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INTRODUGTION

During the summer of 1963 and that of 1964 I had the sppartunity to study
the anatomy of many individuals from Drosophilid species endemic to Hawail.
st cominented on hy Perkine (1913), and more
dies was emphasized by Zimmerman

This remarkable fauna was
cont s lniportance for evolutlonary s
(1948, 1958). ITowever, Ihe major laxonomic treatumen
through the work of Tlavdy (1965), and it is largely through his efforts that
evolutionary studies ¢ & gronep are now practical. At present over 400 species
and th
sive evolutionar

of these specics has been

f endemic Drosophilids are known from Hawai

s group constitutes one

of biology’s most challenging examples of expl ¢ radiation on
islands, 1t is now being studied by a group of investigators using approaches
ranging from the cytological and genetic through the taxonomic to the ecologic

and behavioral, The object

s of the work reported herein have heen several:
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1) to determine the relationships of the Hawalian Drosophilids within the phy-
logeny of the genus Drosophila, 2) lo determine the nur and sources of the
introductions from which the Hawaiian Drosophilid fauna is derived; and 3) to
stigate the paths of evolution of this group within the ITawaiian archipelago,
insofar as this can be done with the presently existing materials.

The first of these objectives was, in one sense, readily accomplished. The gen-
eral phylogenctic position of the Hawaiian Drosophilids is clear and reasonably
unequivocal. However, an unanticipated complication became apparent during
the analysis of relationships. The two major groups of endemic Drosophilids,
“Hawaiian Drosophila” and Scapiomyza, appear 1o be each ather’s nearest rela-
tives, Tt is therefore necessary to examine the possibility that the genus Scapto-
myza originated in Hawaii, radiated there, and alsa escaped 1o the mamland
where it again achicved a major radistion. Determining the number and sources
of introductions was Ithough the number of introductions
must remain uncertain if the place of origin of Scaptomyza is doubtinl. Determin-
ing the paths of evolution within Hawaii is not easy, but considerable informa-
tion can be brought to bear on this question. This information is suificient to
provide evidence of an evolutionary situation of fascinating complexity. It is not
yet adequate 1o resolve ions, problems and possibilities rela-
tive to these three major questions \wh be discussed below.

iso relatively simpl

MATERIALS AND METHODS

study have been col-
lected in the wild at in Hawaii. Most of them were collected by
e, but many valuable specimens were contributed by other persons. T am much
sndebted to Drs, Frances Clayton, Marshall Wheeler, Harmpton Carson, William
Heed, Elmo Hardy and Harrison Stalker for such material. The species used are
tisted in the Appendix, together with their identification numbers and collection
localities. The identification numbers relate the specimens to my notes on their
dissection. The classification followed is that of Hardy (1965). As a general indi-
ion of broad groupings, informal designations have been given also. Thus,
Hawailan species fall into two major cluslers, and these are indicated in the
Appendix and in the figurc legends as Drosophiloid and Scaploid. This usage
tates reference, since each of these clusiers includes several gencva,
stibgenera and other groups of such general over-all similarily that they are hesl
treated together as a unit. Also, certain species are cl ed as Drosophila on
the basis of diagnostic features, even though in general conformation and mor-
phology they are Scaptomyza. These three species (D. crassifemur, D. nasalis
and D. parva) are treated here as Scaptoids, and the justification for this will
hecome apparent as the different characteristics are discussed. The justification
for disposing of the other genera as either Drosophiloid or Scaptoid should also
become evident as the descriptions proceed.

Some of the taxonomic structure within the above named groups is indicated
by the formal classification. In other cases, particularly for species classified as
Drosophila, further subdivision is desirable. In part owing to the complex evolu-

By far the great ma
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et been
mes have been given

atterns in Haw
accomplished. As an expedient, descriptive vernacular n
to the more conspicuous groups. Thus we have the “picture wings” (with heavily
patterned wings), the “modified mouthparts” (with special adaptations of the
mouthparts of the male for grasping the posterior abdomen of the female during
ship), the “bristle tarsi,” the “spoon tarsi,” and the “‘split (denoting
al ornaments in the male), and the “white tip scutellum” flies. These
last are a very distincl group of slender, rather low-bodied Drosophila that show
Scaptoid characterist: The group designations are very loose and
informal at the present lime, but they do have a cerlain validity. When, in the
fature, these forms have been arranged 1 ies groups will
be, for the most part, subdivisions of the larger and less homogeneous groups
designated informally now.
ally, resulls from specimens of only one locality are reporte
in a number of instances the same species has been seen fr
ssults from two localities have been given, since in those instances
the differences seem either to reflect a considerable degree of polymorphism or to
indicate the existence of species not detectable from external anatomy alone. The
number of : i ies has varied greatly, being deter-
mined mostly by the availability of material. In some cases only one individual
could be found. During the summor of 1063 I avoided dissecting from species so
meagerly represented in the collections, hoping to save thesc as possibly unique
iypes. At that time it scomed unlikely thal species abundanl in collections would
bed. This turned vut not to be the case. Also, it very scon became
evident that single specimens would need to be dissected, since insufficient ma-
terial would be available otherwise, ITence, during the summer of 1964 proce-
dures were changed. Notes were taken on abdominal color and markings when
unigue specimens were used. Then the abdomens were removed and dissected.
The remainder of the epeclmen generally quite undamdged was pinned for
permanent reference. The genitalia of each such specimen was cleared in phenol
and preserved in glycerin in a small vial pinned with the specimen. Aside from
these modifications, and except where otherwise noted, methods have been those
reported earlier (Throckmorton, 1962)
When possible, observations were made on characteristics of the eggs and of
the pupae. Kggs were often laid in the vials used for holding each species of fly
prior to dissection. In many instance the eggs were found in the vagina, or mature
>ggs were present in the ovaries. However, it was impossible to-obtain eggs from
all species included in this study. Pupae were even more difficult to obtain. T am
particularly indebted to Frances Clayton and Marshall Wheeler for giving me
many pupae from their cultures of enderuic species.

