were c~àaD+y indicated 

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

Lucilia caesar L. metz ( 1916) also reportèd 2n = 12 chromosomes in 

Phormia regina (mg.), t:;alliphora viridescens Desr. and fe' erythrocephala 

(mg.). The karyotype off· erythroceehala (mg.) has baen the subjact 

of a number of etudies (filetz, :tfli'§ Keueneke 1924; Frolowa 1929; Naville 

1932; Strasburger 1933; Bier 1960; Ullerich 1963; Olelander 1963). The 
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metaphase chromosomes of the species 1• caesar L. showed much more 

detailed in Keuneke's (1924) work than Stevens' (1908). metaphase 

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

hominivorax (Coq.} (Kaufman and Wasserman 1957) were 

by Bayes (1961). The mitoticdhromosomes of Lucilia 

also analysed 
(~.) 

sericata were 
A 

described by Fish (1950). Bayes (1961) has reported ~ = 12 

chromosomes for 20 species of this family and Ullerich (1963) also 

found six pairs in 11 species. Recantly Lachance !Œ~-(1964) have 

presented a very nice spermatogonial mitatic metaphase figure of 

~ hominivorax (Coq.). By careful analysis, the relative length of 

individual chromosomes and their arm ratios coincided in most details 

with the reswlts of Bayes (1961). However, a noticeable size 

difference on the Y-chromosome was found. 

Family Sarcophagidae 

Cytological data for at least 29 species in this family are 

available in the literature. Illustrations of mitotic metaphase 

figures of Sarcophage sarracenias are available in Stevens' work (1908). 

Cytological data of four species of this family (Sarcophage tuberosa 

serraceniae Riley, Sarcaphaga sp., Ravinia communia Park and~. peni-

culata Park) were reported by metz (1916). metaphase figures of 

Sarcophaga carnaria (L.) hava been illustrated by Keuneka (1924). 

Bayes (1953) cantributed karyatypes of nine species in this family, 

in which nine pairs plus one or two tiny chromosomes were found in 

Pseudasarcophaga affinis (Fall.) whereas the rest had 2n = 12. 
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The karyotypes of 12 more species were presanted by Bayes (1963). 

All of these species had six pairs of chromosomes. So far, with the 

exception being P. affinis (Fall.) it seems that the chromosome nmmber 

in this family is much more stable than in many other familias. 

Family Tachinidae 

Cytological data on at !east 18 species in this family are 

available in the literature. A very clear mitotic metaphase 

chromosome figure of Bassa selecta (mg.) from Smith (1943) was 

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

sean 2n = 12 in Phorocera hamata (A. and W.). Bayes!! ~.(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 Cuterebridae 

Bayes (1964) reported six pairs of chromosome in Cuterebra 

emasculator Fitch in which Pair VI is conspicuously longer than the 

ether autosomal pairs. 

Family Oestridae 

The karyotypes of Cephanemyia phobifer Clark, Oestrus~ L., 

Hypoderma lineatum (de Villiers) and ~· bovis L. have been described 

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

The most interesting point is that Q. ~ L. and tl• bovis L. beth 
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have a very long, metacentric and heterochromatic X-chromosome. 

tl• lineatum (de Villiers) also has a fairly long X-chromosome. The 

karyotype of ~· 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 

Bayes (1964). 
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III mATERIAL AND mETHODS 

1. materiels used: 

The following synopsis gives the 54 species of Schizophora flies, 

representing 40 genera and 14 familias whose chromosomes were studied. 

Acalyp:tratae 

Diopsidae 

Sphxracephala brevicornis (Say) 

Oti tidae 

Ceroxxs latiusculus (L.) 

malieria crassipennis r. 

myrmecothea mxrmecoides L. 

Seioptera vibrans (L.) 

Euxesta notata Wied. 

Platystomatidae 

Rivellia prob. viridulans R.-D. 

Tephritidae 

Epochra canadensis L. 

Dryomyzidae 

Dryomyza anilis F. 

Sciomyzidae 

Atrichomelina pubera L. 

Pharbellia grisescens m. 

Pherbellia .!J.!!ll! F. 

Pherbellia new sp. 

Antichaeta melanosoma m. 

Dictxa atlantica Steyskal 

Dictya brimlexi Steyskal 

Dictxa sabras ki Steyskal 

Dictx;a texensis Curran 

Sepedon armipes Loew 

Sepedon fuscipennis Loew 

Tetanocera 12..!.!!!!. Ste ys kal 

Tetanocera sp. 

Pscadiaa zerni mayer 

Lauxaniidae 

ffiinettia flaveola Coq. 

Chamaemyiidae 

Cremifania nigrocellulata Cz. 

Leucopamyia obscura H. 

Helemyzidae 

Suillia nemorum (mg.) 

Suillia ap. 

Calyptratae 

Anthomyiidae 

Cordilura ciliata 



Cordilura ontario Cn. 

Achaetella varipes {Walk.) 

Orthochaeta hirtipes John. 

Hylemya echinata (Segny) 

Hylemya florile9a Zett. 

Hxdrophoria conica Wied. 

Pegomya betae (c.) 

Pegomya bicolor (Wied.) 

muscidae 

Fannia canicularis (L.) 

Hxdrotaea scambus Zett. 

Calliphoridae 

Chrysomyia albiceps (Wied.) 

Chrysamyia chlaropyga (Wied.) 

Chrysomyia gutoria (Wied~) 

38. 

Phaenicia caeruleiviridis macq. 

Cynomyopsis cadaverina (R.-D.) 

Pollenia rudis (fab.) 

Sarcophagidae 

Sphencmetcga tergata (Coq.) 

Blaesoxipha hunteri (Hough) 

Blaesoxipha opifera (Coq.) 

Sarcophage latisterna Park. 

Ravinia guerula (Walk.) 

Tachinidae 

Peleteria iterans (Walk.) 

Arch~tas apicifera (Walk.) 

Bessa selecta (mg.) 

Winthemia rufopicta (Big.) 

The locations where the flies were collected, the tissues used, the 

number of cella analysed, and the number of individuel flies involved 

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 avaries 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 haads off and removing the 

larval brains. The brains, testes or avaries ware then transfered 

onto a (95% ethyl alcohol) clean glass slide, two drops of stain 

(z% solution mixture of orcein in lactic and acetic acids) were added 

for staining exactly three minutes. While staining the tissues the 

dissected flies were dried on a paper towel; their winge and legs, 

were spread and pinned up for species identification. After removing 

the excess stein, the tissues on be slides were covered with a cover 

slip and firmly squashed and pressed. The slides were then left for 

several hours to dry at the edges, after which the edges of the caver 

slips were sealed with a thin layer of colourless, transparent finger 

nail polish. These temporary slides can be stored for severa! weeks 

if they are stored in a plastic slide box with added moisture, and 

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

3. Analyses of Chromosome Complements 

The temporary elides wera scanned for metaphase chromosome 

figures under a Zeiss Photomicroscope or Zeiss Ultra-Phot microscope. 

Structural details of chromosomes on faintly stained slides were found 

ta be better resolved by using phase contrast whereas those on darkly 

stained slides were found to be better resolved by using ordinary light. 

Important charactars of the chromosome were noted during the microscopie 
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observation. The good metaphase chromosome figures were then 

photographed under a combination of a 100 X ail immersion objective, 

1.25 X Gptovar 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 ica and prying off the coverslips. Slides and covarslips 

were than transferred diractly into 95% ethanol for about five minutes 

and maunted separately in Zeiss L 0 25 phase cobtrast mounting medium. 

The chromosome figures were printed at a magnifying of X 2250 from 

the actua1 size of the chromosomes. 

By choosing a central point on the centramere, bath arms of each 

chromosome were measured by a compass. For the purpose of secondary 

arm ratio calculation, wherever a secondary constriction was 

encountered, the measurement of each segment of the arm was recorded 

separa tel y. The pairs of chromosomes were then numbered I-VI in 

arder of increasing size, on the basis of the average langths of the 

homologous pairs with the exception that the X-chromosomes which are 

always Pair 1 regardless of their relative lengths. 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 individuel chromosomes was 

calculated by dividing the length of the long arm by that of the short 

arm. The statistical analysis was dona by I~fi prognamming. For 

this purpose, bath long arma as well as both short arms of a pair of 
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chromosome were added up and panched on the data cards. The program 

is shawn as follows: 

0 $IBfTC MAIN 
1 OIMENSilJJ P( 100,20), SDT(20), SOU(20), DIV( 100,20) 1 Tfl1(20), 

2 
7 

10 
11 
12 
23 
34 
35 
36 
37 
40 
41 
42 

43 
44 
45 
46 
47 
52 
53 
54 
55 
56 
57 
60 
61 
62 
65 
66 
67 
70 
71 
72 
73 
76 
77 

100 
101 
102 
103 
104 

105 
106 

1 V(100), A(100,20), 8(100,20), SAB(100), PER(20), T(20), 
2 U(20), SDAB(20), SARM(20), GARM(20) 

19 READ (5 1 2)NCONT,NCEL,NPAR,NSPC 
2 fORMAT (413) 

fil = NCEL 
N = NPAR 
REAO (5,1) (( A(1,J), J=1,N), l=1,M) 
REAO (5,1) ((B(I,J), J=1,N), I=1,M) 

1 fORMAT(16f5.2) 
fLM = FLOAT(M) 
FLM 1 = FLM - 1 • 
fLN = FL OA T ( n) 
fLN 1 = FLN - 1 • 
UIRITE ( 6. 3)rJCEL ,NPAR ,rJSPC 

3 fORmAT (1HO,// 1H 1 3DX, 13, 6H CELLS, 5X, 13, 6H PAIRS, 10X, 
1 3HSP., 13//1H, 5X, 3HNO., ?X, 3APER, 9X, 3HSOU, 9X, 2HTift, 
2 10X, 3HSOT, 9X, 4HSARM, BX, 4HGARM) 

DO 11 K=1 ,m 
SAB(K) =0.0 
DO 11 J=1,N 
SAB(K) = A(K,J) + B(K,J) + SAB(K) 

11 CONTINUE 
DO 10 J=1 ,N 
PER(J)=O.O 
SDAB(J)=O.O 
DO 10 K=1 ,m 
DIV(K,J)=A(~,J)/B(K,J) 
SDAB(J):DIV(K,J) + SDAB(J) 
P(K,J) :: (A(K,J) + B(K,J)/SAB(K) 
PER(J) = P(K,J) + PER(J) 

10 CONTINUE 
DO 21 J=1 ,N 
U(J) =0.0 
T(J)=O.O 
DO 21 K=1 ,m 
T(J) • (SDAB(J)/FLM - DIV(K,J) )**2 + T(J) 
U(J) = ( PER(J)/FLM - P(K,J) )**2 + U(J) 

21 CONTINUE 
DO 9 J=1 1N 
SDT(J) = SQRT(T(J)/FLM1) 
SDU(J) = SQRT(U(J)/FLM1)*10D. 
TIYI(J) = SDAB(J)/fLnl 
PER(J) = 10D.*PER(J)/FUO 
NUIYI = J 
SARM(J)= PER(J)/(TIYI(J)+1.) 
GARIYI(J)= PER(J)-SARIYI(J) 
UIRITE (6,7)NUM, PER(J), SOU(J), 

1 GARffi( J) 

TM(J), SDT(J), SARM(J), 
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107 7 FORMAT (1HO, 4X, 13, 6F12.4) 
110 9 CONTINUE 
112 SMEAN = 0.0 
113 TMEAN = 0.0 
114 DO 16 I = 1,M 
115 V(I) = 0.0 
116 D015J=2,N 
117 15 V(I) = V(I) + DIV(I,J~ 
122 TMEAN • TMEAN + V(I)/FLN1 
122 16 SMEAN = SMEAN + SAS( I) 
124 TMEAN = TMEAN/FLM 
125 SMElAN = SMEAN/FU1 
126 SfllEANM= SfllEAN * 40./9. 
127 SDIVS = 0.0 
130 TDIVS = 0.0 
131 DO 17 I=1 1M 
132 V5 = Tf!IEAN - V( I)/FLN1 
133 TDIVS = TDIVS + V5*V5 
134 V6 = SMEAN - SAB(I) 
135 17 SDIVS .. = SDIVS + V6*V6 
137 TDIV = SQRT(TDIVS/FLM1) 
140 SDIV = SQRT(SD!VS/FLM1) 
141 SDIVM = SD!V * 40./9/ 
142 UJRITE (6,1B)N,TmEAN,TDIV,SiilEAN,SDIV, SlilEANffi, SDIVrfl 
143 18FORMAT (1HD,/IH , 1DX, 12HMEAN OF 2 TO, 13, 10H AVERAGE 

1 ARrfl RATIO =, F8.4, 15X, 5HS.D.=, FB.4/ 1H , 20X,20HMEAN 
2 of T .c.L. IN CM,4X, 'IH=, FB.4, 15X, 5HS.D=, F8.4/1H,20X, 
3 24Hii1EAN OF T.C.L. IN MICFDN, 1H=, F8.4,15X, 5HS.D.=, 
4 F8.4) 

144 IF(NCONT.EQ.1) GO TO 19 
147 CONTINUE 
150 END 

A sample of the results printed out by the machina is shown 

as follows: 



NO. 

1 

2 

3 

4 

5 

6 
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2 CELLS 6PAIRS SP. 54 

PER 

(% of 
, • TC L. ) 

7.8916 

16.3163 

16.6419 

17.7592 

18.5946 

22.7966 

sou 

(Standard 
deviation) 

1.3016 

0.0423 

1.2816 

0.6363 

0.6301 

0.0285 

(Arm 
ratio) 

o.oooo 

1.7071 

1.5425 

1.1621 

1.5685 

1.7660 

SOT 

(Standard 
deviation) 

o.oooo 

0.6754 

0.4529 

0.0253 

0.3471 

0.1895 

MEAN OF 2 TO 6 AVERAGE ARffi RATIO= 1.5532 

MEAN OF Tr:L IN cm =14.6750 

MEAN OF ·reL • IN ffiiCRON=65.222 

SARfil 

(Short 
arm) 

7.8916 

6.0273 

6.5455 

8.1384 

7.2394 

8.2418 

GARftl 

(Long 
arm) 

o.oooo 

10.2890 

10.0963 

9.6208 

11.3552 

14.5548 

s.o. = 0.1569 

s.o. = 2.7789 

s.o. =12.3508 

The parcentage of TCL and the lengths of short arm were then 

used for composing the idiogram of each specias. The secondary arm 

ratios were calculated manually using the proximal part over the distal 

part. The percentages of TCL of Y-chromosomes wera also calculated 

manually from their relative ratio ta the X-chromosomes. The per-

centages of TCL, the arm ratios of individuel chromosomes, the average 

II-VI arm ratios, the average TCL in microns along with their standard 

deviations for the chromosomes of each species, are summarized in 

Table 1. 

For karyatypic comparisans, the available chromosome data in the 

literature either resulta adopted directly, chromosomal illustrations 



44. 

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 Catalog of the Diptera of America North of 

mexico" by Stone~ al.(Agricultural Handbook No. 276, United States 

Dept. of Agriculture) was used. Leven ~ al.1 s ( 1964) nomenclature 

system for centromeric position on chromosome was used in this thesis. 



45. 

IV DESCRIPTIONS OF KARVOTYP~ 

Sphyracephala brevicornis (Say) 

Adults collected in Virginie in August of 1964 were used for 

cytological study. Eight metaphase I chromosome complaments from 

two adult fly testes were analysed. The results are shawn in 

Table 1, Idiogram 1, and a metaphase I chromosome picture is shown 

in Figure 1. 

In every complement, four pairs of autosomes and an XY pair 

were found. The average TCL was 34.91 ~. Pairs II and III were 

very short compared to Pairs IV and V. The positions of the centra-

meras were not very clear in all the complement analysed. 

Presumably, Pairs Il and III were telacentric; whereas the centra

mares of Pairs IV and V were in the median regions. 

The distinct differences in length betwesn each individuel 

chromosome makes the pairs of chromosomeSeasily identifiable, and 

the karyotype of this species is distinguishable from those other 

species studied. 

The presumed X-and Y-chromosomes 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.S.A. in 1964 

was used for this study. Eight mitotic metaphase figures from a 

single ovary were studied. These results are presented in Table 1, 

Idiogram 2, and a mitotic metaphase picture is given in Figure 2. 
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Idiogram 1 

Figure 1 . metaphase I chromosome complement of 
Sphyracephala brevicornis Say. from the 
testis of an adult male, tiny XV on right 
bottom corner, X 2250. 
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Figure 2. mitotic metaphase chromosome complement of 
Ceroxys l a tiusculus (L.) fro m the ova ry of a n 
adult fem ale , X 2250 . 
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The chromatids and centromeres were fairly clear in most cases. 

Twelve chromosomes were present in each cell, with an average TCL of 

44.56 ~. Pairs II, III, IV and V differed only 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, Paiœiii and IV had a lower arm 

ratio when compared to the ether autosomes. A secondary constriction 

was often 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 co11ected in the Netherlands in 1962 were subjects for 

this study. Tan mitotic metaphase figures from a single testis 

were analysed. The results are summarized in Table 1, Idiogram 3. 

A mitotic metaphase picture can be sean in Figure 3. 

Four pairs of chromosomes were found in each of the ten figures 

analysed. The average TCL was 35.48 ~. Pair IV was 6.4% TCL longer 

than Pair III and Pair III was 2.~fo TCL longer than Pair II. Pair II 

and Pair III could be separated more easily by the ir arm ratio. 

Pair II and Pair IV had their centromere in the median region, while 

the centramere of Pair III was in the submedian region. 

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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Figure 3. ffi itotic metaphase chromosome complement of 
ffielieria crassipennis F. , from the testis of 
an adult male, X 2200. 
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ffiyrmecothea myrmecoides L. 

Adult specimens were collected in Virginia in the August of 1964. 

Four metaphase II figures from a testisweneanalysed. The results 

are shawn in Table 1, Idiogram 4, and a metaphase II picture is shawn 

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 ~. 

The centromeres of the autosomes were all found in the median region, 

while the centromere of the X-chromosome was probably at the terminal 

point. Since only metaphase II figures were available, the X-and Y

chromosomes in this species could not be distinguished one from the 

ether 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 resulta are shawn in Table 1, Idiogram 5, and a mitotic metaphase 

picture can be seen in Figure 5. 

Six chromosomes ware found in avery figure studied. Unfortunately, 

the position of centromeres was not very distinct. The average TCL 

was very low (24.35 ~). The centromare of the smallest pair was 

probably in the terminal region; while the centromeres of Pairs II and 

III were in the median region. The small!st pair was pte sumed to be 

the two X-chromosomes because in soma figures they were poorly paired. 

The simplicity of the karyotype of this species makes its chromosome 
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Figure 4. Metaphase II chromosome complement of 
ffiyrmecothea myrmecoides L. from the testis of 
an adult male, X 2250 . 
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Figure 5. Mito±ic metaphase chromosome complement of 
Seioptera vibrans (L.) from the ovary of an 
ad ult female, X 2250. 
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complement easily identifiable and the individuel chromosomes are 

easily recognized. 

Euxesta notata Wied. 

53. 

Larvae were obtained fxom the University of Western Ontario in 

February of 1964. Ten mitotic metaphase figures from a larval brain 

of a presumad male were analysed. The resulta 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 51.09.· ~. 

Among the autosomes, the length difference between each two adjacent 

pairs, except between Pairs V and VI, was nat obvious. Pair II 

constituted 16.8% of TCL, Pair III 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 centromeres was found, except that ;hu centromere of Pair II was 

more nearly submedian, while the centromeres of the ether autosomes 

were more nearly median. 

The X-and Y-chromosomesin this spacies were obvious as two very 

small dots, but thougb:;ama11, in most cases they were fairly clear. 

Rivellia prob. viridulans R.-D. 

Adults collectsd in North Caroline in July of 1964 were used for 

the chromosome analysis of this species. All twenty-four mitotic 

metaphase figures from an ovarian tissue contained six chromosomes. 

The average TCL was 43.46 ~. The locations of centromeres of auto-
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Figure 6 . Mitotic metaphase chromosome complement of 
Euxesta notata Wi ed. from a larval brain, 
x 2250 . 
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Figure 7. Mitotic metaphase chromosome complement of 
Rivellia prob. viridulans R.-D. from the ovary 
of an adult female , X 2250. 
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sames were al! faund in median region, but the length of Pairs II and 

III were distinctly different. The most distinguishing characteristic 

of this karyotype was the very long X-chromosome, which appeared as the 

langast chromosome 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 telacentric is that~ most cases one end of the X-chromosome 

was narrower. This deduction is further strangthened by the 

observation thare was a hint from three poor anaphase figures. The 

X-chromosomesin most cases werenot paired and in severa! cases were 

found ta be heterochromatic. 

The results of chromosome analysis are shawn 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 cytological 

study. Eight mitotic metaphase figures from an ovary were analysad. 

The resulta of the analysis are shawn in Table 1, Idiogram B, and a 

mitotic metaphase picture can be seen in Figure a. 

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

The average TCL was 71.80 ~. The length differences between Pairs I, 

II and III were not obvious. Howevar, Pair III differad from Pairru 

by 2.8% of TCL. Anèven more distinct length difference (11.3% of TCL) 

was found betwaen Pair IV and v. Pair I had its cantromere in a 

subtarminal region. The centromeres of ether chromosomes in the 
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Figure s. mitotic metaphase chromosome complement of 
Epochra canadensi~ L. from the ovary of an adult 
ferpa~e, X 2250. 
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complement were found in the median region. 

paired in sorne cases. 

Pair I was not well 
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The karyotype of this species, as wall as individuel chromosomes 

in the complement, was peculiar and easily recognized. 

Dryomyza anilis F. 

Collections obtained from Czechoslovakia in August of 1965 were 

used for cytclogical study. Six mitotic metaphase figures from a 

testis were analyzed. The resulte of the analysis are shawn in 

Table 1, Idiogram 9, and a mitotic metaphase picture is given in 

Figure 9. 

The average TCL was 75.71 ~. zn = 12 was found in each 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 plue 

a Y-chromosome. Pair II differed from Pair IIIby only 1.2% of 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 between 

Pair V and Pair VI was 2.8% of TCL. All the cantrameres 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 al~. It was slightly longer than 
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Figure 9. Mitotic metaphas e chromesome complement of 
Dryomyza anilis F. from the testis of an adult 
male, X 2250. 
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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 metaph~se complements studied from four presumed female and 

one presumed male larval brain. The resulta are summarized in 

Table 1, Idiogram 10, and a mitotic metaphase picture is shawn in 

Figure 10. 

