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ABSTRACT  D. setosimentum and ochrobasis are a pair
of very close, partly sympatric species endemic to Hawaii
island. Males of the two species differ strikingly in wing-pat-
tern and there are altitudinal and breeding-site differences.
Similarity indices have been calculated for both chromosom-
al (C) and allozymic (A) variants. Within the main popula-
tions of each species both kinds of data give coefficients
above 0.98. Interspecific comparison of the main populations
shows 0.66 (C) and 0.79 (A). An isolated population of ochro-
basis from Kohala Volcano (Ohu), when compared with se-
tosimentum, shows 0.68 (C) and 0.98 (A). Chromosomes are
thus much more sensitive than allozymes in distinguishin;
these species; the same is true in the case of D. silvestris an
heteroneura from the same forests. These morphologically
distinct species, when compared, show 0.96 (A). four
species appear to be very new in the historical sense. In one
area, about 2% of wild-caught D. setosimentum/ochrobasis
are interspecific hybrids although adequate samples indicate
that the separate gene pools have notegroken down. The spe-
cific names should be retained but the two entities are per-
haps best described as quite advanced semispecies in which
reproductive isolation in nature is now nearly complete.

A revolution is brewing in contemporary systematics, espe-
cially at or near the level of species differences (1). Data on
genetic variability within and between closely related popu-
lations can be used to establish highly sensitive indices of ge-
netic similarity (2). A review of the biochemical variation
within and between the merabers of the Drosophila willisto-
ni group of species has recently appeared. A direct relation-
ship between indices of genetic similarity and certain sys-
tematic designations was proposed (3).

If identity is taken as 1.0, local geographic populations of
a species were shown to have mean genetic similarities of
0.97, subspecies and semispecies about 0.8, sibling species
0.52, and nonsibling species 0.35. The present paper reports
genetic similarities within and between a pair of partially
sympatric, very closely related species endemic to the Island
of Hawaii. We introduce the use of indices based on chro-
mosomal variability and compare them with indices based
on allozymes. Biochemical similarity both within and be-
tween the species is high, although they are strongly differ-
entiated morphologically and chromosomally. These species
evidently are very new in the historical biological sense. We
propose that their biochemical similarities are directly corre-
lated with this circumstance.

MATERIALS AND METHODS

Specimens of Drosophila setosimentum and ochrobasis
were collected in wet highland (1100-1650 m) forests on the
“Big Island” of Hawaii, to which they are endemic. Except
as supplemented below, details of geographical localities,

* Genetic variation in Hawaiian Drosophila IIL No. II of the series
is found in Markert, C. L. (1975) Isozymes Vol. 4, Genetics and
Evolution (Academic Press Inc., New York).
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sympatry, and cytological and electrophoretic techniques
have been published (4). New collections were made at Puu
Makaala, 8 km northeast of Olaa (locality 11, Fig. 1 in ref. 4)
and at two sites along the western boundary between the
Kau Forest Reserve and the Kahuku Ranch near the south
end of the Island. One of these areas, called Kahuku Ranch-
8800 ft. (1150 m) yielded D. setosimentum. Other new col-
lections, mostly D. ochrobasis, were made at Kipuka Pahipa,
7.2 km to the northeast of the Kahuku Ranch-3800 ft. (1150
m) site. This is the same as locality 14, described in ref. 4.

We report here data on three additional allozyme loci, al-
dehyde oxidase (A0), a B-napthyl acetate esterase locus (Est-
38) and an additional hexokinase (Hk-2), making a maximum
of fourteen used for comparison of populations. The two
species show variation at a total of 30 polytene chromosome
sections due to inversions or complex chromosomes (4). Each
section was scored in each salivary gland chromosome smear
examined; that is, it was recorded as heterozygous for the
variant, homozygous for the variant, or homozygous for the
standard condition. These data have been used to calculate
similarity coefficients in the same manner as for electropho-
retic data (2). Table 2 lists a new inversion, Xn3, from Puu
Makaala. Reexamination of old slides from Mawae, Kipuka-
4400 (1340 m) ft. and Olaa show its frequency in these pop-
ulations to be 0.056, 0.032, and 0.005, respectively.

OBSERVATIONS

The new data and those from (4) were used to calculate sim-
ilarity coefficients (Nei’s I) for both allozymes (7-14 loci per
comparison) and chromosomes (30 sections per comparison),
for seven populations of D. setosimentum and three of och-
robasis (Tables 1-3 and Fig. 1).

