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ABSTRACT 

Drosophila species in mulleri complex show five rod

shaped and one pair of dot-shaped chromosome. The sex

chromosomes represent the largest pair in the female, but 

are heteromophic in the male, the Y-chromosome being shorter 

than the X-chromosome. 

The purpose of the research presented here is to 

determine whether chromosomes in the mulleri cluster species 

are longer than in the the mojavensis cluster. The length of 

X-, Y-chromosomes and the rod-like autosomes were compared 

among the ten species studied. All the rod-like chromosomes 

were measured in 313 or more brain cells in each of the ten 

species. The length of the X-chromosomes were measured in 

hybrid female larvae. Also the metaphase chromosomes were 

stained for heterochromatin. 

The results of this study do not support the 

division of the mulleri complex into the two clusters. This 

study shows that the X-chromosome in mulleri complex can be 

divided into three categories; the long X-chromosome found 

in D.sp.A, D.aldrichi and D.wheeler i; the intermediate or 

medium X-chromosome found in D.mojavensis, D.mulleri, 

D.sp.S, and D.sp.S-5; and the short X-chromosome found in 

xi 



xii 

D.arizonensis, D.mayaguana, and D.sp.N. The intermediate 

and the short X-chromosome groups represent species from the 

two clusters. The Y-chromosome appears to be most variable 

of all. Based on overall chromosome lengths the ten species 

can be placed into three groups; (1) D.sp.A, D.aldrichi, 

D.wheeler i, D.sp.S, and D.sp.S-5 in the long chromosome 

group, (2) D.mojavensis and D.mulleri in the medium 

chromosome group and (3) D.arizonensis, D.sp.N and 

D.mayaguana in the short chromosome group. The differences 

in chromosome length seem to be due to heterochromatin. The 

results seem to suggest that the ancestral species had the 

mulleri-mojavensis chromosome length (i.e medium) and the 

mulleri gene arrangement. The chromosomes of the species in 

the long chromosome group are a result of addition of 

heterochromatin. However the amount of heterochromatin 

gained varies from chromosome to chromosome within species 

and also from species to species among corresponding 

chromosomes. The sex chromosomes in the short chromosome 

group seem to have become shorter due to loss of 

heterochromatin while the autosomes generally remained 

unchanged. Heterochromatin seems to playa significant role 

in crosscompatibility among these species. 



CHAPTER 1 

INTRODUCTION 

Problem under study 

The present study was undertaken to make a detailed 

comparison of the metaphase chromosomes in a group of 

closely related species of cactophilic Drosophila. The 

metaphase plates of these forms comprising the mulleri 

cluster and the mojavensis cluster in the mulleri complex, 

as seen in brain smears, are practically indistinguishable 

from one another (Patterson and Crow, 1940; Crow, 1942). In 

the female of each form the plate shows five pairs of rod 

shaped and one pair of dot-shaped chromosome, (patterson and 

Crow, 1940; Heed, 1982). The largest pair represents the 

sex-chromosomes of the female. The same configuration is 

present in the male except that the two sex-chromosomes are 

of unequal length, the Y-chromosome being shorter than the 

X-chromosome (Patterson and Crow, 1940). There have been 

discrepances in the description of the relative length of 

the X- and Y-chromosomes within and among species in the two 

clusters. For instance Wharton (1942, 1943) reported that 

Drosophila arizonensis from Arizona and D.mojavensis from 

1 
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Death Valley California have very short Y-chromosomes. 

However, a very short Y-chromosome has not been observed in 

any of the strains of both D.arizonensis and D.mojavensis 

collected over the Western Deserts and examined (Heed pers. 

comm.). There also appeared to be large differences between 

the length of the X-chromosomes among the species. 

Describing the relative length of the Y-chromosomes in terms 

of the already variable X-chromosome would add more 

confusion. In view of this, it seemed appropriate to 

measure the chromosomes. It was expected that actual 

measurements of the chromosomes rather than visual 

comparisons would give a more accurate description of the 

relative length of the chromosomes within and among the 

species. In order to be able to accurately compare the 

length of chromosomes among species, chromosomes of 

different species must be measured within the same nucleus. 

This can be accomplished by measuring the chromosomes in 

hybrids. 

There are also new species available whose metaphase 

chromosomes have not been described namely D.mayaguana, 

D.sp.S, D.sp.S-5, D.sp.N and an undescribed aldrichi-l ike 

form from Quives Peru referred to as D.sp.A in this study. 

Measuring their metaphase chromosomes would help to describe 

this species collection unambigously. 



There was a need to know if the differences in the 

metaphase chromosomes would determine relationships among 

ten related species. That is whether there has been 

addition or reduction of chromatin in the course of 

speciation. 

In addition to measuring the rod-like metaphase 

chromosomes in the ten species individually, the x-

chromosomes were also measured in some hybrids. The 

chromosomes were also stained for heterochromatin to 

determine its distribution among the species. 

Background information on mulleri complex 

The mulleri complex consists of 24 species of which 

four are undescribed (Wasserman, 1982), each of which 

besides containing specific chromosome sequences, is 

homozygous for one or more of the following inversions; Xj, 

Xw, 2c, 2f, 2h, 2d 2 , 2c 2 , 2s 6 , 3a and 3c (Wasserman, 1954, 

1960, 1962, 1963, 1982; Wasserman and Wilson, 1957; 

Wasserman and Kopfer, 1977). Wasserman (1962) argued that 

3 

these inversions are distributed among the species in such a 

manner that they could not have been one of several 

characters arising independently in geographically isolated 

populations. He therefore proposed that the ancestral 

species consisted of a number of small,.geographically semi

isolated populations among which some gene exchange was 

possible but nontheless were sufficiently isolated so that a 
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certain amount of adaptation of local conditions was 

possible. Wasserman went on to say that the ancestral 

species was polytypic for several combinations of 

inversions, and each inversion had its own distribution, 

overlapping the range of one or more of the others. And 

that fragmentation of the ancestor into distinct forms, 

several of ~hich later split into two or more species 

resulted in the 24 forms which share the eleven inversions. 

He proposed that allopatric cytological differentiation in 

the form of homozygous inversions may have actively 

contributed to speciation by preserving locally adapted gene 

complexes within the inverted regions and may have captured 

genes which would isolate the population from ill-adapted 

migrants. 

Wasserman (1962) did a thorough analysis of the 

differences in gene arrangements in 23 species belonging or 

related to the mulleri subgroup and constructed a phylogeny 

based on those differences. The mulleri complex has further 

been subdivided into clusters, the basic criteria being 

their cytological history, but morphology and crossability 

data have also been used (Wasserman, 1982). The following 

account is from Wasserman (1982). The 10ngicornis cluster 

arose from subspecies E and consists of D.longicornis, 

D.propachuca, D.pachuca, D.mainlandi and species 

"from Sonora". The buzzatii cluster arose from subspecies F 
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as a Southern offshoot of D.martensis and consists of 

D.buzzatii, D.serido and D.barborema. The ritae cluster 

arose from subspecies A and consists of D.desertorum and 

D.ritae. The martensis cluster diverged from subspecies F 

and consists of D.martensis, D.starmeri and D.uniseta. The 

mojavensis cluster, which is one part of the subject of this 

study, consists of D.mojavensis, D.arizonensis and 

tentati vely D.sp.N. D.moj avensi sand D.ar i zonensi s arose 

from contigous ancestral subspecies C and D. D.sp.N arose 

from subspecies H (Johnson 198~), which was between the 

mojavensis-arizonensis cluster and the mulleri cluster. 

D.arizonensis does not show cytological variability among 

strains collected from different regions. D.mojavensis 

unlike D.arizonensis shows cytological and morphological 

geographical variability (for a detailed account see 

Wasserman, 1982). The mulleri cluster, which is another 

part of the subject of this study, came from subspecies B 

and consists of D.mulleri, D.aldrichi, D.wheeleri, 

D.mayaguana, D.sp.S and D.sp.S-5 and a Venezuelan form, all 

of which are cytologically identical, i.e. being 

homosequential. No cytological polymophism is known among 

these species. 

Wasserman (1962) observed that D.mulleri and 

D.aldrichi, are homosequential for all five chromosomes. 

D.arizonensis differs from the two species by two 
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overlapping inversions in the second chromosome and two 

single inversions in the third chromosome. D.arizonensis is 

the only North American mulleri complex species which lacks 

inversion 3a (Wasserman, 1982). It shares, however, 2h with 

D.mojavensis that does not occur in any other species of the 

complex, and it has 2c, 2f, and 2g inversions which are 

found in the other mulleri complex species (Wasserman, 

1982). There is a minimum of seven inversional differences 

between D.arizonensis and D.mojavensis and the two species 

are essentially ecologically isolated although they 

occasionally share certain larval habitats (Heed et al., 

1968; Heed, 1978; Fellows and Heed, 1972). In D.mojavensis 

the X-chromosome differs from the above three species by a 

single inversion. The second chromosome differs from that 

of D.arizonensis and D.mulleri and D.aldrichi by four 

overlapping inversions. The third chromosome differs from 

that of D.arizonensis by two overlapping inversions and from 

that of D.mulleri and D.aldrichi by two simple inversions. 

Aside from the inversions that are unique for either 

D.mojavensis or D.arizonensis, members of the complex share 

to a certain extent combinations of five inversions; 

D.mulleri, D.aldrichi and D.wheeleri have 2c, 2f, 3a, and 

3c; D.arizonensis has 2c, 3f, and 2h; D.mojavensis has 2c, 

2f, and 3a (Wasserman, 1954). According to these findings, 
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Wasserman (1962, 1982) has assigned the species to two pairs 

of phylogenetically very closely related species: 

D.mulleri, D.aldrichi, D.wheeleri, D.mayaguana, D.sp.S, 

D.sp.S-5 and a species from Venezuela to one pair and 

D.arizonensis and D.mojavensis and tentatively D.sp.N to 

the other. Morphological similarity and dissimilarity 

supports the grouping of the species into two pairs. For 

instance D.mulleri and D.aldrichi are hardly recognizable 

from each other (Crow, 1942) and the same is true for 

D.arizonensis and D.mojavensis (Zouros, 1973). No inversion 

was found in salivary gland chromosomes of the hybrid 

larvae between D.mulleri with D.aldrichi, D.mulleri with 

D.wheeleri, and D.aldrichi with D.wheeleri (Wasseeman,1954). 

In the arizonensis-mojavensis hybrid pairing is 

very good in the salivary gland chromosomes. There are 

four overlapping inversions in the third chromosome 

(Wasserman, 1954). Banding differences are present in the 

third chromosome. An inversion, Xe is present in the x

chromosome of the hybrid and this is the same inversion that 

is found in the mulleri-mojavensis hybrids. The region near 

the centromere of the X-chromosome is usually unpaired 

(Wasserman, 1954, 1962). Chromosome two of D.sp.N is 

cytologically identical to that of the mulleri cluster 

(subspecies B). Its chromosome three lacks the 3c sequence 

present in the mulleri cluster, thus placing it closer to 



the mojavensis cluster. And it is morphologically very 

close to D.mojavensis and D.arizonensis (Wasserman, 1982). 

Salivary gland chromosomes of D.mul1eri, D.aldrichi, 

D.wheeleri, D.mayaguana, D.sp.S and D.Sp.S-S are 

cytologically identical being homosequential and they are 

all associated with Opuntia cactus. 

8 

In view of the above discrepancies regarding 

chromosome size both within and among the species in the 

mulleri complex, the present study was undertaken in an 

effort to determine whether the X-chromosomes in the mulleri 

cluster species are longer than in the mojavensis cluster. 

This comparison was extended to the Y-chromosome and the 

rod-like autosomes. Also the chromosomes were stained for 

heterochromatin in order to study its distribution and 

relative amount in corresponding chromosomes among different 

species. 

Literature review 

Phylogeny 

Wasserman (1962) defined the mulleri subgroup as the 

"wastepaper basket" of the repleta group, consisting of 

species which do not fall within the cytological 

(melanopaga, mercatorum, and fascio1a) or morphologically 

bydei limits of the other four subgroups, but which have 

evolved directly from the primitive 1 gene sequence, Xa, Xb, 

Xc, 2c,2b, 3b of the repleta group. The mulleri subgroup, 
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the largest in the repleta group consists of 3~scribed 

species (Patterson and stone, 1952; Wheeler, 1954, 1957; 

Wasserman, 1962, 1982; Wasserman and Wilson, 1957) and at 

least five undescribed forms (Wasserman,1982). There are 

phyletic units in the subgroup: the meridiana complex with 3 

species, the anceps complex consisting of 3 species, 

the eremophi1a complex with 3 species, the sta1keri complex 

with 2 species, and the mu11eri complex with 24 species and 

the miscellaneous forms which do not fit into the other 

complexes, or are not sufficiently known to be more 

accurately placed. Paracentric inversions must have been 

important in the specialization of isolated populations and 

contributed indirectly towards species formation in the 

repleta group (Wasserman, 1960, 1982). Other cytological 

characters such as chromosome fusion and addition and/or 

deletion of heterochromatin as seen in metaphase chromosomes 

allow one to make reliable specific identifications 

(Wasserman, 1960). 

Morphological and genetic (i.e, crosscompatibi1ity) 

information has been used to divide the species group into 

four subgroups: the hydei, repleta, mulleri and mercatorum 

subgroups (Wharton, 1944; Wheeler, 1949). A fifth subgroup, 

the fasciola, was established and defined cytologically by 

Wasserman (1962). The most remarkable evolutionary story in 

the repleta group is found in the mulleri complex species 



which share one or more of the the following inversions 

which are homozygous: Xj, Xw, 2c, 2f, 2g, 2h, 2d 2 , 2c2 , 2s 6 , 

3a, and 3c (Wasserman, 1954, 1960, 1962, 1963, 1982; 

Wasserman and Wilson, 1957, Wasserman and Kopfer, 1977). 

Geographical distribution 

The largest single component of the Nearctic 

Drosophila fauna is the large desert inhabiting repleta 

species group (Wheeler, 1981). The repleta group occupies a 

number of different habitats in Mexico and Central and South 

America (Wasserman, 1982). This group has been able to 

undergo explosive evolution through speciation by the fact 

that these species have been able to invade the arid region 

of the New World and, by utilizing species of the Cactaceae 

for food, live in habitats unfriendly to most Drosophila 

(Wasserman, 1982). This has been accomplished several 

times. Of the 75 plus described species, 47 are known only 

from desert habitats; six occur both in desert and wetter 

regions; while 11, primarily the fasciola subgroup species, 

are found in wet rain forests (Wasserman, 1982) and a few 

are cosmopolitan or quasi-cosmopolitan (Wheeler, 1981). The 

desert species are essentially cactophilic. A few species 

such as hydei and repleta are synanthropic and wide spread. 

Others appear to have been introduced into other regions by 

the dispersal (both accidental and intentional) of the 



cactus hosts, e.g. D.buzzatii which now occurs in Europe, 

North Africa and Australia as an immigrant (Wheeler, 1981; 

Wh i t e , 197 3) • 
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The mulleri complex, with its 23 or so species is 

widely distributed throughout the New World but is limited 

to the Cactus desert where it is the dominant group in the 

genus (Wasserman, 1982) and lives on the necrotic tissue 

(cladodes, stems and fruits) of various species of cactus 

(Batterham et al., 1984). The cactus desert species do not 

occupy a single continuous area but are divided into a 

number of varying sizes (Wasserman, 1982). For instance 

D.arizonensis has been reported to be found from southern 

Arizona and the south tip of New Mexico south into 

Guatemala, and also in north eastern Mexico (Fellows and 

Heed,1972; Heed, 1978; Wasserman, 1982). D.mojavensis 

occurs in the Mojave and Sonoran Desert of southern 

U.S.,Baja California and along the west coast of Sonora and 

Sinaloa (Wasserman, 1982; Heed, 1982). D.mulleri is found 

from Nebraska, south into Texas and into northern Mexico in 

Tamaulipas. It has also been found in Jamaica and Haiti 

(Wasserman, 1982). D.aldrichi has been collected together 

with D.mulleri in Texas and Tamaulipas, Mexico. It ranges 

south along the lowland coast of eastern Mexico to 

Tehuantepec and north along the western coast of Mexico to 

Sonora. It has been collected in El Salvador, Colombia and 



Autra1ia (Wasserman, 1982). D.whee1eri is known from 

southern California and northern Baja California, Mexico. 

Drosophila mu11eri and D.a1drichi are sympatric over 

most of their geographic distribution and with the same 

pattern of relative abundance throughout the year. Their 

larvae were repeatedly reared from the same rotting pieces 

of cactus of the genus Opuntia by Patterson (1947; 

(Patterson and Stone, 1952). Larvae of the two species 

share the same habitat. 
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Crow (1942) observed that the developmental time is 

subtantia11y different in the two species: D. a1drichi 

requiring 15 days from egg-to-adu1t; whereas this period is 

only 11 days for D.mu11eri. Larval nutritional requirements 

of the two species differ slightly; for instance of 8 yeasts 

isolated from cactus fruit and tested, all permitted 

complete growth for D.mu11eri, but only 5 permitted complete 

growth for D.a1drichi (Wagner, 1944, 1949). Thus D.mu11eri 

and D.a1drichi are able to coexist even in the same cactus 

plants due, in part, to those differences in their 

nutritional requirements (Wasserman, 1954; Wagner, 1949). 

Fellows and Heed (1972) showed that host plant 

discrimination for feeding in adults is high but not 

absolute. Their substitution experiments conducted 

individually with four species of cactophi1ic Drosophila on 

six kinds of artificially rotted cacti showed that every 
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species except D.mojavensis reproduces best on the cactus 

(or cacti) on which it is a resident in nature. Narrow host 

plant specifity is accompanied by specialized nutritional 

requirements and more continuous rot pockets in the host 

plant. In addition to organ pipe and agria cactus, 

D.mojavensis has also been reared from stems and fruits of 

Opuntia and saguaro, and cina stems (Fellows and Heed, 

1972). D.mojavensis seems to prefer agria (stenocereus 

gummosus) to organ pipe (Stenocereus thurberi) (Heed, 1978). 

D.arizonensis, a sibling species of D.mojavensis, breeds 

primarily upon cina but utilizes Opuntia fruits and stems, 

and the fruits of saguaro, squash and citrus. This shows 

that D.arizonensis and D.mojavensis are truly polyphagic 

(Zouros, 1973). D.moj avens i s Race (a) is apparently 

associated with the barrel cactus (Echinocactus acanthodes) 

(Heed, 1978). 

Cytology 

The salivary gland chromosomes of these species are 

rather long but small in diameter as compared to most other 

Drosophila (Crow, 1942). There does not seem to be a 

definite chromocenter as is usually found (Crow, 1942). 

Although the various members of the repleta group 

may have acquired different chromosome arrangements and gene 

mutations, the free ends of the salivary gland chromosomes 

have remained similar and are easily identified (Wharton, 
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1943). Brown and Bertke (1974) noted that in addition to 

morphological variations among related species of the same 

chromosome number there are always structural alterations. 

These can be various sorts of inversions, minor deletions, 

and duplications, which alter the chromosome rather little. 

Large pericentric inversions and translocations, on the 

other hand, can greatly alter the chromosome forms of the 

set. Accumulation of such differences accompanied by gene 

mutations gradually produces internal sterility barriers as 

two or more species derived from one common ancestor evolve 

without necessarily changing chromosome number (Brown, 

1972) • 

D.mojavensis has been found to be cytologically 

polymorphic for 8 inversions (Wasserman, 1982). Mettler 

(1961, 1963) subdivided this species into two races: 

D.mojavensis mojavensis or D.mojavensis Race A and 

D.mojavensis baja or D.mojavensis Race B. The subdivision 

was based on chromosomal inversions. In Race A, both the 

second and the third chromosomes appear to be monomorphic 

for the standard gene arrangement (Mettler, 1961) having 

evolved from subspecies C ancestor Xabc; 2abcfgh; 3abd, the 

sequence designated as the standard for mojavensis 

(Wasserman, 1954, 1960). D.mojavensis Race B is 

cytologically variable (Johnson 1980). It is polymorphic 



Mettler (1961) and SL of Johnson (198~). The two races of 

D.mojavensis are a110patric and morphologically distinct; 

Race B is darker and smaller being morphologically much 

closer to D.arizonensis and show strong isolation not 

observed in any other species (Markow et al., 1982). The 

range of D.mojavensis Race B includes southern Arizona, 

Sonora, Baja California, and Islands of the Gulf of 

California. D.mojavensis Race A is confined to the deserts 

of southern California. 

Johnson (1973) studied the inversion polymorphism 
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in the second and third chromosomes of D.mojavensis Race B 

and found substantial differences between populations 

occurring in Arizona and Sonora and populations occurring in 

Baja California and the islands of the Gulf of California. 

Baja California is suggested to be the most likely origin of 

D.mojavensis. 