The average TCL was 58.93 ~. The autosomes did not show any 

distinct differences in length, but the location of centromeres of 

Pairs II and III was~ 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 resulta 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 ether 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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Figure 10. ffi itotic metaphas e chromosome complem ent of 
Atrichomelina pubera L. from a larval brain, 
x 2250. 
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Figure 11 . ffi itotic metaphas e chromosome complement of 
Pherbellia grises cens m. from a pupal br ain, 
x 2250 . 
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length difference between the other two adjacent pairs of autosomes 

was not obvious. Pair II and Pair IV had a very similar arm ratio 

of 1.19 and 1.17 rDspectively; also Pair IV and Pair V had similar 

arm ratios of 1.48 and 1.58 respactively. On the ether 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 chromosome was narrow, indicating that perhaps this 

X-chromosome was telocentric. Occasionally a secondary constriction 

was observed near the narrow end of the chromosome. 

Pherbellia ~ F. 

Collections from Ithaca, New York were used for this study. 

Nina mitotic metaphase figures from three presumed male larval 

brains were analysed and the results are summarized in Table 1, 

Idiogram 12, and a mitotic metaphase picture is given in Figure 12. 

In all ceDS five pairs of autosomes plus an X-and Y-chromosome 

were found. The average TCL was 51.21 ~. The centromeres of the 

autosomes were all in the median region, and the difference in length 

between each two adjacent pairs was not distinct. Pair II diffared 

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.~~ 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 run this species was observed as a small dot and did 

not stein verycdD2~ly at mitotic metaphase. 
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Figure 12 . Mitotic metaph ase chromosome complement of 
Pherbellia ~ F. from a l arval brain, 
x 7250. 

64 . 



65. 

Pherbellia new sp. 

Thirteen mitotic metaphase figures from the pupal brain of two 

presumed males were anàlysed. The results are shawn in Tabla 1, 

Idiogram 13, and a mitotic metaphase picutre is shawn in Figure 13. 

The average TCL was 48.27 ~. ~ = 12 was obtained in each of 

the thirteen complements. The length differences between Pairs II, 

III and IV were not obvious; while those differences between Pairs IV, 

V and VI were more conspicuous. Pair VI was 2.~/o of TCL longer than 

Pair V; Pair V 3.6~& of TCL longer than Pair IV; Pair IV 1.1l% of TCL 

longer than Pair III; and Pair III 2.2% of TCL longer than Pair II. 

The locations of the centrameres of the autosomes of this apecies were 

in the median region. However, Pair Il had a higher arm ratio than 

the ether members of the complements, while Pair V had a lower arm 

ratio. 

The X-chromosome in this species was very small. The narrowing 

at one end of it was presumed to indicate the position of the centra-

mere. A secondary constriction was found close ta this narrower end 

of the X-chromosome in two complements analysed. The Y-chromosome, 

though small, was recognizable in avery complement analysed. 

Antichaeta melanosoma m. 

Cytological studies were performed on specimens from Ithaca, New 

York. Ten mitatic 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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Figure 13. Mitotic metaphase chromosome complement of 
Pherbellia new sp. from a pupal brain, 
x 2250. 
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Figure 14. Mitotic metaphase chromosome complement of 
Antichaeta melanosoma m. from a larval brain, 
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Twelve chromosomes were faund in avery figure studied. The 

average TCL was 74.19 ~. The centromeres of Pairs II and III were 

found in the median region. In pairing assignment, the pairs were 

found gradually increasing in length, but the length difference between 

the shortest pair and longest pair was considerable. 

The X-chromosome was found to be about two-thirds the length of 

Pair II. This chromosome was presumad to be telocentric and in 

severa! 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 independant constrictions is not knowg. 

Dictya atlantica Steyskal 

Collections from Scranton, Pennsylvania, u.s.A. were used for 

this study. The analysis was based on fourteen mitotic metaphase 

figuras obtained from the larval brains of one presumed female, and 

four presumed males. The results of the analysis are summarized in 

Table 1, Idiogram ~5, and a mitotic metaphase picture is given in 

Figure 15. 

The average TCL was 61.01 ~. Tho differences in the length of 

autosomes were not obvious. Pair II constitutad 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 II 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 cases, the X-chromosome was narrower at one end, 

prasumably 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.s.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 

pictura is shawn in Figure 16. 

All tan complements analyzed contained twelve chromosomes each, 

the average TCL measured 58.47 iJ.. The differS1 ces in length of the 

autosomes were not distinct. Pair II was only 1.2% of TCL shorter 

than Pair III; Pair III was 1.7% of TCL shorter 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 region, while the centromeres of Pâirs II and III we~• in the 

submedian region. Furthermore, the arm ratio of Pair II was much 

higher than that of Pair III. Pair V had a highar 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 preaumed ta be telocentric; 
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however, a constriction was observed in the submedian region in four 

of the tan cells analysed. The Y-chromosome showed as a vary small 

dot, corresponding ta 3.1% of TCL and was presumed to be talocentric. 

Dictxa sabroski Steyskal 

Collections from Lebanon, mo., and Collins ville, Illinois were 

used for the chromosome ama!ysis of this species. Although more than 

forty clear mitotic metaphase figures were obtained from the larval 

brain preparation, only eleven figures from two presumed female larvee 

and three male larvaa were used for detailad examination. The results 

ara summarized in Tabli 1, Idiogram 17, and a mitotic metaphase picture 

is given in Figure 17. 

zn = 12 was obtained in avery figure. The average TCL was 

60.78 [J.. The length differences in the autosomes were not very 

obvious; Pair VI was only 1.2% of TCL langer than Pair v, Pair V 1.17~ 

of TCL longer than Pair IV; Pair IV 1.9% of TCL longer than Pair III, 

and Pair III 1.Z,& of TCL langer 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 sevaral rnitatic anaphase figures, in 

which the daughter X-and Y-chromosomes were straight and with no 
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banding 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 Lubbeek, Texas, u.s.A. were used for these 

studies. Thirteen mitotic metaphase figures from three presumed 

female and two presumed male larval brains were analysed. A diploid 

number of 12 was found for all complements. The figures were fairly 

clear in showing the locations of the centromeres but chromatids could 

not be sean. The average TCL was 74.01 ~. Tne resulta of the 

analysis of the chromosome complements are shawn in Table 1, Idiogram 

18 1 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 II and 

III were in the submedian region, while those of Pairs IV, V and VI were 

in the median region. The X-chromosome in this species was telocentric, 

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. Nina mitotic metaphase figura$ from larval brains were 

studied. The results are summarized in Table 1, Idiogram 19, and a 

mitotic metaphase picture is given in Figure 19. 
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five pairs of autosomes were obtained in aach of the complements 

analysed. Two X's were consistantly found in each of five figures 

from two larval brains; while in each of four ether 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 ~. The X-chromosome was telocentric and constituted only 5.7% 

of TCL. The arm ratios of the autosomes in this species wera al1 

very law; hence, all the centromeres of autosomes were found in the 

median region. Pair II differed from Pair III by 1.5% of TCL; 

Pair III 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. 

Sapedon fuscipennis Loew 

Collections from Ithaca, New York were used for cytological 

analysis. Sevan mitotic metaphase figures from larval brains of one 

presumed female and two presumed males were carefully 5udied. The 

resulta are summarized in Table 1, Idiogram 20, and a mitotic metaphase 

picture is given in figure 20. 

The average TCL was 83.92 ~. Zn = 12 was found in each complement 

analysed. The length differences between each two adjacent autosome 

pairs was not large. However, it was not difficult ta separate the 

largest pair from the shortest pair of 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 
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1.82, Pair V 1.54, and Pair VI 1.59. The Y-chromosome was about 

4.2'}~ of TCL and was presumed to be telocentric. 

chromosomes were not paired in most cases. 

Tetanocera ~ Steyskal 

The XX or XY 

79. 

Collections from Ithaca, 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 shawn in Table 1, Idiogram 21, and a mitotic metaphase picture is 

given in Figure 21. 

The average TCL was 79.43 ~. Zn = 12 was faund in each of the 

five complements analysed. Tho length differences among Pairs II, III 

and IV were not obvious; while the difference bètween Pairs IV and V, 

and Pairs V and VI were appreciable. Pairs II, III and IV had higher 

arm ratios; whereas Pairs V and VI had lower arm ratios. 

The X-chromosome in this species was very small compared ta the 

autosomes, and was presumed to be telocentric. The Y-chromosome 

appeared as a very small dot and in sorne cases was difficult ta locate. 

Tetanocera sp. 

Adults collected in British Columbia were subjectaifo~ this study. 

Five mitotic metaphase figures from an ovary were analysed. The 

rasults are shawn in Table 1, Idiogram 22, and a mitotic metaphase 

picture is shawn in Figure 22. 

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

analysed. The average TCL was 107.98 ~. The length differonces 
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between two individuel chromosomes wera not obvious. Pair II 

canstituted 14.5% of TCL, Pair III 15.9"/o, Pair IV 17.7%, Pair V 18.6%, 

and Pair VI 20.3% of TCL. Pair II had a higher arm ratio and its 

centromere was close to a submedian region, while the centromeres of 

the ether autosomes ware found in the median region. 

The X-chromosome conaituted 13.0% of TCL and slightly shorter 

than Pair II. Nevertheless, because it is telocentric, the X-

chromosome was easily identified. 

in one of the X-chromosomes. 

Psacadina zerni Mayer 

A satellite was often observed 

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 shawn 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 species 

was not the shortest ~air 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 II 

12.4%, Pair III 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 species. 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 ratio appraciably 
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higher than Pairs IU 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, althaugh this was nat obvious 

in sorne figures, In sorne very extended figures a satellite on the 

lang arm of the X was observed. 

appeared only as asnall dot. 

The Y-chromosome in this species 

A secondary arm ratio of 1.16 based on measurements of sevan 

chromosomes was obtained for the long arm of Pair v. The secondary 

constrictions in ether chrmmosomes of this species were not recorded 

frequently. 

minettia flaveola Coq. 

Adults were collected in Pullman, Washington, u.s.A. in 1964. 

Six mitotic metaphase chromosome complements from a testis were analysed. 

The results are shawn in Table 1, Idiogram 24, and a mitatic metaphase 

picture is shawn in Figure 24. 

All figures analysad were neat and clear. In all casas the 

eight autosomes were wall paired, while the X-and Y-chromosomes were 

not paireal. The average TCL was 61.45 ~. The centromeres of the 

autosomes were all found in the median region, while the centromeres 

of the ~and 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 II and Pair III were approximately in aqual 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 quite long in 

this species. It constituted 21.4% of TCL and was just 1.5% of TCL 

shorter than Pair v. 

to 14.3% of TCL. 

The Y-chromosome was also long and corresponded 

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 shawn in 

Table 1, Idiogram 25, and a mitotic metaphase picture is given in 

Figure 26. 

Six chromosomes were obtained in aach complement analysed. The 

average TCL was 27.19 !J.. Pair II differed from Pair III by 8.87~ of 

TCL. The centromeres of bath Pair II 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 mostof 

the casas. A mitotio anaphase figure was obtained which showad very 

clearly that the sax chromosomes were telocentric. One sex chromosome 

was 95/b (averaged from tan figures) of the other in length. !t is 

postulated that the Y-chromosome of this species is but 1.21~ of TCL 

shorter than the X-chromosomes. Otherwise, bath chromosomes in 

question in all the tan figures from six larvae were X-chromosomes. 

A secondary cansti:iction was often observed in the sex chromosomes 

but its location was nat cansistent. 
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Leucopmxia 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 sean in Figure 27. 

The average TCL was 46.86 ~. Pair VI was 3.8/b of TCL langer 

than Pair V; Pair V was 2.1% of TCL longer than Pair IV; Pair IV 

was 1 .a% of TCL longer than Pair III, and Pair III was 1. 8/S of TCL 

longer than Pair II. The centromeres of the autosomes were all found 

in the median regions. The average II-VI arm ratio was only 1.25. 

The five microchromasomas cons ti tuted 3.0]~, 2.2%, 2.17&, 1.9% and 

1.7% of TCL respectively. In four of the six figures a constriction 

in the centre of aach of the five microchromosomes was observed. 

Thesa microchromosomesmay possibly be involved in the sax determination. 

It would be interesting tc see their behavior in the meiotic division. 

Suillia nemorum (Mg.) 

Adults collected in British Columbia in 1964 wara used for this 

study. Sevan mitotic metaphase figures were obtained from the testis 

of an adult fly. Surprisingly enough, thesa seven figures can be 

divided into two cell populations. One population (three figuras) 

showed a long X-chromosome with a centromere in its median region, 
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while the ether (four figures) had a short, telocentric X-chromosome. 

The two cell populations were therefore analysed separately. 

discarding two distorted figures, two figures from the long X

chromosome cell population and three figures from the short X-

chromosome cel! population were analysed. The rasults of this 

After 

analysis are summarized in Table 1, ldiogram 27 and 28. Two mitotic 

metaphase pictures from the two cell populations are given in 

Figure 28 and 29. 

8oth cel! populations agreed with 2~ = 12. However, the 

average TCL and average Il-VI arm ratio were completely different in 

the two populations of cells. 5ince only a limited number of flies 

and cells were analysed, these observations require further confir

mation. It would be very intaresting if these observations proved 

tQ be true. 

Suillia sp. 

Adults were collected in British Columbia in 1964. Four mitotic 

metaphase figures from an ovary were analysad. The results are shown 

in Table 1, Idiogram 29, and a:1mitotic metaphase picture is given in 

Figure 30. 

The average TCL was 52.88 ~. 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 1.4/b of TCL; and Pair V differed from Pair VI 

by 2.57-& of TCL. The centromere of Pair II was close to the submedian 
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region; whereas, the centromeres of the other autosomes wera 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 configuration. 

Cordilura ciliata 

Adult specimens were collected in Czechoslovakia in August of 

1965. Five metaphase I figures from a testis were analysed, and the 

results are shawn in Table 1, Idiogram 30. A metaphase 1 picture is 

shawn in Figure 31. 

Six pairs of chromosomes were found in each complement analysed. 

The average TCL was 91.36 ~. The length difference between each two 

adjacent pairs of autosomes was not distinct. Except for Pair Il with 

a low arm ratio (1.33), the other autosomes hadfuirly high arm ratios 

(e.g. the average II-VI arm ratio was 1.61). 

Tho X and Y chromosomes were short (5.20% and 4.37% of TCL 

respectively) and appeared ta be telocentric. 

Cordilura ontario Cn. 

Parasitic larvee were collected from their hosts in Virginie in 

1964. Fifteen mitotic metaphase figures from four larval brains were 

analysed. In all fifteen figures, the centromeric constrictions and 

chromatide were very clear. The resulte of the analysis are 

summarized in Table 1, Idiogram 31, and a mitotic metaphase picture 

is shawn in Figure 32. 

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

the average TCL was 81.60 ~. The autosomes differed only slightly 
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in length between aach two adjacent pairs; with all the centromeres 

being located in the median region, except for Pair III 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-chromosome was small in comparison ta the autosomes and was 

telocentric. The presumed Y-chromosome was just 0.5~0 of TCL and 

shorter than the X-chromosome. However, because of the small 

difference in TCL ( 0. 57~), it was diFficul t ta 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 varip~~ (Walk.) 

Larvae collected from Virginia in 1964 were used for cytological 

studies. Five mitotic metaphase complements from a larval brain 

were analysed. The resulta are shawn in Table 1, ldiogram 32 and a 

mitotic metaphase picture is given in Figure 34. 

All five figures analysed had clear centromeres and all agreed 

with 2fl = 12. The average TCL was 77.64 ~. From Pair II to V the 

length differences between each two adjacent pairs was slight. Ho waver, 

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

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

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

median region of the long arm of Pair Ill was occasionally observed. 

The X-chromosomes were 4.0% of TCL shorter than Pair II and were 

presumed ta be telocantric. In most cases XX pairing was poor. ln 
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one case, an achromatic centromere-like region was observed in the 

median region of one of the X1s. In three of the five figures, a 

sacondary constriction near the centromare end of the X-chromosome 

was observad. This then appeared as a satellite on the X-chromosome. 

Orthochaeta hirtipes Jopn. 

Adults were collected in Port of Spain, Trinidad, in 1957. Six 

pairs of chromosomes were. found in three late metaphase II figures 

from a female ovary. Although th~ chromosomes were slightly dis

torted, the pulling apart of the daughter chromosomes starting from the 

centromeric region was obvious. The average TCL was 64.44 ~. The 

resulta of analysis are shawn in Table 1, and Idiogram 33. A late 

metaphase II picture is given in Figure 35. 

The centromeres of Pairs II, III and V were at the median region, 

while the centromeres of Pairs lV and VI were at the submedian 

region. Pair II consisted of 13.9% of TCL, Pair III 16.6%, Pair IV 

18.5%, Pair V 22.17~ and Pair VI 24.57S• The length difference between 

each two adjacent pairs was appreciable. The X-chromosome was much 

shorter than Pair II ( 4.2/~ of TCL) and presumably was telocentric. 

Hylemya echinata (Saguy) 

Larvae provided by Dr. ffiary ffiiles (Wye College, Kent, England) 

ue~e studied cytologicaay. Ten mitotic metaphase figures from the 

larval brains of two presumed females and one presumed male were drawn 

by camera lucida and analysed. The results of the analysis are 

summarized in Table 1, ldiogram 34, and a mitotic metaphase piawing is 

shawn in Figure 36. 
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2fl = 12 was obtained in each of the ten figures analysed. The 

average TCL was 9~.04 ~. The length differencesamong Pairs II, III, 

IV and V were not obvious, while Pair VI was distinctly longer than 

Pair V. The II-VI average arm ratio was very high (2.06), but 

Pair VI 1 s centromere was in the median region. The centromeres of 

the ether 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 ta 3.9% of TCL. Presumably, it was 

also telocentric and with an occasional secondary constriction. 

Hylemya florilegea Zett. 

Adults collected in the Netherlands in 1962 were used for 

cytological study. Seven mitotic metaphase figures obtained from 

an ovary were analysed. The resulta of analysis are shawn in Table 1, 

Idiogram 35, and a drawing of a mitotic metaphase is shawn in Figure 37. 

2fl = 12 was found in avery complement analysed. The average 

TCL was 60.77 ~. 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 ether autosomes were found in the median region but 

near the submedian regions. 

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

quite clear in avery complement. 
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Figure 37. ffiitotic metaphase chromosome complement of 
Hylemya florilegea Zett. from the ovary of an 
adult female, X 2250. 
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Hydrapharia canica Wied. 

Adults were collected in St. George, Grenada, in July of 1957. 

Three mitotic metaphase figures from an ovary and two metaphase II 

figures from a testis were put together for analysis. The results 

of analysis are summarized in Table 1, Idiogram 36, and a mitotic 

metaphase picture can be seen in Figure 38. 

The chromosomes were very large in all five figures analysed. 

The average TCL was 103.33 ~. Six pairs were found in this species. 

Pairs II and III, Pairs IV and V were almost equal in length respec

tively; while the length difference between Pair III and IV was 

obvia us. Furthermore, there was even more distinct difference in 

length between Pair V and Pair VI. The centromere of Pair III was 

in the submedian region, as opposad to the centromeres of other 

autosomes which were located in the median region. 

The X-chromosome in this species was very small and was presumed 

ta be telocentric. 

Pegomya betae (C.) 

Larvae were provided by Dr. ftlary fililes {Wye Collage, Kent, England). 

Ten mitotic metaphase figures~om 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 1 and a mitotic metaphase picture can be seen in Figure 39. 

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

average TCL was 112.54 ~. From Pair II ta Pair V the 1ength 
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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 

thair centromeras in a submedian region, the centromares 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.~ of TCL. 

A secondary constriction was consistently found in the 

X-chromosome. An average secondary arm ratio of 3.8 from nina 

chromosomes was2found in the long arm of Pair VI, an average secondary 

arm ratio of 1.63 from tan chromosomes was found in the short arm of 

Pair VI, and an average secondary arm ratio of 0.53 from sevan 

chromosomes was found in the short arm of Pair IV. Inconsistently 

located secondary constrictions were also found in the other chromosomes. 

Pegomya bicolor (Wied.) 

Larvee provided by Dr. Mary Miles (Wye Collage, Kent, England) 

were used for cytological study. Eleven mitotic metaphase figures 

from the larval brains of sevan presumed females and three presumed 

males were drawn by camera lucide and aàalJ~ad. The results of the 

analysis are shawn in Table 1, Idiogram 38. A mitotic metaphase picture 

can be sean in figure 40. 

The chromosome complement, 2~ = 12 was found in aach of the aleven 

figures analysed. The average TCL was 99.87 ~. 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 were 

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 occasionally observed in the 

complements. 

Fannia canicularis (L.) 

An adult fly was caught in the Genetics Department of McGill 

University in lata 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 shawn in Table 1, 

Idiogram 39, and a mitotic metaphase drawing is shawn in Figure 41. 

The chromosome complement, 2Jl - 12 1 was found in each of the 

eleven figures analysed. The average TCL was 103.54 ~. Pair II 

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 centromeres of ether chromosomes 

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

than the rest. 
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The X-chromosome constituted 14.6% of TCL, and its length was 

ranked between Pair III and Pair IV. The centromere 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 avery .autosome, but they were not consistent in their positions 

and secondary arm ratios. 

Hydrotaea scambus Zett. 

A collection of adults from Pullman, Washington, u.s.A. (July 

1964) were subjected to analysis. Sevan metaphase II figures from 

a testis were analysed, and the resulta are shawn in Table 1, 

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

Five pairs of chromosomes were found in all sevan complements 

analysed. The average TCL was 88.97 ~. The figures were all very 

clear and neat, with the daughter chromosomes and centromeres being 

obvious. The assignment of Pair I in this species was based only on 

its being the shortest in length in the complement. Therefore, 

whether Pair I is involved in sax determination is not known. The 

length differences between each two adjacent pairs of chromosomes in 

this species was nat distinct except batween Pairs V and VI. Ne ver-

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 were 

found to be closer ta the submedian region. A very nice anaphase II 

figure indicating the position of al! centromeres was also obtained. 
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This agreed wall with the resulta from the metaphase II figures. No 

sacondary constrictions were found in this spacies. 