Species identifications were made by Dr. D. Elmo Hardy from the pinned
specimens. T am grateful to him for undertaking this very considerahle task. The
value of authoritative delerminations for a study such as this can hardly be
emphasized. With cne or two exceptions, only named species are treated in
thie report. Surprisingly, fully cent of the species in my collecti
a great deal

species groups, the sp

bo undes
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sected flies ave unnamed at the pres(‘nt time, F(:rmna!elv there i
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araciers of these species, and omitting unnamed
anes from consideration now does not materially affect conclusions to be drawn
rning the endemic Hawaiian Drosophilids.

of uniformity of many of the ¢

Conc

Tre CHARACTERISTICS

Spermathecae—There are cssentially three types of spermathecae found in
species [rom ITawaii. All three are found in the Drosophileid species and two of
themn are found also in the Scapioids (sce Appendix for the arrangement of species
groups). The spermathecac are show in Figares { and 2. The most common
ype is nearly spherical with an unusually short in Previously, this type
of spermathecae has been seen only from D. populi, a species collected from cot-
tonweod trees near Anchorage, Alaska (Wheeler and Throckmorton, 1960). In
THawaii this type has so far been scen only from the Drosophiloids. It is always

Fic, 1. Spermathecae

DROSOPHITLOIDS .29 dissita
Genus: IDIOMYIA .30 eurypeza
.1 obscuripes .3t flavibasis
2 perkinsi 32 freycinetiae
2 picts 33 hirticova
Genus: ANTOPOCERUS 34 involuta
A aduncus .35 ischnetrix
. & diamphidiopodus .36 kaolual
6 longiseta 37 mimica
7 orthopterus 38 mycetophila
Genus: NUDIDROSOPHILA 39 residua
8 aenicta 40 scolostoma
Genus: DROSOPHILA Bristle tarsi
Miscellaneous 41 apodasta
9 anomalipes 42 basimacula
10 caccabata 43 expansa
.11 hirtitibia 44 perissopoda

setae 45 (T.) petalopeza
.13 truncipenna A6 prodita

Picture wings .47 redunca
14 adiastola

15 crucigera

.16 engyochracea 50 trichaetosa

17 fasciculisetae: Spoon tarsi

18 grimshawi

.19 musaphilia

.20 picticornis 53 disticha

21 pilimana 54 incognita

.22 punalua .55 neutralis

23 villosipedis 56 polliciforma
Modified mouthparts

24 aquila

-aiotrichia .58 ancyla
.26 asketosloma .59 fundita
27 comatifemora .60 pectinitarsus

.28 conjectura
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pigmented, either dark brown or black, and the spermathecal envelope is thick
and unifornly distributed over the capsule. At its opeaing into the spermatheca
the spermathecal duct may flare widely (Figure 1.16) or not (Figure 1.10). This
character of the spermathecal duct shows no indication of phylogenetic pattern,
although the flared type is more comumon in the more derivative Hawaiian groups
(Idiomyia, etc.).

The second type of s watheca is subspherical to quadrate in outline, and the
introvert extends inward half (o three-quarters of the diameter of the capsule.
Only one Drosophiloid species (3. anomalipes, Figure 1.9) has this type of sperm-
atheca, Tt is far more connon among the Scaptoids (Tigure 2) and is, indeed, the
typical Scaptomyza spermatheca, Tts color varies from dark brows to pale yellow.
« heavy apically but in many species it is thinmer
toward the basc of the capsule, The third major Lype of spermatheca is prominent
among the Scaptomyza, and it is also characteristic of the “white tip scutellum”
forms. The spermatheca in this case lacks an introvert, and there is no evidence
that this represents a regressed or degenerate form. This is, substauntially, the
primitive spermatheca of the Drosophilid stem (see Throckmorton, 1962). Gen-
erally the capsule of this spermatheca is very weakly sclerotized and not pig-

The spermathecal envelope

Fic. 2. Spermathecae {Numbers refer to specimens listed in the Appandix)

TIROSCPHILOIDS 22 #165 (Tlawai
Genus: DROSOPHILA 23 #166 (Oahu}
White tip scutellam 24 168 (Kauai)
© 1 cilifemorata 95 #£167 (Molokai)
2 fungicola Parascuptomyza
3 haleakalac
A ki : Tantalic
.5 melanoloma .27 varipicta
6 melanosoma Subgenus: Trogloscapiomyza
7 nigra 28 argentifrons
8 bipolita 29 articulata
9 canipolita .30 connata
.10 demipolita 3
SCAPTOIDS
Genus: DROSOPHILA
11 crassifemur 34 Tatilergum
12 nasalis .35 levata
.13 parva 36 retusa

Genus: 'TTTANOCHAET.
.14 contestata
15 #8

37 vostrata
Representatives of spermath

38 Antopocerus longiseta

ocae and parovaria

#
Genus: SCAPTOMYZA 39 Drosophila musaphilia (picture wing)

Subgenus: Alloscaptomyza 40 D. imparisetae (misc.)

16 longisetosa A1 D. hirtizibia (raisc.)

17 stramineifrons 42.D. fungicola {white lip scutellum)
Subgenus: Bunosioma 43 D. pigra (white tip scutellurm)

.18 anomala 4D, crassifermer (Scapioid)

19 pabmae 45 D. nasalis {Scaptoid)

20 xanthopleura 46 Scaptomyza argeniifrons .

Subgenus: Exalloscaptomyza ATS. retuse

21 maniensis
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mented. 1n appearance there
parovaria. Spermathecac of this type are shown in Figures 2.1 10 2.10.

The spermathecac shown in Figures 2.14 and 2.21 to 2,25 are not of this last
type -although they may superficially resemble it. They represent regressions
from a fully introverted type. The introvert remains as a well sclerotized struc-
ture, but the capsule itself is only a shrivelled remnant and hardly sclerotized
at all. The form shown in Figure 2.25 is probably near the type these were derived
from. It is very weakly sclerotized and collapses readily in phenol, where most
specimens evert and give the appearance of those shown in Figures 2.21 to 2.24.
However, it is just possikle to deterraine in untreated specimens that the form
shown in Figure 2,25 is novmal in the living individual.