Crossability 

There is a great divergence in the degree of cross 

fertility between different members of the mu11eri subgroup 

(Crow, 1942, Patterson, 1947; Wasserman, 1954, 196~, 1962, 

1982; Mett1er,1957; Nagle, 1965; Nagle and Mettler, 1969) 

where prevention of gene exchange is largely due to sexual 

isolation. Interspecific hybrids are usually unsuccessful 

and in most instances those crosses which succeed, do so 

with a great deal of difficulty (Wasserman, 1982). Morever, 
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where Fls are produced, the Fls yield relatively few 

offspring (Wasserman, 1982). Nontheless, gene flow, through 

the production of fertile offspring is possible between 

several of the species at least in the laboratory. This 

indicates close relationship. The production of hybrid 

offspring in only a few crosses where females are 

inseminated indicates the presence of other isolating 

mechanisms (Baker, 1947; Patterson, 1947). Patterson (1946, 

1947) proposed prolonged insemination reaction in the vagina 

of the female resulting from interspecific matings as an 

isolating mechanism. Sexual isolation between D.mulleri and 

D.aldrichi is high in the laboratory and the cross of 

D.aldrichi female with D.mulleri male does not produce 

hybrids (Heed, 1957). The reciprocal cross yields a few 

sterile hybrid males and female (Patterson and Crow, 1940; 

Crow, 1942; Heed, 1957). D.wheeleri in the reciprocal 

crosses with D.aldrichi,produces a fairly large number of 

offspring, but only the females are fertile, (Patterson and 

Alexander, 1952). The number and fertility of the progeny 

are reduced if D.mulleri is crossed with D.wheeleri; this 

reduction continues in crosses of D.wheeleri with 

D.mojavensis and D.arizonensis, the latter being the least 

compatible when crossed to D.wheeleri (Patterson and 

Alexander, 1952; Wasserman, 1960). Hybridization of 

D.arizonensis male and D.mojavensis female is one of the 
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very few cases of sibling species where an interspecific 

cross produces numerous fertile offspring of both sexes. 

The reciprocal cross produces fertile females but sterile 

male hybrids (Mettler, 1957). The hybrids are vigorous 

enough to compete successfully with the pure parental 

species under laboratory conditions (Mettler, 1957; Nagle, 

1965; Nagle and Mettler, 1969). Mettler (1957) observed 

that the D.arizonensis X-chromosome was eliminated from the 

hybrid population within 518 days, while the second and the 

third chromosomes of both species were still present in the 

population after 698 days from initiation. D.arizonensis 

has developed a stronger ethological isolation against its 

sibling and sympatric D.mojavensis Race B than against the 

morphologically distinct and allopatric D.mojavensis Race A 

(Mettler and Nagle, 1966). D.sp.N produces fertile 

offspring with D.arizonensis (Wasserman, 1982). For a 

detailed account see Wasserman (1982). 

It has been shown that in several interspecific 

hybrids of Drosophila, the ribosomal RNA genes of one 

species are exclusively expressed (Bicudo, 1982). Nucleolar 

dominance is apparently a general feature in the mulleri 

complex (Bicudo and Richardson, 1977, 1978; Bicudo, 1979, 

1982). For instance, in the female hybrids of D.mulleri 

females with D.arizonensis, D.sp.N, D.mojavensis, D.wheeleri 

and D.aldrichi males, the dominant NORs are respectively 
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from D.ar i zonens is, D.sp.N, D.mojavens is and from D.mu11er i 

for the remaining hybrids (Bicudo, 1979, 1982). It has been 

shown that the dot-chromosome pair is also involved in the 

nucleolar activity of these species, operating 

intraspecifica11y as a secondary nucleolar organizer, but 

able to assume the role of a main nucleolar organizer in 

male hybrids of some species (Bicudo, 1982). 

Alcohol dehydrogenase (Adh) duplication 

There is no cytological evidence for changes in gene 

dosage, duplication or deletion of euchromatin observed 

(Wasserman, 1982), although it is probable that a certain 

number of such duplications and/or deletions at the genic 

level have occurred. For instance analysis for 

electrophoretic variants of alcohol dehydrogenase indicate 

the existance of two Adh loci in D.mojavensis. Butterham et 

a1., (1984) carried out an electrophoretic analysis of Adh 

duplicate genes in a number of species in Drosophila and 

their findings were as follows: that Adh duplicate genes 

were only in the mu11eri and hydei subgroups; that 

duplicated Adh genes differ in developmental expression 

among species of the mu1leri subgroup; and that almost all 

members of the mul1eri subgroup have an Adh duplication 

indicating the likelihood of a common origin. However, in a 

few cases, there are species which apparently differ from 

their close relatives with respect to the presence of Adh 
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duplication. However, these species are not included in the 

present study and they will not be discussed further. 

Heterochromatin 

It has long been recognized that species are often 

distinguished by differences in chromosome number or by the 

arrangement of euchromatic segments (John and Miklos, 1979). 

It is well known that that metaphase chromosomes do not 

possess many morphological characters which can be used to 

distinguish them within a complement (Hsu, 1973). Only a 

few criteria such as the length, the position of the 

centromere (hence the arm ratio), and the presence or 

absence of secondary constrictions can be employed to 

describe the chromosomes. Cytologists have tried for 

decades to devise means for differentiating chromosomes 

longitudinally (Hsu,1973). Probably one of the earliest was 

the distribution of heterochromatin. During the late 1920s 

and early 1930s, Hertz (1928, 1933, 1934) made a series of 

careful cytological observations and discovered that 

chromosomes contain two types of chromatin, one condensing 

during mitosis and decondensing during interphase 

(euchromatin), and the other remaining condensed throughout 

the cell cycle (heterochromatin). Brown (1966) and Lima-de

Faria and Joworska (1968) were able to distinguish at least 

two kinds of heterochromatin; namely facultative and 

constitutive heterochromatin. In the first kind only one of 
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the two homologous chromosomes or chromosome regions becomes 

heterochromatic and changes their staining behavior either 

in different cell stages or in different cells; in 

constitutive heterochromatic both homo logs behave the same 

and remain condensed through the entire cell cycle, as 

exemplified by heterochromatic blocks on the chromosomes of 

many species of plants and animals. Both types of 

heterochromatin may be seen as heterochromatic masses in 

interphase cells, both display the characteristic of close 

apposition at metaphase (Schmid, 1967), both replicate their 

DNA late in the "S" phase of the cell cycle and both appear 

to be genetically inactive as judged by their failure to 

incorporate uridine (Comings, 1974). In the genus 

Drosophila the C-bands correspond to heterochromatin as 

revealed by positive heteropycnosis in interphase (Hertz, 

1933, 1934; Kaufmann, 1934) which includes all the Q-, H-, 

and N-banded regions (Pimpine11i et a1., 1976). In 

interphase and prophase where differentiation in staining is 

best, recognition of the individual chromosomes is not 

possible. The only stage at which staining differentiation 

is possible and the chromosomes can be recognized is the 

brief stage in mitosis known as prometaphase (Hsu, 1973). 

Intra- and interspecific variation in the amount and 

distribution of constitutive heterochromatin is a common 

phenomenon in Eukaryotes (Baimai et a1., 1984) and the 
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differences in constitutive heterochromatin have proved 

useful in identifying species of animals and plants (White, 

1973; Gatti et a1., 1977). When the number of 

heterochromatic arms in somatic metaphase and the number and 

size of euchromatic arms are determined in the salivary 

gland chromosomes (Wharton, 1943), the changes from the 

primitive configuration of the five pairs of rods and a pair 

of dots in the rep1eta group may be analysed. Symmetrical 

and asymmetrical translocation, centric fusion, paracentric 

and pericentric inversions, and addition or deletion of 

heterochromatin cause heterochromatin modifications and 

bring about changes in chromosome configuration as well as 

size (Stone, 1955). For instance the ability of 

D.me1anogaster to tolerate the loss, gain and positioning of 

1arqe blocks of heterochromatin from the X-chromosomes 

allows for a considerable amount of structural alterations 

of the complement (Novitski, 1976). In various species of 

Drosophila mitotic chromosomes exhibit large heterochromatic 

regions (Heitz, 1933, 1934; Kaufmann, 1934). A series of 

studies have shown that heterochromatin of Drosophila has 

the following characteristics: (1) it contains few mapab1e 

genes (Hannah-A1ava, 1951), (2) it contains highly 

repetitive DNA, including satellite DNA (Hennig et a1., 

1970; Jones and Robertson; 1970; Gall et a1., 1971; Peacock 

et al., 1973), (3) it is late replicating {Birigozzi et al., 



1966) and (4) it is unreplicated in polytene chromosomes 

(Heitz, 1933, 1934; Rudkin, 1969; Gall et al., 1971). 
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In general a number of unique properties have been found 

associated with heterochromatin in one cell or another which 

include genetic fitness, position effect, temporary genetic 

inactivity, absence of template activity in vitro, late 

replication in S-phase, high content of redundant DNA, 

specific breakage with maleic hydrazide, abnormal mitotic 

coiling after cold treatment, and specific staining with 

fluorochromes such as quinacrine mustard (Ris and Kubai, 

1970). However, not all heterochromatic regions show all 

these properties. Since similar organisms have widely 

different amounts of satellite DNA, and since su~h 

differences are found even between species that form viable 

hybrids, some investigators suggest that these sequences are 

simply evolutionary by-products with no particular function 

(John and Miklos, 1979). This view fails to explain why so 

many eukaryotes have been found to contain highly repetitive 

DNA and why its amount varies so considerably even between 

closely related species. It also fails to explain why in 

some cases mechanisms have evolved to regulate replication 

of this DNA in particular tissues independently of the rest 

of the genome or indeed of other repetitious sequences in 

the same nucleus (Endow and Gall, 1975). 
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The relationship between chromosome condensation 

throughout the cell cycle and genetic inactivity was first 

recognized by Hertz (1928), but only recently has special 

prominence been given to the existence of fixed differences 

in heterochromatin content among species (John and Miklos, 

1979). In extreme cases, for example the homosequential 

species of Hawaiian Drosophila (Carsons and Yoon, 1982; 

Carson et a1., 19713; Ahearn et a1., 1974), this may be the 

only form of chromosome differences distinguishing two 

species. Holmquist (1975) noted that heterochromatin 

content in Drosophila is more taxonomically divergent than 

external morphological characters. There are cases where 

concomitant with speciation there has been loss or gain of 

large heterochromatic blocks. The most notable of these is 

Dorosophila nasutoides in which the entire satellite 

component is present in one large autosomal pair consisting 

almost entirely heterochromatic and which represents an 

amplified form of the dot chromosomes found in other species 

of the D.immigrans group to which it belongs (John and 

Miklos, 1979). Similar but less dramatic examples are found 

elsewhere in the genus too. The four related species 

Drosophila pachea, D.nannoptera, D.acanthoptera and D.sp.W, 

differ with respect to addition of heterochromatin to either 

autosomes or the Y-chromosome. And morever, D.sp.W and 
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D.acanthoptera are homosequential in polytene banding though 

they differ strikingly in mitotic karyotype (Ward and Heed, 

197~) • 

Cytological investigation of the salivary gland 

chromosomes of the species group has been most important for 

determining the phylogenetic relationships within the 

repleta group (Wasserman, 1982). Such differences can be 

characterized in Drosophila with particular precision 

because of the extra dimension of cytological resolution 

afforded by the bands of the giant polytene chromosomes 

(John and Miklos, 1979). In organisms with polytene 

chromosomes, all observable structural rearrangements of the 

euchromatic part of the karyotype level should theoretically 

be analysable (White, 1978). In polytene chromosomes, 

however, rearrangements in the heterochromatic segements are 

difficult to analyze as their replication is somewhat 

repressed. They may actually be more easily studied in 

ordinary mitotic chromosomes. Heitz (1933) found in the 

salivary gland nuclei of Drosophila virilis that alpha

heterochromatin forms a compact body in contrast to the 

relatively diffused structure of beta-heterochromatin. The 

works of Muller et al., (1937) and Hinton (1942) on 

D.melanogaster and Pavan (1946) on D.nebulosa further 

demonstrated that the beta-heterochromatin contained in a 

chromosome can be reduced to a single band or a few 
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chromomeres in the salivary gland chromosomes, while alpha

heterochromatin forms a massive chromocenter. Changes in 

the repleta group metaphase configuration could be explained 

by centric fusion and/or addition or deletion of 

heterochromatin but no translocations have been found 

(Wasserman, 1982). Changes in the amount of the 

heterochromatin have been relatively common (Wasserman, 

1982). The change appears to be that of addition of 

heterochromatin. It has been suggested (White, 1973; Pathak 

et al., 1973) that centromeric heterochromatin may playa 

significant role in the evolution of the karyotype of both 

plants and animals, being primarily responsible for the 

changes in chromosome morphology through breakage and 

reunion. 



CHAPTER 2 

MEASUREMENT OF CHROMOSOME LENGTH 

Introduction 

Perhaps the best stage to measure chromosome lengths 

would be during interphase but unfortunately the individual 

chrQmosomes are not discernible in the light microscope at 

this stage. Chromosomes begin to condense at prophase and 

the process continues through metaphase, and at anaphase it 

begins to reverse. 

If supposing the length of a given chromosome were 

measured starting at prophase through interphase, one would 

most likely observe changes in length taking place as shown 

in Figure 1. During interphase the chromosomes are at 

their most extended state. After synthesis in a cell 

preparing for mitotic division, chromosomes begin to 

condense during prophase and this is the time they become 

more distinguishable in the light microscope. Maximum 

condensation is attained during metaphase. Condensation of 

chromosomes seems to be a continous process during mitosis 

thus making it difficult to single out a particular interval 

when constant length is attained. Apparently mitosis is the 

shortest phase of all the processes in the cell cycle. And 
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in organisms with more than one chromosome, it is not 

definitely known whether all the chromosomes are synchro

nized in their process of condensation. For instance it is 

known that heterochromatin is late replicating and this is 

likely to be followed by late decondensation. Thus 

chromosomes with different proportions of heterochromatin 

would most likely have their whole process slightly out of 

phase. Also what controls the degree of condensation is not 

well understood. with the assumption that chemical 

composition in the cell greatly controls these events, 

differences in the chemical environment among the cells may 

be reflected by differences in condensation of a particular 

chromosome as well as different chromosomes. 

However, at a given stage all chromosomes may be 

more or less equally affected with respect to their length. 

That is to say, that a change in chemical environment 

affects the chromosomes in the same way. Thus measuring the 

chromosomes at a given period would most likely give an 

accurate comparison in terms of chromosome lengths. The 

period would most likely be determined by information on the 

chemical composition of the cell- which is not easily 

obtained. A more practical approach is to to choose a fixed 

length for one chromosome in the genome for comparison of 

the lengths of all the other chromosomes. An alternative 
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would be to use a range instead of one particular fixed 

length for the selected chromosome. In this study 

measurements of chromosome length were made at a range 

whereby the X-chromosome was between 100 and 200 units on a 

micrometer linear scale. 

Although chromosome complements of different 

organisms tend to be more similar the more closely related 

they are, there are striking exceptions to this rule. One 

of the classic example of a great size difference in the 

chromosome of two related species with the same diploid 

number (2n = 12) is provided by the leguminous plants Lotus 

tenuis in which the mean length of the chromosomes is 1.8 

micrometers, and Vicia faba in which the corresponding value 

is 14.0 micrometers (Stebbins, 1971). The metaphase 

chromosome of the Drosophila species in the present study, 

like all the species in the repleta group, are generally 

similar. They have the usual five rods and a pair of dots 

(Wasserman, 1963). The length of the Y-chromosome in 

D.arizonensis from Rio Cuchujaqui in Sonora is reported to 

be at least three quarters of the length of the X-chromosome 

(Heed, 1982). Wharton (1942, 1943) described the length of 

the Y-chromosome in D.mojavensis from Death Valley 

California and D.arizonensis from Arizona to be very short. 

However, Wharton's observations have not been confirmed in 

either D.arizonensis or D.mojavensis after an extensive 
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sampling of the species in the Western Deserts (Heed, pers. 

comm.). It seems only logical that if chromosomal 

polymorphism or po1ytypism were to be tolerated by a 

species, it would most likely occur in that chromosome which 

is least genetically active and whose variation would not be 

deleterious or ultimately lethal. Both these criteria are 

fulfilled by the Y- and X-chromosomes which are reported to 

have large heterochromatic blocks (John and Miklos, 1979). 

Studies of lower organisms indicate that sex chromosome 

variations are far better tolerated than autosomal anomalies 

(White, 1961). In view of the fact that both x- and y

chromosomes in the mu11eri complex species are subject to 

such changes, visual comparisons of relative length of the 

two chromosomes among the species becomes inadequate. 

Therefore, individual measurements of the chromosomes in 

pure species and hybrids seems appropriate. 

A metaphase chromosome is identified morphologically 

by its total length and by its centromere position which 

determines the relative length of its arms. Although 

measurements of chromosome length are subject to various 

errors, major differences between complements in respect to 

chromosome size and symmetry can be conveniently summarized 

in terms of total length, average arm ratio and chromosome 

length ratio (Dyer, 1979). Chromosome length measurements 

can be done in three ways: 1. Direct measurement of chromo-
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somes at high magnification with ocular screw micrometer, 2. 

measurement of chromosomes from photographs and 3. measure

ment made in camera lucida drawings or direct projection 

(Bose, 1956). A serious problem in the study of chromosome 

length is the variability in the results frequently found 

within one organism at apparently identical state of 

condensation (Sybenga, 1959). Variations in length, when 

evenly distributed over the whole chromosome complement can 

be attributed to variation between cells in chromosome 

condensation (Sybenga, 1959). Fluctuations in chromosome 

compactness from cell to cell was realized by Cohen et ale 

(1966). However the main cause of variability in chromosome 

measurement is the vagueness of chromosome ends. Although 

variation in length may signify artifacts of tissue culture 

or technical preparations (Cohen et al., 1966) it is quite 

possible that there also exists a true variation for the 

length of the chromosomes. Considerable individual 

variances encountered may be due to several factors and the 

use of proportional index can minimize one parameter such as 

the different states of contraction of different cells. 

Swanson et ale (1981) point out that from cell to cell, due 

to variables of fixation, the chromosomes may not always 

have the same total length ratio relative to each other, and 

this holds both for whole chromosomes and chromosome arms. 
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In this study the lengths of all but the dot-like 

chromosomes in the male larvae were measured in the species 

mentioned below. The lengths of the X-chromosomes in the 

female hybrid larvae resulting from crosses between some 

species were also measured. 

Materials and Methods 

Second instar larvae of laboratory maintained 

strains of ten species including two strains of D.mayaguana 

in the mulleri complex were used to prepare metaphase of 

brain squashes. The ten species selected for this study are 

as follows: 

D.muller i Sturtvant 1921; s tra i n E 45.1 f rom Vera Cruz, 

Mexico, 

D.aldrichi Patterson and Crow 1940;strain A804 stock 4 from 

Gualdalajara, Jalisco, Mexico, 

D.wheeleri Patterson and Alexander 1952;strain A 756 from 

Ensenada, Baja, California, 

D.mayaguana strain ORV 29(A) from Grand Cayman, 

D.mayaguana strainDRV 1 (2) from Fond Parisien, Haiti, 

D.arizonensis Patterson and Wheeler 1943;strain A 650 from 

north of Altar, Sonora, Mexico, 

D.mojavensis PattersonandCrow 1940; strainA753from 

Vallecito, California, U.S.A., 

D.sp.N strain A 806 from Tomatlan, Jalisco, Mexico, 

D.sp.S strain ORV leA) from Fond Parisien, Haiti, 



D.sp.S-5 strain ORV 2 (Ex. Stenocerus) Jonaives, Haiti 

D.sp.A from Quives, Peru. 
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The larvae were raised from eggs collected in vials 

by keeping flies in the vials for a period of two to five 

days. This minimizes overcrowding and provides larvae of 

roughly the same age. A very small amount of yeast was 

added to the food a day or two before the larvae were 

dissected. Five to ten well fed larvae were removed from 

the vial and transferred to a slide to which a few drops of 

hypotonic solution were added. Then one larva at a time was 

picked from the slide, rolled over absorbent paper to wipe 

off food particles and then dissected in hypotonic solution 

under a stereo microscope. The sex of the larva was 

determined by inspection of the imaginal discs. The 

ganglion was transferred to a glass block containing 45% 

lactic acid for two to four seconds, then, transferred to 

another section of the glass block containing lN Hel for 20 

to 30 seconds and then rinsed in 20 - 30% acetic acid. The 

ganglion was transferred to a depression slide containing 2% 

lacto-acetic orcein stain. The depression slide prevents 

accidental drying of the preparation that could occur on a 

normal slide due to run off of the stain. The preparation 

was briefly warmed over a spirit lamp flame and then the 

preparation was covered with a petri dish to minimize 

evaporation and left to stand for 15 minutes. The lacto-
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acetic orcein stain was drained off and the ganglion was 

flooded with 45% Acetic acid. Then a drop or two of 2% 

orcein in 45% acetic acid was added and the preparation was 

again covered and allowed to stand for another ten minutes. 

The stain was then drained off and a few drops of 45% acetic 

acid added to dilute the remaining stain. Then the ganglion 

was picked off the depression slide using a micropipette and 

transferred together with some of the diluted stain to a 

clean dry slide. It is necessary to squash the ganglion in 

the diluted stain to minimize the rate of drying. The more 

concentrated the stain, the lower the rate of drying, but 

such slides are very dark and thus difficult to view. 

