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XVII. Polytene Chromosome Relationships in Hawaiian
Species of Drosophila. 111. The D. adiastola and
D. punalua subgroups’

HAMPTON L. CARSON"" AND HARRISON D. STALKER’ f/ B

This paper is the third in a current series describing the sequential relation-
ships in the giant chromosomes of the picture-winged members of the subgenus
Drosophila in Hawaii. The species dealt with in this paper fall into two recogniz-
able chromosome subgroups. Information is published here on nine species in the
D. adiastola subgroup and six in the D. punalua subgroup. Two of the species are
as yet undescribed and have been tentatively designated as “A” and “B”. Pre-
liminary data have been published on four and three species respectively from
these two subgroups (Carson, Clayton and Stalker, 1967).

MATERIALS AND METHODS

As in the first two papers in this series, the chromosome sequences in all species
in all subgroups of picture-winged Drosophila are described in terms of an arbi-
trarily-chosen Standard. The chromosome arrangements found in the Auwabhi,
Maui strains of D. grimshawi have been so designated (Carson and Stalker,
1968a). Lower case letters have been used to denote inversions; those used in this
paper, therefore, supplement those used in Carson and Stalker, 1968a and b.
Tables 1 and 2 give the geographical origin and the number of chromosomes
examined from each wild strain. Other details of the methods used will be found
in the earlier papers of this series.

ResuLts
Description of inversion break-points
The D. aviastoLa subgroup

The positions of the inversion breaks are given in Figures 1-3. The distribution
of the inversions in the various species is given in Figure 6. In all photographs,
the chromosomes are shown with their distal ends to the left. Figure 1 shows a
photographic map of chromosome X (above) and chromosome 2 (below) of
D. adiastola of Maui. The arrangement shown in the X can be returned to the
Standard, at the distal end, by making the inversions v, u and o in that order.
The proximal end can be similarly returned by making y, w, x, k and i in that

1 Published with the approval of the Director of the University of Hawaii Agricultural Experi-
ment Station as Technical Paper No. 969.

* Geneticist, Department of Entomology, University of Hawaii, Honolulu (1967-68).

3 Department of Biology, Washington University, St. Louis, Missouri.
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Chromosome X (top) and chromosome 2 (below) of D. adiastola. For details, see text.

Fic. 1.
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order. The break-points of inversions Xo and Xi and Xk are identical to those
inversions as found in the D. planitibia subgroup; they are considered to be the
same. Inversions Xz, Xm?, Xn? and Xo? are independent and are extensions of
the basic D. adiastola gene order. The order found in new species “A” from Kauai
can be made by inverting Xx and Xw (Fig. 1) and then making the new inver-
sions Xr? Xs? and Xt2.

The lower photograph in Figure 1 shows chromosome 2 of D. adiastola. Return
to Standard can be achieved by making the independent inversions c and d. The
inversions which are based on the D. adiastola gene order and extend it are 2e,
2d, 21, 2k and 2p. All represent single steps from the basic 2cd of D. adiastola.
2p, however, is polymorphic within D. ochrobasis, which has fixed 2k. Accord-
ingly, the former must have followed 2k in time (Fig. 6), unless the assumption
is made that the whole phylogeny as presented starts with D. ochrobasis.

Figure 2 shows chromosome 5 (above) and 3 (below) of D. adiastola. When
5f is inverted, the result will be the Standard 5. Chromosome 3 of D. adiastola is
shown in the lower photograph of Figure 2. Inversions 3k, 3j and 3f, made in any
order, will produce the Standard arrangement. The inversion of 3f alone, how-
ever, will produce the arrangement 3jk which is precisely that which is found in
new species “A” (Kauai). Further, 3f appears to be identical with 3f of D.
punalua (see Figure 5, upper). The latter, however, lacks 3jk. 31, 3u and 3t are
each inversions extending the basic 3fjk gene order of D. adiastola. Although 3t
and 31 overlap, they have occurred independently in different species (see Fig. 6).

