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Abstract

Polytene chromosomes banding patterns of ten of the 16 species of the Neotropical annulimana group of Drosophila
were used to propose phylogenetic relationships among species. Drosophila annulimana chromosomes were used
as the standard sequence and the most parsimonious series of changes (paracentric inversions) were considered. In
some cases, intermediate hypothetical rearrangements were proposed to explain the sequences present in a given
species. A total of 47 paracentric inversions were detected, most of them (44.7%) in chromosome 4. Three sub-
groups, partially coincident with those previously proposed based on morphological and karyotypical analyses, were
classified as: 1) annulimana subgroup (Drosophila annulimana, D. aracataca, D. aragua, and D. arauna), 2)
gibberosa subgroup (D. ararama, D. gibberosa, D. pseudotalamancana, and D. schineri), and 3) arassari subgroup
(D. arapuan, and D. arassari).
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Introduction

The Drosophila annulimana group is composed of

species endemic to the Neotropical Region which have

been mainly collected in wet forests (Val et al., 1981). Most

are sibling species only distinguishable by their male

terminalia morphology. Although the male terminalia mor-

phology is well characterized in these species their ecology,

behavior, polytene chromosomes, and other biological as-

pects are poorly known.

Ten of the 16 currently recognized species of the

group were herein analyzed: Drosophila annulimana, D.

aracataca, D. aragua, D. arapuan, D. ararama, D.

arassari, D. arauna, D. gibberosa, D. pseudotalamancana,

and D. schineri. The remaining six species (D. araicas, D.

breuerae, D. paratarsata, D. talamancana, D. tarsata, and

D. yana) did not occur in our collecting areas and no strains

were available from the main Drosophila species stock

centers around the world.

Following the pioneer works of Dobzhansky and

Sturtevant (1938) and Dobzhansky and Epling (1944) with

Drosophila pseudoobscura and related species, the estab-

lishment of phylogenies based on polytene chromosomes

banding patterns in Drosophila was performed in several

species groups and subgroups: cardini group (Heed and

Russell, 1971), guarani group (Kastritsis, 1969), Hawaiian

species groups (reviewed in Carson, 1992), melanica group

(reviewed by Levitan, 1982), mesophragmatica group

(Brncic et al., 1971), nannoptera group (Ward and Heed,

1970), obscura group (reviewed by Lakovaara & Saura,

1982), affinis subgroup of the obscura group (Miller and

Sanger, 1968; Miller and Voelker, 1968; Miller, 1977),

repleta group (reviewed by Wasserman, 1992), robusta

group (reviewed by Levitan, 1992), saltans subgroup of the

saltans group (Bicudo, 1973), tripunctata group

(Kastritsis, 1966) and virilis group (reviewed by Throck-

morton, 1982).

In this work, a photographic map of the salivary

glands polytene chromosomes of D. annulimana (arbi-

trarily chosen as the standard species for the group) was

constructed. Polytene chromosomes banding patterns of

each of the remaining nine species studied were com-

pared to those observed in D. annulimana. Relationships

among species were determined using the most parsimo-

nious sequence of events (paracentric inversions) that

would have led to changes in relation to the standard ar-

rangement. To facilitate the identification of the

annulimana group flies, pictures of the imagines of some

species were included.
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Material and Methods

Strains of D. aracataca, D. gibberosa, and D.

pseudotalamancana were provided by the National

Drosophila Species Resource Center, Bowling Green State

University, Ohio, USA (currently at Tucson, Arizona).

Strains of seven species (D. annulimana, D. aragua, D.

arapuan, D. ararama, D. arassari, D. arauna, and D.

schineri) were established from single females collected

between October 1986 and April 1990 (Table 1). Collec-

tions were carried out in natural environments, relatively

far from human activity, according to the procedure de-

scribed in Sene et al. (1981) with minor modifications:

baits containing fermenting bananas were placed in plastic

hanging containers, partially covered with a hexagonal

wire netting of approximately 1.5 cm mesh. Species were

identified based upon their male terminalia (Breuer and Pa-

van, 1950; Vilela and Pereira 1982; Vilela and Val, 1983;

Pereira and Vilela, 1987).

Stocks were kept according to the method described

in Tosi and Pereira (1993). The culture medium was com-

posed of a mix of 10 g of agar, 18 g of brewer’s yeast, 10 g

of crude soy flour, 80 g of crushed corn grains (approxi-

mately 3 mm large). The ingredients were slowly added to
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Table 1 - Collection sites and dates for the strains of the ten Drosophila species of the annulimana group analyzed.