Chrysomxia albiceps (Wied.) 

Larvae obtained from Dr. H. Paterson (Johannesb,_.g, 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 subsaquently analysed. The resulta of analysis are 

summarised 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 wera found in each of 

the five figures studied. The average TCL was 43.88 ~. Pair II 

was 1.7% of TCL shorter than Pair Ill, while Pair III was only 0.7% 

of TCL shortar than Pair VI. All autosomal centromeres ware found 

in the median region. Pair V had a higher arm ratio than the ether 

autosomes, as opposed to Pair VI which had a lower arm matie. The 

X-chromosome was telocentric and constitutad 7 .2~G of TCL. The 

Y-chromosome was a little bit shorter than the X-chromosome and was 

also telocentric. 

Chrxsomxia chloropxga (Wied.) 

The subjects of this study ware also obtained from Dr. H. Paterson 

(Johannesburg, South Africa) in 1962. Fiftean mitotic metaphase 

figures from larval brains of thraa presumad females and four prasumed 

males ware drawn with a camera lucida and than analysad. The resulta 

of the analysis ara shawn in Tabla 1, Idiogram 42, and a drawing of a 

mitotic metaphase is shawn in Figure 44. 
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A diploid number of 12 was obtained in each cel! analysed. 

The average TCL was 64.37 ~. No distinct length difference was found 

batwaen 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 III, 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. 

of TCL. 

The Y-chromosome was telocentric and corresponded ta 4.8% 

In sorne cases the X- and Y-chromosomes were hetarochromatic. 

Secondary constrictions were found in many chromosomes of this 

spacies. In the long arm of Pair I, a secondary arm ratio of 1.05 

was obtained on four different measurements, while a similar ratio 

of 3.27 in the long arm of Pair II was obtained (six chromosomes 

maasured). By measuring ten chromosomes of Pair II and eight of 

Pair VI, secondary arm ratios of 1.05 and 2.13 were obtainad 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 bath arms of Pair III, but measuremants showed 

their positions ta be inconsistant. 

Chrysomyia putoria (Wied.) 

Larvaa obtained from Dr. H. Paterson (Johannesberg, South Africa) 

in 1962 were used for cytological studies. Nineteen mitotic metaphase 

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, ldiogram 43, and a mitotic metaphase 

drawing is given in Figure 45. 
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2~ = 12 was found in each of the nineteen figures analysed, with 

an average TCL of 64.29 ~. 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 15.97&, 16.9%, 18.4%, and 20.2% of TCL respactively. The centra-

mares of all the chromosomes in the complements except the Y-chromosome 

were found ta be in the median region. The Y-chromosome was talo

centric and correspondad to 5.1% of TCL. A satellite was found at the 

end opposite to the centromera. In soma cases the X- and Y-chromosomes 

were seen to be hetarochromatic. Secondary constrictions were found in 

almost avery X- and Y-chromosome; however, they yielded very inconsistant 

secondary arm ratios. 

Phaenicia caeruleiviridis macq. 

These adult specimens were collected in Mississippi, u.s.A. in 

April 1964. Four mitotic metaphase figures from a testis were 

analysed. The res~lts are summarized in Table 1, Idiogram 44, and a 

mitotic metaphase picture is' given in Figure 46. The average TCL 

was 67.90 ~. Pairs II, III, IV and V differed only slightly in length. 

However, the diffe.rence in length between Pair II and VI was quite 

noticeable. All the centromeres of the X- and Y-chromosomes were 

found in the submedian region. The X-chromosome was about the same 

length as Pair II, whereas the Y-chromosome was about two thirds the 

length of the X-chromosome. 

observed in this species. 

No distinct secondary constrictions were 
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Figure 46. mitotic metaphase chromosome complement of 
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of an adult male, X 2250 • 
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Cynomyopsis cadaverina (R.-D.) 

Adults collected in Mississippi, u.s.A. were used for 

cytological study. A mitotic metaphase figure and a metaphase I 

figure were combined for analysis. The resulta are summarized in 

Table 1, Idiogram 45, and a drawing of a mitotic metaphase can be 

seen in Figure 47. Unfortunately, the two figures analysed were 

ambiguous in sorne 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 could not be located with certainty. It was, 

therefore, considered futile ta attempt to calculate the arm ratios. 

The relative chromosome length is shawn in Table 1, and a metaphase I 

picture can ba sean in Figure 48. The resulta appear in agreement 

with those of Bayes (1961). However, a higher percentaga 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 targata (Coq.) 

Adults were collected in Pullman, Washington, u.s.A. in July 

1964. Four metaphase I figures from a testis were analysed. The 

resulta are summarized in Table 1, Idiogram 46, and a metaphase I 

picture is given in Figure 49. 

Six pairs were found in each complement analysed. The average 

TCL was 63.22 ~ • Pairs II and III, and Pairs IV and V were near 
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Figure 48. metaphase I chromosome complement of Pollenia 
rudis (Fab.) from the testis of an adult male, 
x 2250. 
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each other in length. Mowever, thare was a noticeable difference in 

length between Pairs III and IV as wall as Pairs V and VI. The 

centromeres of these autosomes 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-like in appearance, and was elsa 

presumed ta be telocentric. 

Blaesoxipha hunteri (Hough) 

Adults were collected at Pullman, rnashington, u.s.A. in July 

of 1964. Due ta the limitation of available figures, one mitotic 

metaphase, one metaphase I and two metaphase II figures from two testes 

were pooled in the anelysis. The resulta of enalysis are summarized in 

Table 1, Idiogrem 47, end a mitotic metaphase picture is given in 

Figure 50. 

Six pairs of chromosomes were found in all four complements analysed. 

The average TCL for four complements wes 76.8 ~. The length 

difference between eech two adjaaent pairs from Pair II to Pair V was 

slight, while Pair VI was appreciebly longer than Pair V. All the 

centromeres of the autosomes were found in the median regions. 

However, Pair IV showad a higher arm ratio, whila 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 ba noted that a median constriction was obsarvad 

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 ether 

hand, the Y-chromosome was about 73% of X-chromosome, corresponding 

to 5.2% of TCL and was presumed ta be telocentric. 

Blaesoxipha opifera (Coq.) 

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 ta analysis. The results are shawn in 

Table 1, Idiogram 48, and a mitotic metaphase picture is given in 

Figure 51. 

A diploid count, ~ = 12, was found in each complement analysed, 

with an average TCL of 75.73 ~. No abvious difference in length 

between any of the chromosome 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 anly 0.9% of TCL from 

Pair V. 

Pair V. 

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

Pair II had an arm ratio of 1.19, while Pairsni, IV, V 

and VI had an arm ratio of 1.73, 1.64, 1.50 and 1.41 respectively. 

The large difference in arm ratio between Pairs II and III served as 

an easy criterion for distinguishing these chromosomes. 

The X-chromosome was about equal in length with Pair II and had 

a very law arm ratio. The X- and Y-chromosomes were not well paired 

in all the complements studied. It was, therefore, difficult ta 

differenciate the X-chromosome from Pair II. The Y-chromosome, 

corresponding to 13.1% of TCL was slightly shorter than the 



40 

~ 30 Blaesoxipha opi fe ra (Coq.) 

u 
1- 20 -0 

1 1 1 ~ 

Q 
0 

10 

0 
y Il Ill lV v Vl 

ldiogram 48 

Figure 51. Mitotic metaphase chromosome complement· of 
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X-chromosome and consistently carried 8 constriction near the 

subterminal region. This was presumed to be a centromere. 

Sarcophaga latisterna Parker 

Adults were callected in mississippi, u.s.A. in April of 1964. 

Three metaphase II figures from a testis were studied. Five pairs 

plus one chromosome wera found in each complement. The average TCL 

was 46. 96 1J.. The centromeres of Pairs II, III, V and VI were in the 

median region, while 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 chromosome analysis are summarized in Table 1, 

Idiogram 49, and a metaphase II picture of the chromosomes is shawn 

in Figure 52. 

Ravinia guerula (Walk.) 

Adults ware collected in Pullman, Washington, u.s.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 shawn in Figure 53. 

The average TCL was 70.84 IJ.. The length differences betwean 

aach 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 2.4% of TCL 

from Pair V and Pair 'J 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 centra-

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 telocentric Y-chromosome was about 80% of the 

X-chromosome, corresponding ta 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 resulta 

are summarized in Table 1, Idiogram 51 1 and a mitotic metaphase picture 

can be seen in Figure 54. 

The average TCL was 40.56 ~. Twelve chromosomes were found in 

every case, but the centromeres in most cases were not very clear. 

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

length; however, Pair VI was appreciablp 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 callected from North Carolina in the July of 1964. 

Five very good mitotic,:metaphase figures were obtained from ovarian 

tissue. Twelve chromosomes were faund in each complement studied. 

The average TCL was 50.62 ~. Pairs II, III and IV were almost 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-chromosomes 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-chromosome was probably telocentric. However, in one 

case a subterminal constriction on the X-chromosome was observed. 

The results of chromosome analysis are shawn in Table 1, Idiogram 52, 

and a mitotic metaphase picture is given in Figure 55. 

Bessa selecta (mg.) 

Larvae for these studies were obtained from rninnipeg, Canada. 

Fifteen::mitotic metaphBiill8figures from three larval brains were dramn 

by camera lucida and subsequently analysed. The results are 

presented in Table 1, Idiogram 53, and a mitotic metaphase picture 

is shawn in Figure 56. 

Twelve chromosomes were observed in each complement analysed. 

The average TCL was 61.74 ~. The length difference between each two 

adjacent pairs, from Pair II to Pair V, was not distinct. However, 

Pair VI was appreciably langer than Pair V. The centrameres of the 

autosomes were all found in the median region. 

arm ratio was law (1.37) in this species. 

The average Il-VI 

The shortest pair in the complement constitutec:t.6i,B~i"'of..LCL. 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 
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sex chromosome was about 80.7% of the ether. Nevertheless, it 

could not be ascertained that the shorter one was the Y-chromosome 

and not the errer observation of the X-chromosome. 

Winthamia rufopicta (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 bath figures analysed. 

The average TCL was 77.20 ~. The interesting observation in the 

karyotype of this species was its X-chromosome, which was more than 

twice as long as Pair VI, and had a centromere in its median region. 

Pairs II, III, 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 fo~nd in Pair VI, nevertheless, the centromares of all the 

chromosome cmmplements of this species were found in the median region. 



_, 30 
u 
.... 20 ... 
0 

-;R. 
0 

10 

y 

Winthemla rufopicta (Big.) 

11111 
Il Ill lV v Vl 

ldiogr am 54 

' 

Figure 57. mitotic metaphase chromosome complement of 
Winthemia rufopicta (Big.) from the ovary of 
on adul t female, X 2250 . 

137 . 



138. 

TABLE 1. CHROMOSOMES OF SCHIZOPHORA, DIPTERA 

--------....;,_-------:::-----:---~--~---------....------------~-------------__...-·-"'--'- ............ ---........._------~~-.-...- .. --............ ___ _ Percenta e of TCL Arm Ratio 

Classification y I II III IV v VI TCL 
in !-.1. 

y I II III 

Average No.of 
arm . No.of indi-IV V VI ratio Authorit1es materiels 11 .d 

studied ce 9 v1 u-

Sources 
of 

m~terial II-VI als --------------------------------....1....--------------,--·-·-·- -----.....--···-- -~~- --~·-·-. ,-~· ---~~~---- .--~--,-~-·-···-.< 

Fami1y Diopsidae 

Sphyracepha1a 5~70 
brevicornis ± 
(Say) 1.64 

Family Psilidae 

Chamaepsila 
rosas (F.) 

Chamaepsi1a 
rosae (F.) 

Chamaepsila 
~ (F.) 

Family Otitidae 

Subfamily Otitinae 

Camp tonsura 
picta Fabr. 

Ceroxys 
lati.ll.iàculus 
( L •) 

ffielieria 3.16 
crassipennis ± 
F. 2.00 

OOyrmecothe~ 
myrmecoides L. 

Seioptera 
vi brans ( L.) 

Note: 

6.19 
± 

1.33 

36.6 
± 

0.35 

36.2 
± 

0.35 

36.6 
± 

0.43 

36.5 
± 

0.70 

3.8 

4.25 
·± 

1.33 

10.47 
± 

1.053 

3.42 
± 

0.90 

22.37 
± 

0.56 

13.55 14.89 
± ± 

27.12 38.26 
± 

2.10 1.67 3.14 2.94 

16.7 22.3 24.4 
± ± ± 

0.25 0.22 0.21 

16.5 22.5 24.8 
± ± ± 

0.24 0.25 0.25 

16.3 22.3 24.9 
± ± ± 

o.as 0.23 o.26 

16.5 22.1 25.0 
± ± ± 

0.27 0.44 0.09 

16.9 18.0 19.6 19.8 21.8 

34.91 
± 

1.982 

50.9 
± 

1.6 

53.5 
± 

2.2 

52.5 
± 

1. 5 

50.8 
± 

1.6 

13.54 15.47 16.;B 18.13 $~.40 44.56 
± ± ± ± ± ± 

o.go o.99 o.98 o.sa 1.23 3'138 

26.93 28.08 34.52 
± ± ± 

1.436 1.467 1.491 

14.40 15.97 .18.03 20.56 27.62 
± ± ± ± ± 

0.27 0.43 0.52 2.11 2.98 

36.39 41.24 
± ± 

1.22 1.51 

35.48 
± 

5.489 

54.82 
± 

2.748 

24.35 
± 

1.431 

0 

1.08 
± 

o.o3 
1 ~20 
~ 

o.os 
1.12 
~ 

0.04 

1.11 
± 

0.04 

0 

0 

1.33 
± 

0.03 

1.34 
± 

0.03 

1.32 
± 

0.02 

1.58 
± 

0.06 

0 

0 

0 

0 

0 

1. 31 
± 

0.04 

1.37 
± 

0.05 

1.33 
± 

0.04 

1.36 
± 

0.06 

0 

1.22 
.. ft'. 
0.04 

1.27 
± 

0.04 

1.20 
± 

0.03 

1.16 
± 

0.04 

1.11 
± 

0.17 

1r55 
± 

0.02 

1.56 
± 

0.04 

1.61 
± 

0.05 

1.56 
± 

0.09 

2.61 1.90 1.78 
± ± ± 

1.00 0.31 0.41 

1.12 
± 

0.108 

1.80 
± 

0.74 

1. 79 1.08 
± ± 

0.153 0.079 

1.67 1.49 
± ± 

0.47 ·0.22 

1.58 1.65 
± ± 

0.24 o.o8 

1.12 

± 
0.10 

2.51 
± 

0.91 

1.60 
± 

0.16 

0.56 
± 

0.04 

1. 36 

1.40 

1.38 

1.36 

2.57 2.27 
± ± 

0.34 0.22 

1. 33 
± 

0.077 

± 
0.48 

1.58 
± 

0.21 

1.62 
± 

0.15 

Jan 

Robertson 
1957 

Robertson 
1957 

Robertson 
1957 

Robertson 
1957 

Metz 1916 

Jan 

Jan 

Jan 

Jan 

Adult 
testis 

larva1 
brains 

larval 
brains 

larval 
brains 

!ar val 
brains 

adult 
ovary 

testis 

adult 
testis 

adult 

1. Standard deviations follow below the average and are saparated by sign of ±• 
2. Numbers on top of the perçentages of TCL and arm ratios of the Y-chromosomes indicate the number of complements for the data of the Y-chromosomes. 

8 

20 

18 

20 

8 

10 

4 

5 

2 ô \firginia 

England 

Prince 
Edward 
Island 

Ontario 

British 
Columbia 

1 9 Pullman 
Washing
ton 

1 ô Nether
lands 

Virginia 

1· '1 Pullman 
Washing
ton 



TABLE 1 ( conti nued) 

Arm Ra!io Percentage of TCL No. of 
Av~~'ge Materials No.of indi- Sources 

Classification y I II III IV v VI TCL y I II III IV v VI ·-~ ~- i - ~ Authorities of arm studied celle vidu-in jJ. ratio als 
material 

II-VI 
~---' -- .. 

Subfamily Ulidiinae 

Chaeto1:1sis 
fulvifrons m. 

3 3.2 19.3 37.6 40.0 Metz 1916 

Euxesta 1.99 2.69 16.79 17.77 19.22 20.20 23.33 51.09 0 0 1.33 1. 53 1. 50 1. 73 1.32 1.48 Jan 1arval 10 1 é Uni v. of 
notata Wied. ;± ± ± ± ± ± ± ± ± ± ± ± ± ± brains IJJest Ont 

0.18 1.01 0.99 0.88 0.96 0.83 0.98 9.637 0.31 0.38 0.35 0.55 0.12 0.10 Ontario 
. -

Fain.Üy -Jil7]-tys,tomatidae 

Rivellia 'pr~b, 42.17 23.71 34.12 43.46 0 1.20 1.35 1.27 Jan adult ' :2"4 1 9 North 
viddulans_ ,R.-D. ± ± ± ± ± ± ± ovary C.arolin<l. 

2.01 2.78 3.08 9.132 0.11 0.13 0.09 

Family Tephritidae 

Çeratitis n = 6 Mendes 1958 Brazil 
capitata (Wied.) 

8m!lstrepha 2.55 9.6 17.1 17.2 17.3 17;8 20.8 2.26 1.92 1.64 1.17 3.32 1.55 1.92 Bush 1962 larval 25 5 Tamazun-
agheloQentoma brains chale, 
Stone San Luis 

Potosi, 
Mexico 

Anastreph~ Similar to Anastrepha fraterculus ( Wiedemann) Bush 1962 larval 40 7 Cocoyoc 
distincta brains Morelos, 
Greene Mexico 

Anastrepha n = 6 mendes 1956 Brazil 
fraterculus (Wied.) 

Anastrepha 15.8 16.8 Hi.4 15.8 16.5 21.6 .. . "_, 0 0 0 0 0 0 0 Bush 1962 lBrval 128 32 mante 
f:a:a:tsu:cylus (Wied.) brains Blanco, 

Verocru2 
Mexico 

Bca§treJ2ha 2n = 10 Emmart 1935 
ludens L. 

Anastretha 6.40 15.5 15.5 15.6 15.6 15.8 21.6 0 0 0 0 0 0 0 Bush 1962 larval 47 16 Cuerno-
ludensloew) brains vaca, 

morelos, 
mexico 

AnastreEha Similar to Anastrepha fraterculus (Wiedemenil) Bush 1962 larval 46 14 Cocoyoc 
mombinpraeoptaos brains morelos, 
Sein. mexico 

AnastreEha 23.62 12.2 14.7 16.4 11 .a 22.1 0 1.41 1.46 1.00 1.50 1.34 Bush 1962 !ar val 39 13 Monte 
ser2entina (Wied.) 16.7 0 brains Blanco, 

Verac ru:. 
mexico 
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TABLE 1 ( continued) 

Percentagè : or TCL Arm Ratio 
No.of Average 

I'Jo.off :todi- Sources 

Classification v I II III IV v VI TCL y 1 II III IV v VI arm Authorities materiels 
ëells vidu- of 

in l-.1. ratio studied mat,erial 
II-VI als 

Anastre(:!ha .. 4.8.0 12.7 15.2 15.5 15.9 16.8 23.6 0 0 0 0 0 1.05 0.21 Bush 1962. Blul t 3 6 Canyon 
.j seatulat~ testes de Lobas 

Stone morelos, 
mexico 

Anastre2ha 3.86 16.3 14.3 15.9 15.9 16.0 21.6 0 0 0 0 11;37 1.33 0.54 Bush 1962 larval . 71 20 Tequila, 
J 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-
- zuelaniaa brains chale, 

Stone San Luis 
Potosi, 
mexico 

Dac us oleae n = 6 Frizzi & Italy 
Gmel. Springhetti 

1953 

Da eus oleae 8.7 16.2 16.9 17.5 18.4 22.1 1 2.80 ?2U2 4.85 1.00 1.19 3.24 2.48 Krimbos 1963 
Gmel. 1 Afrodacus VII 
arvisi 4.88 12.36 14.01 15.16 16.25 17.58 19.75 Davis 1955 larval 9 12 Queens-, 
Tryon) ± ± ± ± ± ± ± brains land, 

1.808 1.697 1.052 0.957 1.083 1.238 2.176 Australiil 

Austrodacus 6 pairs Davis 1955 !ar val 12 Queens-
cucumis (French) brains land, 

Australii 

Di(:!lodacu~ 6 pairs Davis 1955 pop al 6 Queens-
sienatiles 1 testis land, 
(Tryon) Austraü 

Epochra 
r 

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 1 ~ British 
canadensis L. ± ± ± ± ± ± ± ± ± ± ± ± ovary Columbia 

2.066 1.451 1.048 2.047 1.793 13.602 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 Davis 1955 larval 9 6 Queens-
br~oniae ± ± ± ± ± ± brains land, 
(Tryon) -:,; ~J; 1.199 1.182 0.814 0.941 1.335 1.475 Auatralia 

~trumeta 6 pairs Davis 1955 larval 6 Queens-
cacuminata Hering brains land, 

Austral.il 

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 Australi! 
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TABLE 1 (continued) 

---------------=p=-e_r_c_e_n_ta_g_e_o~f-=Tc-L---------....,....---------:-A-r-m-=R=-a-=t-=i-o-----------------------..,. ~---"··---·--"-
- No.of 

Classification y I II III IV " VI TCL 
in 1-l. 

y I II III IV v VI 

Av'àllrage 
arm" 

ratio 
Au tho ri ti es 

materiels 
studied 

No.of indi
cells vidu

als 

u 

Sources 
of 

mate rial 
:,~ II.;.VI ----------------------------------------------....;.;..::..::.....::..:....--------_, ·~·' -~" -~'' ·-.-, 

Strumeta 
(ryoni 
Frovn:~·) 

11~00 12.66 13.75 14.80 16.94 19.74 22.10 
± ± ± ± ± ± ± 

0.660 1.635 1.228 1.384 1.356 1.596 2.129 

Tephritis 
arnicae L. 

Family Dryomyzidae 

Dryomyz~ 7~56 
anilis F. ± 

Neuroctena 
analis F. 

1.97 

Family Sciomyzidae 

Subfamily Sciomyzinae 

Atrichomelina 1~65 
pubera L. ± 

Pherbillia 
grisescen~ li1. 