Some of the spermathecac of Scaptoid species have another character riot shared
weith the Drosophiloids, Ge ly the spermathecal duct is regularly annulate
Irom the base of the capsule o a point above where it enters the vagina (Figures
2.38-43, etc.) In several of the Scaptoids the annulae do not start immediately
below the capsule. Instead there is a continuation of the smooth surface of the
spermathecal duct from within the introvert. This may extend a distance almost
approximating the diameter of the capsule before the annulations start (Figures
211, .28, .35, etc.). Both D. crassifemur and D. nasalis have the Scaplomyza
spermatheca, and D. crassiferur (Figure 2.11) also has this smooth apical portion
ol the spermathecal duct.

Parovaria—Some general features of the spermalhecae and parovaria are
shown in Figures 2.38 to 2.47. The structures are shown as they appear under
Tow magnifications of the compound microscope afler clearing in phenol As a
rule the ducts of parov are undifferentiated. This is true for all of the new
world species of Drosophila that T have examined and, to my knowledge, no dif-
ferentiation of this structure is reported clsewhere. However, many of the Hawai-

Fig. 3. Ventral receptacles

DRGSOPHILOIS 14 adiastola
Genus: IDTOMYIA .15 crucigera

.1 obscuripes
2 perkinsi
3 picta
Gonus: ANTOPOCERUS
4 adumcus
.5 diamphidiopodus
6 longiseta
orthopterus
Genus: NUDIDROSOPHILA
aenicta
: DROSOPHILA
scellancous
9 anomalipes
.10 caccabata
11 hivtitibia
12 imparisclae
13 truncipenna
Picture wings

N

.16 engyochracea
A7 fasciculisetae
.18 grimshawi
.19 musaphilia
20 picticornis
21 pilimana
.22 punalua
23 villosipedis
Modified mouthparts
24 aquila
.25 araiotrichia
26 asketostoma
.27 comatifemora
28 conjectura
29 dissita
30 eurypeza
31 flavibasi
32 freycinetiac

is
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jan species have this duct expanded and sclerotized as shown, for example, in
Figure 2.38. The more usual condition for Drosophila aud its velated genera is
shown in Vigure 2.41. As for so many of the character £ the Fawaiian spe-
cies, this character is distributed in a rather random fashion. At least some speci
from all the major groups (which includes all of the informal groupings) of
Drosophiloids have it, although its expression among the “white tip scutellum”
flies (Figure 2.43) is somewhat atypical. It is doubtful that this differentiation is
present in any of the Scapteids, but some slight development of
seen in some species (Figures 2,45 and 46),

Ventral receptacles—The ventral receptacles are shown in Figures 3 to 6. In
all TTawatian species the distal end of the ventral receptacle is covipletely free
of the vagina. Generelly there is a straight basal section, then a series of coils,
and then a much-folded section, In some species (Figure 3.10) the short coiled
section is absent. In others (Figures 5.15, .26, etc.) the coiled section is yuch
exparded and forms a major part of the organ. In one species (D). anomalipes,
Figure 3.9) the ventral receptacle lacks the folded section enurely 1t has the
Lmled ventral mceptacle that characterizes flies from the subgenus D/osophtla
from elsewhere in the world. The typical ventral receptacle of the Hawaiian
spex (Figure 3.3, etc.) may be considered as intermediate between the folded
type seen in Pholadoris, Sophophora and Dorsilopha and. the coiled type seen in
the subgenus Drosophila. As inspection of Figures 3 to 6 will show. the ventral
receplacles from Drosophiloid and Scmn'u‘ ubglan!iallv al Th(:
major types, and the ranges of vari fhc
same in hoth groups. Somo of the species of “white tip i
ventral receptacles with excs-pummllx long straight sections bas ally (e
5.8), and no Scaploid spe as a true coiled ventral receplacle, axlhough some
approximate this (Figures 5.15 ). Otherwise the species are very much alike
for this character. The figures show the ventral receptacle as seen with the com-
pound microscope after clearing in phenol.

The ovipositor—As a genus, Drosophila does not show conspicuous versatility
in its ovipositors. Eggs are generally inserted just under the surface of the food

is region is

igure

Fys. +. Ventral receptacles
DROSOPHIT.OIDS 13 (T.) petalopera
Modified mouthparls (conl.) A4 prodita
1 hirticoxa 15 redu
2 involuta 16 sectusa
3 jschnotrix A7 torula
4 kauluai 18 trichaetosa
5 mimica Spoon tarsi
.6 mycetophila .19 conformis
7 residua 20 contorta
8 scolostoma 21 disticha
Bristle tarsi 22 incognita
9 apodasta 23 neutralis
10 basimacula
11 expansa

12 perissopoda
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and the ovipositor required for this is not very claborate, Mary of the Hawatian
Drosophilids have departed from this fashion. They may have unusually long
and almost tubular ovipo he ovipositors may be of the more standard
type but still long, and heavily sclerotized with stout, peg-like teeth. The develop-
ment of the ovipositor is associated with some internal modifications that often
give to the Drosophiloid female a truncated, or blunt and heavy bodied aspect in
lateral view. Iigure 7.1 shows in lateral view the internal reproductive organs
of the female. The most conspizuons feature is the pronounced development of
the vagina and its dswf‘ml(d muscles, For ¢l Lmty the muscles have been omitted
figure 7.1 the vagina is very long. It folds anteriotly
ing ventrally to enter the ovipositor. In many species, particularly
those having a long membranous ov pmimr (figure 7.8), the ivner sheath of the
rina moves freely within the muscular coat and hes its wall supported by very
mugh spiral cords. In the figure this inner sheath is shown pulled out somewhat.
In consequence of this great development, the vagina itself is displaced from its
usual position more or less parallel with the rectum. The muscles of the system
arise from the inner surface of the last abdominal tergite. On each side one mass
extends to the anterior part of the vagina and attaches to it in the region of the
spermathecae and ventral receptacle. These muscles exert a force back and down,
so the dorsal surface of the vagina is held closely in contact with the ventral sur-
of the reclum, and in many cases the nominal dorsal surface of the vagina
is directed miore posteriorly than dorsally. In consequence hoth the spermathecae
and parov arc forced to bend laterally around the anterior end of the vagina
and the oviduct, The folded vagina also displaces the ventral receptacls, and it
curves laterally (to the left) and dorsally. Generally the distal folded section of
the ventral receptacle is attached by tracheae to the left spermatheca. A second
set of muscles leads froni the last abdominal tergite to the base of the ovipositor.
Tn the relaxed state the ovipositor rests with its tip high (as in Figure 7). If this