Species Strain code Locality Date of collection

D. annulimana E54F4

E54F5 Parque Estadual da Cantareira, São Paulo, SP

(23°27’ S, 46°38’ W)

23-27.VII.87

E54F6

C99E7M 17-23.X.86 & 20.XI.86

E91F1 Reserva Florestal da Cidade Universitária, São Paulo,

SP (23°34’ S, 46°44’ W)

28-30.VI.88

F31F1 22-24.IV.89

F39F1 25-27.IV.90

D. aracataca 1171.1 Santa Marta, Magdalena, Colombia Unknown1

1171.2 San Salvador, Volcan El Boqueron, El Salvador Unknown1

D. aragua E80F1 Santa Maria da Serra, SP (22°40’ S, 48°12’ W) 16-18.IV.88

E93F23 Estação Experimental e Reserva Ecológica de

Mogi-Guaçu, SP (22°17’ S, 47°12’ W)

6-8.VII.88

E93F24

D. arapuan E68F1

E68F2 Parque Estadual da Cantareira, São Paulo, SP

(23°27’ S, 46°38’ W)

9-17.XII.87

E68F3

D. ararama F19F1

F19F2 Belém, PA (1°27’ S, 48°27’ W) 3-7.XI.88

F19F3

F19F4

F34F1

F34F2 Panama, Panama 18-20.VIII.89

F34F3

D. arassari E87F3

E87F4

E87F5 Parque Estadual de Campos do Jordão, SP

(22°42’ S, 45°28’ W)

10-13.V.88

E87F6

E87F7

D. arauna E22F38 Reserva Florestal da Cidade Universitária, São Paulo,

SP (23°34’ S, 46°44’ W)

20-22.I.87

E54F2 Parque Estadual da Cantareira, São Paulo, SP

(23°27’ S, 46°38’ W)

23-27.VII.87

D. gibberosa 15040-1181 (formerly 3369.1) Mexico Unknown1

D. pseudotalamancana 1191 San Salvador, El Salvador Unknown1

D. schineri E57F10 Peruíbe, SP (24°14’ S, 46°55’ W) 10-15.IX.87

E57F11

1Provided by the National Drosophila Species Resource Center, Bowling Green State University (currently at Tucson, AZ), date of collection not re-

ported.



one liter of water while stirring. The mix was cooked at

high heat with continuous stirring until it boiled. While

boiling, 80 mL of an aqueous 1.5% malt solution, 40 mL of

corn glucose and 200 mL of water were added. The pot was

covered and the mix was cooked in low heat for around

35 min, stirring at times. After the mixture cooled to 60 °C,

15 mL of an ethanolic Nipagin® 10% solution were added

and the mix was poured into glass vials.

Polytene chromosomes preparations were performed

according to Yoon et al. (1973). The chromosomes were

numbered X (= 1), 2, 3, 4, and 5 and each one was arbi-

trarily divided into numbered sections.

Inversions were identified by the chromosome num-

ber followed by a lowercase letter. Polymorphic inver-

sions were indicated by the chromosome number followed

by a lowercase letter separated from the + signal by a

slash.

Although many of the original strains were lost, new

ones were established from flies collected between April

1994 and December 1997. In October 1999, male and fe-

male imagines of the five surviving strains were photo-

graphed under an Olympus SZ11 microscope equipped

with an automatic photomicrographic system and Fuji-

chrome Professional 64T film. Most of the pictures herein

included are of individuals from the new strains.

Samples of all analyzed strains were mounted on en-

tomological pins (double mounting) and deposited at the

Museu de Zoologia, Universidade de São Paulo, São Paulo,

Brazil.

Results

Photomicrographs of the male and female habitus of

five species are shown in Figure 1. Drosophila aragua

(Figs.1a - d) has strongly clouded crossveins in the wings.
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Figure 1 - Photomicrographs of male and female imagines of five Drosophila species from the annulimana group, in left lateral, and dorsal views: a-d, D.

aragua [strain H20F1, Santa Maria da Serra, SP, 13-17.VI.1994]; e-h, D. arapuan [strain H81F1, Parque Estadual da Cantareira, São Paulo, SP,

7.IV.1997]; i-l, D. ararama [strain I83F5, Serra do Cipó, Santana do Riacho, MG, 1-4.XII.1998]; m-p, D. gibberosa [strain 1181.0, Mexico]; q-t, D.

schineri [strain I18F1, Morro Santana, Porto Alegre, RS, IV.1995]. All pictures were taken and enlarged to the same scale. Scale bar = 1 mm.