Figure 3 illustrates chromosome 4 of the D. adiastola subgroup. The length
of the photographs has necessitated an arbitrary division of each photograph into
two parts. The situation in this chromosome is complex, but with an orderly
application of the following information it will be possible to reconstruct the
banding order of almost all fourth chromosomes in the subgroup. The gene order
which has been invariably found in D. adiastola is shown at the top of the figure.
To return to the Standard D. grimshawi chromosome 4, inversion p should come
first, followed by o and then b. 4q, which is independent, completes the restora-
tion of Standard. Inversions 4r and 4s shown on the upper chromosome are inde-
pendent extensions of the D. adiastola gene order (see Fig. 6). To obtain the fourth
chromosome gene order found in new species “A” from Kauai (4bov?), inversions
4p and 4q must be made and then 4v> added as an extension.

Both the middle and the lower chromosomes on Figure 3 represent that fourth
chromosome gene order of D. setosimentum which is closest to D. adiastola; it has
the formula 4bopqb2c2d2e*f2n®2. To return to the D. adiastola arrangement, all of
the inversions shown in the middle figure must be made. 40? should come first,
followed by 4b* The rest are independent and can be made in any order. To
permit further illustration of break-points, 4c> 4d* and 4e? are also shown in the
upper figure as extensions of the D. adiastola fourth chromosome. The lower
chromosome (D. setosimentum) shows the same gene order as the middle one.
In this case, however, the position of four inversions which have been found to be
polymorphic within D. setosimentum are given. All of these have been observed
in the homozygous state.

Drosophila ochrobasis, like D. setosimentum, has 4b? in fixed condition. Certain
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Fic. 3. Chromosome 4 (top) of D. adiastola, chromosome 4 of D. setosimentum (middle and bottom). For details, see text.

fourth chromosomes of D. ochrobasis differ from D. adiastola, furthermore, only
by 4b2. This arrangement can be visualized in Figure 3 by making all the inver-
sions in the D. setosimentum chromosome (middle) except 4b2. D. ochrobasis.
however, has in its populations at least two more extensively rearranged fourth
chromosomes. These form complex heterozygotes proximally with the above
chromosome. Neither of these has been found in the homozygous state and their
full band ordering has not been deciphered. These chromosomes, however, all
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clearly show the 4c? gene order. The undeciphered portion, due to about four
short additional inversions, is located in the proximal two-thirds of the chromo-
some, proximal to the proximal break of 4c2. Further study of the polymorphism
in these two species is in progress.

The D. puNaALUA subgroup

The positions of the inversion breaks are given in Figures 4 and 5. The distri-
bution of the inversions in the various species is shown in Figure 6. Figure 4
shows the X (above) and 4 (below) of D. punalua of Oahu. When the inde-
pendent inversions Xe and X{ are made, the result will be the D. grimshawi
Standard. The lower chromosome in this figure is the fourth. It can be changed
back to the Standard order by making inversions 4e, 4f, 4g and 4b. The latter,
which is shared by most members of all of the other three subgroups, is probably
the oldest of the four. 4b and e must precede 4u?, a new extension found in D.
basisetae.

Figure 5 shows chromosome 3 (above) and 5 (below) of D. punalua. When
inversion 3f is made, the result will be the Standard 3. It should be noted that
this inversion appears to be identical with that found in the D. adiastola subgroup
(see Figure 2, lower). Chromosome 5 (below) shows the Standard gene order in
D. punalua. 5b, 5c and 5m are independent extensions of the Standard order
found within several species of the subgroup. Chromosome 2 throughout the sub-
group is identical in gene order to the Standard and has not been illustrated.

Fixation and polymorphism for inversions

Except for 5m and 5c¢ in D. prolaticilia, the D. punalua subgroup species lack
intraspecific chromosomal polymorphism. This fact is shown in Table 3, which
also summarizes the data on both fixed and polymorphic inversions in all four

TaBLE 3

Chromosome inversions in 53 species of picture-winged Drosophila from Hawaii. Inversions
common to two or more subgroups are not included more than once

No. of
Chromosome species X 2 3 4 5 Total
Number of fixed inversions:
D. grimshawi subgroup 29 11 2 5 4 2 24
D. planitibia subgroup 9 11 0 2 3 1 17
D. adiastola subgroup 9 10 5 5 8 1 29
D. punalua subgroup 6 2 0 1 4 1 8
Total 53 34 7 13 19 5 78
Number of inversions polymorphic within a species:
D. grimshawi subgroup 0 1 7 11 3 22
D. planitibia subgroup 4 3 2 4 0 13
D. adiastola subgroup 2 1 1 9 1 14
D. punalua subgroup . 0 0 0 0 2 2
Total 53 6 5 10 24 6 51
Grand Totals 40 12 23 43 11 129
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subgroups. It is noteworthy that chromosome 2 and 5 are involved in inversions
less frequently than the others. Chromosome X is the leader in fixed inversions
but does not show polymorphism as frequently as chromosome 4. The latter, with
24 polymorphisms in 53 species is by far the most frequent chromosome to be so

involved.