The first six populations of D. setosimentum listed in Fig.
1 are all from the highlands of the windward side of the
island. They show uniformly high coefficients for both chro-

Laalaau

Ohu
Kona

Laalaav 991 |.993|.991(.956|.978 |.916
Ohu |.994 999 [.999|.979|.996|.890
'((‘iggg,‘)’ .975 |.991 .998 [.978].991 |.891
Olaa |.992].998 | .995 977 |.996 |.888
Mawae |.969(.971|.969|.970 982 [.848
Kahuku |.993|.996|.988 |.999].950 .838

Kona [.910].923|.917 (.989|.877 |.887

FIG. 1. Genetic similarity (I) between local populations of
Drosophila setosimentum. Above diagonal: values based on 30
chromosomal regions; below diagonal: values based on 7-11 allo-
zyme loci.
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Table 1. Allozyme variation in D. setosimentum and ochrobasis

D. setosimentum D. ochrobasis
Kahuku Six Two
Puu Ranch pooled Kipuka pooled
Locus Alleles Makaala (3800 ft.) populations Pahipa populations
Ao Genomes 66 273 273 182 182
105 0.212 0.037 0.037 1.00 1.00
100 0.348 0.630 0.630
95 0.409 0.311 0.311
20 0.030 0.022 0.022
Est-3 Genomes 66 275 275 182 182
105 0.091 0.015 0.015
100 0.303 0.084 0.084 0.440 0.440
95 0.303 0.742 0.742 0.560 0.560
90 0.242 0.149 0.149
85 0.061 0.011 0.011
Odh Genomes 66 272 1310 182 226
110 0.009
105 0.008 0.009
100 1.00 1.00 0.963 1.00 0.934
95 0.023 0.004
90 0.000 0.000
85 0.005 0.044
Adh Genomes — 270 836 — 58
105 0.001
100 0.937 0.978 — 1.00
95 0.063 0.020
Lap Genomes — 192 758 39 55
105 0.005
100 0.984 0.989 1.00 0.945
95 0.016 0.006 0.055
Me Genomes 66 286 1336 182 240
110 0.001
105 0.015 0.010 0.010
100 0.939 0.969 0.954 0.011 0.008
95 0.045 0.021 0.034 0.989 0.992
Pgm Genomes 66 224 1284 158 212
105 0.030 0.054 0.038 0.962 0.953
100 0.939 0.866 0.932 0.038 0.047
95 0.030 0.058 0.019
20 0.022 0.010
Got-2 Genomes 66 194 758 182 226
110 0.001
105 0.136 0.314 0.380 0.040
100 0.864 0.624 0.602 1.00 0.960
95 0.046 ., 0.013
90 0.015 0.004
aGpd Genomes — — 1088 — 48
105 0.005
100 0.990 1.00
95 0.006
Idh Genomes - 38 986 6 64
105 0.010
100 1.00 0.984 1.00 1.00
95 0.006
HE-1 Genomes — — 502 6 16
105 0.002
100 A 0.998 1.00 1.00
Hk-2 Genomes —_ — 260 6 6
100 1.00 1.00 1.00

(Continued on next page)
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Table 1. (continued)

D. setosimentum D. ochrobasis
Kahuku Six Two
Puu Ranch pooled Kipuka pooled
Locus Alleles Makaala (38 OOM ft) populations Pahipa populations
Mdh-1 Genomes —_ 176 1174 12 70
110 0.002
105 0.006 0.014
100 0.994 0.983 1.00 1.00
95 0.001
Mdh-2 Genomes — — 1079 12 70
100 0.999 1.00 1.00
95 0.001
—, No data.

mosomes and allozymes and may be pooled. Mean I with heterochromatin difference which is not included in the cal-
standard error is given on the top line in the body of Table culation of the polytene chromosome coefficients.

4. Most comparisons show some difference from the Kona The data from D. ochrobasis were handled in a similar
population, especially chromosomally (Fig. 1 and Table 4). manner (Tables 1-3). Pairwise examination of the two popu-
The latter is geographically isolated from the others on the lations, Kipuka Pahipa and the combined Mawae-Kipuka
southwest side of the Island and displays a fixed metaphase 4400 ft. samples show high similarity (Table 4). When

