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Description of a New AlIopatric Sibling Species
of Hawaiian Picture-Winged Drosophila1

KENNETH Y. KANESlllR02 AND MICHAEL P. KAMBYSELLIS3

ABSTRACT: A new picture-winged Hawaiian Drosophila species from the
islands of Kaua'i and O'ahu that is morphologically indistinguishable from
Drosophila grimshawi Oldenberg from the Maui Nui islands is described, based
on differentiation in ecological, behavioral, cytological, and molecular charac
ters as well as ultrastructural features of the chorion. The new species, D. crad
dockae, and D. grimshawi represent the first clear case of an allopatric sibling
species pair among Hawaiian Drosophilidae (i.e., there is strong evidence for a
profound set of intrinsic, genetically determined differences that are not easily
diagnosable by the usual morphological methods). Ecologically, D. craddockae
is a strict specialist, with oviposition restricted to the decaying bark of Wik
stroemia. Drosophila grimshawi, on the other hand, is a generalist that breeds
in the decaying parts of 10 families of plants. Data from cytological, behav
ioral, and molecular analyses are consistent with the geological evidence that
species on the older islands are usually more ancestral than those that evolved
on the younger islands. Thus, although long-standing ecological theory states
that specialization is a derived condition, the biological and genetic evidence
all indicate that specialism in D. craddockae is the ancestral condition and that
generalism evolved in D. grimshawi on Maui Nui as a derived trait.
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BASED ON ANALYSES of data from the ecology;
ultrastructural features of the chorion or
eggshell; nucleotide sequences; jousting, ovi
position, and mating behavior; and yolk
protein molecular data, Piano et al. (1997)
determined that the Hawaiian picture-winged
Drosophila species D. grimshawi Oldenberg
can be separated into two clades. One clade
includes the Kaua'i and O'ahu populations
of D. grimshawi and the closely related spe
cies D. pullipes from the island of Hawai'i.
Ecologically, the populations in this clade are
considered specialists with respect to their
ovipositional behavior, utilizing a single en
demic plant (Montgomery 1975). The second
------------------

clade includes the populations of D. grim
shawi from the Maui Nui island complex
(i.e., the islands of Moloka'i, Lana'i, and
Maui). These populations are considered to
be ecological generalists, utilizing 10 families
of plants as larval breeding substrates (Heed
1968, Montgomery 1975).

We agree with Piano et al. (1997) that the
D. grimshawi populations from Kaua'i and
O'ahu are ecologically and genetically dis
tinct from D. grimshawi sensu stricto from
Maui Nui (the type locality of this species is
"Molokai Mts., 4,000 ft. "), although mor
phological differences are not apparent. Also,
Ohta's (1980) data on crosses among the
Kaua~i,~ahu,and-Maui-Nui-JlQJlulatiQns-Qf

D. grimshawi as well as with D. pullipes from
Hawai'i provide the strongest evidence for
describing the Kaua'i and O'ahu populations
as a distinct biological species. In this paper,
we name and describe the Kaua'i and O'ahu
populations of D. grimshawi as a new species
and present a summary of the key differences
that differentiate the Kaua'i and O'ahu pop-
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A B
FIGURE 1. (A) Typical wing (male from Ka'au Crater, O'ahu) and (B) foreleg (male from Hanalilolilo Trail, Mo

loka'i) of D. grimshawi complex.

ulations from the Maui Nui populations as
well as from D. pullipes.

Drosophila craddockae Kaneshiro &
Kambysellis, n. sp.

There are no apparent morphological dif
ferences between adults of this species and D.
grimshawi from the Maui Nui complex of is
lands. Morphologically, D. grimshawi sensu
stricto, D. craddockae, and D. pullipes are
essentially identical: refer to the description
of Drosophila grimshawi Oldenberg in Hardy
(1965: 295-297). There appear to be some
polymorphisms in the wing patterns and in
the number of cilia on the front legs of the
males (see Figure I), but the differences ob
served do not reliably distinguish the differ
ent populations, although biometrical analy
ses have not been conducted. The only
difference among the three species is in the
coloration of the legs and pleurae, where D.
pullipes is black rather than yellow. The other
features that distinguish the three species are
described below.

DISCUSSION: The following sections review
the various attributes of these species that
have led us to conclude that D. craddockae
populations (Kaua'i, O'ahu) should be spe
cifically distinguished from those of D. grim
shawi of Maui Nui (Maui, Moloka'i, and La
na'i). The extent of these morphologically

cryptic differences appears to justify our con
clusion that the case at hand is one of allopat
ric sibling species.