Discussion
Relationships of the species based on banding sequence

These relationships are presented in Figure 6. As in previous diagrams of this
sort (see Carson, et al., 1967 and Carson and Stalker, 1968a and b), certain hypo-
thetical populations are proposed as necessary common ancestors for existing
species. In a number of instances, these populations are assumed to have been
heterozygous for one or more inversions which have subsequently become homo-
zygous as the species were formed. Inversion-sharing can, of course, also be
explained by hybridization after the formation of the species. Intrinsically, the
data do not speak against this hypothesis. Until such time, however, as evidence
for such interspecific hybridization in nature is obtained, the hypothesis that
inversion-sharing is due to common descent will be favored.

setosimentum

Hawaii
[Xn%4 Xo% 21 4c2d?fnPp% q¥+ r7+s% | och}:obagis
awaii
[2k 2p4 3ui 4Ch 4-complexes A 514]
uniseriata basisetae spectabilis adiastola
Oahu Hawaii Maui, Molokai Maui, Lanai e
cilifera
l4_—r|_| Molokai
punalua paucipuncta iculipedi

Oahu Hawaii penngt;/:ggidls

clavisetae neogrimshawi
Maui Oahu

Xef 3f 4 efg

prolaticilia
Hawaii

5b5cA SmA

Xvw 3f 4q4p/k Sf) new sp-A"
Kauai
(X ouxy 2cd 3jk 40— {Xr5s*t?3w 4
Xik XoA planitibia subgroup]

3t4 4b)

grimshawi subgroup

Fic. 6. Chromosomal relationships among nine species of the D. adiastola subgroup (right)
and six species of the D. punalua subgroup (left). Letters appearing singly represent fixed inver-
sions whereby the arrangements found differ from the D. grimshawi Standard. For details, see
text.
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Geographical distribution, migration and evolution of the
D. apiastora and D. puNaLua subgroups

At the bottom of Figure 6, two hypothetical populations are proposed. These
populations could have served as points of origin of all four subgroups, as indi-
cated in the figure. Evidence is strong (see Carson and Stalker, 1968b) that the
D. planitibia subgroup had its main differentiation on Maui, following migration
to that island from Kauai by a D. picticornis-like ancestor (Xijk 3d 4b). The
inversion-sharing data, however, give no very good clues to the island origin of
the D. punalua and D. grimshawi subgroups. On other grounds, however, it has
been tentatively suggested that the latter group arose on Maui (Carson and
Stalker, 1968a). The D. punalua subgroup is remarkable in its chromosomal
uniformity in the face of wide distribution in the islands (with the curious excep-
tion of Maui) and the wide morphological divergence among its essentially homo-
sequential members,

On the other hand, the discovery and analysis of a new species (“A”) of the
D. adiastola subgroup on Kauai has shed considerable light on the origin of this
subgroup. It is of particular interest that this Kauai species shares Xi, Xk, Xo and
4b with D. picticornis, of the D. planitibia subgroup, but at the same time it has
much in common with D. adiastola of Maui. It is hard to escape the conclusion

[o] 50 100 miles

HAWALI
Fic. 7. Migration of the D. adiastola subgroup on the principal islands of Hawaii. Following
an early colonization of Maui from Kauai, Drosophila neogrimshawi (ng) apparently reached
Oahu by northwestward migration of a colonizer. A similar colonization appears to have led to
the population ancestral to D. setosimentum (se) and D. ochrobasis (oc) of Hawaii. A = new
species “A”, a = D. adiastola, cf = D. cilifera, cl = D. clavisetae.
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that both species “A” and D. adiastola are descended from a common Kauai
ancestor (Xikouxy 2cd 3jk 4bo, Figure 6). Furthermore, it seems likely that the
D. adiastola species cluster on Maui (Figure 6) arose from a colonizer from Kauai
which of necessity must have been different from the D. picticornis-like ancestor
referred to previously (Figure 7).