Table 2. Chromosome variation in D. setosimentum and ochrobasis

D. setosimentum D. ochrobasis ‘ D. setosimentum D. ochrobasis
Six Two Six Two
Chromo- Kahuku pooled pooled Chromo- Kahuku pooled pooled
some Puu Ranch popula- Kipuka popula- some Puu Ranch popula- Kipuka popula-
variant Makaala (3800 ft.) tions Pahipa tions variant Makaala (3800 ft.) tions Pahipa tions
Genomes 46 149 514 185 299 4q? 0.194 0.590 0.425
Xn2t ) 1.00 1.00 4rig?t 0.484 0.115 0.257 1.00 1.00
Xn? 1.00 1.00 1.00 4r3s? 0.516 0.885 0.743
Xo3** 1.00 1.00 0.971 1.00 1.00 4cxot 0.984 1.00 0.971 1.00 1.00
Xo? 0.029 4cx? 0.016 0.029
Xext 0.978 0.980 0.940 1.00 1.00 43t 1.00 1.00 1.00 1.00 1.00
Xex 0.022 0.020 0.060 43
Xb3*t 1.00 1.00 0.992 1.00 1.00 4exb+ 1.00 1.00 1.00 1.00 1.00
Xb? 0.008 4exd
Xn3+* 0.913 1.00 0.992 1.00 1.00 4d3t 1.00 1.00 1.00 1.00 0.887
Xn3 0.087 0.008 4d? 0.113
dexC+ 1.00 1. 1. . .781
Genomes 62 200 631 241 388 dex€ 00 00 g fg; 8 329
+ . -
2l 1.00 1.00 24
: 4d 1.00  1.00
20 1.00 1.00 1.00 2
4d 1.00 1.00 1.00
2k* 1.00 1.00 1.00 24
4e 1.00 1.00
2k 1.00  1.00 4e? 1.00  1.00  1.00
2pt 1.00 1.00 1.00 1.00 0.881 +
47 1.00 1.00
2p 0.119 45? 1.00  1.00  1.00
2ext 1.00 1.00 1.00 1.00 0.982 24 )
20x 0018 4n 1.00 1.00
. 2
3e**  1.00 1.00 0998 1.00  1.00 e 100 1000 100
. o 1.00  1.00
e 0.002 40° 1.00  1.00  1.00
3cxat 1.00 1.00 0.994 1.00 1.00 : :
3cxa 0.006
3ut 1.00 1.00 100 100  0.848 Genomes 62 200 631 241 388
Su 0.152 51+ 1.00 1.00 1.00 1.00 0.881
3exP*  1.00 100 100 1.00  0.992 51 . 0.119
3exb 0.008 5p* 1.00 1.00 1.00 1.00 0.941
5p 0.059
Genomes 62 200 612 241 388 5ut 1.00 1.00 1.00 0.905 0.941
4p*+ 0.355 0.035 0.126 1.00 1.00 Su 0.095 0.059
4p? 0.645 0.965 0.874 5ext 1.00 1.00 1.00 1.00 0.985

4q** 0.806 0.410 0.575 1.00 1.00 b5cx 0.015
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Table 8. Previously unpublished allozyme data on
D. setosimentum and ochrobasis

Locality

D, setosimentum D. ochrobasis

Locusalleles 4 5 7 11 8 17 7 8 5

‘Lap 105 1 9
100 29 37 74 367 34 11 13
95 1 1 1 10 2 1 3

a-Gdp 106 4 1
100 30 89 52 871 35 55 20 38 32
95 1 5 1
Mdh-1 110 2
105 1 15 1
100 30 89 52 854 36 36 20 38 31
95 1
Mdh-2 100 30 90 52 871 36 56 20 38 32
95 1
dh 105 5 1 4
100 30 83 51 732 36 56 20 38 52
95 2 4
Adh 105 1
100 30 90 52 365 28 56 20 38 32
Hk-1 105 1
100. 30 89 52 306 24 48 20 10 32
Hk-2 100 260 32

Localities: Laalaau (4), Ohu (5), Kipuka-4400 ft. (7), Olaa (11),
Mawae (8), and Kona (17). Entries give number of genes observed.

pooled, these samples show a small difference electrophoret-
ically from the ochrobasis population of Ohu, which is iso-
lated from the others on the Kohala volcano in the northwest
corner of the Island. The overall unweighted intraspecific
means, however, are both quite high and quite similar
(Table 4). '

Interspecific comparisons are shown in Table 5. The com-
parisons in the Table are listed in order of decreasing chro-
mosomal similarity. The data show that the interspecific
chromosomal comparisons are much more efficient in distin-
guishing the species than are those based on allozymes; in
fact, three of the four latter comparisons are above 0.9. The
case of the Ohu population of ochrobasis is interesting, Al-
though it stands out as different when allozymes within its
own species are compared (0.870, Table 4), it shows extraor-
dinary allozymic similarity to setosimentum (0.981 with the
highland pool and 0.912 with Kona, Table 5).