Slides mounted in diluted stain as opposed to 45% acetic 

acid alone continue to. intensify during storage. Also 

slides kept at room temperature (70 - 75 0 F) stain better 

than those kept in the refrigerator. The slide was .then 

turned over and placed between two layers of blotting paper. 

Pressure was carefully but strongly applied to the slide to 

break the follicles. Turning over the slide facilitates 

uniform drainage of the stain from underneath the cover 

glass and eliminates the tendency of the cover glass to 

slide. Then the sides of the cover glass were ringed with 

beeswax. 

The chromosomes were measured using an Ernst Screw 

Micrometer Xl6 eyepiece (Filar eyepiece micrometer) and Xl00 
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objective on Carl Zeiss Microscope. All but the dot-like 

chromosomes of the selected metaphase plate were measured 

for thirty or more larvae of each species studied. The 

metaphase plates measured were determined by the length of 

the X-chromosome between 100 and 200 units on the micrometer 

linear scale. Only those plates with clearly identifiable 

six pairs of chromosomes and most important the X- and y

chromosomes, were used for chromosome length measurements. 

Metaphase plates with overly bent chromosomes were not 

measured. Hybrid crosses were made between some species. 

Newly emerged females were mated to experienced one to two 

weeks old, males. The use of experienced males is very 

significant (Parker, 1970). In the D.wheeleri males wi th 

D.mulleri females, the wings of the females were shortened 

as a means of defeating female resistance to mating. Five 

to 10 males were put in the vial togrther with about twenty 

females. In the hybrid females, only the X-chromosomes were 

measured. The hybrids were confirmed by observation of the 

salivary gland chromosomes. Loops were observed in crosses 

involving most of the species except those between 

D.mulleri with D.aldrichi and D.mulleri with D.wheleeri. In 

these crosses the pairing of chromosomes in the salivary 

glands of the hybrids was compared to the pairing in the 

parental chromosomes. The results are given below. 
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Results 

The means and their standard deviations of the 

length in arbitrary units (1 arbitrary unit = 1 division on 

the linear scale of the Filar eyepiece micrometer; 1 micron 

= 3.43 arbitrary units) of X, Y and the four rod-like 

autosome chromosomes of the mulleri complex species are 

presented in"Table 1 and figures 2 to 7. The dot-like 

chromosomes were not measured and are therefore not included 

in this analysis. However, the error due to exluding them 

is negligible for they are very tiny and most likely of the 

same size in all the species in the mulleri complex. The X

chromosome is the longest member of the karyotype. In this 

analysis, while x- and Y-chromosomes are treated as single 

chromosomes the length of autosomes represents paired 

chromosomes. In order to get the length of a single 

autosome the values given in the tables must be divided by 

2. When the means of the X-chromosomes were tested by 

analysis of variance (Table 2) they were found not to be 

significantly different (F = 1.271, df 10 and 334). 

However, the means of the Y-chromosomes were found to be 

highly significantly different (F = 10.978, df 10 and 334). 

Wh i Ie the means of the second and th i rd pa i rs of the 

autosomes were not found to be significantly different (F = 
1.296 and 1.694 respectively, df 10 and 334), the fourth and 

fifth pairs were found to be slightly significantly 



Table 1. Means and their standard deviations of chromosome length 
in arbitrary units in species of the mulleri complex. 
[ X- and Y-chromosomes are single and chromosomes 2 to 5 are paired] 

Species N X Y 2 3 4 5 
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D.mulleri 33 128.85+22.26 68.12+12.00 189.52+35.76 170.06+31.23 156.61+29.91 137.70+26.63 

o.aldrichi 34 130.06+20.08 63.76+15.13 187.53+41.01 173.65+36.89 158.65+30.47 141.06+31.28 

D.sp.A 32 134.94+20.69 88.56+15.83 198.50+32.47 182.50+24.82 169.88+24.71 146.88+24.96 

o.wheeleri 33 124.85+17.68 54.39+ 9.86 179.21+29.21 165.94+27.64 149.64+28.86 136.00+26.68 

D.sp.S 30 128.70+19.30 69.00+12.82 204.67+31.70 191.53+29.56 179.20+25.27 161.47+24.85 

D.sp.S-5 31 125.45+18.91 71.00+14.40 193.81+39.82 177.49+37.25 164.58+32.24 148.26+34.82 

D.rnayaguana F.P. 31 122.97+18.59 78.84+11.95 196.97+33.ll 179.55+27.62 167.81+25.74 152.45+24.47 

D.rnayaguana G.C. 30 122.77+14.04 73.87+13.86 196.07+30.20 178.53+22.39 163.13+23.39 151.27+24.25 

D.arizonensis 30 132.83+18.45 72.87+17.20 194.73+44.70 174.40+34.37 161.53+36.62 148.07+33.44 

D.rnojavensis 31 127.90+18.01 72.49+16.73 180.77+31.96 164.58+29.28 150.71+25.74 133.87+27.95 

D.sp.N 30 130.03+21.40 74.70+19.98 192.53+53.05 173.40+50.55 162.13+46.98 149.27+42.43 

For the autosomes, the values are the mean length of both hornologs, 
thus the mean length of a single autosorne is 1/2 of the mean given 
in the table. 
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Figure 2. Means plus and minus one standard 
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units of x-chromosomes in mulleri 
complex species 

l. D.mulleri 7. D.mayaguana from F. Parisien 
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4. D.wheeleri 10. D.mojavensis 
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Figure 3. Means plus and minus one standard 
deviation of the length in arbitrary 
units of the Y-chromosomes in mulleri 
complex species. 

l. D.mulleri 7. D.mayaguana from F. Parisien 

2. D.aldrichi 8. D.mayaguana from G. Cayman 

3. D.sp.A 9. D.arizonensis 

4 • D.wheeleri 10. D.mojavensis 

5. D.Sp.S 11. D.sp.N 
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Figure 4. Means plus and minus one standard . 
deviation of the length in arbitrary 
units of chromosome 2 in mulleri 
complex species. 

l. D.mulleri 7. D.mayaguana from F. Parisien 

2. D.aldrichi 8 • D.mayaguana from G. Cayman 

3. D.sp.A 9. D.arizonensis 

4. D.wheeleri 10. D.mojavensis 

5. D.sp.5 11. D.sp.N 

6. D.sp.5-5 
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Figure 5. Means plus and minus one standard 
deviation of the length in arbitrary 
units of chromosome 3 in mulleri 
complex species. 

1. D.mulleri 7. D.mayaguana from F. Parisien 

2. D.aldrichi 8. D.mayaguana from G. Cayman 

3. D.sp.A 9. D.arizonensis 

4. D.wheeleri 10. D.mojavensis 

5. D.Sp.S 11. D.sp.N 

6. D.sp.S-5 
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Figure 6. Means plus and minus one standard 
deviation of the length in arbitrary 
units of chromosome 4 in mulleri 
complex species. 

l. D.mulleri 7. D.mayaguana from F. Parisien 

2. D.aldrichi 8. D.mayaguana from G. Cayman 

3. D.sp.A 9. D.arizonensis 

4 • D.wheeleri 10. D.mojavensis 

S. D.Sp.S 11. D.sp.N 

6. D.Sp.S-S 
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Figure 7. Means plus and minus one standard 
deviation of the length in arbitrary 
units of chromosome 5 in mulleri 
complex species. 

l. D.mulleri 7. D.mayaguana from F. Parisien 

2. D.aldrichi 8. D.mayaguana from G. Cayman 

3. D.sp.A 9. D.arizonensis 

4. D.wheeleri 10. D.mojavensis 

5. D.sp.S 11. D.sp.N 

6. D.sp.S-5 
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Table 2. Anova of X-, Y-chromosome and the four pairs 
of autosomes in mu11eri complex species. 

Chromo. Source Df SS MS F 

x 

Y 

2 

3 

4 

5 

Between sp. 10 
within sp. 334 

Between sp. 10 
within sp. 334 

Between sp. 10 
within sp. 334 

Between sp. 10 
within sp. 334 

Between sp. 10 
within sp. 334 

Between sp. 10 
Within sp. 334 

F 0 • 05 = 1.83 

4676.9 
122934.0 

23808.8 
72434.6 

17946.1 
462665.0 

18160.2 
358124.0 

22495.2 
308949.0 

20882.1 
294433.0 

** = highly significant 
* = slightly significant 

NS = non significant 

467.69 
368.07 

2380.88 
216.87 

1794.61 
1385.23 

1816.02 
1072.23 

2249.52 
925.00 

2088.21 
881.54 

1. 271 NS 

10.978 ** 

1.296 NS 

1.694 NS 

2.432 * 

2.369 * 
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different (F = 2.432 and 2.369 respectively, df 10 and 334). 

Table 3 shows coefficient of variation in length of 

the chromosomes among the species, using the means and 

standard deviations shown in Table 1. It can be seen from 

Table 3 that the coefficient of variation values are not 

greatly different from one another, both for the different 

chromosomes within species and for corresponding chromosomes 

among different species. The coefficient of variation and 

analysis of variance are identical irrespective of whether 

length of single or paired chromosomes are used. The 

coefficient of variation in the X-chromosome was found to be 

the least variable among species with values ranging from 

11.44% in D.mayaguana strain from G. Cayman to 17.28 in 

D.mu11eri. The third pair of autosomes was found to be the 

most variable, ranging from 12.54% in D.mayaguana from G. 

Cayman to 29.15% in D.sp.N. The value of the coefficient of 

variation in D.sp.N is only slightly over twice as great as 

the least value in D.mayaguana. Variability among 

chromosomes within individual species was found as expected 

to be comparatively much less than among different species. 

Coefficient of variation seems to have also been affected by 

the length of period it took to measure the chromosomes in a 

species. Those measurements that were made over short 

periods showed comparatively lower values than those 

measured over long periods. The measurements made over 
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Table 3. Coefficient of variation in chromosome 
length in mu11eri complex species. 

Species X Y 2 3 4 5 

D.mu11eri 17.28 17.62 18.87 18.36 19.1~ 19.34 

D.a1drichi 15.44 23.73 21. 87 21. 24 19.21 22.18 

D.sp.A 15.33 17.87 16.36 13.6~ 14.63 16.99 

D.whee1eri 14.16 18.13 16.3~ 16.66 19.29 19.62 

D.sp.S 15.~~ 18.58 15.49 15.43 14.1~ 15.39 

D.sp.S-5 15.07 2~.28 2~.55 2~.99 19.59 23.49 

D.mayaguana F.P. 15.12 15.16 16.81 15.38 15.34 16.~5 

D.mayaguana G.C. 11. 44 18.76 15.4~ 12.54 14.34 16.~3 

D.arizonensis 13.89 26.6~ 22.64 19.71 22.67 22.58 

D.mojavensis 14.~8 23.11 17.69 17.79 17.~8 2~.88 

D.sp.N 16.46 26.75 27.56 29.15 28.98 28.43 



extended periods involved many more larval samples in 

successive generations. 
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Multiple comparison of those means found to be 

significantly different by the analysis of variance were 

carried out using the Tukey-Kramer method (Sakal and Rohlf, 

1981; Rohlf and Sakal, 1981) and the results are shown in 

Table 4. The means of two or more species are said not to 

be significantly different if they are underlined by a 

common line. All species not underlined by a common line 

are found to have means of chromosomes lengths that are 

significantly different from each other. For instance 

D.aldrichi and D.wheeleri are underlined by a common line in 

the first row, indicating that their Y-chromosomes are not 

significantly different. Also D.aldrichi, D.mulleri, D.sp.S, 

D.sp.S-5, D.moj avensi s, D.ar i zonens is, D.mayaguana 

from Grand Cayman, and D.sp.N, are underlined by a common 

line in the second row in the table showing that their Y

chromosomes are not significantly different. So are those 

species in the third row, namely; D.mulleri, D.sp.S, D.sp.S-

5, D.mojavensis, D.arizonensis, D.mayaguana from G. Cayman, 

D.sp.N, and D.mayaguana from Fond Parisien. In the fourth 

row, D.sp.A is only commonly underlined with D.mayaguana 

from Fond parisien. The latter implys that the length of the 

Y-chromosome of D.sp.A is significantly different from those 

of all the other species except that of D.mayaguana from 
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Table 4. Multiple comparisons of means of the length of some chromosomes 
in the mulleri complex species. 

Chromo. whee. aldr. mUll. sp.S sp.S-5 moj ariz. mayaG.C sp.N mayaF.p sp.A 

y 

whee. moj. mull. aldr. ariz. sp.N mayaG.C sp.S-5 mayaF.P sp.A sp.S 

moja. whee. mull. aldr. sp.A ariz. sp.S-5 sp.N mayaG.C mayaF.P sp.S 

~ 
00 



Fond Parisien. Also D.wheeleri is not underlined by a 

common line with most other species indicating that the 

length of the Y-chromosome in D.wheeleri is significantly 

different from all species except D.aldrichi. D.aldrichi 

was found to be significantly different from D.mayaguana 

from Fond Parisien, Haiti and D.sp.A. There were no 

significant differences between the other species. 

Significant differences among the means of the 

fourth and fifth pairs of autosomes were found, 

respectively, between D.wheeleri and D.Sp.S and between 

D.mojavensis and D.sp.S. 
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The combined length of x- and Y-chromosomes, the 

four pairs of autosomes (AUTO) and genome (sex chromosomes 

plus the autosomes) were added up and their means are 

presented in Table 5 and Figures 8 to 10. Also shown in 

Table 5 are the means of the ratios of the four pairs of 

autosomes to the combined length of x- and Y-chromosomes. 

The graphic representation of the same means is shown in 

Figure 11. Analysis of variance of the means represented in 

Table 6 showed significant differences in all combinations. 

Multiple comparisons of the means of X+Y are shown 

in Table 7 in which no significant differences were found 

bet ween the means 0 f (1) D.wheeler i, D.aldr ichi, D.sp.S- 5, 

D.mayaguana, from G. Cayman, D.muller i, D.sp.S, 

D.mojavensisi and D.mayaguana from Fond Parisien, (2) 



Table 5. Means and their standard deviations of combined lengths 
in arbitrary units of X and Y, four pairs of autsomes, 
total genome and ratio of autosomes to X and Y., 

Species N X+Y 4 AUTO PAIRS GENOME AUTO/(X+Y) 

D.mulleri 33 196.97+31.41 653.88+117.25 859.85+149.51 3.34+9.48 

D.aldrichi 34 193.82+33.99 669.88+134.97 854.71+164.67 3.41+9.37 

D.sp.A 32 223.59+34.25 697.75+ 97.26 921.25+125.72 3.14+9.31 

D.wheeleri 33 179.24+25.24 639.79+196.49 810.93+126.21 3.53+9.39 

D.sp.S 39 197.79+28.77 736.87+196.53 934.57+132.95 3.74+9.28 

D.sp.S-5 31 196.45+30.38 684.13+149.65 880.58+166.95 3.47+0.49 

D.mayaguana F.P. 31 291.81+27.52 696.77+194.74 898.58+128.88 3.46+9.27 

D.mayaguana G.e. 39 196.63+24.46 689.99+ 95.39 ...., 885.63+116.19 3.51+9.43 

D. a r i zonens is 30 295.70+34.30 678.73+142.82 884.43+172.39 3.39+9.43 

D.mojavensis 31 299.39+39.99 629.94+196.52 839.32+132.79 3.15+9.39 

D.sp.N 39 294.73+38.55 677.33+199.27 882.97+222.46 3.28+9.56 

U1 
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Figure 8. Means plus and minus one standard 
deviation of the combined length in 
arbitrary units of the X- and Y
chromosomes in mulleri complex 
species. 

l. D.mulleri 7. D.mayaguana from F. Parisien 

2. D.aldrichi 8. D.mayaguana from G. Cayman 

3. D.sp.A 9. D.arizonensis 

4. D.wheeleri 10. D.mojavensis 

5. D.sp.S 11. D.sp.N 

6. D.sp.S-5 
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Figure 9. Means plus and minus one standard 
deviation of the length in arbitrary 
units of the four paired autosomes in 
mulleri complex species. 

l. D.mulleri 7. D.mayaguana from F. Parisien 

2. D.aldrichi 8. D.mayaguana from G. Cayman 

3. D.sp.A 9. D.arizonensis 

4. D.wheeleri 113 • D.mojavensis 

5. D.sp.S 11. D.sp.N 

6. D.sp.S-5 

52 

11 



:: .... 

1150 

e,:) 900 
Z 
LIJ 
..J 

3 

1 z 

53 

5 
7 8 

9 
10 

6 
4 11 650 ~ ____________________________________________ __ 

SPECIES 

Figure 10. Means plus and minus one standard 
deviation of the total length in 
arbitrary units of all rod-like 
chromosomes in mu11eri complex 
species. 

l. O.m u11er i 7. O.mayaguana from F. Parisien 

2. D.a1drichi 8. O.mayasuana from G. Cayman 

3. O.sp.A 9. O.arizonensis 

4. O.whee1eri 10. O.mojavensis 

5. O.sp.S 11. O.sp.N 

6. D.sp.S-5 
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Figure 11. Means plus and minus one standard 
deviation of ratios of total autosome 
length to the combined length of X
and Y-chromosomes in mulleri complex 
species. 

l. O.m uller i 7. D.mayaguana from F. Parisien 

2. D.aldrichi 8. D.mayaguana from G. Cayman 

3. O.sp.A 9. o.arizonensis 

4. D.wheeleri 10. D.mojavensis 

5. O.sp.S ll. O.sp.N 

6. o.sp.S-5 
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Table 6. Anova of the means of length of X+Y, total 
a utosome ,genome, and the ratio of total autosome 
to combined length of X and Y chromosomes. 

Chromo. Source OF SS MS F 

X+Y Between sp. 10 36074.3 3607.43 3.761 
Wi thin sp. 334 320395.0 959.27 

4 pairs Between sp. 10 304052.'0 30405.2 1.955 
within sp. 335 5193360.0 15549.0 

Genome Between sp. 10 435081.0 43508.1 1.916 
within sp. 334 7582990.0 22703.6 

4 pairs/ Between sp. 10 9.48 0.95 6.547 
(X+Y) Within sp. 334 48.34 0.14 

All F values are significant 



Table 7. Multiple comparisons of means of X+Y, autosome, genome length and ratios 
of autosome/(X+Y) in the mulleri complex species. 

Chromo. whee. aldr. sp.S-5 mayaG.C mull. sp.S moja. mayaF.P sp.N ariz. sp.A 

X+Y 

AUTO 

GENOME 

AUTO/ 
(X+Y) 

moja whee. mull. aldr. sp.N ariz. sp.S-5 mayaF.P sp.A mayG.C sp.S 

whee. moja mull. aldr. sp.S sp.S-5 sp.N ariz. mayaG.C mayaF.P sp.A sp.S 

sp.A moja sp.N ariz. mull. aldr. mayaF.P sp.S-5 mayaG.C whee. sp.S 

U1 
m 
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D.a ldr i chi, D.sp.S- 5, D.mayaguana, from G. Cayman, 

D.muller i, D.sp.S, D.moj avens is, D.mayaguana from Fond 

Par i s ien, D.sp.N and D.ar i zonens is, and (3) D.mojavensis, 

D.mayaguana from Fond Par i sien, Ha i ti, D.sp.N, D.ar i zonensi s 

and D.sp.A. D.wheeleri was found to be significantly 

different from D.sp.N, D.arizonensis and D.sp.A. D.sp.A 

was found to be significantly different from D.aldrichi, 

D.sp.S-5, D.mayaguana strain from G. Cayman, D.mulleri and 

D.sp.S in addition to D.wheeleri. 

Comparisons of means of the total length of the four 

rod-like pairs of autosomes listed in Table 7 as AUTO showed 

s igni fi cant differences between D.moj avens i sand D.sp.S. 

The rest of the means in the other species were not found to 

be significantly different. 

D.wheeleri and D.sp.S were found to be significantly 

different when the means of the total lengths of the genome 

were compared while those in other species were not found to 

be significantly different. 

The means of the ratios of the four pairs of 

autosomes to the combined length of the x- and Y-chromosomes 

(AUTO/(X+Y» were also compared and no significant 

differences were found among the means of (1) D.sp.A, 

D.sp.N, D.arizonensis, D.mu11eri and D.moj avensi s, 

D.a1drichi, (2) D.mojavens is, D.sp.N, D.ar i zonens is, 

D.a1drichi and D.mayaguana from Fond Parisien, D.mu11er i, 
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Haiti, (3) D.sp.N, D.arizonensis, D.mu11eri, D.a1drichi, 

D.mayaguana from Fond Parisien, D.sp.S-S, D.mayaguana from 

G. Cayman, and D.whee1eri, and (4) D.mayaguana from Fond 

Parisien, D.sp.S-S, D.mayaguana from G. Cayman D.whee1eri 

and D.sp.S. D.sp.A was found to be significantly different 

from D.mayaguana, from Fond Parisien D.sp.S-S D.mayaguana 

from G. Cayman and D.sp.S. D.mojavensis was found to be 

significantly different from D.sp.S-S, D.mayaguana from G. 

Cayman, D.whee1eri and D.sp.S. D.sp.S was found to be 

significantly different from D.a1drichi, D.mu11eri, 

D.arizonensis, D.sp.N in addition to D.mojavensis and 

D.sp.A. 