D. arapuan (Figs. 1e - h) is the largest species, while D.

ararama (Figs. 1i - l) is the smallest one. The thorax of D.

gibbberosa (Figs. 1m - p) has a lighter appearance because

it is less spotted than those of the remaining species.

Drosophila schineri (Figs. 1q - t) is easily identified by its

lighter abdomen and wide conspicuous oviscapt valves in

the females.

A total of 47 paracentric inversions were detected in

the ten annulimana group species analyzed and were dis-

tributed in the five polytene chromosomes as follows: four

inversions in the X chromosome, ten in chromosome 2,

three in chromosome 3, twenty-one in chromosome 4 and

nine in chromosome 5 (Table 2). Most inversions (44.7%)

were present in chromosome 4 and 12 out of the 47 inver-

sions (25.5%) occurred in a heterozygous condition.

The photomicrographic map of D. annulimana poly-

tene chromosomes (our standard arrangement) is shown in

Figure 2. Eight polymorphic inversions, which occurred

separately or in combination, were found in chromosome 4

of this species (Figure 3). Five of them were in the long arm

and three in the short arm. Their breakpoints are shown in

Figure 4.

Just one homozygous inversion (named Xa) was

found in the two analyzed strains of D. aracataca and its

breakpoints are indicated in Figure 5.

The same Xa inversion was found in the three ana-

lyzed stocks of D. aragua which also presented inversion

4a whose breakpoints are depicted in Figure 4A.

Two analyzed strains of D. arauna presented three

homozygous inversions, namely Xa, 4i and 4j. The break-

points of 4i and 4j are indicated in Figure 14.

Sixteen homozygous inversions were detected in

three isofemale lines of D. arapuan derived from flies col-

lected in the same locality. One of them in the X chromo-

some (named Xb; breakpoints in Figure 5), four in chromo-

some 2 (named 2a, 2b, 2c, and 2j; breakpoints in Figure 7),

seven in chromosome 4 (named 4k, 4l, 4m, 4p, 4q, 4r, 4s;

breakpoints in Figure 14) and four in chromosome 5 (called

5f, 5g, 5h, 5i; breakpoints in Figure 16). We were unable to

establish clear homologies between chromosomes 3 of D.

arapuan and D. arassari and those of the remaining spe-

cies, which are thus indicated with question marks in

Table 2.

Fifteen of the 16 homozygous inversions detected in

D. arapuan (all but 2j) were also found in three strains of D.

arassari, which presented three additional homozygous in-

versions (Xc, 2d, 4 t; breakpoints in Figures 5, 7, 14) and

three additional heterozygous inversions in chromosome 2

(named 2e/+, 2f/+ and 2g/+; breakpoints in Figure 9). Het-

erozygous inversions were also detected in chromosome 3

of D. arassari but we were unable to determine their break-

points.

Seven strains of D. ararama presented the following

fourteen homozygous inversions: Xb, 2a and 2h (break-

points in Figure 7), 3a, 3b and 3c (breakpoints in Figure

10), 4k, 4l, 4m, and 4o (breakpoints in Figure 14), 5a, 5b, 5c

and 5d (breakpoints in Figure 16). An additional heterozy-

gous inversion named 4n/+ (breakpoints in Figure 14) was

found in this species.

Nineteen homozygous inversions were found in the

single analyzed strain of D. gibberosa. In addition to the

same fourteen homozygous inversions detected in D.

ararama, five other homozygous inversions (called Xd, 2i,

4n, 4u and 5e; breakpoints in Figures 5, 7, 14 and 16, re-

spectively) were found in D. gibberosa.

The single analyzed stock of D. pseudotalamancana

showed 16 homozygous inversions, all shared with D.

gibberosa, which had three additional inversions (4n, 4u

and 5e).
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Table 2 - Chromosome constitution of ten Drosophila species of the annulimana group. The homozygous inversions that differentiate each chromosome

from the standard are represented in each column (except for the last one). The plus signal (+) indicates the standard sequence.