0.69 

Pherbellia 3:oo 
nana F. ± 

0.84 

Pherbellia ,;gB 
new sp. ± 

0.38 

7.1 15.5 15.5 18.1 18.7 25.2 

''J 
15~?,5 14.16 15.28 15.8?, 17.6l 20.37 75.71 

± ± ± ± ± ± ± 
1.86 0.66 0.95 1.55 1.21 0.77 5.6147 

11.8 14.3 14.9 18.4 19.5 21.1 

3.24 
± 

9.91 

6.30 
± 

1.17 

6.38 
± 

0.76 

4.12 
± 

1.43 

16.80 
± 

0.73 

15.14 
± 

0.75 

15.74 
± 

1.48 

14.72 
± 

0.94 

18.02 19.16 21.16 21.62 58.93 
± ± ± ± ± 

0.56 0.92 1.07 1.20 8.3053 

16.67 18.46 19.51 23.92 55.67 
± ± ± ± ± 

0.84 0.95 1.22 1.88 4.7538 

17.24 18.32 20.33 22.09 51.21 
± ± ± ± ± 

0.48 0.70 1.01 0.78 8.1271 

16.94 18.31 21.86 24.07 48.27 
± ± ± ± ± 

0.86 0.89 1.01 1.26 5.2684 

Subfamily Tetanocerinae 

Antichaeta 
melanosoma m. 

Dictya 
atlantic a 
Steyskal 

Dictya 
brimleyi 
Steyskal 

Dictya 
sabroski 
Stayskal 

3187 
± 

0.98 

3;q4 
± 

0.22 

2~93 
± 

0.45 

10.50 
± 

1.18 

6.67 
± 

1.04 

7.14 
± 

1.35 

6.30 
± 

0.51 

14.67 16.24 17.18 19.60 21.40 74.19 
± ± ± ± ± ± 

1.02 1.10 0.85 0.92 1.07 10.7404 

15.98 17.18 18.95 20.09 21.14 61.01 
± ± ± ± ± ± 

0.64 0.54 0.50 0.54 0.82 7.8253 

15.25 17.03 18.67 20.04 21.37 58.47 
± ± ± ± ± ± 

0.94 0.91 0.96 0.95 1.73 7.5471 

15.96 17.17 19.07 20.15 21.36 60.78 
± ± ± ± ± ± 

0.85 0.95 0.74 0.~2 0.82 5.8942 

0 

0 

0 

0 

0 

0 

6.00 
± 

0.49 

0 

0 

0 

0 

0 

0 

0 

0 

1.47 
± 

0.22 

2.25 
± 

0.42 

1.19 
± 

0.13 

1.62 
± 

0.30 

1. 57 
± 

0.24 

1.88 
± 

0.26 

2.02 
± 

0.38 

1.98 
± 

0.26 

2.19 
± 

0.34 

1.29 
± 

0.13 

1.90 
± 

0.52 

1.17 
± 

0.16 

1.72 
± 

0.29 

1.41 
± 

0.19 

± 
0.41 

1.88 
± 

0.54 

1.71 
± 

0.58 

1.97 
± 

0.47 

1.17 
± 

0.10 

1.45 
± 

0.25 

1.48 
± 

0.33 

1.64 
± 

0.31 

1.41 
± 

0.20 

1.46 
± 

0.44 

1.22 
± 

0.18 

1.39 
± 

0.33 

1.46 
± 

0.49 

1.48 1.21 
± ± 

0.27 0.09 

1.33 
± 

0.16 

1. 58 
± 

0.63 

1. 56 
± 

0.27 

1.20 
± 

0.25 

1.22 
± 

0.12 

1.29 
± 

0.21 

1.49 
± 

0.42 

1.40 
± 

0.27 

1.44 
± 

0.17 

1.72 
± 

0.59 

1.35 
± 

0.20 

1.11 
± 

0.14 

1.54 
± 

0.61 

1.47 
± 

0.38 

1.28 
± 

0.13 

± 
0.26 

1. 32 
± 

o.oa 

1.68 
± 

0.13 

1.43 
± 

0.11 

1.58 
± 

0.11 

1.34 
± 

0.08 

1. 58 
± 

0.14 

1.58 
± 

0.15 

1.58 
± 

0.14 

1.71 
± 

0.12 

Davis 1955 larval 

Keunske 1924 adult 
testes 

Jan 

metz 1916 

Jan 

Jan 

Jan 

Jan 

Jan 

Jan 

Jan 

Jan 

adult 
testis 

!ar val 
brains 

pupal 
brains 

larval 
brains 

pupal 
brains 

larval 
brains 

larval 
brains 

larval 
brains 

larval 
brains 

9 30 

6 

19 

9 

9 

13 

10 

14 

10 

11 

1 ô 

.4 9 
1 ô 

3 ô 

2 ô 

1 9 

1 9 
4 ô 

2 9 
3 ô 

Queens
land, 
Australi: 

Czschos
lovakia 

I thaca, 
New York 

Kabal:;', 
1lfghaop:, 
istan 

I thaca, 
New York 

I thaca, 
New York 

Scranton 
Pennsyl
vania 

Scranton 
Pennsyl
vania 

Lebanon 
IYlo. 



Classification y 

Dictya 
texensis 
Curran 

Sep edon 
armipes Loew. 

Sepedo[l 
fuscipennis 
Loew. 

Tetanocera 
loewi 
Steyskal 

1 tetanocera 
sp. 

Tetanocera 
sparsa 

± 
0.42 

4;20 
± 

0.33 

2~10 
± 

0.60 

1. 5 

I 

6.38 
± 

1.24 

5.68 
± 

2.07 

142 •. 

Percentage of TCL 

II 

16.00 
± 

1.95 

1$~S2 

± 
0.74 

Ill IV v VI TCL 
in ~ 

16.48 
± 

1.35 

17.33 
± 

o.eo 

18.73 20.63 21.77 74.04 
± ± ± ± 

1.12 0.84 1.27 11.6347 

18.53 20.16 22.47 56.69 
± ± ± ± 

1.07 1.00 1.09 8.3182 

15.01 12.96 15.45 17.48 19.05 20.05 83.92 
± ± ± ± ± ± ± 

3.80 0.54 1.63 0.88 1.01 1.17 12.2507 

4.20 15.74 16.87 17.78 21.42 23.98 79.43 
± ± ± ± ± ± ± 

1.04 1.21 0.71 0.45 1.38 1.22 8.4187 

13.04 14.46 15.92 17.70 18.59 20.30 107.98 
± ± ± ± ± ± ± 

0.967 0,652 0.230 0.859 0.527 0.767 12.414 

4.6 16.3 17.4 18.5 21.2 22.4 

y 

0 

0 

0 

Pscadina 
zerni Mayer 

2~90 16.14 12.40 15.12 17.39 18.73 20.22 77.96 0 
± ± ± ± ± ± ± 

2.02 1.10 0.73 0.93 0.99 1.10 10.847 

Family Lanxaniidae 

TABLE 1 (continued) 

I 

0 

0 

1.37 
± 

0.32 

0 

0 

II 

1.91 
±' 

0.48 

1.52 
± 

0.29 

Arm Ratio 

III 

1.98 
± 

0.43 

1.47 
± 

0.27 

IV 

1.73 
± 

0.24 

1.23 
± 

0.25 

1.48 1.70 1.82 
± ± ± 

0.35 0.38 0.53 

1.66 1.67 1.70 
± ± ± 

0.20 0.58 0.44 

1.72 1.31 1.22 

v 

1. 30 
± 

0.20 

1.20 
± 

0.30 

1. 54 
± 

0.38 

1.32 
± 

VI 

1.39 
± 

0.22 

1.16 
± 

0.12 

1.59 
± 

0.38 

± 
0.16 

1.47 

Average 
arm 

ratio 
II-VI 

1. 56 
± 

0.18 

1.32 
± 

0.05 

1.63 
± 

0.19 

1. 50 
.:± 
0.12 

1.41 
± ± ± ± ± ± 

0.436 0.538 0.192 0.174 0.177 0.083 

1.30 1.94 2.12 1.27 1.36 1.55 1.65 
± ± ± ± ± ± ± 

0.18 0.50 0.71 0.24 0.33 0.54 0.26 

Minettia 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 
± 

0.02 
flaveola Cog. ± ± ± ± ± ± ± ± ± ± ± ± ± 

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 

Physegenua 4.6 16.7 17.5 19.1 20.0 21.6 
vd ttata Macq. 

Family Chamaemyiidae 

Cremifania 
nigrocellulata 
Cz. 

Leucopemyia 
abscura H. 

24.19 33.54 42.27 
± ± 

2.65 1.71 

10.93 14.19 

± 
3.19 

15.97 16.96 19.10 
± ± ± ± ± 

0.437 1.243 0.610 0.837 

27.19 
± 

3.365 

22.85 46.86 
± ± 

1.555 5.528 

0 

0 

1.42 1.20 
± ± 

0.14 0.15 

1.36 1.16 1.21 1.31 1.23 
± ± ± ± ± 

0.282 0.115 0.227 0.182 0.281 

± 
0.10 

1.25 
± 

0.078 

Authorities 

Jan 

Jan 

Jan 

Jan 

Jan 

Materiels 
studied 

larval 
brains 

larval 
brains 

larval 
brains 

adult 
testes 

adult 
ovary 

Stevens 1908 adult 
testes 

Jan 

Jan 

Metz 1916 

Jan 

Jan 

larval 
brains 

adult 
testas 

larval 
brains 

larval 
brains 

No.of 
cells 

13 

9 

7 

5 

5 

6 

10 

6 

No.of 
indi
vidu
als 

3 9 
2 ô 

3 9 

2 ô 
1 9 

2 ô 

1 9 

Sources 
of 

material 

lubbock, 
Texas 

I thaca, 
New York 

I thaca, 
New York 

Ithaca, 
New York 

British 
Columbia 

1 ô Sor, 
4 9 Denmark 

1 ô Pullman 
Washing
ton 

6 

3 

Winter
thur, 
Switzer
land 
fald
uilan, 
Switzer
land 
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TABLE 1 (continued) 

-----------------------------=----~--~~~-------------------T--------------~~~~~=----------------------------------------------------------------·-· Percentage of TCL 1 : Arm Ratio 

Classification y I II 

Family Heleomyzidae 

III IV v VI 
TCL 

in 1-1 

Suillia 3:06 17.18 1~.74 15.11 15.70 17.99 19.47 64.00 
ne mo rum ( fftg. ) ::.:tLJ ± ± ± ± ± ± ± 

0.232 0.546 
2 

0.385 0.558 0.094 0.316 0.78 6.788 

Suilla 
nemorum (mg.) 

2.03 4.05 16.36 17.73 19.02 20.11 22.73 46.67 
± ± ± ± ± ± ± ± 

0.522 0.865 0.433 0.383 0.781 0.765 0.871 7.086 

Suilla 
f!lP• 

5.33 15.97 16.91 18.81 20.24 22.74 52.88 
± 

0.98 
± ± ± ± ± ± 

1.30 1.G~ 0.77 1.91 2.04 2.5631 

Family Anthomyiidae 

Subfamily Scatophagïnae 
5 

&ordilura 4.37 5.20 16.93 
ciliata 

Cordilura 
ontarie Cn. 

Achaetella 
varipes (Walk) 

Orthochaeta 
hirt-ipes John. 

Scatophaga 
pallida Walk. 

± ± ± 
0.71 0.79 2.02 

518o 5.48 16.44 
± ± ± 

0.45 0.70 1.73 

10.55 14.55 
± ± 

0.53 0.97 

4.17 13.94 
± ± 

1.28 1.58 

2.9 14.8 

Scatophaga 
starcoraria (L.) 

Subfamily Fucellinae 

17.39 19.10 19.86 21.52 91.36 
± ± ± ± :!: 

0.97 1.49 1.11 1.26 8.1538 

16.62 19.00 20.57 21.88 81.60 
± ± ± ± ± 

o.8o o.71 o.59 o.83 12.7996 

15.41 16.64 18.36 24.49 77.64 
± :!: :!: :!: :!: 

0.69 0.79 0.76 0.95 9.9551 

16.84 18.53 22.07 24.45 64.44 
:!: :!: :!: ± ± 

1.17 1.94 0.95 1.75 6.2698 

18.7 20.3 20.6 22.0 

5 pairs j: x y 

Fucellia 
marina macq. 

12.0 16.6 17.6 16.10 17.3 20.0 

Subfamily Anthomyiinae 

Hylemya 4.3 17.1 17.6 17.8 19.3 23.9 85.4 
antigua Mg. ± ± ± ± :!: :!: -.-

0.46 0.61 0.60 0.60 0.55 0.72 ~ 

Hylemya 3.39 16.7 17.6 18.8 19.8 23.8 80.0 
brassicae (Bouche) 

Hylemya 3.33 16.5 17.8 18.7 19.9 23.8 73.5 
brassicae (Bouche) 

y 

0 

-0 

0 

0 

0 

0 

I II III IV 

1.11 2.27 1.43 2.56 

v VI 

Average 
arm 

ratio 
11-IV 

1.35 1.17 1.75 
± :!: :!: ± ± :!: ± 

o.081 o.094 o.o35 o.oao 0.067 0.027 0.029 

0 1.20 1.92 1.98 1.19 1.12 1.48 
± 

o.~·~~ 0.216 

0 1.75 

:!: :!: ± ± 
o.24~ o.Gi9 o.0$9 o.a14 

1.63 1.36 1. 32 1.52 

± 
0.074 

1.52 
:!: ± ± ± :!: ± 

0 

o. 

0 

0 

0 

0 

0 

0.41 0.31 0.17 0.13 0.37 0.10 

1.33 
± 

0.10 

1.46 
:!: 

0.37 

1.26 
± 

0.06 

1.76 
:!: 

0.21 

1.50 
:!: 

0.11 

2.13 

2.01 

1.65 
:!: 

0.32 

1.96 
:!: 

0.50 

1.94 
:!: 

0.31 

1.61 
± 

0.25 

1.76 
:!: 

0.52 

1.41 
± 

0.34 

1.85 
± 

0.11 

2.47 
:!: 

0.50 

1.67 1.65 
± :!: 

0.75 0.31 

1.35 1.39 
± ± 

0.23 0.25 

1.16 1.10 
± :!: 

0.13 0.03 

1.59 2.54 
± ± 

0.16 0.16 

2.59 2.08 1.45 1.30 
± ± :!: ± 

0.11 o.16 0.11 o.o8 

2.36 2.75 2.17 1.46 

2.35 2.83 2.31 1.47 

1.61 
± 

0.17 

1.51 
:!: 

0.07 

1.46 
± 

o.oa 
2.00 
± 

0.09 

1.78 

2.17 

2.19 

Authori ti es 

Jan 

Jan 

Jan 

materials 
studied 

adult 
testis 

adult 
testis 

adult 
ovary 

Jan adult 
testés 

Jan larval 
brains 

Jan larval · 
brains 

Jan adult 

Stevens 1908 

Keuneke 1924 

Metz 1916 

Bayes 1954 

Bayes 1954 

Bayes 1954 

ovary 

larval 
brains 

larval 
brains 

larval 
brains 

No.of 
cells 

2 

3 

4 

5 

15 

5 

3 

80 

13 

30 

No. of 
. d' Sources 
~n l- of vidu
als 

1 c! 

1 c! 

1 9 

1 c! 

4 

1 

33 

8 

11 

materia 

British 
Columbi 

British 
Columbi 

British 
Columbi 

Czechos 
lovakia 

Virgini 

Virgini 

Port ef 
Spain, 
Trinida1 

st.Jean 
Que bec 

Belle vil 
radish 

Ballatilil 
cabbage 



Classification y 

Hylemya 
brassicae (Bouch'} 

Hylemya 
brassicae (Bouché) 

Hylemya 
brassicae (Bouché) 

Hylemya 
braesicae {Bouché) 

Hylemya 
brassicae (Bouch') 

Hylemya 
cana 
Macquart 

Hylemy~ 
cilie ru ra 
(Rond.) 

Hylemy~ 

crucifera 
Huck. 

Hylemya 
cruficera 
Huc k. 

Hylemy~ 3:as 
echina ta 
(Sègoy) -

Hylemya 
floralis (FalL) 

Hylemya 
florilega Zet t. 

Hylemy~ 7~3 
fuqax (Mg.) 

* including x
1 

and x2 

Percentage of TCL 

I II III IV v VI 

144. 

TCL 
in~ 

3.07 16.7 18.1 18.9 19.6 23.6 63.8 

3.49 16.7 17.8 18.3 20.0 23.7 66.3 

3.52 16.9 17.8 18.3 19.8 23.7 71.1 

3.38 17.1 17.9 18.3 19.9 23.5 61.7 

3.25 16.9 18.1 18.7 19.7 23.5 71.5 

4.3 16.1 18.4 19.9 18.9 22.5 44.0 
± 

0.59 

4.4 
± 

0.46 

4.3 

± ± 
1.20 0.76 

16.4 18.3 
± ± 

0.39 0.71 

16.0 17.0 

± 
0.41 

19.1 
± 

0.79 

18.1 

± ± 
0.61 0.95 

19.2 22.5 78.0 
± ± 

0.49 0.79 

19.2 25.4 59.2 
± ± ± ± ± ± 

o.366 o.547 o.744 o.615 o.685 œ.o92 

4.4 15.6 16.9 18.0 19.4 25.7 61.8 
± ± ± ± ± ± 

0.385 0.494 0.732 0.788 0.692 0.995 

4.99 
± 

0.871 

3.8 
± 

0.30 

4.87 
± 

1.30 

± 
0.72 

11.11 17.63 1B.66 . 18.77 22.78 19.aa 
± ± ± ± ± ± 

0.584 0.660 0.580 0.659 0.705 13.57; 

15.7 16.8 18.1 19.9 25.8 63.5 
± ± ± ± ± 

1.07 0.51 0.52 0.64 0.93 

16.63 17.15 17.91 20.57 22.88 60.77 
± ± ± ± ± ± 

1·41 0.54 Q.78 1.4 0.92 4.920 

12.7 16.6 17.8 18.4 21.7 100.4 
± ± ± ± ± 

0.48 0.50 0.51 0.64 0.71 

: 
y 

0 

TABLE 1 (continusd) 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

B 

0 

0 

Arm Rêtio 

II III IV v VI 

Average 
arm 

ratio 
II-VI 

2.03 2.48 2.98 2.34 1.51 2.25 

2.13 2.42 2.85 2.21 1.53 2.23 

2.03 2.41 3.10 2.11 1.55 2.24 

2.05 2.30 2.85 2.18 1.52 2.18 

2.11 2.31 2.84 2.15 1.50 2.18 

1.35 2.63 1.34 1.81 1.38 1.70 
± ± ± ± ± 

0.09 0.06 0.09 0.11 0.07 

1.38 2.34 1.36 2.04 1.39 1.70 
± ± ± ± ± 

o.oa 0.16 0.11 o.16 o.o9 

1.87 2.19 2.33 2.16 1.64 2.05 
± ± ± ± ± 

0.185 0.157 0.174 0.138 0.064 

1.85 2.16 2.45 2.09 1.65 2.03 
± ± ± ± ± 

0.109 0.130 0.128 0.156 0.078 

1.78 
± 

0.197 

2.04 2.20 2.78 1.50 2.06 

1.86 
± 

0.12 

1.48 
± 

0.32 

1.56 
± 

0.17 

± ± ± ± ± 
0.172 0.128 0.249 0.094 O.OS6 

2.06 2.47 2.19 1.64 2.04 
± ± ± ± 

0.10 0.13 0.14 0.07 

1.60 2.16 1.61 1.46 1.67 
± ± ± ± ± 

0.51 0.33 0.40 0.23 0.11 

1.65 1.60 1.30 1.32 1.49 
± ± ± ± 

0.12 0.13 o.os 0.09 

Authorities Materiels 
studied 

Bo~es 1954 larval 
brains 

Bayes 1954 larval 
brains 

Bayes 1954 larval 
brains 

Bayes 1954 larval 
brains 

Bayes 1954 larval 
brains 

Soyas 1954 larval 
brains 

Bayes 1954 

Boyes 1954 

Boyes 1954 

Jan 

Boyes 1954 

Jan 

Bayas 1954 

larva! 
brains 

larva1 
brains 

!ar val 
brains 

!ar val 
brains 

larval 
brains 

adult 
ovary 

larval 
brains 

Na.of 
cells 

10 

11 

25 

20 

20 

5 

29 

20 

20 

10 

21 

7 

22 

Nm.af 
indi
vidu
als 

4 

5 

10 

7 

9 

26 

10 

9 

2 9 
1 rf 

1 9 

10 

] 

Sources 
of 

materiel 

Claver.;;., 
dale 
radish 

Charlotte 
town 
turnip 

Guelph 
turnip 

Prest
wick 
br.sproli 

St.Jehn 
turnip 

Belle
ville 
Ontario 

Brandon 
Manitoba 

Brandon 
manitoba 

Saskàlioa 
Sask. 

Wye Coll 
Kent, 
England 

Elgin 
Scot land 

Nether
lands 

Wye 
En gland 



Classification 

Hylemya 
planipalpus 
(Stein) 

Hylemya 
trichodactyla 
(Rond.) 

Phorbia 
brassica 

Hydrophoria 
conica Wied. 

y 

Pegamya 2~16 
betae (c.) ± 

0.314 

Pegomya 1~74 
bicolor (Wied.) 

Pegomya 
feniculata 

Bouche) 

Family musd:idae 

Subfamily Fanninae 

145. 