Table 8 and Figures 12 to 16 show the means and 

their standard deviations of the ratio of the Y- to the X

chromosomes(Y/X), of the four pairs of autosomes to the X 

(autosome/X), of the total genome length to the X-chromosome 

length (genome/X) of the length of the four autosomes to the 

Y-chromosome (AUTO/Y), and of the total genome length to the 

Y-chromosome length (genome/Y). For example the value of 

0.S3+0.08 in Table 8 for y/x ratio in D.mulleri was obtained 

by adding up all the individual y/x ratios in the 33 

observations and then calculating their standard deviation. 

Figures 12 to 16 demonstrate differences in chromosome 

condensation and the resulting overlaps that exist among the 

chromosomes of different species. Analysis of variance of 



· Table 8. Means and their standard deviations of ratios of Y/X, autosome/x, 
genome/X,autosome/Y and genome/Y in mulleri complex species. 

Species N Y/X Autosome/X Genome/X Autosome/Y Genome/Y 

D.mulleri 33 (3.53+(3.(38 5.12+(3.8(3 6.66+(3.84 9.72+1.72 12.64+1.89 

D.aldrichi 34 (3.49+(3.(38 5.(38+(3.66 6.56+(3.72 1(3.54+1.42 13.65+1.69 

D.sp.A 32 (3.66+(3.(37 5.21+(3.51 6.86+(3.53 7.99+1.(32 1(3.52+1.13 

D.wheeleri 33 (3.44+(3.136 5.137+0.62 6.51+13.65 11.71+1.513 15.134+1.68 

D.sp.S 3(3 (3.54+(3.(38 5.72+(3.52 7.27+(3.57 1(3.84+1.45 13.74+1.71 

D.sp.S-5 31 (3.57+(3.(39 5.45+(3.72 7.(32+(3.77 9.72+1.33 12.52+1.52 

D.mayaguana F.P. 31 (3.65+(3.(38 5.69+(3.57 7.34+(3.63 8.89+1.(31 11.46+1.17 

D.mayaguana G.e. 3(3 (3.6(3+(3.1(3 5.62+(3.58 7.23+(3.65 9.48+1.2(3 12.18+1.4(3 

D.arizonensis 3(3 (3.54+(3.(38 5.1(3+(3.75 6.64+(3.79 9.47+1.49 12.34+1.64 

D.mojavensis 31 (3.57+(3.11 4.96+(3.74 6.53+(3.84 8.85+(3.99 11. 67+1. 29 

D.sp.N 3(3 (3.57+(3.11 5.15+(3.92 6.72+(3.96 9.32+2.47 12.16+2.84 

VI 
\0 
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Figure 12. Means plus and minus one standard 
deviation of ratios of the length of 
y to X-chromosomes in mulleri complex 
species. 

l. D.mulleri 7. D.mayaguana from F. Parisien 

2. D.aldrichi 8. D.mayaguana from G. Cayman 

3. D.sp.A 9. D.arizonensis 

4 • D.wheeleri 10. D.mojavensis 

5. D.Sp.S 11. D.sp.N 

6. D.sp.S-5 
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Figure 13. Means plus and minus one standard 
deviation of ratios of total autosome 
length to x- chromosome length in 
mulleri complex species. 

1. D.mulleri 7. D.mayaguana from F. Parisien 

2. D.aldrichi 8. D.mayaguana from G. Cayman 

3. D.sp.A 9. D.arizonensis 

4. D.wheeleri 10. D.mojavensis 

5. D.sp.S 1l. D.sp.N 

6. D.sp.S-5 
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Figure 14. Means plus and minus one standard 
deviation of ratios of genome length 
to X-chromosome length in mulleri 
complex species. 

1- D.mulleri 7. D.mayaguana from F. Parisien 

2. D.aldrichi 8. D.mayaguana from G. Cayman 

3 • D.sp.A 9. D.arizonensis 

4 • D.wheeleri 10. D.mojavensis 

5. D.Sp.S 11. D.sp.N 

6. D.sp.S-5 
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Figure 15. Means plus and minus one standard 
deviation of ratios of total autosome 
length to Y-chromosome length in 
mulleri complex species. 

l. D.mulleri 7. D.m ayaguana from F. Parisien 

2. D.aldrichi 8. D.mayaguana from G. Cayman 

3. D.sp.A 9. D.arizonensis 

4. D.wheeleri 10. D.mojavensis 

5. D.sp.S lI. D.sp.N 

6. D.sp.S-S 
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Figure 16. Means plus and minus one standard 
deviation of ratios of total genome 
length to Y-chromosome length in 
mulleri complex species. 

l. O.mulleri 7. O.mayaguana from F. Parisien 

2. O.aldrichi 8. O.mayaguana from G. Cayman 

3. O.sp.A 9. O.arizonensis 

4. O.wheeleri 10. O.mojavensis 

5. O.sp.S 11. O.sp.N 

6. O.sp.S-5 
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Table 9. Anova of means of ratios of Y/X, autosome/X, 
genome/x, autosome/Y and genome/Y in mulleri 
complex species. 

Chromo. Source DF SS MS F 

y/x Between sp. 10 1.314 0.131 17.41B 
within sp. 334 2.520 0.00B 

Autosome/X Between sp. 10 24.81B 2.4B2 5.342 
within sp. 334 155.164 0.465 

Genome/X Between sp. 10 31.077 3.10B 5.805 
within sp. 334 17B.817 0.535 

Autosome/Y Between sp. 10 340.567 34.057 15.732 
within sp. 334 723.031 2.165 

Genome/Y Between sp. 10 489.937 4B.994 17.196 
within sp. 334 951.595 2.B49 

F 0 • 05 =1.83 

All F values are significant 



the means is shown in Table 9 and all the means were found 

to show significant differences. 

'Multiple comparisons of the means of the ratios of 

the Y-chromosome to the X-chromosome(Y/X), given in Table 

10, show no significant differences between (1) D.wheeleri 

and D.aldrichii (2) D.aldrichi, D.mulleri, D.sp.S, and 
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D.ar i zonens i Si (3) D.muller i, D.sp.S, D.ar i zonensis, D.Sp.S-

5, D.mojavensis, D.sp.N, and D.mayaguana from G. Cayman; and 

(4) D.sp.A, and the two strains of D.mayaguana. D.wheeleri 

was found to be significantly different from all the other 

species except D.aldrichi. D.aldrichi was found to be 

significantly different from D.sp.S-5, D.mojavensis, D.sp.N, 

the two strains of D.mayaguana and D.sp.A. D.sp.A and 

D.mayaguana from Fond Parisien, were both found to be 

significantly different from all other species with the 

exception of the second strain of D.mayaguana from G. 

Cayman. 

Comparison of the means of the ratios of the four 

pairs -f autosomes to the X-chromosome (AUTO/X) showed no 

significant differences between (1) D.mojavensis, 

D.wheeleri, D.aldrichi, D.arizonensis, D.mulleri, D.sp.N, 

D.sp.A, and D.sp.S-5i (2) D.wheeleri, D.a1drichi, 

D.arizonensis, ~ulleri, D.sp.N, D.sp.A, D.sp.S-5 and 

~ a y a g u a n a fro mG. C a ym an; ( 3) D. s p. N, D. s p. A, D. s p. S - 5 , 

and the two strains of D.mayaguanai and (4) D.sp.S-5, the 



Table 10. Multiple comparisons of means of chromosome length ratios of Y/X, 
autosome/X, genome/X autosome/Y and genome/Y in the mulleri 
complex species. 

Chromo. whee. aldr. mull. sp.S ariz. sp.S-5 moja sp.N mayaG.C mayaF.P sp.A 
y/x 

moja whee. aldr. ariz. mull. sp.N sp.A sp.S-5 mayaG.C mayaF.P sp.S 
AUTO/X 

whee. moja aldr. ariz. mull. sp.N sp.A sp.S-5 mayaF.P sp.S mayaG.C 

GENOME/X 

m 
....... 



Table 10. Continued. 
Multiple comparisons of means of chromosome length ratios of Y/X, 
autosome/X, genome/X autosome/Y and genome/Y in the mulleri 
complex species. 

Chromo. sp.A moja mayaF.P sp.N ariz. mayaG.C sp.S-5 mull. aldr. sp.S whee. 
AUTO/Y 

sp.A moja mayaF.P mayaG.C sp.N ariz. mull. sp.S-5 sp.S aldr. whee. 

GENOME/Y 

m 
co 
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two strains of D.mayaguana and D.Sp.S. D.mojavensis was 

found to be significantly different from the two strains of 

D.mayaguana and D.sp.S. D.mayaguana from Fond Par i s ien was 

found to be significantly different from D.wheeleri, 

D.aldrichi, D.arizonensis, and D.mulleri in addition to 

D.mojavensis. D.sp.S was found to be significantly 

different from all the other species except D.sp.S-S and the 

two strains of D.mayaguana. 

Multiple comparisons of means of the ratios of the 

total genome length to the X-chromosome (genome/X) showed a 

slight shift from those of the ratios of the autosomes to 

the X-chromosome in that D.sp.S changed positions with 

D.mayaguana from Fond Parisien, Haiti. No significant 

differences were found between (1) D.wheeleri, D.mojavensis, 

D.aldrichi, D.arizonensis, D.mulleri, D.sp.N, D.sp.A and 

D.Sp.S-S; (2) D.arizonensis, D.mulleri, D.sp.N, D.sp.A, 

D.Sp. S-S and D.mayaguana from Fond Par i s ien; (3) D.sp.N, 

D.sp.A, D.sp.S-S, D.mayaguana from Fond Parisien and D.Sp.S; 

and (4) D.sp.A, D.sp.S-S, D.mayaguana from Fond Parisien, 

D.sp.S and D.mayaguana from G. Cayman. D.mayaguana from 

Fond Parisien was found to be significantly different from 

most of the species except D.sp.S, the other strain of 

D.mayaguana from G.Cayman, D.sp.S-5, and D.sp.A whi le D.Sp.S 

was found to be significantly different from D.wheeleri, 

D.mojavensis, D.aldrichi, D.arizonensis and D.mulleri. 
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Comparisons of means of the ratios of the length of 

autosomes to the Y-chromosome 1ength(AUTO/Y), given in Table 

10, showed no significant differences between (1) D.sp.A, 

D.mojavensis and D.mayaguana from Fond Parisien; 

(2) D.moja vens is, the two strai ns of D.mayaguana, D.sp.N, 

D.ar i zonensi s, D.sp.S-S and D.mu11er i; (3) D.ar i zonens is, 

D.mayaguana from G. Cayman, D.Sp.S-S, D.mu11eri, and 

D.a1dr ichi; and (4) D.sp.S-S, D.mu11er i, D.a1dr ichi and 

D.sp.S. D.whee1eri was found to be significantly different 

from all the species. D.sp.A was found to be significantly 

different from all other species except D.mojavensis and 

D.mayaguana from Fond Parisien. D.Sp.S was found to be 

sign if icant 1y different from D.sp.A, D.mojavenes is, 

D.mayaguana from Fond Parisien, D.sp.N, D.arizonensis, and 

D.mayaguana from G. Cayman in addition to D.whee1eri. 

D.a1drichi was found to be significantly different from 

D.sp.A, D.mojavensis, D.mayaguana from Fond Parisien, Haiti, 

and D.sp.N in addition to D.whee1eri. 

Multiple comparisons of the means of the ratio of 

the total genome to the Y-chromosome lengths (genome/Y) 

presented in Table 10 showed a slight shift from that of the 

autosome to the Y-chromosome ratios. In these comparisons, 

D.whee1eri was found to be significantly different from all 

other species. D.sp.A was found to be significantly 

different from all species except D.mojavensis and 
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D.mayaguana from Fond Parisien. D.aldrichi and D.sp.S were 

each found to be significantly different from D.sp.N and 

D.mayaguana from G. Cayman, D.mojavensis and D.sp.A. The 

rest of the species were not found to be significantly 

different. 

The means and their standard deviations of the 

lengths of the X-chromosomes measured in the female hybrid 

larvae are presented in Table 11. The coefficient of 

variations are also shown in the same table. Shown in Table 

12 are ratios of the length of X-chromosomes of other 

species to the length of the X-chromosome of D.mojavensis. 

• • J 
The X-chromosome of D.mo)aVenSls was used as a common 

divisor simply because D.mojavensis produced hybrids much 

more readily with other species. Those species which did 

not readily hybridize with D.mojavensis were crossed with 

other species which had been crossed to D.mojavensis and the 

ratios of their X-chromosome to D.mojavensis X-chromosome 

were indirectly derived. Figure 17 is a graphic 

representation of the same ~atios shown in Table 12, whe~eby 

the means plus and minus one standard deviation are shown. 

Table 13 represents the comparisons of the means of 

the length of the X-chromosomes measured within the same 

nucleus of the hybrid female la~vae and in female larvae of 

D.wheeleri as a cont~ol. The means of the length of the 

paired X-chromosomes in the hyb~ids were all found to be 
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Table 11. Means and their standard deviations, coeficient of 
variations of paired X-chromosomes in 
hybrid females among mu11eri complex species. 

Cross N Mean + SD C.V. 

D.sp.N ~ 132.79+26.43 19.90 
x 

D.mojavensis 6 34 148.77+30.77 20.68 

D.mojavensis <t 140.19+24.64 17.58 
x 

D.arizonensis 0" 31 127.61+22.34 17.51 

D.mojavensis <2 143.27+23.15 16.16 
x 

D.mayaguana (/ 34 129.38+21.02 16.25 

D.sp.A 0·' 146.22+22.06 15.09 
x 

D.mojavensis <1 32 128.00+19.51 15.24 

D.a1drichi cf 149.83+22.56 15.06 
x 

D.mojavensis ~ 30 134.43+18.99 14.13 

D.mayaguana 9 122.19+16.61 13.59 
x 

D.sp.S 6' 32 139.60+17.95 12.86 

D.mu11eri ~ 124.90+17.60 14.09 
x 

D.a1drichi 6' 31 141. 71+20.51 14.47 

D.whee1eri ~ 138.67+22.21 16.02 
x 

D.mu11eri ~ 30 129.33+21. 54 16.66 



Table 12. Ratios of paired X-chromosomes in 
hybrid females among mu11eri complex species. 
Xl = X-chromosomes from different species, 
X2 = X-chromosome from D.mojavensis. 

Species N 

D.sp.N 

D.mojavensis 34 

D.mojavensis 

D.arizonensis 31 

D.mojavensis 

D.mayaguana 34 

D.sp.A 

D.mojavensis 32 

D.a1drichi 

D.mojavensis 30 

D.sp.S 

D.mojavensis 32 

D.mu11eri 

D.mojavensis 31 

D.whee1eri 

D.mojavensis 30 

Mean + SD 

132.79+26.43 

148.77+30.77 

140.19+24.64 

127.61+22.34 

143.27+23.15 

129.38+21. 02 

146.22+22.06 

128.00+19.51 

149.83+22.56 

134.43+18.99 

139.60+17.95 

135.49+18.41 

124.90+17.60 

127.55+18.46 

138.67+22.21 

Ratio X1/X2 

0.90+0.05 

0.91+0.05 

0.90+0.05 

1.14+0.08 

1.11+0.07 

1.03+0.07 

0.98+0.05 

1.06+0.05 
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Figure 17. Means plus and minus one standard 
deviation of ratios of X-chromosome 
from other species to X-chromosome 
length from D.mojavensis in mulleri 
complex species. 

l. D.mulleri 6. D.mayaguana from F. Parisien 

2. D.aldrichi 7. D.arizonensis 

3. D.sp.A 8. D.sp.N 

4. D.wheeleri 

5. D.sp.S 
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Table 13. Comparisons of means of length in arbitrary 
units of paired X-chromosome in hybrid female 
among the mu1leri complex species. 

Cross N Mean diff. 

D.mu1leri X D.a1drichi 31 16.81+7.71 

D.aldrichi X D.mojavensis 30 15.40+9.13 

D.wheeleri X D.whee1eri 31 0.71+5.47 

D.wheeleri X D.mu1leri 30 9.33+6.31 

D.mjovensis X D.sp.A 32 18.22+9.61 

D.mojavensis X D.arizonensis 31 12.58+8.43 

D.mayaguana X D.mojavensis 

D.Sp.N X D.mojavensis 

D.mayaguana X D.sp.S 

** = highly significant. 
NS = non significant. 

34 13.88+7.26 

34 15.97+9.26 

32 17.41+8.14 

t DF 

12.14 30 

9.24 29 

0.73 30 

8.10 29 

10.73 31 

8.31 30 

11.16 33 

10.06 33 

12.10 31 
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significantly different. The X-chromosomes of D.whee1eri 

used as a control were not found to be significantly 

different as shown in Table 13. Multiple comparisons of the 

length of the X-chromosomes in the hybrids were not carried 

out because some of the ratios were derived using other 

ratios, thus rendering the resulting length not independent. 

Table 14 was constructed using adjusted length of 

chromosomes obtained from the ratios of the X-chromosome 

length of the species in relation to the X-chromosome of 

D.mojavensis in Table 12. The length of the X-chromosome 

chosen for D.mojavensis was taken from Table 1. For example 

to obtain the relative length of the x-chromosome in 

D.mu1leri, the selected length of the X-chromosome in 

D.moj avens i s (127.9) was mu1 tipl i ed by 0.98, the ratio of 

D.mu11eri X-chromosome to the D.mojavensis X-chromosome 

(Table 12) to give a value of 125.342 units. To obtain the 

corresponding length of the Y-chromosome in D.mul1eri the 

length of Y-chromosome in row 1 (Table 1A in Appendix) was 

divided by the length of X-chromosome in the same row and 

then multiplied by 125.342 (the new value of the X

chromosome). This was repeated for each case in Table 1A in 

Appendix and the length of all other chromosomes were 

derived in the same way. The chromosomes of the other 

species were treated in a similar manner. The means of the 
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Table 14. Means of adjusted chromosome lengths in arbitrary units in mulleri complex species. 

Species N X y 2 3 4 5 

D.mulleri 33 125.34 66.90+10.25 185.96+29.38 167.05+27.25 153.82+26.15 135.45+23.94 

D.aldrichi 34 141.97 69.33+11.43 204.14+28.10 189.36+27.26 173.35+22.25 153.74+24.90 

D.sp.A 32 145.81 95.91+10.58 215.19+21. 45 198.42+18.26 184.64+18.31 160.70+27.68 

D.wheeleri 33 135.57 59.25+7.84 195.47+23.77 181.03+22. 79 162.99+23.51 148.34+22.34 

D.sp.S 30 131.74 70.98+10.70 210.40+23.13 196.72+19.47 184.21+16.12 165.93+17.13 

D.mayaguana 31 115.11 74.38+9.69 184.99+20.85 168.80+18.06 157.81+17.23 143.54+18.20 

D.arizonensis 30 116.39 63.29+8.96 169.94+27.54 152. 76+21. 62 141. 31+2 2. 55 129.25+20.83 

D.mojavensis 30 127.90 72.77+14.49 181. 62+25. 92 165.67+26.83 151. 79+23. 53 134.90+27.24 

D.sp.N 30 115.11 65.75+12.44 168.32+27.84 151. 71+28. 68 141. 86+27. 40 130.62+25.22 



78 

adjusted length of the various chromosomes are plotted in 

Figures 18 to 23. 

I t should be noted tha t the rela t i ve means of the 

various chromosomes assume a situation which would most 

likely be observed if any two of the species represented 

were hybridized and the chromosomes in Fl measured. 

The adjusted lengths of the X-chromosomes in Table 

14 were not tested statistically for they were not 

independent of one another. However, even in the absence of 

such tests, it can easily be seen in Figure 18 that the 

length of the X-chromosomes in D.arizonensis, D.mayaguana 

and D.sp.N are more or less equal. So are those of D.mulleri 

and D.Sp.S, which are intermediate between those species 

with the short X-chromosomes listed above and those of 

D.aldrichi and D.sp.A with long X-chromosomes. 

Analysis of variance was carried out on the means of 

the other five chromosomes and significant differences were 

found in all of them as shown in Table 15. 

Multiple comparisons of the means of the Y-chromosomes 

(Table 16) in different species were carried out in the same 

way as in Table 4 and the following groups of species were 

found not to be s igni f icantly different: (1) D.wheeler i, 

D.arizonensis, D.sp.N, and D.mulleri; (2) D.arizonensis, 

D.sp.N, D.mulleri, D.aldrichi and D.sp.S; (3) D.sp.N, 

D.muller i, D.aldr ichi, D.sp.S and D.moj avensi S; and (4) 
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Figure 18. Adjusted length in arbitrary units of 
x-chromosomes in some species of 
muller i complex. 