Species Chromosome Intraspecific

polymorphisms
X 2 3 4 5

D. annulimana + + + + + 4a/+,4b/+,4c/+,4d/+

4e/+,4f/+,4g/+,4h/+

D. aracataca a + + + +

D. aragua a + + a +

D. arauna a + + i, j +

D. arapuan b a, b, c, j ? k, l, m, p, q, r, s f, g, h, i

D. arassari b, c a, b, c, d ? k, l, m, p, q, r, s, t f, g, h, i 2e/+,2f/+,2g/ +

inversions in 3

D. ararama b a, h a, b, c, k, l, m, o a, b, c, d 4n/+

D. gibberosa b, d a, h, i a, b, c k, l, m, n, o, u a, b, c, d, e

D. pseudotalamancana b, d a, h, i a, b, c, k, l, m, o a, b, c, d

D. schineri b, d a, h, i a, b, c k, l, m, o a, b, c



Two isofemale lines of D. schineri derived from flies

collected at the same locality presented the same homozy-

gous inversions as D. pseudotalamancana, except for 5d.

Discussion

According to Dobzhansky and Pavan (1943), the sali-

vary gland cells of D. annulimana contain eight relatively

long and one very short chromosome strand (called chro-
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Figure 3 - Polymorphic inversions of Drosophila annulimana chromo-

some 4. A: heterozygous inversion 4a; B: heterozygous inversion 4b; C:

heterozygous inversions 4a and 4b; D: heterozygous inversions 4a and 4c;

E: heterozygous inversions 4a, 4b, and 4c; F: heterozygous inversion 4f;

G: heterozygous inversion 4g; H: heterozygous inversion 4h. Scale

bars = 10 μm.

Figure 4 - Photomicrographic map of Drosophila annulimana chromo-

some 4. A: long arm (4L) with the breakpoints of inversions 4a/+, 4b/+,

4c/+, 4d/+ and 4e/+ indicated; B: short arm (4S) with the breakpoints of in-

versions 4f/+, 4g/+ e 4h/+ indicated. Scale bars = 10 μm.

Figure 2 - Photomicrographic map of Drosophila annulimana polytene chromosomes. In this species the X chromosome is very large, formed by the X-5

fusion, and it has been separately mapped to facilitate the comparisons with the species without the fusion. Scale bar = 30 μm.



mosomes A through H, and chromosome I, respectively).

Except for chromosome G (= X), all chromosomes were as-

sociated in pairs. Such a total number of arms is partially in

agreement with our results for the polytene chromosomes

of that species. We found three two-armed and two one-

armed (sometimes associated) chromosomes (chromo-

somes 2 through 4, and chromosome X attached to chromo-

some 5, respectively), thus totaling eight long strands. We

interpreted the tiny chromosome I as being a detached part
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Figure 5 - Relationships among ten Drosophila species of the annulimana

group based on the inversions observed in the X chromosome. D.

annulimana, D. aracataca and D. aragua have the X-5 fusion. The break-

points of inversions Xa, Xb, Xc and Xd are indicated.

Figure 6 - Photomicrograph of the X chromosome of Drosophila aragua,

in which the ectopic pairing of regions 10 through 13 can be observed.

Figure 7 - Relationships among ten Drosophila species of the annulimana group based on the inversions observed in chromosome 2. A-C: hypothetical

sequences: homozygous for inversions 2a, 2b and 2c, respectively. The subdivisions (abcd) have no correspondence in the photographic map and were in-

cluded to facilitate understanding.



of one of the long strands (A through H). As Dobzhansky

and Pavan (1943) presented only rudimentary drawings of

the banding patterns of the proximal and distal ends of each

strand, we were unable to clearly establish the correspon-

dence between their chromosomes A through I and those

that we named 1(X) through 5.