:

e
{a

Fic. 5. Ventral receptacles (ziumbers refer to specimens listed in the Appendix)

Adel fernur

.15 nasal

16 parv

Genus: TITAN\')CHAE TA
3 pectinitarsus A7 contestata
White tip scutellum 18 #8

4 cilifemorata Genus: SCAPTOMYZA
5 fungicola Subgenus: Alloscaptontyza
6 haleakalae .19 longisetosa
7 iki .20 stramineifrons
8 melanoloma Subgenus: Bunostoma
9 mdanoauma 21 anomala

22 palmae

23 xanthopleura
Subgenus: Ezalioscaptomyza
13 demipolita 24 forms [rom Kavai, Oahu, and Hawail
SCAPTOIDS 25 form Irom Molokai
Genus: DROSOPHILA 26 mauicnsis
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Tai, 8, Voutral receptaclos
SCAPTOIDS
Genus: SCAPTOMYZA

Y

connata

.6 hackmani
Subgenus: Parascaptomyza 7 inaequalis
4 pallida 8 intricata
Subgenus: Tantalia 9 latitergum
2 varipicta .10 levata
Subgenus: Trogloscapromyia 11 retusa
3 argentifrons 12 vostrata

articulata

socond set of muscles contracts Lhe tip of the ovipositor is lowered. Tn many species
gure 8.2) the proximal section of the oviposilor is modified and has a
ial extension for the attachment of these muscles.
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Not all of the Hawaiian Drosophilids show internal differentiation and the
development of the ovipositor. This is seen lo a greater or lesser degree in all
Drosophiloids except the “white tip scutellum” species. It is not seen in the Scap-
toids thal T have examined 1o date. Among the Drosophiloids that do show devel-
opment there is considerable variation. Those species that would be considered
most primitive on other grounds alsc have this system less conspicuously devel-
oped. It is apparent that the evolution of this suite of characters has been directly
correlated with adaptation to a variety of food miches and the exploitation of
cviposition siles not generally accessible to Drosophila,

Figures 7 and 8 show some examples of ovipositors of Hawaiian species. They
are shown- as they appear after clearing in phenol, Figures 7.6 or 7.10 show
oviposilors that must be very near the primilive type from which all other
Hawaiian types were derived. Only the lelt half, or the left valve, of the ovipositor
is shown in the figure. In mos! cases the ovipositor of a pair of sclerotized
valves joined together antero-ventrally by a narrow sclerotized bridge. Dorsally
the valves are connected by membrane, and the posterior extent of this membrane
varies from species to species. [n many of the Hawaiian Drosophiloids this mem-
branous connection extends almost to the tip of the ovipositor. Among the Scap
ioids Lhe connection may be virtually absent and the valves almost unattached to
each other. Ventrally there is also a membranous connection that generally does
not extend as far posteriorly as does the dorsal connection. This is a continuation
of the irmer lining of the vagiua ond its inner surlace is covered with short,
vines. As the ovipusitor is extended and an egg deposited this lining
everts and in some species may forsm a tube-like extencion almost as long as the
or, The spines would then s to hold this tube in position while eggs
are laid. Not infrequently, at ieast in laboratory cultures, eggs may be laid in
clusters of up to half a dozen or so, and the ovipositor is probably kept in position
and not re-inserted for each egg. Figure 7.8 shows a part of this veniral lining.
e terminus of the dorsal connection is shown in Figure 7.5.

Not all ovipositors are distinctly composed of two valves. Sclerotization in
5 reduced so that the ovipasitor is entirely membranous. If one w ished, an
almost complete graded series of ovipositors could be arranged. At one extreme
would be those with distine vily sclerotized valves. In Ifigures 7 and 8 these
are indicaled by a solid line separating the upper and lower halves of the ovi-
positer (Figures 7.3, .11; Figures 8.1—. .). In other cases the ventral margin of
a v may be sclerotized but the region of sclerotization may grade almost im-
perceptibly into the membranous dorsal part. These have been indicated by dashed
lines separating the dorsal and ventral halves (Figures 7.2
are those that are almost completely membranous (Figure 7.4; Figure 8.8, etc.).
These are tube-like and quite flexible. With a dissecting needle they can be turned
inside out very readily. Most of the types in which the degree of sclerotization
y s from a “strong” ventral margin to a weak dorsal margin exhibit th
of flexibility. Obviously, such ovipositors could not be nsed to insert eggs into a
very firm substrate, They
soft, porous materials. .

Among the Drosophiloids ihree major trends in ovipositor development may

be detected. One is toward the elongale, membranous type of gviposilor jus

11

recurved

avipe

many

he

m more suited 1o pushing eggs into crevices or into

i
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These are found primarily among Idiomyia, Nudidrosophila and the
“picture wings.” Incipient development in this direction is seen primarily among
flies with modified mouthparts. A second line of development is toward a very
strongly sclerotized ovipositor of very characteristic shape. This type is shown in
Figure 7.3. It is found in some flies with modified mouthparts (Figure 7.11) but
it is most characteristic of flies in the genus Antopo(pms and among the flies with

tarsal ornaments in the ma ularly within the * le 1ar . Very
often species in a gro one or the other of two hasic pvs of mxposr
tors. These two general types ave shown in Figure 8 (Ifigures 8.4 and .5). Many

two species will be collected al a given locality and be almost mdmtmg\u:h—
rs. However, one will have the type ol ovipositor
. Presumably these reflect
what each type of ovi-