9 

l. D.mulleri 6. D.mayaguana from F. Parisien 

2. D.aldrichi 7. D.arizonensis 

3. D.sp.A 8. D.mojavensis 

4. D.wheeleri 9. D.sp.N 

5. D.sp.S 
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Figure 19. Means plus and minus one standard 
deviation of adjusted length in 
arbitrary units of Y-chromosomes in 
some species of mulleri complex. 

l. D.mulleri 6. D.mayaguana from F. Parisien 

2. D.aldrichi 7. D.arizonensis 

3. D.sp.A 8. D.mojavensis 

4. D.wheeleri 9. D.sp.N 

5. D.sp.S 
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Figure 20. Means pius and minus one standard 
deviation of adjusted length in 
arbitrary units of chromosome 2 in 
some species of mulleri complex. 

l. D.mulleri 6. D.mayaguana from F. Parisien 

2. D.aldrichi 7. D.arizonensis 

3. D.sp.A 8. D.mojavensis 

4. D.wheeleri 9. D.sp.N 

5. D.sp.S 
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Figure 21. Means plus and minus one standard 
deviation of adjusted length in 
arbitrary units of chromosome 3 in 
some species of mulleri complex. 

l. D.muller i 6. D.mayaguana from F. Parisien 

2. D.aldrichi 7. D.arizonensis 

3. D.sp.A 8. D.mojavensis 

4. D.wheeleri 9. D.sp.N 

5. D.sp.S 
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Figure 22. Means plus and minus one standard 
deviation of adjusted length in 
arbitrary units of chromosome 4 in 
some species of mulleri complex. 

l. D.mulleri 6. D.mayaguana from F. Parisien 

2. D.aldrichi 7. D.arizonensis 

3. D.sp.A 8. D.mojavensis 

4. D.wheeleri 9. D.sp.N 

5. D.sp.S 
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Figure 23. Means plus and minus one standard 
deviation of adjusted length in 
arbitrary units of chromosome 5 in 
some species of rnulleri complex. 

1- D.mulleri 6. D.mayaguana from F. Parisien 

2. D.aldrichi 7. D.arizonensis 

3. D.sp.A 8. D.mojavensis 

4. D.wheeleri 9. D.sp.N 

5. D.Sp.S 
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Table 15. Anova of means of adjusted chromosome lengths 
in mu11eri complex species. 

Chromo. Source DF SS MS F 

Y Between sp. 8 28123.8 3515.48 29.878 

within sp. 275 32357.3 117.66 

2 Between sp. 8 69959.1 8744.89 13.419 

Within sp. 275 179206.0 651. 66 

3 Between sp. 8 77001.6 9625.20 17.075 

within sp. 275 155017.0 563.70 

4 Between sp. 8 66551.1 8318.88 16.837 

within sp. 275 135870.0 494.07 

5 Between sp. 8 43873.8 5484.22 10.038 

within sp. 275 150250.0 546.36 

F0 • 05 = 1. 94 

All F values are significant. 
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D.mu lleri, D.aldr ichi, D.sp.S, D.moja vens is and D.mayaguana 

from Fond Parisien. D.sp.A with the longest Y-chromosome 

was found to be significantly different from all species. 

D.mayaguana from Fond Parisien was found to be significantly 

different from D.wheeler i, D.ar i zonensis and D.sp.N. 

D.mojavensis was found to be significantly different from 

D.wheeleri and D.arizonensis while both D.sp.S and 

D.aldrichi were found to be significantly different from 

D.wheeleri in addition to D.sp.A. 

Multiple comparisons in Table 16 of the means of the 

individual four pairs of autosomes showed a general trend in 

which D.ar i zonens is, D.sp.N, D.moj avensi s, D.muller i and 

D.mayaguana from Fond Parisien were found not to be 

significantly different on the one hand and D.wheeleri, 

D.aldrichi, D.sp.S and D.sp.A on the other. For instance, 

for chromosome 2 the following groups of species were not 

found to be significantly different: (1) D.sp.N. 

D.arizonensis, D.mojavensis, D.mayaguana from Fond Parisien 

and D.mullerii (2) D.mojavensis, D.mayaguana from Fond 

Parisien, D.mulleri and D.wheelerii (3) D.mulleri, 

D.wheeleri and D.aldr ichi i and (4) D.wheeler i, D.a Idr ichi, 

D.Sp.S, and D.sp.A. D.sp.N and D.arizonensis were found to 

be significantly different from D.wheeleri, D.aldrichi, 

D.Sp.S, and D.sp.A. D.mojavensis and D.mayaguana from Fond 

Parisien were found to be significantly different from 
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Table 16. Multiple comparisons of means of adjusted 
chromosome length in arbitrary units in 
mulleri complex species. 

Chromo. whee. ariz. sp.N mull. aldr. sp.S moja mayaF.P sp.A 

y 

2 sp.N ariz. moja mayaF.P mull. whee. aldr. sp.S sp.A 

3 sp.N ariz. moja mull. mayaF.P whee. aldr. sp.S sp.A 

4 ariz. sp.N moja mull. mayaF.P whee. aldr. sp.S sp.A 

5 ariz. sp.N moja mull. mayaF.P whee. aldr. sp.A sp.s 
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D.aldrichi, D.sp.S and D.sp.A. D.mulleri was found to be 

significantly different from D.sp.S and D.sp.A. For 

chromosome 3, the following groups of species were found not 

to be s igni f icant1y different: (1) D.sp.N, D.ar i zonensi s, 

D.mojavensis, D.mu11eri and D.mayaguana from Fond Parisien; 

(2) D.mojavensis, D.mu11eri and D.mayaguana from Fond 

Parisien and D.whee1eri; and (3) D.whee1eri, D.a1drichi, 

D.sp.S and D.sp.A. D.sp.N and D.arizonensis were found to 

be significantly different from D.whee1eri, D.a1drichi, 

D.Sp.S and D.sp.A. D.mojavensis, D.mu11eri and D.mayaguana 

from Fond Parisien were each found to be significantly 

different from D.a1d r ichi, D.sp.S, D.sp.A. The fo 110w i ng 

groups of species were not found to be significantly 

different for chromosome 4: (1) D.arizonensis, D.sp.N, 

D.mojavensis, D.mu11eri and D.mayaguana from Fond Parisien; 

(2) D.mojavensis, D.mu11eri and D.mayaguana from Fond 

Parisien and D.whee1eri; (3) D.mayaguana from Fond Parisien, 

D.whee1eri and D.a1drichi; and (4) D.a1drichi, D.sp.S and 

D.sp.A. D.arizonensis and D.sp.N were found to be 

s igni f icant1y different from D.whee1er i, D.a1d r ichi, D.Sp.S 

and D.sp.A. D.mojavensis and D.mu11eri were found to be 

significantly different from D.a1drichi, D.sp.S, and D.sp.A. 

D.mayaguana from Fond Parisien was found to be significantly 

different from D.sp.S and D.sp.A. D.whee1eri was found to 

be significantly different from D.sp.S, and D.sp.A in 
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addition to D.arizonensis and D.sp.N. For chromosome 5 the 

following goups of species were not found to be 

significantly different: (1) D.arizonensis, D.sp.N, 

D.mojavensis, D.mulleri and D.mayaguana from Fond Parisien; 

(2) D.sp.N, D.mojavensis, D.mulleri D.mayaguana from Fond 

Parisien and D.wheeleri; (3) D.mayaguana from Fond Parisien 

D.wheeleri D.aldrichi and D.sp.A; and (4) D.wheeleri, 

D.ald rich i, D.sp.A and D.sp.S. D.ar i zonensi s was found to 

be significantly different from D.wheeleri, D.aldrichi, 

D.sp.A and D.sp.S. D.sp.N, D.mojavensis and D.mulleri were 

each found to be significantly different from D.aldrichi, 

D. sp.A, and D. sp.S. D.mayaguana from Fond Par i s ien was 

found to significantly different from D.sp.S. 

The length of all the four pairs of autosomes was 

added up together and treated as a single entity among the 

species as shown in Table 17. The means plus and minus one 

standard deviation were plotted and are shown in Figure 23. 

The means were tested by analysis of variance and showed 

significant differences (Table 18). 

/ 



Table 17. Means and their standard deviations of combined 
lengths of four paired rod-like autosomes in 
mu11eri complex species. 

Species N length of 4 autosome pairs. 

D.mu11eri 33 642.275+99.893 

D.a1drichi 34 720.595+94.096 

D.sp.A 32 758.946+74.688 

D.whee1eri 33 687.834+83.926 

D.sp.S 30 757.261+68.581 

D.mayaguana F.P. 31 655.140+66.039 

D.arizonensis 30 593.267+86.706 

D.mojavensis 31 633.980+94.319 

D.sp.N 30 592.506+105.680 

90 
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Table 18. Anova of total length in arbitrary units of the 4 
paired autosomes. 

Chromosome Source DF SS MS F 

4 paired Between sp. 8 l25858.c;, 16.589 

autosomes 7586.94 

Fc;,.c;,5 =1.94 

When the means of the total length of the four rod-

like pairs of autosomes were compared (Table 19), the 

following groups of species were found not to be 

significantly different: (1) D.sp.N, D.arizonensis, 

D.mojavensis D.mulleri and D.mayaguana from Fond Parisien; 

(2) D.mojavensis, D.mulleri D.mayaguana, and D.wheeleri; (3) 

D.mayaguana, D.wheeleri and D.aldrichi; and (4) D.aldrichi, 

D.sp.S and D.sp.A. D.sp.N and D.arizonensis were both found 

to be significantly different from D.wheeleri, D.aldrichi. 

D.sp.S and D.sp.A. D.mojavensis and D.mulleri were both 

found to be significantly different from D.Sp.S and D.sp.A. 

D.sp.A and D.sp.S were also found to be significantly 

different from D.wheeleri and D.mayaguana in addition to 

those already listed above. 



Table 19. Multiple comparisons of means of the length of 
the 4 paired autosome chromosomes in the mulleri 
complex. 

92 

Chromo. sp.N ariz. moja. mull. mayaF.P whee. aldr. sp.S sp.A 

4 paired 

autosomes 

Species were placed in groups with respect to the 

adjusted lengths (Table 14) of their corresponding 

chromosomes as shown in Table 20. The length of the 

chromosmes were divided into two or three categories. Where 

only two categories were possible the chromosomes were 

classified as short and long, and where three categories 

were recognized the categories were designated as short, 

medium and long. In the case of two categories the short 

chromosomes were allocated a value of "0" and the long 

chromosomes were allocated a value of "1". Among the three 

categories the values of "01", "00" and "10" were allocated 

to the short, medium and long chromosomes respectively. The 

results of multiple comparison of means in Table 15 were 

used as the basis in making the divisions. Also the ratios 

of the Y-chromosome to the X-chromosome and the total length 
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Table 20. Species in the mulleri complex grouped with 
respect to chromosome length characters. 

Chromosome 

x 

Y 

X+Y 

Y/X 

Genome 

Chromo.-2 

Chromo.-3 

Chromo.-4 

Chromo.-5 

4 paired 
autosomes 

Genome/X 

short 

mayaF.P sp.N 
ariz. 

whee. 
spN 

ariz. 
mull. 

ariz. sp.N 
mayaF.P 

whee. aldr. 

ariz. sp.N 

Sp.N ariz. moj. 
mull. mayaF.P 

Sp.N ariz. moj. 
mull. mayaF.P 

Sp.N ariz. moj. 
mull. mayaF.P 

Sp.N ariz. moj. 
mull. mayaF.P 

Sp.N ariz. moj. 
mull. mayaF.P 

medium 

mull. moj. 

aldr. spS 
moj. mayaF.P 

mull. whee. 
moj. sp.S 

long 

sp.S whee. 
aldr. sp.A 

sp.A 

aldr. sp.A 

mull. sp.S ariz. 
sp.S-5 moja. sp.N 

mayaF.P 
sp.A 

mull. whee. aldr. sp.S 
whee. mayaF.P sp.A 

whee. aldr. 
sp.S sp.A 

whee. aldr. 
sp.S sp.A 

whee. aldr. 
sp.S sp.A 

whee. aldr. 
sp. S sp.A 

whee. aldr. 
sp.S sp.A 

whee. moja. aldr. sp.A sp.S-5 
ariz. mull. sp.N sp.S mayaF.P 
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of the four paired autosomes to the X-chromosome (Table 8) 

were included. Table 21 represents the same information in 

binary form as Table 20. The binary data were used to 

construct a character tree using a Penny program of the 

Phylogeny Inference Package (PHYLIP) version 2.7. Figure 24 

shows a character tree constructed using the length of the 

X-chromosome, Y-chromosome, pairs of the four autosomes 

(chromosome 2 to chromosome 5), the total genome length, the 

ratios of Y/X and total autosome length to the X-chromosome. 

The character tree shows three groups: (1) short chromosomes 

consisting of D.arizonensis, D.sp.N and D.mayaguana, (2) 

medium length chromosomes made up of D.mojavensis and 

D.mul1eri and (3) long chromosome comprising of D.sp.A, 

D.aldr ichi, D.sp.S, D.wheeleri. D.sp.S-5 seems to fi t well 

in this group becuase it was not found to differ from D.sp.S 

in the the comparisons performed earlier on. It is not 

included in the construction of the character tree because 

its X-chromosomes were not measured in the hybrids. 

The changes in chromosome characters between the 

species are summarized in the Table 22. The number between 

any pair of species indicates how much the speci o iffer in 

terms of these characters. However, to interpret the actual 

changes that might have occured, one has to look at the 

chromosomes involved in the character. For instance a 

difference due to the combined sex chromosomes (X+Y) and 



95 

Table 21. Binary form representation of differences in 
chromosome length, and y/X and autosome/X ratios 
in the mulleri complex species. 

X y x+y Geno. Chromosome 
2 3 4 5 y/X auto./X 

mulleri 00 01 00 00 0 0 0 0 00 0 
aldrichi 10 00 10 10 1 1 1 1 01 0 
sp.A 10 10 10 10 1 1 1 1 10 0 
wheeleri 10 01 00 00 1 1 1 1 10 0 
sp.S 10 00 00 10 1 1 1 1 00 1 
mayaguana 01 00 01 00 0 0 0 0 10 1 
arizonensis 01 01 01 01 0 0 0 0 00 0 
mojavensis 00 00 00 00 0 0 0 0 00 0 
sp.N 01 01 01 01 0 0 0 0 00 0 

01, 00, 10 = short, medium, and long chromosomes respectively 
0, 1 = short and long chromosomes respectively 
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Figure 24. Character tree of the mulleri complex 
species with respect to chromosome 
length 
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Table 22. The number of character difference in chromosome 
length among the species of the mu111eri complex. 

moj. ariz sp.N mayaF.P sp.S whee sp.A a1dr 

moj. 4 4 4 7 7 9 8 

ariz 0 4 9 8 9 9 

sp.N. 4 9 8 9 9 

mayaF.P 8 9 10 9 

sp.S 4 4 2 

whee 4 3 

sp.A 2 

a1dr 

mu1 

1 

3 

3 

4 

8 

6 

9 

9 



98 

the Y- to X-chromosome (X/Y) ratio mayor may not be due to 

a same change. For example in Table 22 there are four 

character differences between D.mojavensis and D.arizonensis 

due to X-chromosome, Y-chromosome, (X+Y) and the total 

genome length. However all the four characters are due to 

the differences in the X- and Y-chromosomes, since the 

autosomes are almost of the same length in the two species. 

The long chromosome group, has both longer sex 

chromosomes and autosomes than the other two groups. The 

differences between the medium and short chromosome groups 

as well as between individual species seems to be mainly due 

to differences in the X- and Y-chromosomes. 

Figures 25 and 26 are phylogeny trees of Heed 

(pers. comm.) and Wasserman (pers. comm.) for the same 

species respectively. These are constructed rin a wider 

range of characters such as inversions, color and morphology 

of genitalia and geographical distribution of the mulleri 

complex species. In both of these phylogeny trees, the 

mulleri complex is divided into two grou?s: the mulleri 

cluster consisting of D.mulleri, D.aldrichi, D.wheeleri, 

D.sp.S, D.sp.S-5 and D.mayaguana, and the mojavensis cluster 

comprising of D.mojavensis, D.arizonensis and D.sp.N. 

Figure 24 constructed on the basis of differences in 

chromosome length separates the species of the mulleri 

complex into three goups: the short, medium and long 
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whe aid IPS spS-5 

I I 
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J 

Figure 25. Phylogeny tree of the mulleri complex 
species according to Heed (pers. comm.). 
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Figure 26. Phylogeny tree of mulleri complex 
species according to Wasserman 
(pers. comm.). 
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chromosome length as already explained. Thus the division 

in Figure 24 seems to suggest that the ancestral species was 

mojavensis--mu1leri like with respect to chromosome length 

and mulleri--like as regards to gene arrangement. Gene 

arrangement has not been considered in this study and 

therefore it is not used in the construction of Figure 24. 

It is very likely that addition of heterochromatin 

has been responsible for the formation of the long 

chromosomes in D.sp.A, D.sp.S, D.sp.S-5, D.aldrichi and 

D.wheeleri. D.mulleri seems to have generally conserved both 

the chromosome size and gene arrangement. While D.mulleri 

is homosequential with those species in the long chromosome 

group, it has not accumulated heterochromatin to increase 

the size of its chromosomes. It apparently seems that its y

chromosome has instead become shorter. It appears that 

D.mojavensis, despite its numerous inversions, has had only 

a slight increase in the length of its chromosomes. 

D.mayaguana placed among the short chromosome group, 

seems to have had a similar trend like that of D.mulleri in 

that the gene arrangement has been preserved and the slight 

change that appear to have occurred is the shortening of the 

X-chromosome. It is known that the x- and Y-chromosomes can 

tolerate such reductions (White, 1961). The effects due to 

the increase or decrease of heterochromatin clearly depend 

on the source of the heterochromatin and whether it is 
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autosomal or sex chromosomal in origin (John and Miklos, 

1979). Any phenotypic effects resulting from gains or 

losses of heterochromatin will then depend on (a) the 

transcriptive loci present within the heterochromatin, (b) 

any non transcriptive loci which may be present (e.g pairing 

site loci), and (c) the satellite sequences within the 

heterochromatin. D.arizonensis and D.sp.N appear to have 

had a slight reduction on their x- and Y-chromosomes. The 

autosomes do not seem to have changed much, although like 
. 

D.mojavensis they carry some inversions. The species 

with long chromosomes appear to have gained heterochromatin. 

D.sp.A and D.aldrichi seem to have gained heterochromatin 

both in their sex chromosomes and autosomes. D.sp.S and 

D.Sp.S-5 seem to have made more noticable gains in the 

auto somes than in the sex chromosomes. D.wheeleri appears 

to be unique, while it appears to have gained chromosome 

size for most of the autosomes and the X-chromosme its Y-

chromosome is as short as those of the species in the short 

group. 



CHAPTER 3 

DISTRIBUTION OF HETEROCHROMATIN , 

Introduction 

One of the features of the eukaryote chromosomes is 

that they have regions differing in their staining 

properties through the cell cycle. Some regions, the 

euchromatic, are condensed and dark staining only in the 

late prophase through to telophase, whereas other segments, 

the heterochromatic, remain condensed and dark staining 

throughout the whole cycle including interphase (Peacock et 

al., 1981). In mitotic prophase, heterochromatic regions 

can be distinguished from euchromatic parts by appearing 

more deeply stained (Hsiang, 1949). 

The function and effects of the heterochromatin have 

long been an enigma (Yoon and Richards n, 1978). Owing to 

its uniform appearance and apparent lack of associated 

phenotype, heterochromatin has often been assumed to be a 

homogenous entity lacking genetic effects. It is a fact 

that the density of genes in heterochromatin is much lower 

than in euchromatin (Peacock et al., 1981). 
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In the early genetic experiments with Drosophila 

melanogaster, it was found that large deletions of the basal 

heterochromatin of the X-chromosome did not lead to 

inviability (Muller and Painter, 1932). Although 

heterochromatin deficiences in the X-chromosome do not lead 

to inviability, they are said to have a diverse array of 

characters, including developmental time, sex chromosome 

pairing, and spermatid differentiation (Peacock and Miklos, 

1973). Kaufmann (1943) found that in D.melanogaster, the 

entire Y-chromosome, the proximal half of the X-chromosome, 

the prox imal reg ion of the arm of chromosomes 2 and 3 and a 

major proportion of chromosome 4 are heterochromatic. 

The species in the mulleri cluster within the the 

mulleri complex are homosequential with linearly indentical 

salivary chromosome banding patterns. Since only 

euchromatin endoduplicates in the salivary gland chromosomes 

(Rudkin, 1969), the brain cell chromosomes were used in the 

study of heterochromatin among the species in the mulleri 

complex to determine whether the differences in chromosome 

length observed in Chapter 2 would be reflected by 

differences in heterochromatic regions. 

Materials and methods 

Uncrowded, well fed second instar larvae were 

dissected in hyptonic solution under a stereo microscope. 

The larvae were sexed by inspection of the imaginal discs. 
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The ganglion was then tranferred to a glass block containing 

acetic acid: methyl alcohol: water in an 11:11:2 ratio for 

two seconds. Then the ganglion was tranferred to another 

section of the glass block containing lN HCl for 30 seconds. 

The ganglion was tl"';'l"'sferred to 20 to 30% acetic acid to 

rinse off the hydrochloric acid, and then placed in a drop 

of 2 to 4% orcein stain in 45% lacto-acetic acid for 20 to 

30 minutes. The preparation was warmed over a spirit lamp 

and then covered with a petri dish to minimize evaporation. 