In addition to the partial drawings of the polytene

chromosomes of D. annulimana presented by Dobzhansky

and Pavan (1943), there are only two publications contain-

ing photomicrographs of the polytene chromosomes of

Drosophila species from the annulimana group. Burla

(1950) presented data on four species and Roberts and

MacPhail (1985) reported on Drosophila gibberosa. These

authors stated that their data on the metaphase karyotype

and salivary gland chromosomes obtained from a strain

from Southern Mexico (coded 2530.1; exact place not

stated) differed from those previously described by Whar-

ton (1943) for a strain from Rio Purificacion, Mexico (stock

code not stated). According to Roberts and MacPhail

(1985), the neuroblasts metaphases of D. gibberosa pre-

sented four acrocentric pairs and one metacentric autosome

pair, identified as chromosome 5, instead of five pairs of

rods (acrocentrics), including one X with a proximal con-

striction and one J-shaped Y (submetacentric). Our data

(Tosi & Pereira 1993) using a different strain (3381) from

Mexico are in agreement with those presented by Wharton

(1943), except for the absence of a constriction on the X

chromosome. The three cited strains may belong to differ-

ent species or, alternatively, there may be a karyotypic

polymorphism in D. gibberosa. The analysis of pinned

males (if extant) of both strains, one from Rio Purification

and the other coded 2530.1, would help to solve the ques-

tion.

Burla (1950) found nine long arms in the salivary

gland cells of D. annulimana, instead of the eight long arms

reported by Dobzhansky and Pavan (1943). Burla (1950)

pointed out that he was unsure of the chromosomes corre-

spondence while comparing his data to the drawings and

nomenclature published by Dobzhansky and Pavan (1943).

Based on the five paracentric inversions we found in D.

annulimana, we interpret the chromosomes named A and C

by Burla (1950) as being the long and the short arms of

chromosome 4. Burla (1950) described a complex of three

overlapping paracentric inversions in chromosome A.

Those he named subbasal and terminal inversions are most

probably the same as those we described as 4f and 4g, re-

spectively. We noticed a remarkable similarity between the

drawing of two associated inversions in chromosome C

(Burla 1950: 491, Figure 1) and our Figure 3C, which are

probably the same two inversions that we found in the long

arm of chromosome 4 (4a and 4b). Burla (1950) described

two additional paracentric inversions, one in chromosome

B and another in chromosome E, while we only found het-

erozygous inversions in one chromosome of the entire

complement, i.e. chromosome 4 of D. annulimana.

Burla (1950) recognized five chromosome arms in D.

arapuan and three heterozygous inversions, two in the

same chromosome (one at each end) and one in another

strand. We also found three polymorphic inversions in this

species, but all in chromosome 2 (2e, 2f, and 2g).

Burla (1950) recognized five strands and three inver-

sions in D. arassari. Two of the inversions were at or near

the ends of the same chromosome and the third inversion

was at the medioproximal region of another chromosome.

Three inversions were also described for this species in the

present study, but all of them were detected in chromosome

2 (2e, 2f, and 2g). Inversion 2f seems to be the same as one

of those two found by Burla (1950) in one of the five

strands.

Six chromosome arms and no inversions were re-

ported in D. ararama by Burla (1950), while we found only

one polymorphic inversion in chromosome 4 (4n/+) of this

species.

In our analyses the polytene chromosomes 2 and 3 of

D. annulimana, D. aracataca, D. aragua, and D. arauna

and chromosome 4 of nine of the ten analyzed species (ex-

cept D. gibberosa) showed two separated or partially linked

arms in salivary glands preparations. All chromosomes had

several fragile spots that broke during squashing. The ex-

tremities of the broken segments tended to attract and ran-

domly attach to each other, making it very difficult to

identify and characterize different chromosomes.

Relationships among species

The species relationships were inferred assuming that

each paracentric inversion is a unique event. Accordingly,

two species which have the same inversion were consid-

ered to be more closely related than either is to a third spe-

cies without the inversion (refer to Wasserman, 1992 for a

discussion on the sources of errors in this kind of study).

The relationships obtained when considering only the

X chromosome are shown in Figure 5. In three species (D.

annulimana, D. aracataca, and D. aragua) the X chromo-

some was attached to chromosome 5. In D. aragua, the X

chromosome had several breakpoints and was hardly found

intact. Regions 11, 12 and 13 of the rare intact chromo-

somes were involved in an arrangement observed in both

sexes (Figure 6). Therefore, it is not an inversion, but an

ectopic pairing that is frequent in females and rare in males.

Figure 7 depicts the relationships obtained when only

chromosome 2 was considered. D. arassari was the only

species with polymorphic inversions in this chromosome

(Figures 8 and 9).