The detailed differences among these spe-
cies have further interest with regard to the
question of the genetic origin of ovipositional
generalism, as manifested in D. grimshawi.
The origin of most of the picture-winged
species on the younger Hawaiian islands can
be chromosomally traced to ancestral pop
ulations that existed at one time on the
islands of Kaua'i and O'ahu (Carson 1983).
Thus, Carson and Ohta (1981) theorized that
the generalism in this case evolved on the
newer islands and was derived from an older
population of specialist ancestors. Kamby
sellis and Craddock (1997) reviewed the host
plant associations of the Hawaiian droso
philids and noted that only two of the 44
species analyzed were considered to be gen
eralists (i.e., polyphagous in the use of more
than five plant families as larval breeding
substrates). They concluded that in both
cases~gen:eralism-is-the-derived-cun:diti(:m-a

that specialization on specific host plants is
the ancestral trait. This contrasts with the
commonly held notion that specialization is a
derived trait (see, for example, Futuyma and
Moreno 1988).

ECOLOGY: Drosophila grimshawi is poly
phagous, having been reared from 13 genera
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in 10 families of plants (Heed 1968, Mont
gomery 1975). In contrast, both D. pullipes
and D. craddockae are monophagous and
have been reared only from the decaying
bark of Wikstroemia species. Under labora
tory conditions, D. grimshawi readily ovipos
its in the culture medium, and the larvae
can complete development without the addi
tion of any of the natural plant material uti
lized as larval breeding substrate. Females of
D. pullipes, however, will almost never ovipos
it in artificial medium, although when a
small piece of decaying Wikstroemia bark is
placed in the culture vials, the females gener
ally react by ovipositing. After oviposition
has taken place and the eggs hatch, the larvae
readily move into the artificial medium and
complete development. Females of D. crad
dockae when first brought into the laboratory
behave in a manner similar to those of D.
pullipes and require decaying Wikstroemia
bark to stimulate oviposition. However, with
some lines of D. craddockae, it has been pos
sible to "wean" the females from requiring
the natural substrate and the stock can even
tually be maintained without the need to
provide Wikstroemia bark as an oviposition
stimulus. Clearly, the nutritional require
ments for larval development of all three
species are satisfied by the standard culture
medium even though stimulation of oviposi
tion in the two specialist species requires the
presence of Wikstroemia in most cases.

BEHAVIOR: Ringo (1976) reported on a lek
associated communal display known as
jousting among five species of Hawaiian Dro
sophila including D. grimshawi and the O'ahu
population of D. craddockae. For the five
species he studied, he observed one to 14 dis
tinct postures and displays that may occur
during jousting behavior. He determined
j0usting-was---'.:.fl'~qu~nt-and-elabQI'ate"

in D. grimshawi, but it was "brief, aggressive,
simple, and infrequent" in D. craddockae,
similar to what might be described for D.
pullipes. Minor differences were observed be
tween D. craddockae and D. pullipes, but these
two species are clearly differentiated from D.
grimshawi in this behavioral character.

ULTRASTRUCTURE OF CHORION: Piano et al.
(1997) reported that the overall egg morphol-
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ogy of all three species is similar, showing
typical Hawaiian Drosophila egg pattern
(Kambysellis 1993) with four respiratory fila
ments, a well-formed dorsal ridge, and a
broad operculum. However, upon closer in
spection using scanning electron microscopy
(SEM), distinct and consistent differences
were observed among the populations. Most
important, Piano et al. (1997) showed that
both Kaua'i and O'ahu D. craddockae had
distinct follicle imprints with tall borders
(Figure 2A,B), but that these borders were
less prominent or in some cases completely
absent in the Maui Nui D. grimshawi popula
tions (Figure 2D). Furthermore, they showed
that in D. pullipes the borders were well
formed, similar to what is observed in D.
craddockae, but the follicles are covered by
small microvilli (Figure 2C), a feature that
is absent in D. craddockae populations.
Also, the eggs of D. craddockae have twice
as many pores in the posterior pole as the
eggs of D. grimshawi (Figure 2E,F). Thus
the ultrastructure of the chorion appears to
be a good character that differentiates all
three species.