e for most of their charact

shown in Figure 8.4, the other Lhat shown in Figure 8.
some niche separation between the two spec
positor is adapted for remains uncertain.
The third trend in ovipositer development is seen among the flies with the
white tip scutellum. Some of these (Figure 8.7) have the type usual for the Hawai-
ian Drosophiloids, and others show evidence of the trend toward elongate, mem-
branous ovipositors (Figures 8.6 and 8.8). Many, however, show a trend toward
reduction. This trend is evidenced both in the reduction of sclerotization and in
the reduction of size and loss of bristles (Figures 8.10 and .11). Some, of course,
have their own peculiaritics (Fig 8.9) and evidence independent divergence.
The trend loward reduction of ovip: almced arnong the Scap-
t01ds. IJere there are many paculiar forms, bul a more o graded series could
e arranged for some species. Some Seaptomyza (Vigure 8221 have the usual
avipositor with a pair of sclerolized valves and with a dorsal and a ventral range
of bristles. Others have reduced sclerotization, the shape of the valve is changed,
and the arrangement of bristles is less typical (Figures 8.14, .15, .22 and .24).
The extreme reduction is seen in such forms as that shown in figure 825, where
the valve is reduced to a small sclerotized plate and the bristles are almost all
lost. Species of Scaptomyza from the subgenus E. scaptomyza have the most
divergent types. Here the two valves seem to have fused together ventrally to
form a single median structure, Some of these are in Wigures 8.16 10 8.21.
11 each case both veniral and lateral views are shown. The most divergent type,
feund in the sp of Exzalloscuptomyza [rom the island of Molokai (Figures
8.20, 21), is Y-shaped, attached only basally, and is frecly movable in a vertical
plane
gures 8.12 and 8.13 show the ovipositors of . erassifernur and D. nasalis.
They are obviously distinct from the usual Drosophiloid type. D. crassifernur

le

Fre. 7.1. Internal genital system of the female shown in lateral view. The species figured is
Dmmnhzln hirtitibia. a.p—anal plote; h.g— hind gut; 0.—ovipositor; ov.—ovary; ovd.—oviduct;
p—pavagoniun; r—rectun; r.p—rectal papilla; s—spermatheca; v —vaging; vx. ventral
re: cle. The remainder of the drawings are of the left side of DFOQOI Hl‘ GID ovipositors.
2) Idiomyia perkinsi, 3) A e i Drosophila
cuccabata, 6) D. imparisetae, 1) I3 fammlmrne (picture wing), 8) D. engyochracea (picture
wing), .9) D. asketostoma {modificd moulhparts), .10) D. comatifemora {modified mouthparts),
11) 1. dissita (modified mouthparts).
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Throckmorton: Relationships of Hawaiian Drosoph
has aa ovipositor with two valves (Figure 8.12). These are coch slender and
elongate and attached only basally. Fach h elongated bristles,
among which the typical dorsal and ventral ranges of b be homologized
without teo much difficulty. D. nasalis has an ovipositor that is much more
Scaptoid in conformation. Sclerctization is much reduced and the valve is more
or less fleshy. Tn addition 1o the few remaining bristles, the apical part of each
valve is covered with x s (Figare 8.13).
s—Figures 9 and 10 show eggs of Hawaiian s
of types. In order o represent the important

is shown in lateral and in véntra! view. The egg f
frorn the veatral view (1o the left in each fignre).
s the mmber of egg
er varies from two to four. The character of
. Among the
are more like
sanall obes than Like llaments (c.g., FJgth‘ 10.25). s the posterior
filaments are simply anterior extensions of a pair of heavy white ridges that
extend along the ventral surface of the egg (Figures 10.19, .23, .27). Among the
Drosophiloid species there are two or types of eggs. One is seen among the
“white tip scutellum” species, the other among the remainder of the Hawaiian
Dirosophiloids. “White tip scu*cllum (lics have eggs with twa or four very
short filaments ( 10.1-.8). Thesc filaments a5 1s Lypical for
Drosophila lilaments. In those hwug only two filaments (Figures 8) these
are very {ine, very short, and sel close together ncar the ventral m m the
aperct area. The remainder of the Drosophiloids have eggs with anr long
filaments. Some of these (Figure 975) appear to be identical to the type seen from
non-Hawaiian species of the sabgenus Drosophila. Gthers'are quite different.
CGrenerally the anterior and posterior filaments differ in length, with the posterior
filaments being the longer. In many instances the posterior filaments are very
much longer than the anter: 13). In other cases both the
anterior and posterior filaments are very long (.g., Figure 9.9). Species having
the long, membranous ovipesitor lay the eggs with the exceptionally long fila

cs. There is an unusual
st clearly, cach
ilaments have been omitted

s from zers to four.

Among the Scaploi
Among the Drosoph
the flaments is quite differeat betw
Scaptoids the filamen

s the nur

S

mients.

Two distinct patterns of egg chorion can generally be distinguished. In one,
typical for most Drosophila, the <urface is fincly and uniformly sculptured. Tn
the other there are distinct lengitudinal siriations, These two patterns are shown
in the figures by stippling for sculpturing, by lines for stri

e, In some cases the

K. 8. Ovipositors

DROSOPHILOID: bristle tarsis .13 Prosophila apodasta, 2) D. basimacida, 3) D. torula; spoon
tarsis 4) D. conformis, 5) D. incognita; white tip scutellum: .6) D. fungicola, .7) D. iki, 8)
D. melanoloma. .9) D. nigra, 10} 2. canipolita, A1) D. demipalita.

SCAPTOLD: . sifemur, 13) D. nasalis, A4} Titanochaeta contestata. 15)
i « (E. y2a) species, .16) from Hawaii (ventral), 17)
from Tlawaii (lateral), .18) from Oah ), 19) from Oabm (lateral}, .20) from Molokai
(ventral), 21) from Molokai (late Trogloscaptomyza) tatitergim. ST
4) 8. (T.) rostrate, 23) S fes

retusa,

i
i
i
i
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Lwo patterns are mixed, 7.e., eggs show both striae and . In some the
slriae are ventral, the sculpturing dorsal (Figures 9.2, .6), the reverse
(Figure 9.12) and in others b are intermingled (Figure 9.18). Both Dro-
sophifoid and Scaptoid eggs show these features. In some cases the chorion is
almost completely devoid of character. It seems that eggs retained for some time
in the vagina tend to locse the features of the chorion mentioned above. For
example, the species of Kxalloscaptomyza lay very large eggs (Figure 10.17) and,
cecasionally, larvae. Apparently the female can retain the egg for u vather long
period watil she finds a sutable oviposition site. During this period the egg may
hatch and the larva be retained in the vagina. If newly collected females are
dissected there is usually an egg or a larva in the vagina mc nearly matare egg
in one ovary, and no egg al all in the other ovary. Ife taken from culture
generally have no egg in the vagina, suggesting that they lay the egg as soon as
it is mature when a suitabie oviposition site is available. Eggs taken from culture
are very weakly sculptured. Those found in the vagina rarely show any evidence
of sculpturing. The same seems to be true of D. nasalis (Figure 10.10), although
1 have dissected only a few of these females. At least some species of Titanochaeta
aleo follor