Chromosome 3 was the most difficult chromosome to

analyze in the annulimana species group. Besides the diffi-

culty in establishing homologies, it was seldom intact and

usually broken in several segments. The relationships de-

duced by the analysis of this chromosome are shown in Fig-

ure 10. The phylogeny based on chromosome 3 remained

incomplete because this chromosome could not be ana-
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lyzed in D. arapuan and D. arassari. Regions 1 through 5,

10 and 11 of D. arapuan were identical to the standard and

no homology could be established for regions 7, 8 and 9

(Figure 11A). D. arassari apparently underwent an even

more radical process of structural changes and almost no

homology with the standard could be established (Figure

11B).

A very small chromosome was observed in D.

arapuan. It occurred as an isolated element or attached to

the extremity of chromosome 4, which probably corre-

sponds to region 6 of chromosome 3 (Figure 12). This was

initially interpreted as a translocation of this segment to

chromosome 4. The squashing technique used could ex-

plain its isolated occurrence in some of the preparations.

When metaphase spreads were analyzed (Tosi and Pereira,

1993), a very small acrocentric chromosome was observed

leading to the hypothesis that the small isolated polytene

chromosome could correspond to this chromosome. The at-

tachment to chromosome 4 could take place because ex-

tremities attraction is a very common phenomenon in this
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Figure 10 - Relationships among eight Drosophila species of the

annulimana group based on the inversions found in chromosome 3. It was

not possible to establish the homology of the band sequences of this chro-

mosome in D. arapuan and D. arassari. Subdivisions (abcd) have no cor-

respondence in the photomicrographic map and were included to facilitate

understanding.

Figure 11 - Photomicrographs of chromosome 3 of A: Drosophila

arapuan, B: D. arassari. Homology with the standard could not be com-

pletely established. Scale bars = 30 μm.

Figure 8 - Heterozygous arrangements observed in Drosophila arassari

chromosome 2. A: heterozygous inversion 2e; B: heterozygous resulting

from pairing of the homozygous inversion 2g with the standard sequence

of D. arassari; C: heterozygous inversion 2f; D:heterozygous resulting

from pairing of the homozygous inversion 2e with the homozygous inver-

sion 2f. Scale bar = 10 μm.

Figure 9 - Photomicrographic maps of Drosophila arassari chromosome

2; the breakpoints of the inversions are indicated. A: D. arassari standard

sequence with the breakpoints of inversions 2e and 2f indicated; B: chro-

mosome 2 homozygous for inversion 2g.
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Figure 13 - Photomicrograph of an undetermined heterozygous arrange-

ments found in D. arassari chromosome 3. Refer to the text for discussion

regarding chromosome analyses.

Figure 14 - Relationships among ten Drosophila species of the annulimana group based on the inversions found in chromosome 4. A: hypothetical se-

quence: homozygous inversion 4i. B: hypothetical sequence: homozygous inversions 4k and 4l. C: hypothetical sequence: homozygous inversions 4k, 4l

and 4m. D: hypothetical sequence: homozygous inversions 4k, 4l, 4m, 4p and 4r. Subdivisions (abcd) have no correspondence in the photomicrographic

map and were included to facilitate understanding.

Figure 12 - Photomicrograph of chromosome 4 of Drosophila arapuan

with part of region 6 of chromosome 3 attached to its extremity. This seg-

ment also occurred isolated. Scale bar = 30 μm.



group. The origin of this chromosome would require a

translocation of region 6 of chromosome 3 to the hetero-

chromatic dot followed by the loss of the acentric segment.

In D. arassari (Figure 11B) the same region 6 occurred in

the extremity of chromosome 3. It is thus possible that the

translocation took place in a common ancestor of both spe-

cies (D. arapuan and D. arassari).

Some inversions were found in the same chromosome

in D. arassari (Figure 13). It is not possible to state that

there are no additional rearrangements because we were

unable to interpret the observed configurations.

The phylogeny based on chromosome 4 is shown in

Figure 14. A polymorphic inversion was found in D.

ararama (Figure 15). The relationships based on chromo-

some 5 are shown in Figure 16.

The phylogeny of the ten annulimana group species

obtained when all the polytene chromosomes inversions

were considered is shown in Figure 17. In order to propose

phylogenetic relationships it was often needed to assume

the existence of an intermediate hypothetical arrangement

(hereafter called simply “hypothetical”). A hypothetical se-

quence is defined as the sequence of bands which was ex-

tinct or not found in nature so far. The numbering in the

hypothetical arrangements is arbitrary and does not imply a

sequence of events. For instance, hypothetical arrangement

I did not necessarily occur before hypothetical arrangement

II. Thus, the arrangement called “hypothetical I” would be

just a given sequence linking subgroups.