YOLK PROTEIN MOLECULAR DATA: E. M.
Craddock and M.P.K. (unpubl. data) have
found that the three species are also differen
tiated at the molecular level, specifically with
respect to the size and composition of one of
the three yolk proteins typically found in the
eggs of Drosophila species. The YPI protein
shows distinct molecular weights when ana
lyzed by SDS-gel electrophoresis. In D. pul
lipes, the YP-l protein is the largest at 48.8,
followed by D. craddockae at 47.9, and D.
grimshawi at 46.0.

DNA SEQUENCE ANALYSES: A 9l5-nucleotide
segment of the Ypl yolk protein gene was
analyzed using maximum parsimony to
genera~asingle most parsImonious tree
using D. bostrycha and D. disjuncta as out
group species (Piano et al. 1997). The DNA
tree differentiates the three species into two
clades, with D. pullipes clustering with D.
craddockae from Kaua'i and O'ahu and the
Maui Nui D. grimshawi clustering together.
This relationship corroborates the relation
ships based on the ecological data and those
based on the ultrastructure of the chorion



New Species of Drosophila-KANEsHIRo AND KAMBYSELLIS 211

and clearly differentiates D. craddockae from
D. grimshawi.

FIGURE 2. Morphological features of the eggshell of D. grimshawi complex species. Micrographs A-D show var
ious views and magnifications of the follicular imprint patterns of the chorion: A (x656) and B (x 1235) depict those
of D. craddockae (Kaua'i); C, (x 1813) D. pullipes; D, (x 1670) D. grimshawi (Moloka'i). Micrographs E and F show
the posterior pole region of D. craddockae (O'ahu) (x442) and D. grimshawi (Moloka'i) (x279), respectively (note
difference in numbers of pores).

lations produced fully fertile F I , Fz, and
backcross progenies and he concluded that
ecologically similar populations of Kaua'i/

HYBRIDIZATION EXPERIMENTS: The most O'ahu and Maui/Moloka'i produced fertile
important data indicating that the popula- offspring. However, crosses between D. pul
tions from Kaua'i and O'ahu are clearly dif- lipes and both D. grimshawi and the O'ahu
ferentiated from D. grimshawi sensu stricto D. craddockae populations produced some
and that the former are biologically distinc- viable F 1 offspring but most were sterile or
tive from the latter comes from Ohta (1980), only a small number of males had motile

-whiclrreciprocaI--crosses-among-popula---sperm-(criteria-useu4o-determirre-fertility)-
tions of D. grimshawi from Maui and Molo- Even when Fls showed some fertility and Fz
ka'i, D. craddockae from O'ahu and Kaua'i, or backcross progenies were obtained, exam-
and D. pullipes from Hawai'i were con- ination of the male progeny from these
ducted. Ohta (1980) showed that crosses be- crosses showed substantially reduced fertility.
tween the D. grimshawi populations from These data confirm the fact that D. pullipes is
Maui and Moloka'i (he did not have a Ui.na'i a biologically distinct species from both D.
strain available to conduct similar crosses) grimshawi and D. craddockae even though
produced fully fertile progeny. Similarly, there are no morphological structures (only
crosses between the two D. craddockae popu- color differences on the legs and pleurae) to
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differentiate D. pullipes from the other two
species.

Ohta (1980) also conducted crosses be
tween O'ahu D. craddockae and Maui and
Moloh'i D. grimshawi populations. The re
sults indicate that although there is a high
degree of fertility in the F 1s of the different
reciprocal crosses, F 2 and backcross progeny
show substantially reduced fertility. This is
certainly strong evidence for postmating
breakdown and warrants describing the
Kaua'i and O'ahu populations as a bio
logically distinct species from D. grimshawi.

CYTOLOGICAL STUDIES: Hybridization
studies revealed a cytological peculiarity,
which also distinguishes D. craddockae from
D. grimshawi. When either D. pullipes or D.
craddockae is crossed to D. grimshawi, a
strikingly large and apparently redundant
polytene chromosome band is invariably
present in the heterozygous state in the F 1

(Stuart et al. 1981). This hypertrophied band
marks the homologue derived from either the
D. pullipes or D. craddockae parent and ap
pears to be a unique fixed feature within
these specialist species. Although labeled "3
18" in the Stuart et al. (1981) paper, on the
newer maps of Hawaiian Drosophila chromo
somes it is designated as 35A (Carson et al.
1992). Also, D. craddockae and D. pullipes
are without intraspecific inversions, whereas
most local populations of D. grimshawi are
polymorphic for a long inversion in chromo
some 4 (i.e., inversion 4a [see Table XVI in
Carson et al. 1970]).
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