this pattern. The egg of one undescribed form from this genus is
shown in Figure 10.12. When a female from another species, 7. ¢
sected she was found with a larva in the Vagma Titanochaeta arve paras
cgg cases, but the ovipositor of this species (Figure 8.14) is not well suited
for inserting an egg into a upuler cyg case. The larva in the vagina of the female
was perfectly healthy and vigorous. Tts mouth hooks were developed Lo form a

singte median stylet that was very long and sharp. When freed from the vagina

Fie, 9. Characteristics of eggs. For cach form a ventral (left) and lateral (right) view is
shown. "The egg filaments have been omitted from the ventral view.

DROSOPHILOID
Genus: ANTOPOCERUS
1 diamphidiopodus 20 hirticoxa
Genus: DROSOPHILA .21 infuscata
Miscellancous .22 involuta
2 anomalipes 23 ischnotrix
.3 fmparisctac 24 mimica
A truncipenna 25 mycetophila
Picture wings 26 residua
5 adiastola Bristle ta
6 crucigera 27 basimacula
7 engyochracea 28 expansa
8 fasciculisetae .29 perissopoda
9 grimshawi .30 (T.) petalopeza
.10 picticornis .31 torula
11 pilimana Spoon tarsi
12 punalua 32 disticha
.13 villosipedis .33 neutralis
Modified mouthparts 34 sordidapex.
14 aquila Split tarsi
15 asketostoma 35 ancyla
16 comalifemora .36 pectinitarsus

.17 conjectura




Characteristic
e egg filameonts
PLILOID
DROSOPHILA
ip seutellum
fungicola
haleakalae
melanoloma
4 melanosoma

7 canipolita
2 domivolita

10 nasalis

11 parva

TITANOCHAETA

) #8

: SCAPTOMYZA

Subgenus: Alloscaptornyza
113 longiseta

form a ventral
n omitied from the ventral view.

The University of Texas Publication

5
(left) and lateral (right)view i

14 stramineifrons
Subgenus: Bunostoma
15 anomala
16 palmae
Subgenus: Ezatloseaptomyza
A7 forms from all islands
Subgenus: Parascaptomyza
18 pallida
Subgenus: Tanalic
19 varipicta
Subgenvs: Lrogl
20 argentifrons
21 articulava
22 cormata
25 hackmavi
94 inacqualis
25 intricata
96 latitergurm
27 levata
28 rostrata

promyza

exhibited a behavior pattern in which it extruded the stylet, held it in
ended position, and then pulled, as if it were attempling to tear its way
through a fabric, Whether or not this behavior was adapted o gaining entrance
inio a spider egg casc is, of course, not known. At any

some Scaptomyza, and

ate, some Titanochaeta,
. nasalis all scewm 1o share the ability to lay fow and large
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2ggs which may on oscasion hatch in the vagina without adverse effect on cither
the female or the larva,

Two species from the subgenus Alloscaptomyza (Figures 10.13, .14) both lay
very small eggs. When females of these species were dissected the vagina was
found to be very large and packed with eggs. It occupied almost the entire
abdomen and the ovaries were degeneraiing and almost non-existent. Apparently
these s s are adapted to do just the reverse of what Ezalloscaptornyza and
Titanochaeta do. They lay many small eggs and hold them all until a proper site
is found, then lay ther eggs gave no indication of hatching in
the vagif

of Hawaiian species, In many
own the venlral sarface of
rior end. fn some cascs (Scaploid) thi. a is bounded
. .23,°.27). In others (Drosophiloid) these ridges
/qumm 94, .7, .9, etc.). T will refer to this ventral area as a cleft.
the edges of this cleft are fused to form a s gle midventral ridge,
which I will refer to as a suture. These features are found in various combina-
tions. Some eggs lack both cleft and suture (Figure 9.2), which is thé usual state
for non-Hawaiian Drosophila. Some have only a cleft, and this may be either
long {(Figure 9.4) or short (Figure 9.33). Some have only a suture (Figure
10.16). Many have a short cleit plus a suture (Figures 920 10.15. etc.). Eges
having the cleft bounded by lateral ridges are found in sperics elsewhere in the
world. One of these is D. populi. Others are in a pair of related genera, Leu-
cophenga and Amiota. To my knowladge, eggs having the simple claft, the suture,
or the cleft and suture are Jound only in th
ian Drosophiloids.

The paragonia and vase deferentio—Figures 11, 12 and 13 show the internal
reproductive tract of the male, Testes are not included in the figures. The para-
gonia of the Drosophiloids show a considerable range of types. They also tend
to be somewhat variable within species and often are not bilaterally symmetrical
(e.s., Figure 11.38). The number of folds in the paragonia varies from somewhat
more than one (Figure 11.9) lo about five (Figure 11.38). In this respect these
species resemble flies from the “virilis-replela sectio f the subgenus Drosophila
or some specics of Pholadoris, One of the most characteristic features of the
puragonia of Yawaiian Drosophiloids is the low first arch (Ifigures 11 and 12).
This is in marked contrast to the condition in the Scaptoids, where the first arch
is generally high (Figures 13.7-34), A Lew Drosophiloid species have a rather
high first arch (Figures 11.31, 12.25, .26), but it is never as high as that seen
characteristically in the Scaptoids. However, several of the Scaptoids do have the
typical Drosophiloid paragonia (Figures 13.9, .33).