DISCUSSION

Although cytological differentiation between these two
species is considerable, biochemical differences are small.
The two entities, however, do not appear to be subspecies.
Individuals of each may be clearly recognized in most sym-
patric situations by any one of an extensive series of fixed in-
versions and there are altitudinal (4) and breeding-site dif-
ferences (5) as well. Males of the two species differ strikingly
in color pattern on the wings (6). '
On the other hand, there is considerable evidence to
suggest that D. setosimentum and ochrobasis might be con-
sidered semispecies (7). The inference that some hybridiza-
tion has occurred between them in the past (4) has now been
confirmed by a recent discovery (8). In the Kahuku Ranch-
Kau Forest Reserve area near the south end of the Island,

Proc. Nat. Acad. Sci. USA 72 (1975)

Table 4. Genetic similarity within Drosophila
setosimentum (SETOSI) and D. ochrobasis (OCHRO)

Populations compared Chromosomes  Allozymes

SETOSI: six local
highland (pairwise)

SETOSI: six local
paired with Kona

0.987 + 0.003 0.983 + 0.004

0.879 + 0.012 0.917 + 0.016

OCHRO: two local 0.984 0.983
OCHRO: two local (pooled)

with Ohu 0.996 0.870
Unweighted mean

(intraspecific) 0.962 0.938

one naturally-occurring F1 and three backeross hybrids be-
tween the species have been unequivocally recognized. This
amounts to about two per cent of the wild flies examined in
this area. In view of the substantial natural samples studied
and the wealth of both electrophoretic (9) and cytological
markers in that area, the interbreeding can be judged to be
rather sparse.

Secondary sexual differences, such as those that character-
ize the males of these species, do not militate against the
proposal of semispecies status. Indeed, such characters dis-
tinguish some of the classical cases of semispecies, as, for ex-
ample, in certain birds of paradise (7). As in the birds, these
secondary sexual characters are concerned with the complex
territorial (lek) and sexual behavior manifested by many of
the “picture-winged” group of Hawaiian Drosophila to
which these flies belong (10).

Finally, the most inclusive electrophoretic comparison
(4th comparison, Table 5) gives a value of 0.792, close to that
proposed for the semispecies of Drosophila paulistorum (3).
Unlike the latter, however, D. setosimentum and ochrobasis
appear to be best described as quite advanced semispecies,
in which reproductive isolation in nature is still incomplete.
We favor the retention of the two specific names for the two
entities.

There remains, however, the interesting fact that certain
populations of the two species are virtually indistinguishable
electrophoretically. The most extreme of these is the Ohu
population of ochrobasis, which shows a similarity index of
0.981 when compared with D. setosimentum. The parallel
cytological information on this population precludes the pos-
sibility that the electrophoretic similarity is due to current
hybridization.

Close interspecific electrophoretic similarity is not un-

Table 5. Genetic similarity between Drosophila
setosimentum (SETOSI) and D. ochrobasis (OCHRO)

Populations compared Chromosomes Allozymes

SETOSI: Kona with

OCHRO: Ohu 0.725 0.912
SETOSI: Kona with
OCHRO: 2-local (pooled) 0.712 0.902
SETOSI: 6-local (pooled) with
OCHRO: Ohu 0.677 0.981
SETOSI: 6-local (pooled) with
OCHRO: 2- local (pooled) 0.663 0.792
Unweighted mean

(interspecific) 0.692 0.897
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known between other species of Drosophila from the Island
of Hawaii (11). For example, the sympatric species D. silves-
tris and D. heteroneura have extensive morphological (12)
and cytological (13, 14) differences. They show ethological
isolation (15) as well as other biological differences (16). All
this implies considerable genetic difference in addition to
the inversions. Yet these two species show an allozymic simi-
larity coefficient of 0.96 (11). According to the proposals in
(8), this would place them as local populations of the same
species, an untenable interpretation.

Hawaii Island is geologically new (less than 7 X 10°
years). Species endemic to the Island are necessarily even
newer. One of us (17) has suggested that speciation in these
and other forms may have involved a forced genetic reor-
ganization following the stochastic effects of an allopatric
founder event. Unlike the subjects of this paper, however,
quite a few instances are known in which species are formed
without any detectable polytene chromosome reorganiza-
tion. One cluster of eight (now 9) homosequential species re-
lated to D. grimshawi is known (18). In like manner, the
present cases show that species can indeed also be formed
with only a small amount of allozymic reorganization. We
suggest that this is related to the recency of the speciational
events. Possibly the two populations have just recently
emerged from a strongly stochastic stage in their life history
as species. This stage may be characterized principally by
recombinational reorganization relative to the ancestral
species and the establishment of new internally balanced ge-
netic systems. The phase of new adaptational response and
environmental tracking may have only just begun.

This view also emphasizes a point recently made in a dis-
cussion of the rather striking biochemical similarities of man
and chimpanzee (19). Speciational events may involve regu-
latory genes which are not normally revealed by current
methods in population genetics.
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