Percentage of TCL 

1 II III IV v VI TCL 
in 1.1. 

3.5 16.2 17.8 18.2 20.7 23.7 66.6 
± ± ± ± ± ± 

0.39 0.63 0.38 0.55 0.59 0.78 

3.8 16.5 18.0 18.0 20.4 23.3 68.5 
± ± ± ± ± ± 

0.53 0.56 0.40 0.52 0.62 0.70 

11.8 14.8 14.8 18.3 19.0 20.6 

3.89 14.97 16.01 18.71 19.36 27.06 103.33 
± ± ± ± ± ± ± 

0.48 0.53 1.05 0.58 0.66 0.88 14.183 

5.82 16.62 16.90 18.34 19.41 22.91 112.5i 
± ± ± ± ± ± ± 

0.71 0.721 0.522 0.696 0.689 1.380 15.3$4 

5.04 16.49 17.49 17.50 18.19 25.29 9\.31 
± ± ± ± ± ± ± 

0.382 0.511 0.468 0.509 0.392 0.708 16.849 

5.6 13.9 17.5 18~1 20.5 24.4 

: 
v 

0 

0 

Fannia 9gao 14.57 12.72 14.05 19.85 23.30 103.5~ 1~31 

TABLE 1 (continued) 

I 

0 

0 

0 

0 

0 

0 

Arm Ratio 

II III IV v VI 

Average 
arm 

ratio 
u.:.:.vr 

2.07 2.33 2.63 
± 

0.16 

2.28 
± 

0.13 

1. 58 
± 

0.06 
± ± 

0.10 0.16 

1.45 2.35 1. 37 
± 

0.10 

1. 77 1.40 
± 

0.07 
± ± ± 

0.12 0.15 0.17 

1.55 
± 

0.63 

1.48 
± 

0.069 

1.53 
± 

0.191 

1.92 

2.17 1.43 1.33 1.26 1.55 
± ± ± ± ± 

0.39 0.14 0.09 0.20 0.09 

2.29 2.24 1.32 1.37 1.74 
± ± ± ± ± 

0.282 0.188 0.111 0.159 0.079 

1.41 2.10 1.72 1.49 1.65 
± ± ± ± ± 

0.149 0.163 0.235 0.078 0.046 

2.00 2.12 2.00 1.27 

1.15 1. 34 1.85 1.66 1.22 1.20 1.45 
canicularis (L.)± ± ± ± 

15.51 
± 

0.790 
± ± ± ± ± ± ± ± ± ± ± 

2.920 1.578 0.472 0.678 1.00 0.607 17.827 0.185 0.120 0.136 0.292 0.258 0.123 0.104 0.073 

laue es cens 
Zett.) 

Homalomyia 
( Fannia) sp. 

Subfamily Phaoniinae 

. Hydrotaea 
scambus Zett. 

Ophyra 
leucastoma Wied. 

6 pairs 

11.0 13.0 16.0 17.5 19.0 22.7 

17.05 18.62 19.55 21.04 23.76 88.97 
± ± ± ± ± ± 

0.73 0.67 0.81 1.01 0.64 9.297 

4.1 17.1 15.6 19.2 20.2 23.7 

1.68 1.74 1.58 1.64 1.27 1. 56 
± ± ± ± ± ± 

0.30 0.56 0.55 0.26 0.09 0.07 

Authorities mate rials 
studied 

Bayes 1954 larval 
brains 

Bayes 1954 larval 
brains 

Stevens 1908 

Jan 

Jan 

Jan 

Frolowa 
1929 

Jan 

adult 
testis & 
avaries 

larval 
brains 

larval 
brains 

larval 
brains 

Bayes 1954 larval 
brains 

metz 1916 

Jan 

metz 1916 

adult 
testes 

adult 
teatis 

No.of 
No. of indi;:. 
cells vidu

als 

20 

20 

5 

10 

11 

11 

8 

4 

1 ô 
1 9 

3 9 
3 ô 

7 9 
3 ô 

3 ô 
2 9 

Sources 
of 

mate rial 

Brandon 
manitoba 

Claver
dale, 
British 
Columbâa 

st.Gea;v 
Grenade · 
Canada 

Wye Coll 
Kent, 
England 

UJye Coll 
Kent, 
England 

IYleasure
ments 
Boy es 

'1954 

montreal 

7 1 ô Pullman 
Washing
ton 



Classification y 

Ophyra. 
leucostoma 
Wied. 

Phaonia 
basalis Fabr. 

Phaonia 
variegata Fabr. 

mus ci na 
stabulans 
Fall. 

Subfamily muscinae 

Orthellia 
nudiSsima L. 

Percentage of TCL 

I II 1 II IV v VI 

146.-

: 
TCL 

in i-L 

4.2 17.1 17.6 18.5 20.2 22.4 59.2 
± ± ± ± ± ± ± 

0.61 1.27 0.71 0.83 1.17 1.26 8.83 

32.8 10.4 12.0 13.2 14.2 17.4 96.0 

16,2 19.0 
± ± 

1.17 1.14 

16.8 17.4 
+ ± 

o.~ · o.68 

20.1 21.1 
± ± 

0.61 0.86 

17.8 21.7 
± ± 

0.76 0.90 

23.7 
± 

1.33 

26.3 
± 

1.09 

16.2 18.5 18.3 22.5 24.6 
± ± ± ± ± 

1.13 1.5o o.8o o.82 1.26 

70.3 
± 

14.78 

56.7 
± 

11.25 

81.5 
± 

17.01 

musc a 2.2 6.1 15.3 17.4 18.0 20.6 22.7 95.2 
~na lis 
DliiG. 

musc a 
domestica 
Lin ne 

~ 
dornes ti ca 
Linn a 

musc~ 
domestica L. 

mus ca 
domastica L. 

~ 
domestica L. 

musc~ 
domestica L. 

~ 
dornes tic a L. 

± ± ± ± ± ± ± ± 
0.37 0.67 0.95 0.74 0.88 1.05 1.10 15.69 

9.3 10.7 16.3 18.5 20.7 24.7 

16.8 12.3 16.7 17.4 17.4 17.4 

6 pairs 

5 pairs + x y 

Description of k'ryotype 

Photomicrograph of 9 karyotype 

Allosome - autosome length relations 

y 

TABLE 1 (continued) 

I II III IV v VI 

Average 
ar rn 

ratio 
_______ .;;;.I;;;..I :}LI __ _ 

1.27 2.11 2.61 1.18 1.63 1.76 
± 

0.08 
± ± ± ± ± 

r • 0.10 0.33 0.23 0.15 0.14 

0 1.24 1.85 1.12 1. 39 1.27 1. 37 

1.28 1.49 1.56 
± ± ± 

0.10 0.15 0.21 

1.48 .2.18 1.67 
± ± ± 

0.11 0.20 0.11 

1.46 2.53 1.66 
± ± ± 

0.12 0.31 0.21 

1.59 1.34 2.27 
± ± ± 

0.18 0.27 0.27 

1.06 

1.25 1.45 
± ± 

o.oa o.o9 

1.15 1.13 
± ± 

0.09 0.07 

1.13 1.31 
± ± 

0.06 0.06 

1.41 
± 

0.06 

1. 52 
± 

0.06 

1.62 
± 

0.10 

1.87 1.22 1.38 1.62 
± ± ± ± 

0.31 0.11 0.14 0.09 

1.48 1.20 1.44 1.30 

Authorities materiels 
studied 

Bayes et al larval 
1964 brains 

Bayes et ~ adult 
1964 testis 

Boyes ~ ~ adult 
1964 testis 

Bayes et al larval 
1964 brains 

Bayes @1 al larval 
1964 brains 

Bayes et al larval 
1964 brains 

Stevens 1908 adult 
testes & 
avaries 

metz 1916 adult 
ovary 

Keuneke adult 
1924 tastis 

Perje 1948 adult 
testis 

Ramade 1961 adult 
testis 
larval 
brains 

Franco 1962 larval 
brains 

Boyes JLt al larval 
1962 brains 

No.of 
cells 

11 

16 

10 

12 

50 

No. of Sources 
indi- of 
vidu-
als 

5 

10 

3 

10 

material 

Algon
quin 
Park, 
Ontario 

Ne thar
lands 

Nether
lands 

Balle
ville 
Ontario 

Naumu, 
Northern 
Natal 

Guelph, 
Ontario 

Canadien 
& Powell 
strains 



Percentage of TCL 

Classification y I II III IV v VI 

147. 

TCL 
in 1J. 

TABLE 1 (continued) 

Arm Ratio 

y I Il III IV v 

musc a 
domestica L. 

illustrated xx, xv, xo, xxx, xxv and av in larvaa 

musc a 
dOiliëStica L. 

9 larvee 5 pairs + XX; 0 larvee 5 pairs + XV or XO or XX 

~ 
domestica L. 

musca 7.5 18.5 13.7 14.2 15.5 
domestica L. 7± · ± ± ± ± 

1.02 2.27 0.52 0.76 0.80 

~ 7.2 17.1 13.9 14.8 15.4 
domestica L. ± ± ± ± ± 

0.55 0.47 0.41 0.68 0.60 

musc~ 6.4 17.0 13.7 14.8 15.6 
domestica L. ' :t ± ± ± ± 

0.67 1.03 0.57 0.56 0.92 

musca 6.1 17.8 13.7 14.7 15.9 
domestica ± ± ± ± ± 
collev~ Wal. '0.62 1.05 0.70 0.89 1.00 

musca. 8.4 19.2 1.30 14.9 15.2 
domestica ± ± ± ± ± 
curviforceps 0.58 1.83 1.14 1.02 0.69 
S. & R •. 

musee 9.1 21.3 12.9 14.4 15.6 
sorbens Wied. ± ± ± ± ± 

0.80 1.90 0.69 1.06 0.82 

musca 13.9 18.5 14.1 16.8 15.1 
vetustissima ± ± ± ± ± 
Walk. 1.33 0.79 0.91 0.64 0.70 

Subfamily Stomoxyinaa 

18.6 
± 

1.19 

19.1 
± 

o.so 
19.2 

± 
0.71 

19.2 
± 

0.90 

18.3 
± 

0.87 

17.2 
± 

1.78 

18.1 
± 

1.02 

Haematobia 
irritans (L.) 

14.1 16.3 29.6 22.5 28.2 

Stomoxya 
calcitrans (L.) 

15.1 17.4 20.3 21.7 25.0 

found XX, XY, XO, XXX in larvae 

19.5 
± 

1.15 

19.8 
± 

0.42 

19.6 
± 

1.27 

18.7 
± 

1.06 

19.4 
± 

1.00 

± 
18.75 

74.1 
± 

7.41 

81.2 
± 

10.99 

78.5 
± 

17.24 

69.2 
± 

9.74 

18.6 60.2 
± ± 

1.78 6.14 

19.4 68.8 
± ± 

1.09 13.79 

1.44 1. 20 
± ± 

0.21 0.10 

1.35 1.20 
± ± 

0.194 0.14 

1.29 1.12 
± ± 

0.16 0.19 

1.11 1.10 
± ± 

0.09 0.07 

1.36 1.06 
± ± 

0.17 0.03 

1.25 1.13 
± ± 

0.13 o.os 
1.40 1.58 
± ± 

0.20 0.15 

1.45 
± 

0.20 

1.38 
± 

0.12 

1.33 
± 

0.11 

1.60 
± 

0.21 

1.58 
± 

0.27 

1.68 
± 

0.10 

1.68 
± 

0.15 

1.69 
± 

0.14 

1.41 
± 

0.17 

1.44 
± 

0.13 

1. 36 1. 34 
± ± 

0.15 0.09 

1.61 1.53 
± ± 

0.12 0.16 

2.36 
± 

0.18 

2.40 
± 

0.27 

2.20 
± 

0.19 

2.26 
± 

0.29 

2.40 
± 

0.29 

't.48 
± 

0.14 

1.50 
± 

0.10 

1.50 
± 

0.11 

1.55 
± 

0.19 

1.52 
± 

0.14 

2.20 1.60 
± ± 

0.29 0.29 

2.35 1.24 
± ± 

0.24 0.14 

1.60 2.00 1.06 1.46 2.80 

1.61 2.05 1.23 1.71 1.00 

VI 

1.13 
± 

0.08 

1.11 
± 

0.09 

1.17 
± 

0.15 

1.22 
± 

0.13 

1.09 
± 

0.06 

Average 
arm 

ratio 
II-IH 

1.62 
± 

0.04 

1.62 
± 

o.os 
1. 58 
± 

0.06 

1.61 
± 

0.10 

1.60 
± 

0.08 

1. 35 1. 57 
± ± 

0.24 0.10 

1.44 . 1.64 
± ± 

0.22 0.07 

A uthori ti es materials 
studied 

Rubini 
1964 

Hiroyoahi 
1964 

Mil ani 
1964 

larval 
brains 

larval 
brains 

larval 
brains 

Bayes ~ al larval 
1964 brains 

Boy es 
1964 

§.}. larval 
brains 

Bayes st al larval 
1964 brains 

Bayes ~ al larval 
1964 brains 

Boyes at al larval 
1964 brains 

Soyas et al larval 
1964 brains 

Boyes et al larval 
1964 brains 

Lachance 
1964 

Lachance 
1964 

No.of' 
cells 

12 

8 

12 

11 

10 

11 

11 

No.of 
ind
vidu
als 

7 

6 

10 

3 

8 

2 

4 

10 

Sources 
of 

material 

Algon
quin 
Park, 
Ontario 

Powell 
strains 

Canadian 
strains 

Johann
esburg, 
S.Africa 

Swazi
land 

Naumu, 
Nor the rn 
Natal 

Canberra 
Australi.a 
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Percentage of TCL 

Classification y I II III IV v VI TCL 
in tJ. 

ramily Calliphoridae 

Subfamily Chrysomyinae 

Tribe Chrysomyini 

Callitroga 
hominivorax 
(Coq.) 

3.5 12.4 13.7 16.1 16.7 18.6 22.5 

Callitrog~ 4.70 8.83 16.53 16.93 17.52 19.00 21.18 38.9 
hominivorax ± ± ± ± ± ± ± ± 
(Coq.) 0.424 1.028 0.510 0.917 0.686 0.964 0.987 5.937 

Callitroga 2.60 7.8 16.1 17.2 17.8 19.4 21.8 
(Cochliomyia) 
hominivorax (Coq.) 

Callitroga 
mocellaria 

(Fab.) 

Chrysomyia 
al biceps 
(Wiedemann) 

Chrysomyia 
al biceps 
(Wiedemann) 

Chrysomyia 
chloropyga 
(Wiedemann) 

Chrysomyia 
megacephala 

(Eabricius) 

Chrysomyia 
utoria 
Wiedemann) 

Chrysomyia 
ru fi facies 
(macquart) 

3.35 4.54 
± ± 

0.459 0.900 

5~10 
± 

0.53 

4:81 
± 

1.07 

4.6 

7.8 

7.18 
± 

0.72 

12.33 
± 

2.58 

10.0 

16.26 18.13 
± ± 

1.176 0.830 

15.1 16.4 

15.85 
± 

1.25 

14.93 
± 

1.05 

14.5 

17.63 
± 

o.8o 
16.38 

± 
0.68 

15.3 

5;13 14.24 14.33 15.92 
± ± ± ± 

0.97 2.55 0.87 1.16 

7.4 17.2 17.8 

18.84 19.79 22.48 41.6 
± ± ± ± 

1.005 0.969 1.353 8.330 

18.1 19.6 22.6 

18.06 
± 

0.82 

19.84 21.44 43.88 
± ± ± 

0.46 1.48 7.210 

17.26 
± 

0.90 

18.62 20.47 64.37 
± ± 

1.18 0.96 

19.3 20.0 20.8 

16.95 18.40 20.16 
± ± ± 

0.93 1.07 1.58 

18.0 19.2 20.7 

± 
15.413 

64.29 
± 

15.514 

Tri be Phormiini. 

Phermia 
regina m. 

Phormia 
regina m. 

3.1 8.3 16.0 18.3 18.5 19.4 

3.9 8.3 16.8 17.5 18.0 18.2 
± ± ± ± ± ± 

0.993 0.784 0.622 0.369 0.560 0.706 

19.5 

21.2 64.7 
± ± 

1.131 7.051 

: 
:v 

0 

0 

0 

0 

0 

0 

0 

TABLE 1 (continued) 

I 

Aero. 

0 

0 

0 

0 

0 

1039 
± 

0.32 

0 

1.26 
± 

0.21 

10 

0 

Arm Ratio 

II III IV VI 

Average 
arm 

ratia 
II-VI 

5.15 1.07 1.63 1.93 1-72 2.30 

1.38 3.11 1.38 1.58 1.43 1.78 
± ± ± ± ± ± 

0.214 0.752 0.187 0.279 0.228 0.197 

1.48 2.93 1.72 1.37 1.38 1.78 

1.2B 1.46 2.18 1.48 1.30 1.54 
± ± ± ± ± ± 

0.170 0.241 G0~396 0.155 0.179 0.114 

1.68 1.44 1.31 1.61 1.16 1.44 

1.66 
± 

0.41 

1.22 
± 

0.22 

1.07 

1.46 
± 

0.55 

1.5 

1.41 
± 

0.23 

1.3l 
± 

0.26 

1.80 

1.39 
± 

0.25 

1.5 

1.29 1.32 
± ± 

0.310 0.148 

1.30 
± 

0.18 

1.40 
± 

0.30 

1.42 

1.42 
± 

1.58 
± 

0.54 

1.30 
± 

0.19 

1.36 

1.34 
± 

0.20 

1.95 1.39 
± ± 

0.123 0.187 

1.21 
± 

0.10 

1. 30 
± 

0.21 

1.25 

± 
0.30 

1.38 
± 

0.141 

± 
0.05 

1.31 
± 

0.14 

1. 38 

1.39 
± 

0.15 

1.6 

1.46 
± 

0.063 

Au tho ri ti es 

Kaufman & 
Wasserman 
1957 

Boyes 1961 

Lachance 
et al 1964 

Boyes 1961 

Ullerich 
1963 

Jan 

Jan 

Ullerich 
1963• 

Jan 

Ullerich 
1963 

metz 1916 

Boyes 1961 

materials 
studied 

larval 
brains 

adult 
testis 

larval 
brains 

adult 
avaries 

.t.à:nwàl 
bs:ailils 

bvil.tries & 

adult 
testas 

bra.ttiss & 
·.ss 

adult 
ovary 

adult 
testes 

larval 
brains 

No.of 
oells 

9 

18 

5 

15 

19 

11 

No. of Sources indi- of vidu
als materiaJ 

measure· 
ments 
Boy es 
1961 

Univ.af 
Texas 

St.GeQÇ~ 
Gre nada 

South 
Africa 

2 à Johann
esburg, 
s. Africe 

3 9 Johann-
4 cJ esburg, 

S.Africe 

18 

Japan 

Johann
esburg, 
S.Africe 

Austra
lie 

measure
ments 
Boy es 
1961 

Algon
quin 
Park 
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TABLE 1 (continued) 

c~ -- ) :; 
~~------------------------~P~e-r_c_e_n-ta_g_e __ o~f~T-C-L---------=-------------:------·------~A-r-m~R-at~~~·o---------------------------------------------------------------------

- _No.of 

Classification y 
I II III IV v VI TCL 

in fk 

Phormi~ 
regina m. 

4.2 9.8 16.0 17.4 17.7 18.3 20.8 56.5 
± 

8.396 

Phormia 
regina m. 

± 
0.893 

5.1 

Phormia 3.5 
regina (meig~ 

Phormia 
terrae-novae 

± ± ± 
1.306 0.672 0.685 

9.8 15.9 17.3 
± ± ± 

0.920 0.523 0.626 

8.7 15.0 17.3 

7.3 16.4 17.8 

± 
1.142 

17.7 

± 
0.991 

18.7 
± ± 

0.880 0.759 

17.5 20.6 

19.0 19.1 

Protocalliphora 4.0 7.4 16.3 17.4 17.7 18.7 
aenea s. & o. ± ± ± ± ± ± 

0.696 0.595 0.499 0.758 0.784 0.791 

19 2 
o.!91 

Protocalliphora 5.4 
~S. & D. 

6 8 16 0 16 9 
0~854 0.~23 0.~11 

Protocalliphora 
hirundo s. & D. 

Protoca1liphora 5.2 10.0 
metallica ± ± 
(Tns.) 0.804 0.559 

Protocalliphora 
sialiE\ R. & D. 

Protocalliphora 
new sp. ne ar 
sialia 

Protophormia 3.3 7.0 
terraenovae 
R. -D. 

Subfamily Ca1liphorinae 

Tribe Luciliini 

15.6 16.4 
± ± 

0.833 0.528 

16.6 16.6 

17 7 
0.~58 
12 chromosomes 

17.4 18.5 
± ± 

0.379 0.557 

12 chromosomes 

12 chromosomes 

18.6 19.1 

Lucilia caesar L. 

Lucilia 7.5 9.5 15.4 

6 pairs 

16.4 16.9 20.9 
caesar L. 

Luc ilia 
caesar ( Linne) 

2!!, = 12 

± 
1.066 

20.6 57.8 
± ± 

0.986 6.629 

20.8 

20.4 

22.6 63.57 
± ± 

1.535 15.258 

23 3 68 8 
1.432 4j39 

22.1 75.5 
± ± 

0.892 10.651 

22.0 76.53 

20.9 

y 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1.14 

Aero. 

0 

0 

0 

0 

Aero. 

II 

1.24 
± 

0.158 

1.27 
± 

0.122 

1.17 

High 

III IV 

1.38 1.95 
± ± 

0.164 0.263 

1.28 1.93 
± ± 

0.134 0.110 

1.82 1.65 

High High 

2.08 1. 56 1.29 
± 

0.151 
± ± 

0.175 0.142 

2 59 
0~250 

2.02 
± 

0.133 

1.33 

1.58 1.49 
± ± 

0.079 0.114 

1.76 1.78 

v 

± 
0.182 

1.31 

VI 

± 
0.126 

1. 30 
± ± 

0.164 0.130 

1.44 1.25 

Low 

1.24 
± 

0.149 

1. 26 

Law 

1.19 
± 

0.092 

Average 
arm 

ratio 
II-VI 

1.45 
± 

0.089 

1.42 
± 

0.045 

1.47 

1.48 
± 

0.059 

1.65 
0~063 

1. 52 
± ± ± 

0.142 0.093 0.045 

1.22 1.34 1.45 

. 1 ... 22 

Authorities 

Bayas 1961 

Boyes 1961 

Ullerich 
1963 

Naville 
1932 

Bayes 1961 

Bayes 1961 

Boyes 1961 

Boyes 1961 

Bayes 1961 

Soyas 1961 

Boyes 1961 

materiels 
studied 

larval 
brains 

larval 
brains 

adult 
testis 

adult 
ovary 

larval 
brains 

larval 
brains 

Stevens 1908 

Keuneke 1924 adult 

No.of 
cella 

10 

12 

10 

2 

· md&totic 
testes metaphase 

Ullerich 
1963 

neuro
blast 

indi
vidu
als 

18 

18 

5 

Sources 
of 

materiel 

St.Hil
aire 

St.Hil
aire 

measure
ments 
Bayes 
1961 

Uley
bridge, 
England. 
Pullman, 
Washing
ton 

measure
ments 
Bayes 
1961 



Classification y 

Lucilie 14.7 
cuprina 
dorsalil:l (R.-D.) 