At the present time very little association. is seen between type of paragonia
and species groups. One of the more characteristic types (Figures 11.1, .10, .23,
27, tends 1o be lound among [diomyia, Nudidrosophila and “modified
moluhpaI 1s.” Another (Figure 12.10) tends to be found most [requently among
llies with ta

o genus Scaplomyza and in the Hawai-

al ornaments in the male. Tt is possible that more regular groupings
will be apparent when the species group taxonomy has been worked out. Until
then, the major importance of the characters of the paragonia lie in the evidence
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Throckimorion: Relationships of Hawaiian Drosophilidas 359

they provide for the origin of the Hav
s

fian Drosophilids and in the evidence
provide for differentiating the Drosophiloids from the Scaptoids in Hawaii.
It may be noted that the “white tip scutellum” flies, whose eggs and spermathecae
are Scaptoid, have paragonia that are fully Drosophiloid.

It is probable that the paragonia also provide species characters. In Figures 12
and 13 I have included some possible examples of this, Irv Figures 12.1 and 12.2

tics of D

om Knlam Bn d du'{ one fx om KJ](’}I)“F on the island of Hawaii.
Figures 12.32 and 12.33 show the characteristics of 1. fungicola [rom Kipuka
Puautu and the Paauilo Exper’jment § m(m on the island of Hawail, In this last
case the individuals also dilfer in testis color between these two h)(al\be: In
Figures 13.2 and 13.3 arc shown the characteristics of D. melanosoma from
Kumuwela Ridge and Halemann Valley in Kokee Stale Park on the island of
Kauai. In the case of D. fungicola, T have dissected flies from the listed localities
both in 1963 and 1964. The characteristics shown are true for the two localities
in both seasons. While it seems probable that differences of the type noted here
are species ditterences, als i
phisms or local racial differenc s can only be deter mmvd by laboratory
breeding tests and unil these can be made il seems best to leave the question of
ies status open.

The vasa deferentia tend to folle

Spe

v the curvature of the [irst arch of the para-

gouig in both the Drosophiloids and the Scaptoids. The associalion is generally |

Fig. 11. Paragomia and vasa deferentia

DROSOPHILOIDS Picture wings
Genus: IDIOMYTA .18 adiastola
4 obscuripes .19 crucigera

20 engyochracea
21 fasciculisctae

: ANTOPOCERUS 22 picticornis

4 adunens 23 pilimana

5 diamphidiopodus 24 punalua

6 longisets 25 villosipedis

7 orthopterus Modified mouthparts

] lanvtbn'_\ 26 aquila

9 il 27 arawtrichia
Genus \IUI)JI)R()SDPIHLA 98 asketostoma

10 aenicta 29 chaetopeza

11 lepidobregma 30 comatifemora
Genus: ATELEDROSOPHILA. 31 conjectura

16 preapicula 32 dissita
Genus: DROSOPHILA 33 curypeza

Miscellaneous 34 Navibasis
12 anomalipes 5 freycineiiae
13 caccabata 36 furvifacies
(4 hirtitibia 37 hirticoxa
15 imparisetae 38 infuscatn

A7 quasianomalipes 39 involuta

i
H
H
i
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Throckmorton: Relationships of Hawaiian Drosophilidae 364

ather loose, but il is strong irt some of the Scaploids. In this respect lhe Hawaiian
Ihosnp‘nhdc are mrcnuom e belween the condition characteristic of the more
primitive Pholadoris, Sophophora, Chymomyza and Dorsilopha and the more
derivitive Dr oso/)/nlm Phloridosa, Dettopsomyia, Zaprionus and ] “/chadromphila
Among the Drosophiloids three general lypec of vasa are seen, One is an
(‘xi*eme coiled and folded type (Figures 11.3, 20, etc.) that is found
i “picture win th modificd mouth-
parls Flsewhere (Throt kmorton, 1962) T commented on the coiling of the vas
de[ex ios of D/osopmlu and concluded (following Stern, 1940) that
nted countercoils produced as a result of the coiling
of Lhe testis. This conclu on still holds for the [lies dealt with there, but this
interpretation can be only partly corvect for the species just mentioned. Fere the
'lcn hjghrlr than the number of coils in the testis,
irection along the vas (e.g., Figure
{1.17). While other explanations are possible, it is probable that there is some
intrinsic delermmation of form for these vasa, Hence, these species show a
characteristic that may be peculiar to this group of flies. In any case, this charac-
teristic seems to link mu odd species (D lipes and D, i
with the “picture mnp la, and flies with modified mouthparts. Th
some importance, since the female of D. anomalipes (I have not seen the female
of quasianomalipes) is the ouly Drosophiloid to have a true coiled ventral recep-
tacle. She also has a type of spermatheca that is different from other Drosophiloid
types, although it is Scaptoids. This might suggest the inde-
peadent origin of nnomalipes and its relatives, a question that will be disc d
later. However, both with respect to characters of the paragonia and to characters
of the vasa, anomalipes is an ordinary Hawaiian Dx')su,)hﬂovd

number of coils in the vas i
and there are several revers

Fis. 12, Paragonia and vasa deferentia

DROSOPHILOIDS Spoon tarsi
Genus: DROSOPHILA 19 conformis
Modified mouthparts (cont.) .20 contorta
1 ischrotrix (Pupukea, Oalu) 21 disticha
9 ischnotrix (Mt. Tantalus, Oalm) 92 incognita

kauluai 23 neutralis

mirica 24 policiformis
5 95 sordidapex (Kulani Road, Hawaii)
6 26 sordidapes: (Kilauea, Tawait)
7 residua Split tavsi
8 scolostoma 27 ancyla
Briste tarsi 28 clavata
9 apodasta 29 fundita
10 basimacula 30 pectinitarsis
11 expansa White tip scutellum
12 perissopoda 31 cilifemorata
13 (T.) petalopeza 32 fungicola (Kipuka Puaulu, Haw,
prodita 33 fungicola (Puauilo Fxpt. Sta.,
15 redunca Hawaii)
16 seclusa 34 haleakalae

.17 torula .35 ik
.18 trichaetosa
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I'hrockmorton: Relationships of Hawaiian Drosophilidue 363

most commaon, both in Hawaii and
rged and gencrally coiled
s follows the number
Is in the testis. This

a is the one that
moderately en
in ihe v

The second type of
elsesshere. The distal end of the vas
ahout three times, In this type, the number of co;
of coils in the testis and is always less than the number of
type is shown in Figures 11.4, .5, .6, etc.