The curious but rather close relationship between D. adiastola and D. clavisetae
requires that several ancestral populations of the two were heterozygous for 4p.
These species, nevertheless, are quite similar cytologically. This is interesting
because both D. clavisetae and D. neogrimshawi have an extra crossvein in cell
R; (see Hardy, 1965, 1966). This recalls the situation in the D. planitibia sub-
group, a cytologically distinct array which includes extra-veined species. The
conclusion that these extra crossveins have arisen independently in the two
lineages is inescapable. This fact further speaks against the retention of a generic
name for those species having extra crossveins (see Carson, et al., 1967).

Carson and Stalker (1968b) showed that the D. planitibia subgroup species
found on Oahu are most closely related to Maui species rather than the Kauai
member of this subgroup. In a similar manner, the Oahu member of the D.
adiastola subgroup (D. neogrimshawi) is not intermediate between the Kauai
and Maui faunas. This species has both the extra crossvein and two specific
inversions (Xz and 2e) in common with D. clavisetae of Maui. Thus, it is related
specifically to this peculiar Maui species. That it arose from a northwestward
colonizer from Maui is strongly indicated (Figure 7).

Intraspecific chromosomal polymorphism is absent in D. adiastola (Table 1)
and, with the exception of D. peniculipedis, none of the Maui-complex species
shows any such variation. Furthermore, despite pronounced morphological diver-
gence, especially between D. clavisetae and D. adiastola, the number of fixed
inversion differences is small in all the Maui-complex species. Accordingly, the
sharp cytological divergence of the two species on the Island of Hawaii, D. ochro-
basis and D. setosimentum, is remarkable. Thus, D. setosimentum, which is
almost indistinguishable from D. adiastola in the female, has ten fixed inversion
differences from the latter, including seven in chromosome 4. Both Hawaii
species, furthermore, show extensive chromosomal polymorphism which will be
the subject of further investigation.

As in the D. grimshawi and D. planitibia subgroups, the D. adiastola subgroup
members found on the geologically new island of Hawaii probably arose by
simple colonization across the Alenuihaha Channel between these two islands

(Figure 7). The two species could have originated from a single colonizer having
the approximate formula, superimposed on the D. adiastola basic arrangements,
of Xm? 31 4b2 4c2/+ (Figure 6). Both species are present in the Kohala Mountains
as well as being quite widely distributed elsewhere. D. ochrobasis, however,
appears to occupy higher altitudes and the two are apparently only rarely
sympatric.

SUMMARY

The polytene chromosome sequences of 15 species of picture-winged Hawaiian
Drosophila are described. These comprise the D. adiastola subgroup (9 species)
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and the D. punalua subgroup (6 species). Two of the former and four of the
latter are homosequential. Although the island origin of the very uniform D.
punalua subgroup is in doubt, the Kauai member of the D. adiastola subgroup
has chromosomal conditions which suggest an ancestral position. As in the D.
planitibia subgroup, it appears that an early D. adiastola-like colonizer reached
Maui from Kauai. During or following a speciation episode on Maui, at least
one further colonizer reached Oahu and one reached Hawaii.

Seventy-eight (78) fixed and fifty-one (51) polymorphic inversions have been
found in the 53 species belonging to the four subgroups of the picture-winged
species of the Hawaiian Islands.

ACKNOWLEDGMENTS

This work has been supported by the Evolution and Genetics of Hawaiian
Drosophilidae Project, Grant No. GM10640-04 and —05 to the University of
Hawaii from the National Institues of Health; and by GB-3147 to Washington
University and GB-711 to the University of Texas from the National Science
Foundation. Personal acknowledgments will be found in Paper I of this series.

REFERENCES
Carson, H. L., F. E. Clayton, and H. D. Stalker. 1967. Karyotypic stability and speciation in
Hawaiian Drosophila. Proc. Nat. Acad. Sci., 57: 1280-1285.

Carson, H. L., and H. D. Stalker. 1968a. Polytene chromosome relationships in Hawaiian
species of Drosophila. I. The D. grimshawi subgroup. (This bulletin).

1968b. Polytene chromosome relationships in Hawaiian species of Drosophila.
II. The D. planitibia subgroup. (This Bulletin).

Hardy, D. E. 1965. Insects of Hawaii. Volume 12. Diptera: Drosophilidae. Honolulu: Uni-
versity of Hawaii Press. 814 pp.

1966. Descriptions and notes on Hawaiian Drosophilidae (Diptera). University
of Texas Publ., 6615: 195-244.