Then the excess stain was drained off the slide and the 

ganglion flooded with 45% acetic acid and a cover glass 

added onto the preparation and squashed as described in the 

materials and methods in Chapter 2. The photographs were 

taken on a Carl Zeiss microscope using Technical Pan film 

2415. The film was processed in HC-110 Kodak developer and 

enlargements made using RC polycontrast paper with filter 

number 4 or a combination of 4 and 1.5. The photographs 

were copied using a 4 by 5 inch Kodak Professional copy film 

number 4125. The film was developed in a mixture of HC-110 

and D-76 in a ratio of 1:31. The final enlargements were 

printed on RC polycontrast paper using filter number 1.5. 

The results are presented below. 



Results 

The metaphase plates of chromosomes stained for 

heterochromatin in the ten species of the mulleri complex 

are shown in Figures 27 to 36. 

X-chromosomes 
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The X-chromosomes in all the species stained 

generally in the same way in that they all show proximal and 

distal heterochromatin blocks. The proximal heterochromatin 

blocks are generally larger than the distal or terminal 

blocks in all the species. Because the X-chromosomes like 

all the rod-like chromosomes in the mulleri complex species 

are acrocentric, the proximal heterochromatin block repre

sents centromeric and the distal block represents telomeric 

heterochromatin block. There are differences in size of the 

centromeric as well as in telomeric heterochromatin blocks 

among the ten species. However, the relative sizes of the 

blocks seem to vary with chromosome condensation. As the 

chromosomes become more and more condensed the apparent 

relative sizes of the heterochromatin blocks appear to 

increase. It therefore becomes difficult to differentiate 

the amount of heterochromatin in different species. Also as 

chromosome condensation progresses, the smaller interstitial 

heterochromatin bands tend to merge into the adjacent blocks 

further increasing the apparent size of the centromeric and 

telomeric heterochromatin blocks. 



y- and dot-like chromosomes 

In all the species, the entire lengths of the Y

chromosomes and the dot-like pairs of the autosomes were 

darkly stained. This implies that these chromosomes are 

mainly composed of heterochromatin. 

The rod-like autosomes 
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Since there are no definite landmarks to distinguish 

the rod-like pairs of autosomes, the numbering of the 

autosomes was done arbitrarily with respect to decreasing 

chromosome length: the longest chromosomes being designated 

as chromosome 2 and the shortest as chromosome 5 in the same 

way as in chapter 2. 

Chromosomes 2 and 3 

Generally chromosome 2 and 3 had the same pattern of 

staining in all the species. There are mainly two 

heterochromatin blocks; the proximal centromeric and the 

distal telomeric one. As in the X-chromosomes, the apparent 

size of the heterochromatin blocks appear to look larger as 

the chromosomes condense more and more. with advancing 

chromosome condensation, the lightly stained segments of 

euchromatin tend to become overshaddowed by the darkly 

stained segments. 
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Chromosomes 4 and 5 

within and among the ten species chromosomes four 

and five appear to have the same pattern of staining. Both 

pairs of chromosomes appear to have larger proximal 

centromeric heterochromatin blocks than the the distal 

telomeric ones. However, due to the small size of the 

chromosomes, the two blocks appear as if tending to merge 

into each other as chromosome condensation progresses. 
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Photomicrographs of metaphase karyotype of the 
mulleri complex species showing euchromatin (light) 
and heterochromati n (dark): 

D.mulleri Figures 27a and 27b, 
D.aldrichi Figures 2Ba and 2Bb, 
D.wheeleri Figures 29a and 29b. 
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Photomicrographs of metaphase karyotype of the 
mulleri complex species showing euchromatin (light) 
and heterochromati n (dark): 

D.sp.A Figures 30a and 30b, 
D.Sp.S Figure 31, 
D.sp.S-5 Figure 32. 
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Photomicrographs of metaphase karyotype of the 
mulleri complex species showing euchromatin (light) 
and heterochromatin (dark): 

D.mayaguana Figures 33a and 33b, 
D.arizonensis Figure 34, 
D.sp.N Figure 35, 
D.mojavensis Figures 36a and 36b. 



CHAPTER 4 

DISCUSSION 

The intention to measure chromosomes in metaphase 

plates in which the length of the X-chromosomes was between 

100 and 200 units on the eyepiece micrometer scale was an 

attempt to minimize large variations due to chromosome 

condensation. The X-chromosome measured in this way did not 

reveal differences in length among the species in the 

mu11eri complex because of this limitation. However, this 

kind of truncation should not affect the relationships of 

the chromosomes within a species. It certainly minimizes 

the differences in chromosome length between species as 

shown by the X-chromosomes and most of the autosomes 

especially the second and the third pairs whose differences 

failed to reach significant levels. The F-va1ues in the 

analysis of variance (Table 2) of the means of the length of 

the chromosomes showed that only the Y-chromosomes had high 

F-values, while the second and the third pairs failed to 

reach significant levels by a small margin. Chromosome four 

and five were found to be just slightly significantly 

different. Generally, corresponding autosomes in different 
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species cannot be distinguished in metaphase plates of the 

hybrids, implying that the differences in length are small 

among these chromosomes. However, this does not rule out 

the existence of small but significant differences in some 

chromosomes among different species. 

Although the autosome chromosomes were placed in 

their respective orders according to their lengths (for they 

have no landmarks to distinguish them from one another), 

their coeffiecient of variation values (Table 3) were not 

very much higher than those of the x- and Y-chromosomes 

which were positively identified. The comparable magnitude 

in coeffient of variation among different chromosomes within 

species seems to indicate that all chromosomes condense 

relatively proportional to one another. Furthermore, in the 

coefficient of variation of the means of all the chromosomes 

in all the species studied, the greatest values were found 

in the Y-chromosome and the autosomes in D.sp.N which were 

about twice as large as the smallest values in other 

species. A difference of that magnitude can be considered 

to be rather small in a situation like this where 

corresponding chromosomes in different cells of the same 

tissue can vary by large magnitudes. This, then seems to 

suggest that condensation is somewhat similar among the 

species in the mulleri complex, at least during the 

metaphase stage. The observation that coefficient of 
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variation is comparable within a narrow range both within 

species for the different chromosomes and among species for 

corresponding chromosomes tends to strengthen the idea that 

chromosome variability can be contained using simple 

procedures. In this case, measur- ing the chromosomes in 

cells in which the length of the X-chromosomes was between 

100 and 200 units on the linear scale of the micrometer 

controlled variability below 30%. 

Comparison of chromosome length 

Comparison of chromosomes was made using both the 

lengths of chromosomes measured in different species 

independently of one another and the adjusted length derived 

from the X-ratios in the female hybrids between various 

species. 

In multiple comparisons of means of the Y

chromosomes in different species, most species did not show 

significant differences. D.sp.A was found to have a 

significantly longer Y-chromosome than most other species, 

except D.mayaguana from Fond Parisien, Haiti~ The y

chromosome in D.whee1eri was found to be significantly 

shorter than in most other species, except D.aldrichi. This 

observation is contrary to what is normally observed and is 

therefore probably not correct. This is one example of how 

insenstive is the method of comparing chromosomes measured 

independently in different species. 
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Multiple comparisons of means of the Y-chromosomes 

obtained after adjustments of all the lengths of the 

chromosomes in the species using the relative length of the 

X-chromosomes measured in different hybrids, showed that 

D.sp.A had a significantly longer Y-chromosome than most 

other species except D.mayaguana. The Y-chromosome in 

D.mayaguana was found to be significantly longer than those 

in D.whee1er i, D.ar i zonensis and D.sp.N. D.moj avensi s was 

found to have a significantly longer Y-chromosome than 

p.whee1eri and its sibling species D.arizonensis. The Y

chromosome in D.whee1eri was found to be significantly 

shorter than those in D.a1drichi and D.Sp.S but not 

sign i f icant 1y different from those in D.ar i zonens is, D.sp.N 

and D.mu11eri. The Y-chromosomes in D.mu11eri, D.a1drichi, 

D.sp.N, D.mojavensis and D.mayaguana did not show any 

significant differences. 

The X-chromosomes measured independently in species 

did not show any significant differences due to the narrow 

range at which they were measured. However, when the X

chromosomes were measured and tested pairwise by the t-test 

in the hybrid females, all the paired X-chromosomes were 

found to be significantly different. This procedure was 

most powerful because both chromosomes in the same nucleus 

were exposed to the same environment as revealed by the 

almost equal values of coefficient of variation (Table 11). 
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Multiple comparisons of means of adjusted length of the x-
." 

chromosomes were not carried out as some of the ratios were 

indirectly derived using other ratios. However, even 

without statistical tests it can be seen in Figure 18 that 

D.mayaguana, D.arizonensis, and D.sp.N have X-chromosomes of 

about equal length. When the X-chromosomes of these three 

species were looked at in the female hybrids of 

D.arizonensis with D.sp.N and D.arizonensis with 

D.mayaguana, it was not possible to differentiate them in 

the metaphase plates. Another set of three species, 

D.mu11eri, D.sp.s, and D.mojavensis also seems to have x-

chromosomes of about the same length. D.aldrichi and D.sp.A 

have X-chromosomes of about the same length. The x-

chromosome in D.whee1eri seems to be intermediary between 

those 0 f D.a1dr ichi and D.sp.A and those 0 f D.muller i, 

D.sp.S and D.mojavensis. 

When the means of the combined lengths of the x- and 

Y-chromosomes were compared among the independently measured 

chromosomes, D.whee1eri was found to have a significantly 

shorter combination than D.arizonensis, D.sp.N and D.sp.A. 

The combined length of x- and Y-chromosomes in D.sp.A was 

found to be significantly longer than that in D.a1drichi, 

D.sp.S, D.sp.S-5, D.mulleri and D.mayaguana from G. Cayman. 

Like all other lengths of chromosomes measured 

independently, this comparison does not reflect the true 
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picture of relative chromosome length among the species. A 

better picture can only be obtained by comparing adjusted x

and Y-chromosome lengths. Since the lengths of the x

chromosomes involved in these combinations were in part 

indirectly derived, statistical tests were not performed on 

the lengths. 

Measured independently, the fourth and the fifth 

pairs of auto somes in D.sp.S were found to be significantly 

longer than those in D.wheeleri and D.mojavensis. The rest 

of the species showed no significant differences. After the 

corresponding autosomal lengths were adjusted and 

individually compared among the species, there was a general 

pattern observed in which D.arizonensis, D.sp.N, 

D.mojavensis, D.mulleri and D.mayaguana showed no 

significant differences. Also D.wheeleri, D.aldrichi, 

D.sp.S and D.sp.A were found not to show significant 

differences. 

When the lengths of all the rod-like autosomes of 

independently measured chromosomes were added together and 

their means compared, those of D.sp.S were found to be 

significantly longer than those of D.mojavensis. The rest 

of the species did not show significant differences. 

Comparison of the the means of the totals of 

adjusted lengths of the autosomes in D.sp.N, D.arizonensis, 

D.mulleri and D.mayaguana from Fond Parisien, Haiti did not 



118 

differ significantly. There were also no significant 

differences found between D.mulleri, D.mojavensis, 

D.mayaguana, and D.wheeleri. D.sp.A and D.Sp.S were found 

to have significantly longer total autosomal lengths than 

most other species except D.aldrichi. D.aldrichi was found 

not to be significantly different from D.wheeleri and 

D.mayaguana. 

Comparison of ratios of chromosome lengths 

Cohen et ale (1966) pointed out that ratios of some 

chromosomes are relatively constant over a wide range of 

chromosome condensation. However, due to limitations in 

identification of autosomes in metaphase plates in the 

mulleri complex species, autosomes which are presumably less 

variable in length in most of these species could not be 

used as divisors. Because only the x- and Y-chromosomes can 

positively be identified in every metaphase plate, they were 

used as divisors in such ratios as Y/x, total autosome 

length to the X-chromosome, genome length to X, total 

autosome length to Y-chromosome, genome length of the Y

chromosome, and autosome length to the combined lengths of 

x- and Y-chromosomes. The ratios are not affected by 

adjustments of chromosome length. Therefore, the following 

discussion is based on ratios obtained from lengths of 

chromosomes measured independently among the ten species. 

While limiting the length of X-chromosomes to a narrow range 



greatly affects the relative length of corresponding 

chromosomes among the species, it does not affect the 

relative length of chromosome within the same species and 

therefore it does not affect the ratios of the various 

chromosome length. 
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The Y-chromosome to the X-chromosome ratio in 

D.whee1eri was found to be significantly smaller than in 

most other species except D.a1drichi, while that of 

D.a1drichi was significantly smaller than those in D.sp.S-S, 

D.moj avens is, D. sp.N, and the two stra i ns of D.mayaguana. 

D.sp.A was found to have significantly the largest ratio of 

all. Other species such as D.mulleri, D.sp.S, 

D.ar i zonens is, D.Sp.S- S, D.moja vens is, D.sp.N, and 

D.mayaguana from G. Cayman, were not found to be 

significantly different. Lack of significant difference 

between the Y/X ratios in D.aldrichi and D.wheeleri is 

interesting. In order for two ratios not to be different in 

the two species when the Y-chromosome of D.whee1eri is 

shorter than that of D.aldrichi, the X-chroromosome in 

D.aldrichi must be longer than that of D.whee1eri. And this 

is what seems to be revealed in Figure 18. Another 

interesting observation is that of D.sp.A which has the 

longest X-chromosome of all the species in this study and 

yet it has the largest Y/X ratio. This implies that D.sp.A 

also has the longest Y-chromosome. This is supported by the 



120 

graph of the Y-chromosome means in Figure 19 in which D.sp.A 

is shown to have the longest Y-chromosome. 

Most species such as D.mojavensis, D.wheeleri, 

D.aldrichi, D.arizonensis, D.mulleri, D.sp.N. D.sp.A and 

D.sp.S-5 did not show significant differnces when the 

length of four autosomes to the X-chromosome ratios were 

compared. Only D.sp.S and D.mayaguana were found to have 

significantly larger ratios than most other species except 

D.sp.A and D.sp.S-5. 

The ratios of the total genome length to the X

chromosomes almost showed the same pattern as that of the 

autosomes to the X-chromosome ratios. D.mayaguana was found 

to have the largest ratio of total genome length to the X

chromosome. This may be so because its X-chromosome is 

shorter than that of D.Sp.S while their autosomes are not 

very different. Both D.mayaguana and D.Sp.S were found to 

have significantly larger ratios than the rest of the 

species. Since the total length of the four autosomes 

greatly exceeds that of the Y-chromosome, the change due to 

the addition of the Y-chromosome is consequently very small. 

The X-chromosome included in the numerator only increases 

the sizes of all the ratios numerically by a factor of one, 

but does not alter the magnitude of the relative ratios. 

That means that any change between the ratios of autosomes 

to the X-chromosome and the total genome length to the X-
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chromosome would be due to differences in the Y-chromosomes. 

And the differences in the Y-chromosomes are almost 

negligible compared to the total length of the four 

autosomes. 

Despite the significant differences between the 

length in the Y-chromosomes in D.sp.A, D.mojavensis and 

D.mayaguana, the means of their ratios of the total autosome 

length to the Y-chromosome were not found to be 

significantly different. However, D.sp.A was found to have 

a significantly smaller ratio than the other species except 

the two mentioned above. The autosome to Y-chromosome ratio 

in D.sp.S was found to be significantly larger than those of 

other species except D.aldrichi, D.mulleri and D.sp.S-5. 

Because of its short Y-chromosome, D.wheeleri was found to 

have significantly the largest autosome to Y-chromosome 

ratio of all species. 

The total genome to the Y~chromosome ratios showed 

more or less similar relationships as those of the autosome 

to Y-chromosome ratios. The total genome length to y

chromosome length ratio was found to be significantly the 

largest in D.wheeleri. D.sp.A was found to have a 

significantly smaller ratio than most species except 

D.mojavensis and D.mayaguana from Fond Parisien. D.aldrichi 

had a significantly larger ratio than D.sp.N, D.mayaguana 

from G. Cayman and D.mojavensis. 
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Although there are significant differences in the 

lengths of the X-chromosomes, Y-chromosomes and the 

autosomes between the species, the ratios of autosome length 

to the combined lengths of X- and Y-chromosomes in D.sp.A, 

D.mojavens is, D.sp.N, D.ar izonens is, D.mu11er i and 

D.a1drichi did not show significant differences. Also there 

were no significant differences between D.sp.N, 

D.ar i zonens is, D.mu11er i, D.a1dr ichi, D.mayaguana and 

D.whee1eri. D.sp.S was found to have the largest ratio of 

autosome length to the combined length of X- and Y

chromosomes than most other species except D.whee1eri, 

D.sp.S-5 and D.mayaguana from G. Cayman. The lack of 

significant differences among the ratios of autosome length 

to the sex chromosomes when there are significant 

differences between X-chromosomes, Y-chromosomes and the 

autosome length tends to imply that those species with long 

X- and Y-chromosomes also have overall long autosomes. 

An attempt was made to divide species into groups 

with respect to chromosome length (Tables 20 and 21) in the 

construction of a character tree constructed (Figure 24). 

However, the resulting groups formed did not correspond to 

the division into the mu11eri and mojavensis cluster already 

established by Wasserman (1982). Based on chromosome length 

the mu11eri complex species seem to fall into three groups, 
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namely the short, medium and long. The short chromosome 

group includes D.arizonensis, D.sp.N and D.mayaguana. 

D.mul1eri and D.mojavensis consistitutes the medium 

chromosome length group. The long chromosome group consists 

of D.sp.A, D.mojavensis, D.sp.S, D.sp.S-5 and D.wheeleri. 

The differences between the three groups can be 

explained in terms of changes in chromosome length in these 

species. with the assumption that the ancestor of the 

mul1eri complex was mojavensis-mulleri like as regards to 

chromosome length, the species in the long chromosome group 

appear to have gained heterochromatin in both sex and 

autosome chromosomes. The species in the short chromosome 

group seem to have had slight losses of heterochromatin from 

their sex chromosomes. The autosomes of the short 

chromosome group seem to have either conserved size or made 

slight gain as in the case of D.mayaguana. As also already 

pointed out, the sex chromosome do tolerate loss of slight 

amounts of heterochromatin. The chromosomes of 

D.arizonensis and D.sp.N seem to have similar characters 

with respect to length although the two species have 

differences in the inversions they carry. This is because 

the salivary gland chromosomes from hybrids of the two 

species possess loops. In order to change from the 

mojavensis-mulleri chromosome size, there should have been 

some losses of heterochromatin in the x- and Y-chromosomes 
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of D.arizonensis and D.sp.N. D.mayaguana seems to have had 

an increase in its autosome size while the X-chromosome 

seems to have become shorter. 

The only difference between D.mojavensis and 

D.mu11eri in the medium chromosome length group seems to be 

that the reduction in size of the Y-chromosome in D.mu11eri. 

The species comprising the long chromosome group 

seem to have a combination of autosome increase and increse 

or reduction in the Y-chromosome size. In D.whee1eri the x

chromosome and some autosomes seem to have increased in size 

while the Y-chromosome seem to have become as short as the 

Y-chromosome in the species in the short chromosome group. 

In D.sp.S and D.sp.S-5, there seems to have been a slight 

increase in the X-chromosome and no change in the Y

chromosome while there has been a substantial increase in 

autosomes. In D.a1drichi and D.sp.A there seems to have 

been a substantial increase in both the sex chromosomes and 

autosomes. The only noticable difference between D.a1drichi 

and D.sp.A seems to be size of their Y-chromosomes. All the 

species in the three groups are closely associated with one 

another ecologically and genetically. 

Heterochromatin distribution 

The distribution of heterochromatin is difficult to 

interpret due to the fact that the number and size of bands 

along the chromosomes are greatly affected by the degree of 
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chromosome condensation. In very extended chromosomes there 

seem to be small bands of heterochromatin alternating with 

those of euchromatin. As the chromosomes condense more and 

more, the narrow euchromatin bands become overshadowed by 

the larger darker heterochromatin bands which in turn appear 

to be continuous, thus forming blocks. However, where the 

euchromatin bands are large enough, differentiation of 

heterochromatin and euchromatin persists even among highly 

condensed chromosomes. The following discussion is mainly 

based on relatively condensed chromosomes. 

The Y-chromosomes and the dot-like in all the 

species in this study generally stained in the same pattern 

in that the chromosomes appear to be mainly heterochromatic. 

The general pattern of heterochromatin distribution 

in the X-chromosome and the four rod-like autosomes is 

similar in that there are mainly two heterochromatin blocks 

one proximal which is centromeric· and the other distal which 

is telomeric. There are however differences as regards the 

individual sizes of the heterochromatin blocks among the 

species, but the method used here is not senstive enough to 

detect such differences. 

Salivary gland chromosomes in which only the 

euchromatin endoduplicates show that the species in mulleri 

cluster are homosequential. This implies that these species 

have similar gene arrangements in euchromatin, hence they 
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should have equal amounts of euchromatin. However, all the 

species are found to have some differences in chromosome 

length. This then tends to suggest that differences in 

chromosome lengths are due to heterochromatin. And also 

that heterochromatin as well as unique gene difference may 

play a significant role in isolating these species. 

Williiamson (1977) suggested that heterochromicity is a 

phase and not a kind of chromatin, thus it is probable that 

in such cells as oogonia and neuroblasts the Y-chromosome is 

heterochromatic, but becomes euchromatic at least in part in 

the primary spermatocyte. Hybridazation experiments have 

shown that most of these species in the mulleri complex 

hybridize, but in most cases the male offspring are sterile 

and to a less extent female offspring are also sterile. 