Lucilia 9.4 
illus tria (mg.) 

Percentaga of TCL 

I II III IV 

20.0 13.4 15.0 15.3 

16.2 14.6 16.0 16.7 

v VI 

15.9 20.0 

150. 

TCL 
in 1.1 

17.5 19.0 76.5 
± ± ± ± ± ± ± 

1.695 0.789 0.468 0.734 0.889 0.532 7.037 

7.1 17.9 13.8 15.5 16.4 17.6 18.0 69.2 
(mg.) ± ± ± ± ± ± ± ± 

~ 1.1g9 0,775 0.954 0.518 0.533 0.476 1.034 7.567 

Luc ilia 
illustria (mg.) 

Lucilie 5.7 
illustria (mg.) ± 

0.597 

Lucilia 6.0 
illustris 
(meigen) · 

Lucilie 
sericata (mg.) 

18.6 13.7 15.2 16.7 17.2 18.5 56.7 
± ± ± ± ± ± ± 

o.a66 o.463 o.494 o.322 o.514 o.322 e.121 

15.9 15.5 15.9 16.9 17.? 18.1 57.4 
± ± ± ± ± ± ± 

0.309 0.292 0.498 0.546 0.383 0.394 7.556 

10.0 16.3 16.5 16.8 19.8 20.6 

Lucilie 13.6 22.6 12.1 14.8 15.3 17.4 17.8 
sericata (mg.) 

Phaenicia 
caerule.i,...: 
viridis macq. 

9~90 14.78 15.23 15.60 16.84 17.76 19.79 67.90 
± ± ± ± ± ± ± ± 

2.16 1.35 0.61 0.86 0.42 0.29 0.51 34.56 

Phaanicia 
eximia (Wd.) 

Phaenicia 11.3 
sericata (mg.) ± 

0.141 

Phaenicia 10.4 
sericata (mg.) ± 

0.853 

Phaenicia 7.9 
sericata (mg.) ± 

1.288 

5. 3 14.3 17 ,,7 19.4 19.9 23.3 50.7 

22.9 13.3 14.4 15.3 16.4 17.6 63.3 
± ± ± ± ± ± ± 

1.479 1.069 0.652 0.158 0.321 0.404 8.630 

21.5 13.3 14.3 15.5 17.0 18.5 71.2 
± ± ± ± ± ± ± 

1.016 0.515 1.175 1.175 0.923 0.472 9.934 

19.9 13.6 15.0 15.6 17.2 18.6 64.0 
± ± ± ± ± ± ± 

0.807 0.438 0.766 0.766 0.747 0.420 4.290 

: 
y 

2.5 

0 

0 

0 

0 

0 

0 

1.28 
± 

0.35 

0 

0 

0 

TABLE 1 (continuad) 

I 

0 

0 

0 

0 

0 

1.06 

2.27 
± 

0.46 

0 

0 

0 

Arm Ratio 

II III IV v 

1.5 1.4 1.5 

1.28 1.21 1.19. 1.21 
± ± ± ± 

0.134 0.141 0.022 0.152 

1.18 1.35 1.12 1.23 
~ ± ± ± 

0.089 0.105 0.110 0.130 

1.11 1.41 1.15 1.44 
± ± ± ± 

0.032 0.212 0.145 0.161 

1.19 1.30 1.16 1.13 
± ± ± ± 

0.095 0.126 0.071 0.055 

1.19 1.01 1.13 1.60 

1. 5 

1.19 
± 

0.12 

1.14 

1.35 
± 

0.15 

1. 56 

1.24 1.61 

1.88 1.25 

1.43 
± 

0.14 

1.60 

1.45 
± 

0.24 

2.35 

1.63 1.26 
± ± ± ± 

0.077 0.197 0.152 0.084 

1.27 1.66 1.84 1.23 
± ± ± ± 

0.173 0.126 0.205 0.118 

1.24 1.59 1.58 1.21 
± ± ± ± 

0.870 0.263 0.213 0.417 

VI 

Average 
ar rn 

ratio 
II-VI 

1.44 

1.34 1.24 
± ± 

0.158 0.063 

Authorities 

Ullerich 
1963 

Boyes 1961 

1.25 1.22 Boyes 1961 
± ± 

0.179 0.032 

1.32 1.29 
·' ± ± 

0.164 0.045 

1.24 1.20 
± ± 

0.055 0.028 

1.01 1.19 

1.07 

1.13 1.31 
± ± 

0.10 0.05 

1.14 1.56 

1.37 1.41 
± ± 

0.164 0.045 

1.25 1.45 
± ± 

0.141 0.077 

1.29 1. 38 
± ± 

0.220 0.095 

Boyes 1961 

Soyas 1961 

Ullerich 
1963 

Fish 1950 

Ullerich 
1963 

Jan 

Boyes 1961 

Boyes 1961 

Bayes 1961 

Boyes 1961 

materials 
studied 

adult 
testis 

larval 
brains 

1arval 
brains 

larval 
brains 

larval 
brains 

adult 
testis 

adult 
testis 

adult 
testis 

larval 
brains 

larval 
brains 

larval 
brains 

larval 
brains 

Na.of 
cells 

6 

8 

3 

6 

4 

1 

5 

7 

6 

No. of Sources 
indi- of 
vidu-
als 

5 

2 

3 

4 

1 rJ 

material 

Algon
quin 
Park, 
Ontario 

AlgaA
quin 
Park, 
Ontario 

montreaJ 
Quebec 

Wey
bridge, 
England 

missis
ippi 

Port af 
Spain, 
Trinida( 

montrea: 
Que bec 

St.Hil
aire 
Que bec 

Wey
bridge, 
England 



Classification y 

Tribe Calliphorini 

Eucalliphora 
lilaea (Walk.) 

I 

Calliphora 5.0 
erythrocephal~ m. 

Calliphor~ 4.4 8.1 
erythrocephal~ 

meign. 

Calliphora 
erythrocephala Meign. 

Calliphor~ 
erythrocephala Meign. 

Calliphora 
erythrocephala meign. 

Calliphora 
erythrocephala meign. 

Calliphora 3.42 4.57 
erythrocephala 
Meign. 

Calliphara 
erythrocephala 
Meign. 

4.7 

3.7 4.7 

Percentage of TCL 

II III IV 

2n = 12 

14.9 18.22 18.80 

13.5 16.9 17.7 

5 pairs • xy 

15.1 17.1 19.8 

14.8 16.2 18.8 

15.2 16.7 19.9 Calliphara 
vicina R. -D. ± ± ± ± ± 

Calliphor~ 
vicina R.-D. 

Calliphora 
vicin~ R. -D. 

Calliphora 
vicin~ R. -D. 

0.095 0.542 0.829 0.460 1.179 

4.8 15.5 18.3 18.5 
± ± ± ± 

0.436 0.851 0.514 0.155 

3.6 4.8 15.7 16.7 
± ± ± ± ± 

0.548 0.488 0.765 0.919 0.791 

3.4 4.5 16.9 17.6 18.5 
± ± ± ± ± 

0.471 0.572 1.656 1.261 1.196 

Calliphora 
viridescens Desr. 

Calliphora 4.2 7.1 14.1 17.6 18.2 
vomi toria ( L.) 

v 

21.2 

21.4 

20.2 

21.2 

21.2 
± 

0.974 

20.7 
± 

0.578 

20.6 
± 

0.881 

20.4 
± 

0.851 

18.9 

VI 

21.7 

22.0 

23.3 

24.0 

151. 

TCL 
in tJ. 

22.4 75.7 
± ± 

0.699 13.55 

22.2 55.9 
± ± 

tJ.168 3.920 

22.3 81.5 
± ± 

0.644 3.533 

22.1 81.8 
± ± 

1.134 16.111 

23.8 

TABLE 1 (continued) 

= 
y I 

0 0 

0 2.2 

0 

0 0 

0 0 

0 0 

0 0 

6 pairs 

Arm Ratio 

II III 

1.11 

1. 3 1. 54 

1.30 2. 37 

1.24 2.15 
± ± 

0.100 0.212 

1. 53 2.19 
± ± 

0.155 0.134 

1.25 2.11 
± ± 

0.084 0.228 

1.25 2.02 
± ± 

0.147 0.146 

IV v VI 

Average 
arm 

ratio 
Authori ti es 

fllaterials 
studied 

-~- II -V;,..:!;._..._~~-~-----

2.16 1.25 1.28 

1.77 1.06 1.4Q 1.42 

1.93 1.11 1.38 1.62 

2.002 
± 

0.210 

1.94 
± 

0.134 

1.39 
± 

0.226 

1.95 
± 

0.146 

1.16 1.20 1.55 
± ± ± 

0.110 0.118 0.045 

1.16 1.20 1.61 
± ± ± 

0.089 0~045 0.142 

1.17 1.26 1.54 
± ± ± 
0.095 0.134 0.077 

1.23 1,22 1.53 
± ± ± 

0.434 0.122 B.084 

Boyes 1961 

metz 1916 

Keuneke,. 
1924 

F.rolowa 
1929 

Naville 
1932 

Strasburger 
1933 

Bier 1960 

Ullarich 
1963 

Melander 
1963 

Soyas 1961 

Bayes 1961 

Bayes 1961 

Bayes 1961 

metz 1916 

Stevens 
1908 

larval 
brains 

adult 
testis 

adult 
testis 

larval 
brains 

larval 
brains 

larval 
brains 

larval 
brains 

No. of 
Source No. of indivi-

cells duals of 

12 

3 

10 

9 

ma teri al 

Pullman, 
Washing
ton 

Montreal 
Qua bec 

montreal 
Qua bec 

Montreal 
Que bec 

utey..io 
bridge, 
England 



1 

152. 

Percentage of TCL 

Classification y I II Ill IV \1 VI 
TCL 

in ~ 

Calliphora 3.4 5.3 16.2 17.8 18.0 19.4 23.3 75.8 
vomitoria (L.) ± ± ± ± ± ± ± ± 

0.579 0.775 0.594 0.959 1.243 1.174 1.558 13.395 

Calliphora 3.8 5.3 16.3 18.8 18.3 19.4 22.0 54.8 
vomitoria (L.) ± ± ± ± ± ± ± ± 

Calliphora 
vomitoria 
(Linne) 

Cynomyopsis 
cadaverina 
(R.D.) 

Cynomyopsis 
cadaverina 
(R.-D.) 

Cynomyopsis 
cadaverina 
(R. -D.) 

Cynomyopsis 
cadaverina 
(R.-D.) 

Cynomyopsis 
cadaverina 
(R. -D.) 

Cynomyia 
mortuorum 
(Linn a) 

0.458 0.240 0.626 0.537 0.464 0.572 0.847 6.053 

3.4 4.8 15.8 16.8 17.5 21.3 23.8 

2.5 5.8 16.2 17.8 18.4 18.9 22.5 79.4 
± ± ± ± ± ± ± ± 

1.012 1.608 0.497 0.673 0.764 0.513 1.863 20.958 

4.8 

3.8 
± 

0.604 

6.1 16.2 17.7 18.6 19.1 22.4 76.7 
± ± ± ± ± ± ± 

0.499 0.542 0.609 0.715 0.723 1 .113 6. 362 

6.6 17.0 17.8 18.3 18.4 22.0 84.0 
± ± ± ± ± ± ± 

1.092 0.228 0.158 0.476 0.518 0.785 2.426 

3.6 6.2 17.0 17.7 18.9 18.2 22.0 84.5 
± ± ± ± ± ± ± ± 

0.404 0.569 0.141 0.153 0.208 0.311 0.686 3.051 

7.89 16.32 16.64 17.76 18.59 22.80 65.22 
± ± ± ± ± ± ± 

1.302 0.042 1.282 0.636 0.630 0.029 12.351 

11.3 15.2 16.0 17.9 18.0 21.6 

Subfamily Polleniinae 

Tribe Polleniini 

Polle nia 
rudis (Fab.) 

Pollenia 
rudis (Fab.) 

4.16 
± 

0.511 

17.2 18.1 
± ± 

0.863 0.891 

18.6 
± 

0.480 

19.3 22.6 57.6 
± ± 

0.710 0.898 

6.14 15.90 17.00 18.01 19.74 23.21 70.17 
± ± ± ± ± ± ± 

0.67 0.56 0.78 0.90 1.14 1.81 8.644 

v 

Oi 

0 

0 

0 

0 

0 

0 

0 

TABLE 1 (continued) 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Arm Ratio 

II III IV 

1.41 1.86 2.21 
± ± ± 

0.190 0.259 0.197 

v VI 

Average 
ar in 

ratio 
II-VI 

1.36 1.33 1.63 
± ± ± 

0.235 0.148 0.095 

1.55 1.53 2.03 1.38 ·. 1.33 1.56 
± ± ± ± ± ± 

0.194 0.183 0.169 0.130 0.164 0.063 

1.85 1.52 1.62 1.53 1.18 1. 54 

1.47 1. 57 3.66 1.53 1.38 '1.92 
± ± ± ± ± ± 

0.195 0.322 0.288 0.089 0.200 0.110 

1.31 1.49 2.25 
± ± ± 

0.170 0.200 0.167 

1.36 
± 

0.100 

1.36 
± 

0.108 

1.71 

1.66 2.35 
± ± 

0.114 0.226 

1.61 2.30 
± ± 

0.020 0.261 

1.54 1.18 

1 ~'44 1.34 
± ± 

0.214 0.130 

f.57 
± 

0.055 

1~29 1.41 1.61 
± ± ± 

0.044 0.110 0.055 

1.30 1.43 1.61 
± ± ± 

0.014 0.115 0.155 

1. 57 1.77 1.55 
± ± ± ± ± ± 

0.675 0.453 0.025 0.347 

1.07 2.05 1.10 1.66 

1.62 
± 

0.161 

3.07 1.81 1. 57 
± ± ± 

0.228 0.145 0.084 

0.190 0.157 

1.30 1.44 

1.64 1.95 
± ± 

0.138 0.226 

Authorities 

Boy.es 1961 

Bayes 1961 

Ullerich 
1963 

Bayes 1961 

8oyes 1961 

Bayes 1961 

Bayes 1961 

Jan 

Ullerich 
1963 

Bayes 1961 

Jan 

ma~erials 

studied 

larval 
brains 

larval 
brains 

adult 
testis 

larval 
brains 

larval 
brains 

larval 
brains 

larval 
brains 

adult 
testis 

adult 
testis 

adult 
avaries 

adult 
testis 

No.of 
cells 

12 

5 

5 

10 

5 

4 

2 

13 

8 

No.of 
indi
vidu
als 

1 cf 

2 

1$ 

Sources 
of 

material 

Algon
quin 
Park, 
Ontario 

Wey
bridge, 
England 

Algon
quin 
Park, 
Ontario 

Montreal 
. Quebec 

Pullman, 
Washing
ton 

Wey
bridge, 
England 

!1Ussis
sippi 

ma edo rald 
Collage, 
Quebec 

1 cf mount 
Orford, 
Que bec 



Percentage of TCL 

Classification y I II III IV 

Family Sarcophagidae 

Subfamily rYliltogramminae 

Tribe rYliltogrammini 

Sphenometopa 3~90 
tergata (Coq.) ± 

5.13 15.01 15.99 19.56 
± ± ± ± 

0.72 0.28 0.99 1. 50 1.04 

Tribe Paramacronychiini 

v VI 

153. 

TCL 
in 1-.1. 

20.18 24.12 63.22 
± ± ± 

0.59 1.30 23.471 

Pseudosarco ha a 9 pairs + 1 or 2 tiny 60.3 
affinis (F'all. 

Wohlfahrtia 19~4 28.5 12.0 13.3 13.9 15.0 17.3 50.2 
meigeni ± ± ± ± ± ± ± ± 
{Schin.) 1.76 1.59 0.73 0.73 0.84 0.89 0.99 6.83 

Wohlfahrtia 18.2 27.2 12.2 13.5 14.2 15.2 17.7 47.1 
apaca (Coq.) ± ± ± ± ± ± ± ± 

. 1.30 1.95 0.67 o.so 0.69 0.76 1.03 7.12 

Subfamily Sarcophaginae 

: 
y 

0 

0 

0 

TABLE 1 (continued) 

I 

0 

0 

0 

II 

1.21 
± 

0.17 

Arm Ratio 

III 

1.41 
± 

0.25 

IV v 

1.55 
± ± 

0.11 0.20 

VI 

1.42 
± 

0.26 

Average 
arm 

ratio 
II-VI 

1.35 
± 

0.12 

Authorities 

Jan 

materials 
studied 

adult 
testis 

xy not distinguishable Bayes 1953 larval 
brains 

1.23 1.83 1.44 1.28 1.78 1.51 Bayes 1963 larval 
± ± ± ± ± ± brains 

o.1J 0.11 0.16 0.14 o.o9 o.oa 
1.21 1.74 1.46 1.36 1.57 1.47 Boyes 1963 larval 
± ± ± ± ± ± brains 

0.11 0.16 0.14 0.14 0.20 0.096 

Acridiophaga 14.1 20.4 13.4 14.8 15.7 1?,.5 18.2 70.4 2.92 5.06 1.07 1.34 1.55 1.33 1.28 1.31 Bayes 1953 larval 
brains aculeata (Ald.) ± ± ± ± ± ± 

Blaesoxiph~ 
hunteri 
(Hough) 

1.08 0.53 0.54 0.56 0.75 0.60 

± 
1.67 

16.2 16.9 
± ± 

18.2 
± 

0.69 

19.5 22.1 76.8 0 
± ± ± 

0.69 18.14 

Blaesoxipha 
api fera 
(Coq.) 

13~05 14.68 

1.05 1. 22 

14.93 15.84 16.84 
± 

0.93 

0.60 

17.68 20.02 75.73 3.00 

Kellymyia 
kellyi ( Ald.) 

Helicobia 
rapax Walk. 

Helicobia 
sp. 

Neobellieria 
bullata (Park.) 

Hystricocnema 
.elinthopyga 
(Wied.) 

± ± ± ± ± ± ± ± 
1.91 3.41 0.66 0.96 0.93 

19.8 
± 

0.90 

1.20 11.167 0.73 

10.7 
± 

1.9 

15.1 16.1 
± ± 

0.;67 0.54 

17.1 
± 

0.96 

21.2 74.6 
± 

0.89 

2;6 4.0 17.0 18.2 18.8 
± 

0.70 

20.2 
± 

21.8 51.2 0 
± ± ± ± ± ± 

0.26 0.20 1.01 1.13 0.79 1.21 9.26 

22.1 12.4 13.9 14.2 15.8 21.7 52.2 0 
± ± ± ± ± ± ± 

0.55 0.68 0.64 0.81 0.48 0.27 2.13 

8.0 14.9 18.2 18.6 19.4 21.0 62.8 
± ± ± ± ± ± ± 

0.354 0.566 0.100 0.424 0.424 8.141 5.636 

12.2 15.1 16.3 16.5 18.2 21.6 51.2 0 
± ± ± ± ± ± ± 

0.52 1.05 0.84 0.99 1.06 0.85 7.46 

0 

± 
0.10 

3.ti6 
± 

0.65 

± ± ± ± ± 
0.06 0.11 0.08 0.15 0.104 

1.07 1. 31 1.69 1.38 1.14 1.32 
± ± ± ± ± ± 

0.045 0.204 0.138 0.272 0.092 0.246 

1.19 1.73 1.64 1 •. 50 1 • 41 1 • 50 
± ± ± ± ± ± 

0.12 0.2~ O.lJ 0.19 0.10 0.09 

1.10 1.31 1.51 1.16 1.75 1.37. 
± ± ± ± ± 

0.05 0.14 0.11 0.07 0.12 

1.38 1.80 1.37 1.37 1.34 1.45 
± ± ±· ± ± ± 

0.12 0.26 0.11 0.09 0.07 0.08 

Jan 

Jan 

Soyas 1953 

Bayes 1963 

adult 
testis 

adult 
testis 

larval 
brains 

larval 
brains 

1.44 1.54 1.68 2 .. 0.7 1.37 1.12 1.56 . Bayes 1963 larval 
brains 

0 

± ± ± ± ± ± 
0.06 0.11 0.23 0.38 0.09 0.13 

1.21 1.62 1.38 1.30 1.52 1.41 Boyes 1963 larval 
brains ± ± ± ± ± ± 

0.191 0.014 0.156 0.120 0.177 0.127 

1.72 2.04 1.37 1.50 1.15 1.55 
± ± ± ± ± ± 

0.31 0.30 0.17 0.14 0.14 0.09 

Boyes 1963 larval 
brains 

No.of 
cells 

4 

12 

10 

10 

13 

4 

4 

15 

6 

3 

2 

5 

No.of 
indi
vidu
als 

1 ô 

2 ô 
3 9 

3 ô 
3' 9 

'" 

Sources 
of 

materiel 

Pullman, 
Washing
ton 

5 ô Belle-
2 9 ville, 

Ontario 

2 ô 

2 ô 

9 

1 9 
1 ô 

1 9 

Pullman, 
Washing
ton 

Pullman, 
Washing
ton 

Guade
loupe 

3 ~ martin
ique 



Classification y 

Paraphrissopod~ 7 
chrysostoma 14.1 
(Wied.) ~ . f9 ·1 

1.191 

Euboettcheri~ 

sp • 

Boettcheria 
cimbicis 
( Tœums.) 

Percentage of TCL 

I II III - IV 

26.0 11.5 13.6 15.0 
± ± ± ± 

2.440 0.479 0.905 1.138 

10.0 
± 

0.848 

9.6 

12 .o 06.6 
± ± 

2.263 3.747 

14.0 17.1 

18.1 
± 

1.697 

17.6 
± ± ± ± 

1.62 0.72 0.45 1.47 

v 

15.4 
± 

1.066 

VI 

154. 

TCL 
in Il. 

18.5 52.4 
± ± 

0.396 8.551 

21.1 22.2 57.2 
± 

0.990 

20.3 

± ± 
1.414 20.128 

21.5 60.5 
± ± ± 

1.19 0.67 5.9 

Protodexia 
australis 
(Blanch.) 

2~97 10.0 16.1 16.7 17.3 18.5 21.5 60.0 

Protodexia 
hunteri 
(Hough) 

Sarcophage 
aldrichi 
Park. 