The occurrence of intraspecific inversion polymor-

phisms could be either due to a transition from one band se-

quence to another or to the occurrence of balanced poly-

morphisms. Thus, the fact that inversion 4a was found to be

polymorphic in D. annulimana but fixed in D. aragua

could result from several and not necessarily exclusive

causes, such as the small number of analyzed strains, the to-

tal amount of generations in laboratory culture and how

representative they are of their species geographic ranges.

Therefore, the fixed condition of an inversion in a given

species may not be real. The same could have happened for

a similar condition regarding inversion 4n, which is fixed in

D. gibberosa, absent in D. pseudotalamancana and D.

schineri and polymorphic in D. ararama. The proposed

phylogeny was based on a relatively limited number of

strains and no further conclusions can be drawn.

Three subgroups of more closely related species can

be recognized and are hereby formally named, and diag-

nosed, as: 1) annulimana subgroup (D. annulimana, D.

aracataca, D. aragua and D. arauna) = absence of inver-

sion Xb ; 2) gibberosa subgroup (D. ararama, D. schineri,

D. gibberosa and D. pseudotalamancana) = presence of in-

versions Xb, 2a, 2h, 3a, 3b, 3c, 4k, 4l, 4m, 4o, 5a, 5b, and

5c); 3) arassari subgroup (D. arassari and D. arapuan) =

presence of inversions Xb, 2a, 2b, 2c, 4k, 4l, 4m, 4p, 4q, 4r,

4s, 5f, 5g, 5h, and 5i.

A very similar phylogeny was obtained when meta-

phase chromosomes of the same strains were used (Tosi

and Pereira, 1993). In this case the authors recognized the
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Figure 15 - Photomicrograph of a heterozygous inversion 4n/+ found in

the long arm of Drosophila ararama chromosome 4.

Figure 16 - Relationships among ten Drosophila species of the

annulimana group based on the inversions found in chromosome 5. A: hy-

pothetical sequence : homozygous inversions 5f and 5g. B: hypothetical

sequence: homozygous inversion 5h. Subdivisions (abcd) have no corre-

spondence in the photographic map and were included to facilitate under-

standing.



following three species clusters: 1) D. annulimana, to-

gether with D. aracataca, D. aragua, and D. arauna; 2) D.

arapuan and D. arassari; and 3) D. ararama with D.

pseudotalamancana and D. schineri. The position of D.

gibberosa remained uncertain as it could be clustered either

with the last group or with D. arassari.

In most reported cases, the phylogenetic hypotheses

based on chromosome analyses in Drosophila species con-

firm the classification based on morphology. Nevertheless,

both kinds of analyses provide conflicting results so that

morphologically closely related species present great chro-

mosome differences or, alternatively, morphologically

unrelated species show high chromosome homology (ex-

amples in Wasserman, 1960, 1982a and b; Kastritsis, 1969;

Kastritsis et al., 1970; Ward and Heed, 1970). The morpho-

logical analysis of the annulimana group male terminalia

supports some of the relationships established based on

chromosome analysis. D. annulimana, D. aracataca, D.

aragua and D. arauna are considered morphologically

close; D. arapuan and D. arassari are also more closely re-

lated to each other than each of them is to the remaining

species of the group. The remaining four species (D.

gibberosa, D. pseudotalamancana, D. ararama and D.

schineri) which were placed in the same subgroup because

of their chromosomes similarities, do not present a close

morphological relationship, mainly D. schineri, which is

considered to be an atypical member in the group (details in

Tosi and Pereira, 1993).

The small number of strains of each species analyzed

and the fact that some of them (D. gibberosa, D. aracataca

and D. pseudotalamancana) have been kept in the labora-

tory for over 20 years obviously limit our conclusions. The

loss of polymorphisms and the random fixation of some

chromosome arrangements can occur in strains kept in lab-

oratory conditions for a long time. It is therefore possible

that inversions and/or sequences that could increase or de-

crease the differences among species went undetected. Un-

fortunately, the ecological requirements of the analyzed

species are unknown and data on their geographic distribu-

tions are very limited. The absence of this kind of data hin-

ders the formulation of hypotheses on the evolutionary

history of the annulimana group. However, the data herein

presented point to the direction to be followed in order to

obtain additional information to corroborate or to modify

the interspecific relationships proposed.
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