D.sp.A readily hybridizes with some strains of D.aldrichi 

(Alfredo Ruiz, pers. comm.), so does D.wheeleri with 

D.aldrichi (Wasserman, 1954). However, when D.mojavensis 

hybridized with D.sp.N, the latter as female, only female 

larva are produced and they do not develop into mature 

flies. The reciprocal cross does not produce any larva. 

D.arizonensis readily hybridizes with D.sp.N both as male 

and female (pers. observ.) in addition to hybridizing with 

D.mojavensis. Thus D.arizonensis and S.sp.N seem to be 

closer to each other than to D.mojavensis. Crow (1942) 

studied the length of life cycles in some of these species 
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and found them to differ. In D.arizonensis the average 

period from the time the egg is laid until the imago emerges 

was found to be 10-11 days under ordinary laboratory 

conditions (22 oC.). In D.a1drichi the time is about 15 

days, and in D.mojavensis, 12-13 days. In mu11eri-a1drichi 

hydrids the life cycle was found to be comparable to that of 

the parent which takes the longer time to develop, i,e 

D.a1drichi. It is, however, not certain why females in 

D.mu11eri emerge first and occur in larger numbers than 

males (Crow,1942). 

Summary 

Chromosomes in metaphase plates of male larvae were 

measured in cells whose X-chromosomes were between 100 and 

200 units on the micrometer linear scale. Measuring 

chromosomes within such a narrow range minimizes chromosome 

variation in two ways: (1) reduction of measurement error by 

measuring relatively long chromosomes and (2) limiting 

chromosome condensation within a relatively narrow range. 

As a result, the coeffcient of variation was maintained 

below 30%. Measuring the X-chromosomes in hybrid female 

larvae and then using the ratios obtained to adjust the 

lengths of all the chromosomes in all the species made it 

possible to accurately compare the corresponding 

chromosomes. Chromosomes measured within confined ranges 

tend to minimize differences between corresponding 



chromosomes among species but does not affect ratios of 

chromosomes measured in the same cell. 
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The adjusted length were considered to be more 

representative of the the relative chromosome lengths among 

these species. Comparison of chromosome lengths so 

obtained, showed D.sp.A, D.aldrichi, D.sp.S, D.sp.S-5 and 

D.wheeleri to have long chromosomes overall. D.mojavensis 

and D.mulleri were found to have medium chromosome lengths 

and D.ar i zonens is, D.sp.N and D.mayaguana could be sa id to 

have short chromosomes. The X-chromosomes could also be 

placed into three divisions: (1) the long X-chromosomes 

found in D.sp.A, D.aldrichi and D.wheeleri, (2) the medium 

or i ntermedi ate X-chromosomes found in D.sp.S, D.Sp.S- 5, 

D.mojavensis and D.mulleri and (3) the short X-chromosomes 

found in D.ar i zonens is, D.sp.N and D.mayaguana. Also the Y

chromosome was found to be very variable among the species 

of the mulleri complex. The longest Y-chromosome was found 

in D.sp.A. The medium or intermediate Y-chromosome was 

found in D.a ldr ichi, D.sp.S, D.sp.S- 5, D.mojavens is and 

D.mayaguana. The most notable change in length is that in 

D.wheeleri in which the X-chromosome and the autosomes are 

long while the Y-chromosome is on of the shortest and is 

placed together with those of D.arizonensis, D.sp.N and 

D.mulleri. D.sp.S has a medium X-chromosome but long 

autosomes. These observations tend to suggest that the 
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ancestral species was of medium chromosome size. The sex 

chromosomes which can tolerate losses of heterochromatin 

seem to be the ones that became shorter while the autosomes 

either remained relatively unchanged or gained 

heterochromatin. 

The distribution of heterochromatin is more or less 

similar in corresponding chromosomes among these species. 

However, there are differences as regards the sizes of the 

individual heterochromatin blocks of different chromosomes 

within a species and between corresponding chromosomes among 

species. It should be pointed out, however, that the method 

used to stain heterochromatin is not normally accurate 

enough to show these differences. The fact that most of 

these species form hybrids implies that the species have not 

diverged very much from one another. Some of the causes 

responsible for ~solation between these species are merely 

mechanical in nature. For example shortening the wings of 

D.mulleri females that were crossed to males of D.wheeleri 

resulted in increased production of the hybrid offspring. 



APPENDIX A 

Original data of chromosome length measured in pure species 
of mu11eri complex. 

Table AI. Length in arbitrary units of chromosomes in 
D.mu11eri. 

X y CHRO.2 CHRO.3 CHRO.4 CHRO.5 

lIB 75 180 170 144 124 
103 46 154 138 108 104 
105 69 170 164 162 130 
107 72 168 162 144 122 
107 69 190 170 160 112 
108 62 144 138 124 122 
108 69 162 146 128 118 
109 55 160 144 140 114 
112 48 220 202 194 178 
116 63 210 192 172 142 
117 62 170 162 158 154 
117 55 120 108 104 96 
117 62 146 112 112 104 
117 60 148 120 118 114 
119 63 180 176 162 124 
120 79 226 190 170 140 
122 60 156 152 148 148 
125 61 176 158 156 118 
128 70 214 188 152 150 
128 75 216 198 190 172 
132 48 178 156 152 132 
134 72 200 166 158 154 
134 64 234 164 158 154 
139 75 188 180 170 156 
140 65 204 182 154 142 
144 70 168 140 106 98 
146 68 194 188 176 174 
149 76 184 172 162 144 
150 76 202 180 156 114 
153 99 288 244 228 214 
174 76 214 204 194 146 
184 90 220 208 192 170 
185 94 270 238 216 160 

130 
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Table A2. Length in arbitrary units of chromosomes in 
D.a1drichi. 

X y CHRO.2 CHRO.3 CHRO.4 CHRO.5 

101 47 166 162 140 126 
102 58 158 156 146 136 
103 35 128 120 108 88 
104 47 140 112 108 96 
106 58 180 178 166 158 
108 53 144 128 126 88 
III 38 126 120 114 106 
III 54 116 112 110 102 
113 42 168 164 146 98 
116 47 174 162 154 98 
118 79 162 154 152 152 
119 56 146 140 130 120 
123 63 196 180 174 132 
127 68 176 170 164 156 
128 75 206 194 158 152 
132 67 196 174 142 138 
133 46 188 164 158 108 
133 72 178 176 172 142 
133 63 230 176 174 150 
133 70 186 178 168 162 
135 65 170 158 156 148 
135 65 200 192 162 158 
136 44 116 108 106 104 
137 80 218 214 172 164 
137 79 214 190 164 154 
140 74 256 226 200 190 
141 68 208 178 164 138 
142 70 220 204 192 170 
143 61 180 168 146 144 
149 72 220 208 204 180 
151 92 246 242 200 192 
161 80 .234 228 182 170 
175 94 264 240 212 190 
186 86 266 228 224 186 
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Table A3. Length in arbitrary units of chromosomes in 
D.sp.A. 

X y CHRO.2 CHRO.3 CHRO.4 CHRO.5 

104 70 176 172 156 150 
109 70 162 146 134 132 
110 78 180 166 154 122 
112 74 162 144 138 128 
113 80 158 148 134 118 
115 67 146 144 140 136 
116 73 200 192 180 154 
116 73 188 168 168 168 
119 79 166 164 160 146 
119 74 164 160 154 154 
120 82 178 176 164 160 
121 80 176 170 160 126 
124 88 162 156 148 136 
126 75 190 164 156 138 
127 84 186 166 150 142 
134 108 190 188 138 108 
137 94 204 198 172 154 
137 109 196 176 170 148 
139 77 192 174 152 96 
140 88 190 174 160 122 
141 78 214 206 198 148 
141 92 250 218 198 190 
142 110 242 206 184 154 
145 90 200 192 188 126 
151 88 268 198 176 164 
154 122 228 224 210 186 
157 113 240 200 184 182 
162 118 228 212 198 188 
165 92 190 184 182 106 
167 90 218 200 198 160 
173 101 256 238 238 178 
182 117 252 216 194 180 
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Table A4. Length in arbitrary units of chromosomes in 
D.whee1eri. 

X y CHRO.2 CHRO.3 CHRO.4 CHRO.5 

101 49 144 140 124 108 
103 38 160 148 130 126 
104 44 136 130 118 118 
105 50 168 160 140 128 
106 44 156 124 114 104 
107 49 162 148 132 120 
107 48 154 150 136 130 
109 57 156 134 124 124 
111 46 154 152 152 130 
112 59 178 176 166 130 
116 54 160 156 126 114 
117 51 206 170 166 152 
119 51 182 168 166 160 
119 49 182 178 166 144 
120 55 168 162 160 132 
122 53 202 166 138 134 
122 42 120 120 88 86 
122 45 170 166 144 140 
124 66 190 186 146 138 
126 46 192 168 164 150 
126 66 190 190 134 104 
127 57 164 162 142 140 
132 68 212 208 196 152 
132 53 200 150 146 144 
133 50 212 164 144 132 
134 53 154 138 134 124 
135 61 220 216 166 164 
138 61 194 182 158 158 
149 47 152 146 140 102 
156 77 206 188 162 138 
158 80 236 222 220 208 
161 56 182 168 158 136 
167 70 252 240 238 218 
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Table AS. Length in arbitrary units of chromosomes in 
D.Sp.S. 

X Y CHRO.2 CHRO.3 CHRO.4 CHRO.5 

100 58 172 166 146 128 
106 67 198 174 158 154 
107 53 158 152 150 134 
109 59 148 144 140 136 
III 50 162 152 144 108 
114 45 162 158 152 148 
115 70 206 186 184 174 
115 76 204 192 176 158 
117 69 216 198 192 174 
118 65 182 158 154 150 
118 66 190 188 178 156 
120 69 222 182 180 150 
120 55 150 146 144 124 
121 69 210 196 184 154 
126 59 222 190 186 178 
126 65 174 156 154 146 
126 70 198 192 190 174 
127 71 188 178 164 146 
130 83 224 218 172 170 
131 84 226 220 180 166 
134 62 222 214 182 174 
134 86 232 220 218 180 
136 52 214 192 186 152 
138 82 226 210 188 148 
144 71 222 216 208 166 
146 98 230 226 200 178 
160 67 212 196 190 190 
164 74 290 258 222 220 
170 78 234 230 228 216 
178 97 246 238 226 192 
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Table A6. Length in arbitrary units of chromosomes in 
D.sp.S-5. 

X y CHRO.2 CHRO.3 CHRO.4 CHRO.5 

101 60 186 150 142 134 
103 51 150 134 128 122 
106 69 168 156 148 122 
108 72 170 140 138 134 
108 76 182 180 172 144 
109 78 178 154 136 134 
110 71 180 142 136 126 
110 62 142 120 118 106 
111 63 162 152 142 118 
113 76 166 152 150 138 
113 47 146 132 128 80 
114 64 204 188 170 126 
115 58 178 166 142 136 
117 61 228 196 180 174 
118 62 158 156 152 134 
125 68 196 178 164 140 
127 64 194 182 168 160 
128 50 128 122 116 108 
131 81 190 186 186 158 
132 69 244 202 192 178 
132 51 144 138 126 122 
134 77 168 168 154 98 
134 90 240 226 186 182 
136 86 216 214 192 188 
136 82 198 192 176 152 
137 82 234 218 202 192 
143 71 238 228 196 180 
146 74 222 216 202 190 
148 72 238 208 184 178 
152 105 294 264 234 220 
192 109 266 242 242 222 
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Table A7. Length in arbitrary units of chromosomes in 
D.mayaguana from Fond Parisian. 

X Y. CHRO.2 CHRO.3 CHRO.4 CHRO.5 

100 70 148 142 138 136 
101 68 150 142 134 128 
101 79 184 156 156 148 
103 66 170 162 146 132 
103 60 150 126 120 110 
104 77 180 160 154 146 
104 65 150 148 144 130 
108 85 210 198 170 168 
110 81 190 158 154 154 
111 60 172 170 156 154 
111 69 170 138 122 116 
112 59 186 174 142 134 
116 76 206 190 186 156 
116 77 158 152 140 134 
118 92 228 202 202 144 
119 72 206 176 172 106 
122 71 180 160 152 130 
123 81 202 198 192 172 
125 80 184 174 160 150 
126 88 202 194 180 134 
128 79 194 190 168 158 
130 107 244 228 194 188 
132 83 202 196 196 176 
133 90 210 192 180 166 
136 86 252 216 204 200 
142 88 184 176 158 154 
149 68 236 200 198 190 
149 98 276 226 196 192 
154 79 194 184 182 174 
156 91 240 222 190 174 
170 99 248 216 216 172 
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Table A8. Length in arbitrary units of chromosomes in 
O.mayaguana from Grand Cayman. 

X y CHRO.2 CHRO.3 CHRO.4 CHRO.5 

100 47 164 140 132 110 
100 57 160 156 134 124 
103 54 168 164 120 118 
105 60 172 166 158 154 
106 93 206 190 188 186 
108 77 192 172 168 158 
109 58 160 146 146 114 
110 57 156 148 130 108 
113 73 194 188 182 154 
116 66 164 158 124 122 
119 88 194 170 148 136 
122 91 190 184 168 150 
122 70 178 168 156 142 
123 74 182 176 146 144 
124 54 184 184 156 140 
125 76 180 176 166 152 
126 73 214 188 160 158 
126 65 192 160 158 144 
127 110 238 210 202 176 
129 75 170 144 132 126 
130 87 218 214 184 164 
130 77 180 166 158 154 
131 79 198 178 176 158 
131 72 248 192 188 166 
131 76 214 190 180 172 
132 76 224 222 188 186 
134 72 192 182 164 158 
143 84 258 198 198 196 
153 85 218 202 188 186 
155 90 274 224 196 182 
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Table A8. Length in arbitrary units of chromosomes in 
D.arizonensis. 

X y CHRO.2 CHRO.3 CHRO.4 CHRO.5 

102 48 186 180 164 158 
107 55 132 122 120 110 
109 49 138 126 122 110 
109 44 166 156 150 122 
110 46 116 114 96 94 
111 53 124 124 102 96 
113 69 148 144 122 122 
117 61 186 156 120 88 
119 72 204 188 188 132 
120 78 232 200 182 174 
126 66 188 148 146 138 
129 62 166 162 146 146 
129 66 180 150 146 124 
131 79 200 190 182 16~ 

133 65 162 154 150 144 
133 72 174 164 150 140 
135 74 162 158 150 140 
137 90 228 184 168 158 
143 83 242 196 182 154 
143 65 144 138 120 116 
143 65 212 194 186 158 
144 78 200 194 158 148 
145 94 246 206 204 186 
148 102 242 232 218 212 
149 72 202 184 170 168 
151 88 276 212 204 198 
154 99 206 170 164 160 
161 94 250 208 200 198 
163 91 250 244 216 180 
171 106 280 234 220 208 
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Table A10. Length in arbitrary units of chromosomes in 
D.mojavensis. 

X y CHRO.2 CHRO.3 CHRO.4 CHRO.5 

101 78 188 184 158 148 
101 61 142 140 130 128 
105 52 170 152 136 98 
108 72 180 168 164 146 
113 45 128 124 120 104 
113 65 180 160 154 126 
114 83 186 174 156 156 
114 71 164 148 144 138 
117 64 162 138 136 124 
118 81 162 160 156 156 
120 60 168 150 126 120 
121 71 182 158 146 126 
121 61 148 132 126 116 
124 72 150 150 136 122 
125 51 172 152 144 72 
125 51 152 128 108 100 
126 68 200 126 114 88 
127 68 152 136 134 132 
130 89 188 184 180 154 
132 78 186 184 166 164 
135 108 226 224 160 156 
136 59 154 150 144 112 
136 98 250 236 212 186 
136 85 192 184 180 164 
138 60 180 168 142 126 . 
140 60 156 146 126 112 
141 66 164 148 148 124 
145 94 224 176 146 128 
153 90 224 204 180 168 
169 71 204 198 184 166 
181 115 270 220 216 190 
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Table All. Length in arbitrary units of chromosomes in 
D.sp.N. 

X y CHRO.2 CHRO.3 CHRO.4 CHRO.5 

1131 54 1213 114 1138 1134 
1132 48 136 112. 1136 94 
1133 47 112 1134 94 88 
1133 64 126 1213 114 1134 
1135 32 118 96 813 713 
112 59 154 144 144 124 
113 61 154 128 114 98 
113 613 138 134 122 1113 
114 79 174 146 128 1136 
115 49 142 1313 124 124 
118 71 148 142 1413 1413 
118 74 2113 192 188 1713 
121 813 184 176 1713 144 
123 76 154 1513 148 142 
126 77 138 112 1132 96 
126 67 2413 226 2134 21313 
131 97 226 198 182 1813 
133 99 242 218 212 182 
134 83 216 214 188 184 
136 91 244 2213 214 196 
138 913 188 1613 154 152 
145 42 244 21313 176 174 
145 713 222 2132 198 164 
153 1131 2113 194 172 166 
153 93 234 192 1813 172 
154 913 254 248 244 2213 
1613 84 282 2513 218 212 
161 1134 222 164 162 1613 
167 92 296 296 258 212 
178 1137 248 2213 2213 1913 



APPENDIX B 

The length of paired X-chromosomes in hybrid females between 
some species in the mulleri complex. 

Table Bl. Length in arbitrary units of X-chromosomes in 
hybr id females from D.sp.N and D.mojavensis 
crosses. 

D.sp.N-X 

106 
106 
106 
109 
109 
III 
112 
113 
114 
115 
116 
116 
119 
119 
122 
125 
126 
130 
130 
132 
132 
137 
137 
139 
142 
143 
144 
145 
149 
153 
154 
186 
193 
225 

141 

D.mojavensis-X 

117 
123 
125 
114 
126 
128 
122 
123 
121 
122 
128 
128 
124 
133 
139 
150 
135 
137 
149 
145 
158 
141 
155 
147 
156 
177 
173 
166 
194 
181 
160 
207 
204 
250 
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Table B2. Length in arbitrary units of X-chromosomes in 
hybrid females from D.mojavensis and 
D.arizonensis crosses., 

D.arizonensis-x 

100 
103 
104 
104 
104 
105 
107 
109 
110 
III 
112 
115 
115 
120 
121 
121 
124 
127 
129 
133 
135 
142 
142 
144 
145 
145 
146 
163 
169 
169 
182 

D.mojavensis-X 

107 
107 
112 
113 
126 
108 
III 
125 
114 
131 
125 
117 
130 
130 
150 
152 
139 
136 
134 
145 
165 
144 
151 
169 
148 
160 
164 
182 
178 
183 
190 
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Table B3. Length in arbitrary units of x-chromosomes in 
hybrid females from D.mayaguana and D.mojavensis 
crosses. 

D.mojavensis-X 

105 
110 
111 
113 
115 
119 
120 
122 
125 
126 
130 
131 
132 
137 
139 
141 
141 
143 
144 
148 
148 
152 
152 
158 
159 
160 
162 
163 
165 
165 
172 
175 
191 
197 

D.mayaguana-X 

100 
107 
101 
109 
103 
114 
100 
118 
118 
111 
111 
120 
104 
123 
130 
117 
119 
139 
124 
128 
138 
145 
138 
150 
134 
155 
142 
151 
148 
144 
156 
151 
175 
176 
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Table B4. Length in arbitrary units of X-chromosomes in 
hybrid females from D.mojavensis and 
D.sp.A crosses. 

D.mojavensis-X 

101 
101 
101 
103 
104 
106 
111 
114 
114 
114 
115 
118 
118 
119 
121 
126 
130 
131 
132 
139 
139 
140 
143 
144 
146 
147 
155 
156 
157 
163 
165 

D.sp.A 

110 
109 
136 
110 
115 
128 
139 
123 
122 
144 
125 
131 
145 
136 
150 
154 
167 
153 
151 
152 
144 
164 
166 
160 
152 
186 
168 
167 
175 
184 
181 
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Table B5. Length in arbitrary units of X-chromosomes in 
hybrid females from D.mojavensis and 
D.a1drichi crosses. 

D.mojavensis-X 

HH~ 
110 
111 
115 
118 
119 
120 
122 
122 
123 
126 
126 
127 
129 
130 
131 
134 
136 
136 
137 
139 
140 
143 
149 
151 
162 
163 
168 
169 
177 

D.a1drichi-X 

109 
136 
119 
134 
122 
149 
144 
134 
124 
138 
140 
132 
137 
133 
140 
155 
148 
149 
142 
140 
164 
176 
173 
169 
158 
188 
175 
182 
187 
198 
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Table B6. Length in arbitrary units of x-chromosomes in 
hybrid females from D.mayaguana and 
D.sp.S crosses. 

D.mayaguana-X 

100 
101 
102 
102 
103 
105 
110 
110 
110 
111 
III 
112 
114 
115 
116 
116 
120 
121 
122 
126 
127 
129 
131 
132 
135 
140 
140 
141 
146 
146 
155 
161 

D.sp.S-X 

126 
112 
106 
123 
III 
122 
117 
137 
144 
130 
142 
133 
137 
138 
124 
136 
141 
132 
133 
136 
140 
143 
166 
140 
154 
147 
165 
160 
160 
163 
177 
172 
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Table B7. Length in arbitrary units of X-chromosomes in 
hybrid females from D.mu11eri and 
D.a1drichi crosses. 