± ± ± ± ± ± ± 
0.359 0.48 0.53 0.41 0.22 0.67 1.24 

3~36 7.2 16.6 17.5 18.0 19.2 21.5 64.1 
± ± ± ± ± ± ± 

0.60 0.90 0.71 0.50 0.83 0.41 0.88 

3.5 6.7 16.6 17.4 18.7 19.8 20.8 48.0 
± ± ± ± ± ± 

0.52 0.79 0.98 0.40 0.70 0.88 

Sarcophage 
argyrostoma R.D. 

(1) ~-
sarcophage 
argy ros toma 
Des v. 

± 
1.707 

16.4 
± 

1. 734 

(2) Sarcophage 12~1 17.2 

14.2 15.6 
± ± 

1.017 0.824 

14.2 14.9 

16.7 17.8 19.3 
± ± ± 

0.532 0.864 0.882 

76.4 
± 

15.609 

16.5 17.9 19.3 25.4 

TABLE 1 (continued) 

: 
y 

Arm Ratio 

I II lli IV v VI 

Average 
arm 

ratio 
II-VI 

3.18 1.15 1.52 2.07 1.29 1.19 1.44 
± 

0.091 
± ± ± ± ± ± 

0.562 0.086 0.268 0.148 0.140 0.127 

1.80 1. 34 1.44 1.34 1.36 1.46 
± ± ± ± ± ± 

0.205 0.057 0.240 0.071 0.127 0.035 

0 1.73 1.12 1.74 1.17 1.21 1.39 
± ± ± ± ± ± 

0.19 0.07 0.17 0.04 0.10 0.061 

1~19 5.0 1.08 1.36 1.56 1.56 1.17 1.34 
± ± ± ± ± ± ± 

0.17 0.72 0.07 0.19 0.15 0.15 0.09 

1.00 1.38 1.15 1.35 1.58 1.32 1.34 1.35 

0 

± 
0.059 

1.11 

± ± ± ± ± ± 
0.25 0.07 0.12 0.12 0.15 0.06 

1.55 1.10 1.48 1.56 1.17 1.38 1. 34 
± ± ± ± ± ± 

0.16 0.07 0.17 0.12 0.09 0.16 

0 1.19 1. 73 
± 

0.208 

1.35 1.25 1.49 1.41 
± ± ± ± ± 

0.121 0.155 0.147 0.165 0.046 

0 1.20 1.24 1.56 1.27 1.26 1. 31 
argyrostoma ± ± ± ± ± ± ± ± ±: ± ± ± ± ± ± 
R.D. 1.50 2.26 0.68 0.59 0.84 1.09 1.07 12.83 0.'11 0.06 0.18 0.26 0.24 0.14 0.12 

(3) Sarcophage 10.5 16.0 15.1 15.8 16.5 17.5 19.1 69.4 1.11 0 1.16 1.95 1.67 1.22 1.49 1.50 
falculata ± ± ± ± ± ± ± ± ± 
Pand. 0.523 1.652 0.121 0.529 0.660 0.654 1.370 12.457 0.054 

Sarcophage 
carnaria ( L.) 

Sarcophata 
cooleyiAld.) 

7.7 13.0 17.3 18.8 19.8 23.4 

8.9 16.8 17.1 17.7 18.7 20.9 64.9 
± ± ± ± ± ± 

0.50 0.42 0.37 0.71 0.38 1.27 

± ± ± ± ± ± 
0.129 0.152 0.212 0.096 0.147 0.051 

1.10 1.12 1.98 2.22 1.37 1.41 1.62 
± ± ± ± ± ± 

o.o7 0.11 o.o6 o.o5 o.oa 

Authorities 

Bayes 1963 

materials 
studied 

larval 
brains 

Bayes 1963 larval 
brains 

Bayes 1963 larval 
brains 

Bayes 1953 larval 
brains 

Bayes 1953 larval 
brains 

Bayes 1953 larval 
brains 

Soyas 1963 larval 
brains 

Bayes 1963 larval 
brains 

Bayes 1963 larval 
brains 

Keuneke 
1924 

adult 
a vary 

Bayes 1953 larval 
brains 

No.of 
cells 

7 

2 

4 

6 

12 

11 

12 

5 

10 

5 

No.of .Sources 
indi-. ·of 
vidu-
als 

3 é 

material 

Port of 
Spain, 
Trinidad 

2 ~ Basse 

3 9 

Terre, 
Guade
loupe 

2 ô Belle-
1 9 ville, 

Ontario 

3 ô Belle-
1 ~ ville, 

Ontario 

1 ô 
4 9 

1 ~ 
3 ô 

3 ô 

4 ô montreal 
2 ~ Quebec .. 

2 ~ 



Classification y 

Sarcophage 
crassipalpus macq. 

I 

Percentage of TCL 

II III IV v VI 

155. 

TCL 
in 1-1. 

(1) Sarcophage 13.4 18.4 14.6 15.4 16.6 
± 

0.528 

16.9 
± 

0.729 

18.2 68.2 
securifera ± ± ± ± ± ± 
Vill. 0.729 0.818 0.910 0.672 0.630 8.014 

Sarcophage 10?2 13.1 15.3 16.2 17.1 18.5 
± 

0.777 

19.8 74.3 
exuberans ± ± ± ± ± ± ± 
Pand. 0.77 1.030 0.611 0.556 0.517 

18.1 

1.02 13.42 

Sarco haga 
nH" near 
reversa) 

Sarcophage 
latisterna 
parker 

Sarcophage 
occipital.is 
Thorns. 

Sarcophag~ 

reversa 
Ald. 

Sarcophage 
serraceniaE? 
Riley 

5.86 
± 

0.57 

4~76 
± 

0.56 

(1) Sarcophage 2.4 
tuberosé'l 
serracemiae 
Riley 

(2) Sarcophage 1.5 
sarracenias 

Sarcophage sp. 

Ravi nia 
communis Pari:. 

Ravinia 
peniculaté'l Park. 

Ravinia 4.9 
guerula ± 
(Walk.) 0.4 

9.0 14.8 17.0 
± ± ± ± 

0.56 0.77 0.62 0.80 

6.65 13.04 16.14 18.83 
± ± ± ± 

2.25 2.53 0.62 0.76 

24.2 12.7 13.9 14.0 
± ± ± ± 

0.70 0.64 0.50 0.95 

8.8 15.1 17.0 18.6 

20.2 20.9 76.7 
± ± 

0.72 0.97 

20.95 24.39 
± ± 

1. 32 1. 26 

46.96 
± 

12.830 

16.0 
± 

1.21 

19.2 41.8 
± ± 

1.57 4.31 

19.6 
± ± ± ± ± 

20.9 75.7 
± 

0.44 0.54 0.49 0.44 0.56 0.57 

877 16.7 17.5 18.7 19.0 19.6 

5.4 15.9 17.3 20.2 20.2 21.0 

8.6 14.4 15.9 18.4 20.9 21.4 

2n = 12 

5.3 15.1 17.6 18.2 21.1 22.1 

6.16 13.5 16.88 18.84 21.17 23.43 70.84 
± ± ± ± ± ± ± 

0.45 0.76 1.09 0.69 0.71 0.85 6.337 

y 

1.41 
± 

0.15 

1.29 

0 

TABLE 1 (continued) 

I 

0 

Arm Ratio 

II 

1.23 
± 

0.110 

1.26 
± 

0.18 

1.09 

III 

1.80 
± 

0.187 

1.41 
± 

0.29 

1. 51 
± ± ± 

0.45 0.04 0.10 

0 1.39 
± 

0.54 

1. 56 
± 

0.37 

IV 

1.64 
± 

0.222 

1.35 
± 

0.25 

1.68 

v 

1. 37 
± 

0.142 

1.42 
± 

0.21 

1.39 
± ± 

0.10 0.10 

2.59 
± 

0.35 

1. 54 
± 

0.04 

VI 

1.40 
± 

0.133 

1 .50. 
± 

0.14 

1.37 
± 

0.07 

1.32 
± 

0.25 

2.21 1.17 1.22 1.85 1.30 1.37 
± 

0.37 

1.12 

± ± ± ± ± 
0.05 0.03 0.21 0.20 0.08 

1.07 1.61 1.84 1.35 1.45 

Average 
arm 

ratio· 
II-VI 

1.49 
± 

0.087 

1.39 
± 

0.09 

1.41 

1.68 
± 

0.13 

1.38 
± 

0.07 

1.47 
± ± ± ± ± ± ± 

0.35 0.11 

0 

0.04 0.11 

1.16 
± 

0.06 

1. 20 
± 

o.os 

0.1<1 0.06 0.08 

1.22 1.26 1.23 1.22 
± ± ± ± 

0.22 0.13 0.06 0.05 

Authorities 

Bayes 1963 

Bayes 1963 

Boyes 1953 

Jan 

materials 
studied 
- - -- --------

larval 
brains 

larval 
brains 

larval 
brains 

adult 
testis 

Bayes 1963 larval 
brains 

Bayes 1953 larval 
brains 

metz 1916 

Stevens 
1908 

metz 1916 

metz 1916 

met:i 1916 

Jan adult 
testis 

No.of 
No.of indi- So~~ces 
cells . v.i.du.. rnaterial 

als 

10 

10 

17 

3 

3 

9 

5 

2 9 
3 ô 

4 ô 
2 9 

7 

1 é 

1 9 

3 

montreal 
Que bec 

missis
sippi 

Port of 
Spain, 
Trinidad 

1 o Pullman, 
UJashin~

ton 



Classification V 

Family Tachinidae 

Subfamily Tachininae 

Peleteria 
iterans (Ullk.) 

Archytas prob. 
apioifera (Ullk.) 

mericia 3.6 
ampelus ( Ullk.) 

Subfamily Goniinae 

Tribe Acemyini 

1 

11.14 
± 

1.64 

7.47 
± 

0.29 

7.0 

Percebtage of TCL 

II III IV 

14.72 15i79 16.15 
± ± ± 

1.34 a,jz o.~o 

15.22 16.45 17.02 
± ± ± 

0.76 0.69 0.73 

15.5 16.7 18.6 

v VI 

156. 

TCL 
in f1 

18.09 24.12 40.56 
± ± ± 

0,22 3.32 2.411 

19.38 24.45 50.62 
± 

1.78 

19.7 

± 
1.01 

22.5 

± 
5.160 

42.7 

Ceracia 5.6 6.2 16.8 17.1 17.9 18.7 23.4 52.7 
dentat;;t. (Coq.) 

Tribe Blondelliini 

Spathime~- 4.45 6.0 14.2 17.2 18.7 19.6 24.3 53.8 
genia sp. 

Tribe Exoristini 

Bassa selecta 4.6 15.9 16.7 17.1 19.5 26.2 
(mg.) 

Bassa selecta 6.87 16.20 16.99 17.57 19.27 23.10 61.74 
(mg.) ± ± ± ± ± ± ± 

1.02 0.66 0.61 0.86 1.15 1.12 10.521 

TABLE 1 ( continued) 

v 

0 

1 

1.38 
± 

0.10 

0 

1.12 

1.25 2.61 

1.74 
± 

II 

1.15 
± 

0.11 

1 .11 
± 

0.06 

1.84 

III 

2.01 
± 

0.61 

1.13 
± 

0.10 

1.36 

IV 

± 
0.13 

1.13 
± 

0.07 

1.30 

v 

1.51 
± 

0.36 

1.27 
± 

0.10 

1.20 

VI 

1.41 
± 

0.10 

1.23 
± 

0.12 

1.05 

Average 
arm 

ratio 
II-VI 

1.49 
± 

0.15 

1.17 
± 

0.04 

1.35 

1.09 1.67 1.23 2.38 1.27 1.53 

1.32 1.67 1.50 2.06 1.49 1.61 

1.93 1.85 1.66 1.70 

1.38 
± 

0.13 

1.45 
± 

1.61 
± 

0.23 

1.26 
± 

1.20 1.67 

1.14 
± 

0.11 

1.37 
± 

Neophorocera 3.4
3 

hamata (A. & UJ.) 
4.8 16.5 17.5 18.4 19.6 23.2 68.3 1.no 

0.47 

1.41 1. 72 

0.18 

1.60 1.53 

0.18 

1.84 1.37 

o.os 

1.60 

Phorooera 2 n = 12 
hamata (A. & UJ.} 

Ttibe Sturmitni 

~ bohemipa 3.â2 7.4 14.7 
mesn. 

16.5 17.5 19.1 24.8 63.7 

Tribe Winthemiini 

·Nemorilla 
pyste (Wlk.) 

Omotoma 8.7 
fumiferonae (Tot.) 

13.0 15.3 15.7 16.6 18.4 21.0 55.4 

10.9 14.2 15.3 16.0 20.0 23.5 64.3 

1.21
8 

2.09 1.14 1.13 1.32 1.16 1.39 1.23 

1.18 1.34 1.07 1.37 1.19 

1.36 1.71 1. 37 1.22 1.09 1.35 

Authorities materials 
studied 

Jan adult 
a vary 

Jan adult 
au vary 

Bayes et al larval 
1953 brains 

Bayes et larval 
1953 btains 

Bayes et al larval 
1953 brains 

Smith 1943 mesateron 

Jan larval 
brains 

Bayes et al larval 
1953 brains 

Smith 1944 adult 
testis 

Bayes et al larval 
1953 brains 

Bayes et al larval 
1953 brains 

Bayes et .al larval 
1953 4 pupal 

brains 

No.of 
cells 

4 

5 

2 

4 

12 

15 

12 

27 

3 

12 

No.of 
indi
vidu
als 

1 9 

1 9 

Sources 
of 

material 

British 
Columbia 

North 
Caro lina 

1 d' Belle
ville, 
Ontario 

4 d' 
2 9 

3 9 Winni
peg, 
Manitoba 

1 0 
4 9 

6 d' 
6 9 

2 

4 d' 
2 9 

British 
Columbia 



Classification 

Winthemia 
datanae Tns. 

y 

Winthemia 
occidentis 

6.0 

Rnh. 

Winthemia 
Dufopicta (Big.) 

Tribe Eryciini 

I 

31.0 

16.2 

34.6 

Aplomya 3.5 11.3 
caesar (Ald.) 

Aplomya 4.0 9.1 
mi tis (meig.) 

Lydella 18.4 
grisescen~ R.D. 

Ceromasia 
auricaudata 
Tns. 

Eumea 
westermanni 
(Zett.) 

ffiadremyia 
saundsrsii 
( Wlk.) 

4.4 

4.3 

Family Cuterebridae 

Cuterebra 6~7 
emascula tor 
Fitch 

± 
0.639 

19.8 

6.0 

5.9 

12.9 

6.6 

8.7 
± 

1.041 

Family Oestridae 

Subfamily Cephenemyiinae 

Percentage of TCL 

Il III IV v VI 

157. 

TCL 
in lJ. 

12.5 13.8 14.3 15.4 54.0 

13.7 15.0 17.3 18.5 19.4 64.0 

11.7 12.1 12.5 12.9 14.9 77.20 

14.6 15.6 16.6 18.2 23.6 57.7 

14.3 15.9 17.4 19.3 24.0 45.5 

14.2 14.8 15.8 16.5 19.0 69.8 

15.7 17.0 17.8 18.5 25.1 54.8 

16.3 17.4 20.1 50.8 

14.9 16.3 17.0 18.4 20.5 52.8 

16.4 17.3 18.1 19.5 22.2 48.9 

15.7 16.8 17.3 18.0 23.7 42.6 
± ± ± ± ± ± 

0.600 0.878 0.639 0.770 1.170 7.662 

Cephenomyia 5~3 11.2 14.8 16.9 17.2 
± 

0.623 

18.0 22.1 58.7 
phobifer ± ± ± ± ± ± ± 
Clark 0.572 0.914 0.777 0.897 1.227 1.215 7.840 

TABLE 1 (continued) 

: 
y I 

?.53 

1.68 

1. 51 

1.24 1.25 

1.22 1.67 

. ···-· 2.17 

0 0 

0 0 

0 0 

Arm Ratio 

II 

1.25 

1.37 

1. 54 

1.40 

1.20 

1.95 

1.22 

1.11 

1. 76 
± 

0.161 

1.26 
± 

0.118 

III IV 

1.40 

1. 27 

1. 21 

1.63 

1.50 1.94 

1.17 

1.22 

1.03 1.13 

1.26 1.26 

1.19 1.22 

1.99 1.98 
± ± 

0.364 0.377 

3.27 1.31 
± ± 

0.302 0.158 

v VI 

1.42 1.47 

1.38 1.34 

1.37 1.63 

2.14 1.50 

2.25 1.51 

Average 
arm 

ratio 
II-VI 

1. 34 

1.25 

1.38 

1. 70 

1.72 

1.35 1.22 

1.27 

1.13 

1.24 

1.21 

2.08 1.52 
± ± 

0.403 0.179 

1. 56 1.58 
± ± 

0.225 0.080 

12.8 

1.22 

1.17 

1.87 
± 

0.146 

1.79 
± 

6.092 

Authorities materiels 
studied 

Bayes et al larval 
1953 brains 

Bayes et al larval 
1953 brains 

JaÇ~ adult 
ovary 

Bayes et al larval 
1953 brains 

Boyes at al larval 
1953 brains 

Bayes et al larval 
1953 brains 

Soyas et al larval 
1953 brains 

Bayes et al larval 
1953 brains 

Soyas et Il larval 
1953 brains 

Bayes et al larval 
1953 brains 

Boyes 1964 

Soyas 1964 

larval 
brains 

larval 
brains 

No.of 
cells 

12 

12 

2 

12 

12 

4 

12 

1 

12 

12 

10 

7 

No.of 
indi
vidu
als 

4 9 

Sources 
of 

material 

2 9 Sri tish 
3 rJ Columbia 

1 North 
Caroline 

4 o Ontario 
3 9 

4 rJ Europe 
1 9 

1 rJ Ontario 

2 rJ British 
5 9 Columbie 

1 9 Europe 

3 0 
4 9 

3 rJ 
2 9 

1 rJ 
6 9 

3 0 
1 9 

Algon
,quin 
Park, 
Ontario 

Algon
quin 
Park, 
Ontario 
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TABLE 1 ( cantinued) 

Percentage of TCL Arm Ratio 
Average No.of Sources 

Classification TCL â]_;lft l\uthori ties materiels No.of indi- of y I II III IV v VI y I II III IV v VI studied in l-.1. ratio cells vidu- material 
II-VI als 

------ .. --- ---... .. 

Subfamily Oestrinae 

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 Bayes 1964 larval 12 2 9 montreal 
avis L. ± ± ± ± ± ± ± ± ± ± ± ± ± ± brains Quebec 

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 

H:t~oderma 271g 41.1 9.5 10.1 12.1 12.9 14.1 46.3 8.14 1.13 2.39 1.25 1.45 1. 52 1.48 1.61 Boy es 1964 larval 20 4 9 montreP!l 
bovis L. ± ± ± ± ± ± ± ± ± ± ± ± ± ± ± ± brains 1 0 Que bec 

2.832 2.712 0.814 0.844 0.691 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 Boy es 1964 larval 4 1 r:! montreal 
lineatum ± ± ± ± ± ± ± ± ± ± ± ± ± ± brains Que bec 
(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 2.!J. = 12; longest pair acracentric, 2 other acrocentric pairs, and 3 metacentric pairs La chance larval 45 19 
lineatum 1964 brains 
(de Villers) 
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. V COmPARISONS OF KARYOTYPES 

Striking differences, such as chromosome number and distinct 

chromosome morpholmgical variations, are found betwean the karyotypes 

of different species in sorne cases whereas in a large number of cases, 

the karyotypes appear ta be very similar. The casual observation 

alone is insufficient ta reveal small differences. Therefore, a 

detailed analysis has been carried out with the intention of revealing 

such differences. Unfortunately, due ta the difficultias of 

observation, this work is not always successful. The coefficient 

of variation of the lesa satisfactory chromosome complements of sorne 

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 the chromosomes may affect the measurement, consequontly 

influencing the arm ratios and the assignment of pair number. Cam

bining the chromosome longths and their arm ratios helps in obtaining 

a more correct pair assignment. However, in practice, there are 

cases where the consideration of both factors at the same tima is not 

entirely possible. For example, cases occur where in the first cell 

Pair A constitutes 18.6~~ of TCL and with an arm ratio of 1.30, Pair 8 

19.076 of TCL and wi th an arm ratio of 1 • 40; the second cœll may have a 

measurement of Pair A of 18.8% of TCL and an armDatio of 1.50, 

Pair 8 19.0% of TCL and arm ratio of 1.40. In the above example 

considering the percentage of TCL alana the correctness of the arm 
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ratio will be sacrificed and the seme 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 l-VI in the arder of increasing 

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

that the X-chromosomes are always Pair 1 regardless of their relative 

1 engths." This procedure reduces the standard errer in the per-

centages of the TCL but raises the error of the arm ratios. In a 

few species 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 hope of shedding sorne 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 Otitidao are now available for seven species. 

Seioptera vibrans L. with three pairs of chromosomes has a;~ry::rare 

karyotype so far in Schizophora outside of Drosophile. melieria 

crassipennis F. and Chaetopsis fulvifrons !YI. bath have four pairs of 

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

longer than that of .f.• fulvifrons m. The species Camptonoura piete 

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

Euxesta notata Wied. have six pairs of chromosomes. C. pict~ Fabr. 

and f• notata lliied. have very similar relative lengths for each 
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chromosome pair. Unfortunatœly, due to the lack of data on arm 

ratio in f• picta Fabr., a moro detailed comparison is not possible. 

Appreciable differences in the relative length of each chromosome! 

pair are found among f• latiusculus (L.), ~· mxrmecsides L. and 

i• notata Wied. Furthermore, f· latiusculus (L.) has an average 

Il-VI arm ratio of 2.27, whereas !• ~~Wied. has an average II-VI 

arm ratio of only 1.48 and~· myrmecoides L. one of only 1.58. In 

general, so far the spœcies of this family have distinct karyotypes. 

Epochra canadensis L. is probably the only species sa far in 

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

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

by Bush's (1962) finding of 2n = 12. Four pairs of autosomes have 

been reparted in A• serpentine (Wied.), however, it has an x
1
x

2
y 

type of sex chromosome ~ioh~nlii~(~ush 1962). 

Karyotypes of two species of D~myzidae are available now. 