D.mu11eri-X 

133 
133 
134 
134 
135 
136 
139 
113 
113 
113 
112 
113 
116 
125 
125 
125 
126 
126 
126 
132 
133 
133 
136 
139 
141 
142 
143 
146 
147 
155 
173 

D.a1drichi-x 

125 
111 
113 
114 
121 
116 
121 
123 
124 
134 
135 
137 
153 
133 
133 
144 
133 
147 
154 
143 
154 
156 
145 
156 
161 
159 
155 
173 
155 
183 
194 
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Table B8. Length in arbitrary units of X-chromosomes in 
hybrid females from D.mu11eri and 
D.whee1eri crosses. 

D.mu11eri-X 

un 
103 
103 
104 
104 
105 
111 
114 
114 
116 
119 
122 
124 
124 
125 
125 
127 
128 
132 
132 
136 
142 
143 
147 
152 
154 
156 
168 
172 
177 

D.whee1eri-X 

103 
116 
110 
116 
124 
113 
120 
115 
118 
125 
133 
137 
131 
141 
127 
138 
130 
146 
152 
137 
144 
149 
148 
147 
158 
158 
178 
183 
185 
178 



Table B9. Length in arbitrary units of X-chromosomes in 
D.whee1eri females. 

1st-x-chromosome 

102 
104 
108 
108 
109 
110 
110 
115 
118 
118 
118 
118 
122 
122 
123 
123 
125 
127 
127 
130 
133 
134 
135 
137 
139 
140 
144 
145 
157 
162 
169 

2nd-X-chromosome 

103 
101 
105 
103 
110 
109 
117 
114 
119 
127 
105 
114 
122 
119 
132 
121 
120 
120 
123 
130 
134 
130 
137 
131 
136 
145 
144 
152 
155 
152 
180 

149 



APPENDIX C 

Adjusted length of chromosomes in the mu11eri complex 
species 

Table C1. Adjusted Length in arbitrary units of 
chromosomes in D.mu11er i. 

X Y CHRO.2 CHRO.3 CHRO.4 CHRO.5 

125.34 91.27 219.04 206.88 175.24 150.90 
125.34 55.98 187.40 167.93 131.43 126.56 
125.34 82.37 202.93 195.77 193.38 155.19 
125.34 84.34 196.80 189.77 168.68 142 .. 91 
125.34 80.83 222.57 199.14 187.43 131.20 
125.34 71. 96 167.12 160.16 143.91 141.59 
125.34 80.08 188.01 169.44 148.55 136.95 
125.34 63.25 183.99 165.59 160.99 1,31.09 
125.34 53.72 246.21 226.06 217.11 199.20 
125.34 68.07 226.91 207.46 185.85 153.44 
125.34 66.42 182.12 173.55 169.27 164.98 
125.34 58.92 128.56 115.70 111.42 102.84 
125.34 66.42 156.41 119.99 119.99 111.42 
125.34 64.28 158.55 128.56 126.41 122.13 
125.34 66.36 189.59 185.38 170.63 130.61 
125.34 82.52 236.06 198.46 177.57 146.23 
125.34 61.64 160.27 156.16 152.05 152.05 
125.34 61.17 176.48 158.43 156.43 118.32 
125.34 68.55 209.56 184.10 148.10 146.89 
125.34 73.44 211.51 193.89 186.05 168.43 
125.34 45.58 169.02 148.13 144.33 125.34 
125.34 67.35 187.08 155.27 147.79 144.05 
125.34 59.86 218.88 153.40 147.79 144.05 
125.34 67.63 169.53 162.31 153.30 140.67 
125.34 58.19 182.64 162.94 137.88 127.13 
125.34 60.34 146.23 121.86 92.27 85.30 
125.34 58.38 166.55 161.40 151.10 149.38 
125.34 63.93 154.78 144.69 136.28 121.14 
125.34 63.51 168.79 150.41 130.36 95.26 
125.34 81.10 235.94 199.89 186.78 175.31 
125.34 54.75 154.J.6 146.95 139.75 105.17 
125.34 61. 31 149.87 141.69 130.79 115.81 
125.34 63.69 182.93 161.25 146.25 108.40 

150 
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Table C2. Adjusted Length in arbitrary units of 
chromosomes in D.aldr ich i. 

X Y CHRO.2 CHRO.3 CHRO.4 CHRO.5 

141.97 66.06 233.34 227.71 196.79 177.11 
141.97 80.97 219.91 217.13 203.21 189.29 
141.97 48.24 176.43 165.40 148.86 121. 29 
141.97 64.16 191.11 152.89 147.43 131.05 
141.97 77.68 241.08 238.40 222.33 211.61 
141.97 69.67 189.29 168.26 165.63 115.68 
141. 97 48.60 161.15 153.48 145.81 135.57 
141.97 69.07 148.36 143.25 140.69 130.46 
141.97 52.77 211.07 206.04 183.43 123.12 
141.97 57.52 212.95 198.27 188.48 119.94 
141. 97 95.05 194.91 185.28 182.88 182.88 
141.97 66.81 174.18 167.02 155.09 143.16 
141.97 72.72 226.23 207.76 200.83 152.36 
141.97 76.01 196.74 190.04 183.33 174.39 
141.97 83.18 238.48 215.17 175.24 168.59 
141.97 72.06 210.06 187.14 152.72 148.42 
141.97 49.10 200.68 175.06 168.65 115.28 
141.97 76.86 190.00 187.87 183.60 151.58 
141. 97 67.25 245.51 187.87 185.73 160.12 
141. 97 74.72 198.54 190.00 179.33 172.92 
141.97 68.36 178.78 166.16 164.05 155.64 
141.97 68.36 210.32 201.91 170.36 166.16 
141.97 45.93 121.09 112.74 110.65 108.56 
141.97 82.90 225.91 221.76 178.24 169.95 
141.97 81. 87 221.76 196.89 169.95 159.59 
141.97 75.04 259.60 229.18 202.18 192.67 
141. 97 68.47 209.43 179.22 165.13 138.95 
141.97 69.98 219.95 203.96 191.96 169.96 
141. 97 60.56 178.70 166.79 144.95 142.96 
141.97 68.60 209.62 198.18 194.37 171.51 
141.97 86.50 231.29 227.53 188.04 180.52 
141.97 70.54 206.34 201.05 160.49 149.91 
141.97 76.26 214.17 194.70 171.99 154.14 
141.97 65.64 203.03 174.03 170.97 141.97 
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Table C3. Adjusted Length in arbitrary units of 
chromosomes in D.sp.A 

X y CHRO.2 CHRO.3 CHRO.4 CHRO.5 

145.81 98.14 246.75 241.14 218.71 210.30 
145.81 93.64 21670 195.30 179.25 176.57 
145.81 103.39 238.59 220.03 204.13 161.71 
145.81 96.34 210.90 187.46 179.65 166.64 
145.81 103.23 203.23 190.97 172.90 152.26 
145.81 84.95 185.11 182.57 177.50 172.43 
145.81 91. 76 251.39 241.33 226.25 193.57 
145.81 91.76 236.31 211.17 211.17 211.17 
145.81 96.80 203.39 200.94 196.04 178.89 
145.81 90.67 200.94 196.04 188.69 188.69 
145.81 99.63 216.28 213.85 199.27 194.41 
145.81 96.40 212.08 204.85 192.80 151.83 
145.81 103.48 190.49 183.43 174.03 159.92 
145.81 86.79 219.87 189.78 180.52 159.69 
145.81 96.44 213.54 190.58 172.21 163.03 
145.81 117.52 206.74 204.56 150.16 117.52 
145.81 100.04 217.11 210.73 183.06 163.90 
145.81 116.01 208.60 187.31 180.93 157.51 
145.81 80.77 201.40 182.52 159.44 100.70 
145.81 91.65 197.88 181.22 166.64 127.06 
145.81 80.66 221. 29 213.02 204.75 153.04 
145.81 95.14 258.52 225.43 204.43 196.48 
145.81 112.95 248.49 211.52 188.93 158.13 
145.81 90.50 201.11 193.07 189.05 126.70 
145.81 84.97 258.78 191.19 169.95 158.36 
145.81 115.51 215.87 212.08 198.83 176.10 
145.81 104.94 222.89 185.74 170.88 169.02 
145.81 106.20 205.21 190.81 178.21 169.21 
145.81 81. 30 167.90 162.60 160.83 93.67 
145.81 78.58 190.33 174.62 172.87 139.69 
145.81 85.12 215.76 200.59 200.59 150.02 
145.81 93.73 201.89 173.04 155.42 144.20 
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Table C4. Adjusted Length in arbitrary units of 
chromosomes in D.wheeleri. 

X y CHRO.2 CHRO.3 CHRO.4 CHRO.5 

135.57 65.77 193.29 187.92 166.45 144.97 
135.57 5"."2 21".60 194.81 171.11 165.85 
135.57 57.36 177.29 169.47 153.82 153.82 
135.57 64.56 216.92 206.59 18".77 165.27 
135.57 56.28 199.52 158.6" 145.81 133."2 
135.57 62."9 2"5.26 187.52 167.25 152."5 
135.57 6".82 195.13 19"."6 172.32 164.72 
135.57 7".90 194."3 166.67 154.23 154.23 
135.57 56.18 188."9 185.65 185.65 158.78 
135.57 71.42 215.47 213."4 200.94 157.36 
135.57 63.11 187."" 182.32 147.26 133.24 
135.57 59.10 238.70 196.99 192.35 176.13 
135.57 55.82 2"7.35 202.79 189.12 164."6 
135.57 62.14 189.80 183."2 180.77 149.13 
135.57 58.90 224.48 184.47 153.35 148.91 
135.57 46.67 133.35 133.35 97.79 95.57 
135.57 5".01 188.91 184.47 160.02 155.58 
135.57 72.16 2"7.73 203.36 159.63 15".88 
135.57 49.50 2"6.59 180.77 176.46 161. 40 
135.57 71."1 2"4.44 204.44 144.18 111.90 
135.57 6".85 175."7 172.94 151. 59 149.45 
135.57 69.84 217.74 213.63 2"1. 31 156.12 
135.57 54.44 205.42 154."6 149.95 147.90 
135.57 5".97 216.10 167.17 146.79 134.55 
135.57 53.62 155.81 139.62 135.57 125.46 
135.57 61. 26 22".94 216.92 166.71 164.70 
135.57 59.93 190.59 178.80 155.22 155.22 
135.57 42.76 138.30 132.84 127.38 92.81 
135.57 66.92 179."3 163.38 140.79 119.93 
135.57 68.65 2"2.50 19".49 188.77 178.48 
135.57 47.16 153.26 141.47 133.05 114.52 
135.57 56.83 2"4.58 194.84 193.21 176.98 
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Table C5. Adjusted Length in a:!:bitrary units of 
chromosomes in D.Sp.S. 

X Y CHRO.2 CHRO.3 CHRO.4 CHRO.5 

131.74 76.41 226.59 218.68 192.34 168.62 
131. 74 83.27 246.07 216.25 196.36 191.39 
131. 74 65.25 194.53 187.14 184.68 164.98 
131. 74 71. 31 178.87 174.04 169.20 164.37 
131.74 59.34 192.26 180.40 170.90 128.18 
131. 74 52.00 187.21 182.58 175.65 171.03 
131.74 80.19 235.98 213.07 210.78 199.32 
131. 74 87.06 233.69 219.94 201.61 181.00 
131.74 77.69 243.21 222.94 216.18 195.92 
131. 74 72.57 203.19 176.39 171.93 167.46 
131.74 73.68 212.12 209.89 198.72 174.16 
131. 74 75.75 243.71 199.80 197.61 164.67 
131.74 60.38 164.67 160.28 158.08 136.13 
131. 74 75.12 228.63 213.39 200.33 167.67 
131. 74 61. 69 232.11 198.65 194.47 186.10 
131.74 67.96 181.92 163.10 161.01 152.65 
131. 74 73.19 207.02 200.74 198.65 181. 92 
131. 74 73.65 195.01 184.64 170.12 151.45 
131. 74 84.11 226.99 220.91 174.30 172.27 
131. 74 84.47 227.27 221.24 181.01 166.93 
131.74· 60.95 218.25 210.39 178.93 171.06 
131. 74 84.55 228.08 216.28 214.28 176.96 
131. 74 50.37 207.29 185.98 180.17 147.24 
131.74 78.28 215.74 200.47 179.47 141.28 
131. 74 64.95 203.09 197.61 190.29 151.86 
131. 74 88.43 207.53 203.92 180.46 160.61 
131. 74 55.16 174.55 161. 38 156.44 156.44 
131. 74 59.44 232.95 207.24 178.33 176.72 
131.74 60.44 181.33 178.23 176.68 167.38 
131. 74 71.79 182.06 176.14 167.26 142.10 
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Table C6. Adjusted Length in arbitrary units of 
chromosomes in D.mayaguana. 

X y CHRO.2 CHRO.3 CHRO.4 CHRO.5 

115.11 813.58 1713.36 163.46 158.85 156.55 
115.11 77.513 1713.96 161.84 152.72 145.88 
115.11 913.134 2139.71 177.79 177.79 168.68 
115.11 73.76 189.99 181.135 163.17 147.52 
115.11 67.135 167.64 1413.81 134.11 122.93 
115.11 85.23 199.23 177.139 1713.45 161. 613 
115.11 71. 94 166.132 163.81 159.38 143.89 
115.11 913.613 223.83 211.134 181.19 179.136 
115.11 84.76 198.83 165.34 161.15 161.15 
115.11 62.22 178.37 176.29 161.78 159.713 
115.11 71. 55 176.29 143.11 126.52 1213.313 
115.11 613.64 191.16 178.83 145.94 137.72 
115.11 75.42 2134.42 188.54 184.57 154.813 
115.11 76.41 156.79 1513.83 138.93 132.97 
115.11 89.75 222.42 197.135 197.135 1413.47 
115.11 69.65 199.27 1713.25 166.38 1132.53 
115.11 66.99 169.83 1513.96 143.42 122.66 
115.11 75.813 189.134 185.313 179.68 1613.97 
115.11 73.67 169.44 1613.23 147.34 138.13 
115.11 813.39 184.54 177.23 164.44 122.42 
115.11 71. 134 174.46 1713.87 151. 138 142.139 
115.11 94.74 216.135 2131.89 171.78 166.47 
115.11 72.38 176.15 1713.92 1713.92 153.48 
115.11 77.89 181. 75 166.17 155.79 143.67 
115.11 72.79 213.29 182.82 172.67 169.28 
115.11 71. 34 149.16 142.67 128.138 124.84 
115.11 52.53 182.32 154.51 152.96 146.78 
115.11 75.71 213.22 174.613 151.42 148.33 
115.11 59.135 145.131 137.53 136.134 1313.136 
115.11 67.15 177.139 163.81 1413.213 128.39 
115.11 67.133 167.93 146.26 146.26 116.46 
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Table C7. Adjusted Length in arbitrary units of 
chromosomes in D.arizonensis. 

X y CHRO.2 CHRO.3 CHRO.4 CHRO.5 

116.39 54.77 212.24 205.39 187.14 180.29 
116.39 59.83 143.58 132.71 130.53 119.65 
116.39 52.32 147.35 134.54 130.27 117.46 
116.39 46.98 177.25 166.58 160.17 130.27 
116.39 48.67 122.74 120.62 101. 58 99.46 
116.39 55.57 130.02 130.02 106.95 100.66 
116.39 71. 07 152.44 148.32 125.66 125.66 
116.39 60.68 185.03 155.19 119.37 87.54 
116.39 70.42 199.52 183.88 183.88 129.10 
116.39 75.65 225.02 193.98 176.52 168.76 
116.39 60.97 173.66 136.71 134.86 127.47 
116.39 55.94 149.77 146.16 131. 73 131. 7 3 
116.39 59.55 162.40 135.34 131.73 111.88 
116.39 70.19 177.69 168.81 161. 70 142.15 
116.39 56.88 141. 77 134.77 131. 27 126.02 
116.39 63.01 152.27 143.52 131.27 122.51 
116.39 63.80 139.67 136.22 129.32 120.70 
116.39 76.46 193.70 156.32 142.73 134.23 
116.39 67.55 196.97 159.53 148.13 125.34 
116.39 52.90 117.20 112.32 97.67 94.41 
116.39 52.90 172.55 157.90 151.39 128.60 
116.39 63.04 161.65 156.80 127.70 119.62 
116.39 75.45 197.46 165.35 163.75 149.30 
116.39 80.21 190.31 182.45 171.44 166.72 
116.39 56.24 157.79 143.73 132.79 131.23 
116.39 67.83 212.74 153.41 157.24 152.62 
116.39 74.82 155.69 128.48 123.95 120.92 
116.39 67.95 180.73 150.37 144.58 143.14 
116.39 64.98 178.51 174.23 154.23 128.53 
116.39 72.15 190.58 159.27 149.74 141.57 
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Table C8. Adjusted Length in arbitrary units of 
chromosomes in D.mojavensis. 

X y CHRO.2 CHRO.3 CHRO.4 CHRO.5 

127.90 98.77 238.07 233.01 200008 187.42 
127.90 77.25 179.82 177.29 164.62 162.09 
127.90 63.34 207.08 185.15 165.66 119.37 
127.90 85.27 213.17 198.96 194.22 172.90 
127.90 50.93 144.88 140.35 135.82 117.71 
127.90 73.57 203.73 181.10 174.31 142.61 
127.90 93.12 208.68 195.22 175.02 175.02 
127.90 79.66 184.00 166.05 161.56 154.83 
127.90 69.96 177.09 150.86 148.67 135.55 
127.90 87.80 175.59 173.42 169.09 169.09 
127.90 63.95 179.06 159.88 134.30 127.90 
127.90 75.05 192.38 167.01 154.33 133.19 
127.90 64.48 156.44 139.53 133.19 122.61 
127.90 74.26 154.72 154.72 140.28 125.84 
127.90 52.18 175.99 155.53 147.34 73.67 
127.90 52.18 155.53 130.97 110.51 102.32 
127.90 69.03 203.02 127.90 115.72 89.33 
127.90 68.48 153.08 136.96 134.96 132.94 
127.90 87.56 184.96 181.03 177.09 151. 51 
127.90 75.58 180.22 178.28 160.84 158.91 
127.90 102.32 214.11 212.22 151. 59 147.80 
127.90 55.49 144.83 141.07 135.42 105.33 
127.90 92.16 235.11 221.94 199.37 174.92 
127.90 79.94 180.56 173.04 169.28 154.23 
127.90 55.61 166.83 155.70 131.61 116.78 
127.90 54.81 142.52 133.38 115.11 102.32 
127.90 59.87 148.76 134.25 134.25 112.48 
127.90 82.91 197.58 155.24 128.78 112.90 
127.90 75.24 187.25 170.53 150.47 140.44 
127.90 53.73 154.39 149.85 139.25 125.63 
127.90 81. 26 190.79 155.46 152.63 134.26 
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Table C9. Adjusted Length in arbitrary units of 
chromosomes in D.sp.N. 

X y CHRO.2 CHRO.3 CHRO.4 CHRO.5 

115.11 61. 54 136.76 129.93 123.139 118.53 
115.11 54.17 153.48 126.413 119.62 1136.138 
115.11 52.53 125.17 116.23 1135.135 98.35 
115.11 71.52 1413.81 134.11 127.413 116.23 
115.11 35.138 129.36 1135.24 87.713 76.74 
115.11 613.64 158.28 148.1313 148.1313 127.44 
115.11 62.14 156.88 1313.39 116.13 99.83 
115.11 61.12 1413.58 136.513 124.28 112.135 
115.11 79.77 175.69 147.42 129.25 1137.133 
115.11 49.135 142.14 1313.12 124.12 124.12 
115.11 69.26 144.38 138.52 136.57 136.57 
115.11 72.19 2134.86 187.313 183.413 165.84 
115.11 76.11 175.134 167.43 161.72 136.99 
115.11 71.12 144.12 1413.38 138.51 132.89 
115.11 713.35 126.137 1132.32 93.18 87.713 
115.11 61.21 219.26 2136.47 186.37 182.71 
115.11 85.23 198.59 173.98 159.92 158.17 
115.11 85.68 2139.45 188.68 183.48 157.52 
115.11 71. 313 185.55 183.83 161.513 158.136 
115.11 77.132 2136.52 186.21 181.13 165.89 
115.11 75.137 156.82 133.46 128.46 126.79 
115.11 33.34 193.713 158.77 139.72 138.13 
115.11 55.57 176.24 1613.36 157.18 1313.19 
115.11 75.99 157.99 145.96 129.413 124.89 
115.11 69.97 176.135 144.45 135.42 129.413 
115.11 67.27 189.86 185.37 182.38 164.44 
115.11 613.43 2132.88 179.86 156.84 152.52 
115.11 74.36 158.72 117.25 115.82 114.413 
115.11 63.41 2134.133 2134.133 177.83 146.13 
115.11 69.213 1613.38 142.27 142.27 122.87 
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