Although Metz 1 s (1916) metaphase chromosomes illustration of Neuroctena 

analis F. did nat show the details of the chromosomal morphology, it 

is possible by simply comparing the relative lengths of the individual 

chromosomes ta find that the X-chromosome of Dryomyza anilis F. is 

not shorter than Pair II and Pair III; whereas in the species of 

Neuroctena anàlis F. this is not so. 

Cytological data for thirteen species of Sciomyzidae are available 

now. The three species in the genus of Pherbellia are very similar 

with each other in karyotype. However, by careful comparison it is 
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found that Pherbellia new sp. and E· grisescens m. have relatively 

longer pairs of VI than E· ~ f. The species Pherbellia grisescens m. 

has a high arm ratio on Pair VI, whereas the arm ratio on Pair VI of 

Pherbellia new sp. and E• ~ f. is much lower. furthermore, the 

X-chromosomes constitute 6.3% and 6.4% of TCL in E• ~ f. and E• 

grisescens m. respectivaly, 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. 1· pubera L. hasan average 

II-VI arm ratio of 1.68, E· grisascens m. 1.43, Pherbellia new sp. 

1.34, andE·~ f. 1.35. It saems then that there is not much 

difficulty in distinguishing 1• pubera a. from the Pherbellia species. 

No appreciable difference in the relative length of any individual 

chromosome has been found in the species Dictxa atlantica s., Q. brimleyi 

s., Q. sabroski s. and Q. texensis c., not even in the size of the 

Y-chromosome. Slight differences are found in the arm ratios. 

Chromosome Pair II, of Q. sabroski s. has a higher arm ratio:: than the 

other three Dictya species; Pair III of Q. sabroski s. and Q. texensis c. 

have higher arm ratios; Pai~IV and V of Q• sabroski s. and Q• brimleyi s. 

have higher arm ratios; Pair VI of Q. atlantica s. has a higher arm 

ratio than in the ether species. The average II-VI arm ratio in 

Q. atlantica s. is 1.58, in Q. brimleyi 1.58, in Q. sabroski 1.71 and 

in Q. texensis 1.56. Hence it would be easy to differentiate the 

karyotype of Q. sabroski s. from the other three Dictya 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 Pair.sV and 

VI. This is distinguishable from the other specios in the Sciomyzidae 

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

centric X-chromosomes, which arc quite distinguishablo. The 

X-chromosome of Tetanocera sp. is shorter than its chromosome Pair II, 

whereas in E• zerni m. the X-chromosome is longer than Pair II and 

Pair III. By measuring Steven's (1908) metaphase chromosomes illus

trations of Tetanocera searsa, it was found that in. l• sparsa the 

relative length of each chromosomal pair is roughly similar to that 

of Tetanocera loewi s. Unfortunately, further comparison of arm 

ratios is not possible. So far, no general characteristics of 

karyotype at the subfamily leve! of the Sciomyzidae can be found. 

Karyotypic data for two species of Lauxaniidae are now available. 

metz (1916) presented illustrations of metaphase chromosomes of 

Physœgenua vittata Macq. in which six pairs of chromosomes were shawn. 

However, only fivo pairs of chromosomes were found for minettia 

flavela Coq. in this study. 

The karyotype study in the family of Cha•aemyiidae has been started 

with Cremifania ni~rocellulata Cz. and Leucopomyia obscura H. The 

species f· ni~rocellulata Cz. has only three pairs of chromosomes. 

A more interosting finding is the microchromosomes of l• obscura H. 

This is the only case of the finding of microchromosomes in the 

Schizophora. 
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The family Helemyzidae is also karyologically new. Six pairs 

of chromosomes are found in both Suillia nemorum (mg.) and Suillia~. 

In comparison the karyotypes of the long X-chromosome cell population 

and the short X-chromosome cel! population of the§. nemorum (mg.), it 

was found that the chromosome configurations of Pairs IV, V and VI were 

similar in bath cel! populations. However, the centromeres of Pair II 

and Pair III in the short X-chromosome cel! population wera found in 

the median region and submedian region respactively, whereas in the 

long X-chromosome call population they were just the opposite. On 

account of the small langth difference betwean Pair II and Pair III 

of the long X-chromosome cel! population, the pairs assignment could 

be mistakœn for each ether in the karyotype 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 

elements. 

The karyotypes of Cordilura ciliata and f· ontario Cn. are similar 

ta each ether, no appreciable differences were found. The X-chromosome 

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

4.~ of the TCL, Cordilura ciliata 5.46 of the TCL, f· ontario Cn. 

5.5% of the TCL. On the ether hand, Scatophasa 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 Achaetalla varipes 

and §.Eallida Walk. simply by comparing the sizes of their X-chromosomes. 

Pair VI constitute 24.5% of the TCL in bath Acbaetella varip~s and 

_Q. hirtipes whereas Pair VI of _ç. ontaria Cn. constitutes only 21.9js 

of the TCL; but Pair VI of .Q. hirtipes has an arm ratio of 2.54 whe~eas 

in~· varipes it is only 1.10. Big differences are also found in the 

length of Pair II; f• ciliata and _ç. ontario Cn. have a relatively 

longer Pair II than ethers. 

Bayes (1954) was able to classify nina Hxlemya 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 ]• florilegea Zett. 

Accordingly, ]. echinata (s.) which has twelve chromosomes and an 

average II-VI arm ratio of 2.06 will ba placed in the second category 

and li• florilegea Zett. which has twe~ve chromosomes and an average 

II-VI arm ratio of 1.67 will be placsd in the third category of 

Bayes' (1954) classification. Pair II of li• florilegea Zett. has a 

comparatively low arm ratio {1.60) among the Hylemya species; this 

is also found in li• fugax {mg.) (1.65) (Bayes 1954). However, 

li· fugax (Mg.) has thirteen chromosomes in male and fourteen chromosomes 

in femala (Bayes~), which enables it to be easily separated from 

li• florilegea Zett. ]• echinata (s.) has a relativcly higher arm ratio 

for Pair V than the ether Hylemya species. 

Pair VI of Hydrophoria conica Wied. conatitutes a very high per

centage of the TCL (27.06%), which is quite distinct in the family of 



/ 

166. 

Anthomyiidae. Also, a noticeably law average II-VI arm ratio (1.55) 

may be a valuable auxiliary point in distinguishing ~· conica Wied. 

from the ether species. 

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

was measured by Bayes (1953). E• geniculata (Bouch~) is separable 

from J:. betae (c.) andE· bicolor (Wied.) by the law percentage of 

TCL and high arm ratio of Pair II. The species P. betae (C). and 

E• bicolor (Wied.) 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 law arm ratio of Pair II in E· bicolor 

(Wied.) is distinct in the family of Anthomyiidae. 

Bayes et al. ( 1964) have rcported five pairs of chromosomes for --
Phaonia variegata Fabr., flluscina stabulans Fall. and Drthallia nudis-

~ L. Lachance ( 1964) has also ~;-'f-.ound:J.J five pairs of chromosomes 

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

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 specios. The length differcncos between Pair IV 

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

.§.. calcitrans (L.) aro more obvious thé.<n, in Hydrotaea scambus Zett. 

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

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

spacies of Hydrotaea scambus Zett. and.§.. calcitrans (L.) hava relatively 

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

On Pair II, Hydrotaea scambus Zett. has an arm ratio of 1.74, g. variegata 

(Fabr.) 1.49, wherees the other-four five-pair species have a much 

higher arm ratio. E• varieQata Fabr. has è lower arm ratio on Pair r. 

In this context, it seems that the six five-pair species in the family 

of muscidae can be separated karyologically simply by thoir diffarential 

arm ratios. 

The chromosomes of Chryomyia albiceps (Wied.),~· megacephala 

(Fab.) and f· rufifacias (macq.) have been studied by Ullerich (1963). 

The karyotypes off. albiceps (Wied.) and two other species in 

Chrysomyia genus hava been analysed in this study. For a detailed 

comparison, measurements were attempted on Ullerich 1 s (1962) figuras 

(Abb. 8a, Abb. 17c and Abb. 4b). The measurements of f~albiceps 

(Wied.) from Ullerich's (1963) picture agree very wall with the resulta 

of this study. f· chloropyga (Wied.), f· putoria (Wied.) and f· mega

caphala (Fab.) have long X-chromosomes. However, the X-chromosomes 

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

wheraas tho latter species has a telocentric X-chromosome. In 

~· putoria (Wied.) the X-chromosome is about the same length as Pair II, 

whereas the X-chromosome of~· chloropyza (Wied.) is appreciably sh~rter 

than Pair II. The karyotypes of ~· rubifacies (macq.) and f· al biceps 

(Wied.) may be separated by the fact that the former has a higher arm 

ratio for Pair V than the latter, also Pair II of the former constitutes 

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

TCL. 
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The karyotype of Phaenicia caeruleiviridis Macq. is distinctly 

different from that of E• eximia (Wied.) and E• sericata (Mg.) 

(Bayes 1961). E• sericata (Mg.) has a telocentric X-chromosome which 

is the langast chromosome in the complement; the X-chromosome of 

E• caeruleiviridis macq. is slightly shorter than the chromosome of 

Pair II, and has its centromere in the submedian region; on the ether 

hand, E· eximia (illied.) has a small X-chromosome, which constitutes 

only 5.3% of the TCL. The centromere of the Y-chromosome of 

E• caeruleiviridis macq. is found in the median region, whereas in 

~ sericata (mg.) the Y-chromosome is talocentric. Furthermore, 

Pair VI of E• eximia (illied.) constitutes a distinctly higher percentage 

of the TCL and its Pair V has a high arm ratio, these two criteria 

make the karyotype of E· eximia (illied.) qbite distinguishable from 

those of the other two Phaenicia species. 

Bayes (1Q61) has studied the karyotype of Cynomyopsis cadverina 

(R.-D.) from different collections. A significant difference in arm 

ratio was found between this study and Bayes' (!e~ci~esults. However, 

due to the poor quality of the chromosmmal figures photographed and the 

law number of cella analysed in this study, an argument will not be 

presented. 

The karyotype of Sphenometopa tergata (Coq.) 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 sa far, have long X-and long Y-

chromosomes. Furthermore, the length differences between Pair II, 
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the X-chromosome and the Y-chromosome are very helpful in recognising 

the karyotype of~· tergata (Coq.); the average II-VI arm ratio in 

certain cases also provides valuable auxiliary data. 

The karyotypes of Blaesoxipha hunteri (Hough) and], opifera (Coq.) 

are distinctly different. The former has short X-and Y-chromosomes 

(7.1% and 5.2,% of the TCL respectively), whereas the latter has long 

X-and Y-chromosomes (1.47% and 13.1% of the TCL respectively). More-

over, the X-and Y-chromosomes of]. hunteri (Hough) are telocentric, 

whereas èn arm ratio of 1.10 was obtainad for the X-chromosome, and one 

of 3.00 was obtained for the Y-chromosome of ]• opifara (Coq.). Again, 

the length difference between Pair II, the X-chromosome and the 

Y-chromosome is found to be useful in both~species for distinguishing 

their karyotypes from the ethers. 

Sarcophage 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 ~· latisterna Parker distinguishable from the ether species 

of Sarcophaga. 

metz (1916) has reported six pairs of chromosomes for Ravinia 

communia Pakr. and ~.peniculata (Walk.). He also gave two mitotic 

metaphase figures of~· peniculata (Walk.). The new cytological data 

of~· guerula (Walk.) from this study does not provida any distinct 

difference between ~· communia Patk. and ~· peniculata (Walk.) in 

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

(Walk.) and Archytas prob. apicifera ('alk.) ara found in the par-

centage of the TCL of Pair I and the arm ratios of Pair I and Pair III. 

The telocantric X-chromosome and low average Il-VI arm ratio {1.17) 

of !• prob. apicifera (Walk.) are very distinct in the family of 

Tachinidae. 

Smith (1943) illustrated a very good mitotic figure of Bassa 

selecte (mg.). The measurement of his picture is significantly 

different from the resulta of this study, both in the percentage of 

TCL and the arm ratios. flloreover, the average II-VI arm ratio is 

different in the two independant studies. Although Smith's figura 

was from mesenteron cell (whereas larval brain calls were used in this 

study), a satisfactory explanation is still needed. 

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

Tns. and ~· occidentis Rnh. The species ~· occidentis Rnh. has a low 

percentage of TCL and a high arm ratio for Pair I which is easily 

distinguished from those of .\!!• datanae Tns. and JM. rufopicta (Big.). 

The difference in the percentage of the TCL for Pair I between 

~· datanae Tns. andW. rufopicta {Big.) is probably the most distinct 

point of value in separating these two species karyologically .• Other 

differences are also found in the arm ratios of Pair II, Pair IV and 

Pair VI. 
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VI GENERAL commENTS 

Cytological data on 403 species of Schizophoro:Us . .t'lies are 

available now. These include 273 species of acalyptrata~ and 130 

species of calyptrate~ flies. The karyotypic studies of acalyptrate~ 

flies have been carried out for the familias Diopsidae, Psilidae, 

Otitidae, Platystomatidaa, Tephritidaa, Dryomyzidaa, Sciomyzidae, 

Lauxaniidae, Chamaamyiidaa, Drosophilidae and Helamyzidaa. Except 

for the family Drosophilidae, the cytological studies of the familias 

of Tephritidae and Sciomyzidae are more extensive than those of the 

ether eamilies. In the Calyptratae, karyotype studias hava been 

reported for the familias Anthomyiidae, muscidaa, Calliphoridae, 

Sarcophagidae, Tachinidae, Cuterebridae and Oestridae, among which 

the familias Calliphoridae and Sarcophagidae have been more extensively 

studied than ether familias. 

The distribution of chrmmosoma pairs in the familias 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 sevan pairs have been round. 122 species of the 

Calyptratae have each six pairs of chromosomes but six species in the 

family muscidae have each five pairs of chromosomes, and one species 

in the Anthomyiidae (Hylemya fugax (mg.)) has five pairs plus x1x2v 

in males and x
1
x

1
x

2
x

2 
in females, and one species in Sarcophagidae 

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

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

forward: 
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TABLE 2. DISTRIBUTION OF CHROmOSOmE PAIRS IN THE FAmiLlES OF SCHIZOPHORA, DIPTERA 

Number of Species 
Family 3 pairs 4 pairs 5 pairs 6 pairs 7 pairs Total 

Diopsidae 1 i 1 
Psilidae 1 1 
Otitidae 1 2 4 7 
Platystomatidae 1 1 
Tephritidae *19 1 20 
Dryomyzidaa 2 2 
Sciomyzidae 15 15 
Lauxaniidaa 1 1 2 
Chamaemyiidae 1 **1 2 
Drosophilidae 26 54 53 86 1 220 
Helemyzidae 2 2 

Total 28 58 55 130 2 273 Acalyptratae 

Anthomyiidae 22 #1 23 
muscidae 6 10 16 
Calliphoridae 31 ,.c31 
5 arcoph,agidae 33 34 
Tachinidae 21 21 
Cuterebridae 1 1 
Oestridae 4 4 

Total 
0 0 6 122 1 130 Calyptratae 

Total 28 58 61 252 3 403 
Schizophora 
--,-------·- -

* Anastrepha serpentina (Wied.) has 4 pairs plus XjX2Y in males, 
** Leucopomyia obscura H. has 5 pairs plus 5 microcnromosomes. 

Literature 

0 
1 
2 
0 

19 
1 
1 
1 
0 

220 
0 

245 

14 
14 
28 
29 
18 

1 
4 

108 

353 
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This 
Thesis 

1 
0 
5 
1 
1 
1 

14 
1 
2 
0 
2 

28 

9 
2 
3 
5 
3 
0 
0 

22 

50 

e ~,) 

Over-
lappinQ 

3 

1 

4 
-" 
-J 
N 
• 

4 



e 

TABLE 3. DISTRIBUTION Of CHROmOsOmE PAIRS IN THE SUBORDERS AND DIVISIONS Of DIPTERA 

Suborder Number of Species Sources of· and 2 3 4 5 6 7 8 9 10 
Division pairs pairs pairs pairs pairs pairs pairs pairs pairs Total data 

Nematocera 2 55 46 5 5 6 - - - 119 Boyes 1958 

Brachy car a - - - 6 5 2 2 1 - 16 Boyes 1958 

Cyclorrhapha - 30 113 105 303 5 - 1 - 557 

(Aschiza) - 2 55 43 52 2 - - - 154 Boyes §.t .W.. 
1964 

(Schizophora) - 28 58 61 252 3 - 1 - 403 Table 2 j 
Total 

2 85 159 115 31,4 13 2 2 692 Diptera -
1 

e 

.....> 
-J 
(A . 
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(1) The value of cytotaxonomy seems greater in those familias of 

Acalyptratae which have the advantage of greater chromosome number 

variation. 

(2) Bayes ~ ~ ( 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, fort;t-three species had n = 5, fifty-two 

species had fl = 6 and two species had fl = 7. The family of Syrphidae 

belongs to Aschiza. Chromosome numbers of more primitive forms of 

Diptera have also been collected by Bayes (1958). From Table 2 

and Table 3, there seems ta be a tendency for karyotype evolution in 

the Diptara to fix six-chromosome pairs. However, Patterson and 

Stone (1952) have certainly believed that the six pairs of chromosomes 

(unlike thase of higher Diptera) are the basic chromosome number in 

Drosophile. Bayas ~ ~ ( 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 metaphase 

chromosome figures from 1arva1 brains and adult testes and avaries. 

About 80% of the third instar larval brains give good metaphase figures, 

whereas in the testes or avaries from adult flies collected in the 

field, only about 30% of the flies give metaphase figuras. Slides 

from old testes or old avaries in which the mature sperms or eggs are 

sean, 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 



are more concise and centromeric regions are clearer than in the 

meiotic metaphase chromosomes. 
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The resulta of this study also show that in the majority of species 

there is a distinct length difference between Pair 1 and Pair II. 

Also there is often a distinct difference in length between the langast 

pair and the next to langast pair. ln a few cases the X-chromosomes 

are longer than Pair II, whereas in the great majority the X-chromosomes 

are much shorter than Pair II. 

In the comparison of karyotypes at the interspecific leval, 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-chromosomes. 

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

The great majority of the X-chromosomes ara telocentric. No species 

has been found with a telocentric X-chromosome and with a Y-chromosome 

ether than telocantric. On the ether hand, the great majority of the 

centromeres of the autosomes are found in the median or submedian 

regions. 

Lighty and Plaist (1960) and maguire (1963) have shawn that the 

variance of arm ratios tends to increase as the arm ratio increases. 

The results of this study support this conclusion. However 1 the 

following factors contribute ta the variance of the individual 

chromosome arm ratios. (A) The distortion of the chromosomes, 

( B) .·,mietaking 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 dè~~acce~~able, it 

seems logical to accept that the measurement of few cièar-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 resulta of this study show that the variance of average 

II-VI arm ratios is smaller than the variance of individuel chromosome 

arm ratios in avery case. Although these two variances ara not ta be 

compared at the same leval, the values of average II-VI arm ratios 

are entirely free from the incorrect pair number assignments. On 

account of the preciseness of the average li-VI arm ratio, this value 

may be very helpful for karyotypic comparisons in the groups where very 

similar karyotypes are found. 

The inconsistency of the value of the total chromosome length 

(TCL) has been discussed in the introduction. In addition to this, 

the ava~bla data prove that the intrinsic variation of TCL is so large 

as to jaopardize the comparison of TCL at any taxonomie leve!. for 

example, a coefficient of variation of 35% was found for the.TCL of the 

chromosomes from the larval brain cella of Euboettcheria sp. (Bayes 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 soma familias. In the Otitidae, the TCL 1 s are shorter (below 

60 ~); the chromosome pairs vary in number from three ta six; the 

X-chromosomes are talocentric. In the Tephritidae, nearly all specias 

have six pairs of chromosomes and in the genus Anastrepha, telocentric 

autosomes have bean found in severa! species (Bush~1962). This is 

the only genus where telocentric autosomes have been found, except in 

Drosophile (Drosophilidae), sa far in Schizophomus. f~ies. In the 

Sciomyzidae, fifteen spacies all have six pairs of chromosomes but the 

author has sean five pairs of chromosomes in Pteromicra similis 

Steyskal; the X- and Y-chromosomes are often short and telocentric and 

the average II-VI arm ratios vary from 1.3 to 1.8. In the Anthomyiidae, 

twenty-two out of twenty-three species have six Rairs 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 muscidae, tan 

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 II-VI arm ratios vary from 1.1 to 2.3. In the Sarcophagidae, 

th±tty-three species have six pairs and one species is exceptianal; 
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the X- and Y-chromosomes vary from short to long and from telocentric 

to metacentric; the average II-VI arm ratios vary from 1.2 ta 1.7. 

In the Tachinida~, 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 whereas the 

X-chromosomes are rarely telocentric; the average II-VI arm ratios 

vary from 1.1 ta 1.9. In general, however, it seems tao early to 

decide whether or not a characterist±c karyotype can be assigned ta 

any particular genus or family. 
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summARY 

The karyotypes of 54 species of Schizophora flies, representing 

40 genera and 14 familias have been studied, among which 50 species 

and 4 familias are karyologically new. 

The comparisons of the above mentioned karyotypes and others 

previously reported show that the species are cytolagically separable 

in almost all cases, however, it is too early to decide whether or 

nat a characteristic karyotype can be assigned to any particular 

genus or family. 

~licrochromosomes were found in Leucopomyia obscura H. ln Suillia 

nemorum (mg.) two populations of cella, one with long X-chromosomes and 

the other with short X-chromosomes were found in the testis of an 

adult male. 

Karyotypic studies were found to be more satisfactory using 

mitotic figures from third instar larval brains and from adult testes 

or avaries than using meiotic figures. 

The distribution of chromosome numbers in Diptera has been 

discussed in terme of cytotaxonomic and karyotypic evolution. 

Distinct chromosome length differences are often found between 

Pair I (the X-chromosomes) and Pair II, also between the langast pair 

and the next ta langast pair. In a great majority of cases the 

X-chromosomes ara shorter than Pair II. The length of X-chromosomes 

fluctuates more at the intarspacific .leval. 

··"'!· 



The Y-chromosomes are mostly telocentric; the X-chromosomes 

are often telocentric; the autosomes are mostly metacentric or 

submetacentric. 
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The cytotaxonomic value of arm ratio and TCL (Total Chromosome 

Length) has also been discussed. 
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