In the third type the distal section of the vas is generally strongly enlarged,
somewhat sausage-shaped and very little coiled. This is seen, for example, among
some species of Idiomyia (Figare 11.0) but il is most pronounced among the

te tip scutellum™ fics. Here the vas is almost completely uncoiled (Figures
12.31-.35, 13.1-.6). This is, essentially, a Scaptoid characteristic (Iigures 13.7-
.31). Among the Scapioids the differentiated scction of the vas is completely
uncoiled, plump, and nearly barrel-shaped at its mos
(Fig 14).

As a general rule the pigmentation of the vas deferens falls into two general
types. Tn the Drosophiloid type the pigmentation extends from the testis to the
base of the vas. Among the Scaptoids the pigmentation extends cnly over the
differentiated section. The base is completely unpigmented. An intermediate
condition is found in the “white tip scutellum” species. In these the pigmentation
generally extends about midway between the differentiated section and the base.
In D. crassifemur (Figure 13.7), which is otherwise fully Scaptoid, pigmentation
f the vas extends almost to its base. In D. nasalis and ID. parve pigmentation is

is

extremo development

of the Scaptoid type.

The ejaculatory bulb—Figures 11,

and 13 inclode some of the character-

Fre. 13, Paragonia and vasa deferentia

DROSOPHILOIDS
Genus: DROSOPHILA.
‘White tip scutellum (cont.}
1 melanoloma
2 melanosoma (Kumuwela Ridge,
Kauai)

3 melanosoma (Halemann Volley,

Kauai)
4 manclla
5 canipolita
6 demipolita
SCAPTOIDS
Genus: DROSOPHILA
7 crassifemur
.8 nasalis
9 parva
Genus: TITANOCHAETA
.10 mntsctatd

Alloscaptomyza
.11 longiseto
A2 stramineifrons

Subgenus: Bunostoma

nomala

4 patmac

15 xanthoplowra
Subgenus: Ezalloscaptomyza
.16 from Hawaii
.17 from Maui
.18 from Molokai
.19 from Oahu
.20 from Kauai
Subgenus: Parascuptomyza
21 pallida
Subgenus: Rosenuwdia
22 abrupta
Subgenus: Tantalia
.23 varipicta
Subgenus: Trogloscaptomyza
94 argentifrons
25 articulata
.26 connata

29 intricata
30 latitergum
1 levata

32 retusa

33 yostrata
34 silvicola
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latory bulbs. TTere the gross delails are shown and the general
conlormation of the long caecae can be seen. The Drosophiloids and Scaptoids
are sharply different with respect to ejaculatory caecae. These are conspicuous
in Scaptoids and either absent or inconspicuous in Drosophiloids. Generally the
caccae of Hawaiian Drosophiloids are not apparent until after clearing the ejacu-
latory bulb in phenol. In Figure 13 the Scaptoid caccae are shown exiended. In
siti they make up a tangled mass occupying the posterior part of the abdomen.

More complete details of the ejaculatory bulb and cjaculatory apodeme are
shown in Figures 14 and 15. These diegrams show the bulb after clearing in
phenol, Only the bases of the Scaptoid caccac are shown in Figure (5. In the
figures, anterior is toward the right, ventral toward ihe top.

‘I most Drosophilid species the ejaculatory bulb is a simple sac-Tike structure.
In general shape the type shown in Figure 14.4 is very near the primitive {or the
genus Drosophila, and this has not heen much modified among the Hawaiian
forms. Among the Drosophiloids there is only slight developraent of ejaculatory
caecae, Short caecae are found in some Idiomyia (Figures 14.1-3), in some

14. tjaculatory bulb and ejaculatory apodeme

DROSOPIILOID Modified mouth parts
Genos: IDIOMYITA 27 aquila
obscuripes 98 araiotrichia
9 porkinst 29 asketostoma
3 picta .30 chactopera
Gomns: ANTOPOCERUS .31 comatilemora
4 aduncus 32 conjectura
8 diamphidiopodus 33 dissita
6 longiseta 3k eurypeza
.7 orthopterus
8 tanythrix 36 freycinetiae
9 villosus 37 furvifacies
Genns: NUDIDROSOPHILA 38 hirticoxa
10 aenicta 39 infuscata
11 Tepidobregma 40 involuta
Genus: ATELEDROSOPHTLA M ischuotrix
16 preapicula 42 kauluai
Genus: DROSOPIIILA 43 mimica
Miscellanous 44 mycelophila
12 anomalipes 45 pychnochaetae
.13 caccabata 46 residua
14 hirtitibia A7 scolostoma
15 fmparisetae Bristle tarsi
17 quasianomalipes 48 apodasta
Pictare wings 49 basimacula
18 adiastola 50 expansa
19 crucigera 51 perissopoda
20 engyochracea 52 (T.) petalopeza
21 fasciculisetae 53 prodita
22 gvi i 55 seculsa
23 picticornis S4 redunca
24 pilimana 56 torula
95 punalua 57 trichaetosa

26 villosipedis

4
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1o the latter cases it is problematical whe

siructures involved are “lateral Ic
ations of the same thing, the distinction is not critical, Lateral lobes are seen
mostly among flies with modified mouthparts (Figures 14.29, .34, .39, .44),
although some are also seen in the “bristle tarsi” group (Figures 14.49, 50).
fthe “white tip scutellum” flies (Fignre 15.12) has heen
found with the lateral lobes. Among the Drosophiloids the major development of
caecae and Jateral Jobes is thus seen among Idiomyia, “picture wings” and “modi-
fie

aouthparts.”

There has been an unusual amount of diversification of the apedere among
Tlawaiian Drosophilids and in mary species the apodeme is very large-and con-
spicuous. Among. the “picture wings,” Nudidrosophila, and Idiowiyia there has

2
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been a trend toward the sclerotiz

ton of the posterior cjaculatory duct (loward
the left in the figures). The basic apodem: t of the Hawaiian
species is almost certainly derived, is similar to the one shown in Figure 14.46.
The plate is spade-like and roughly wriangular in outline. Among somc of the
Hawailan Drosophiloids there has been an increase in the sclerotization lateral
to the plate so that the sides of the posterior ejaculatory duct are more or less
solidly enclosed (Figures 14,3, .21, 40, etc.). In others thy
and completely surronnds the post rior duct, but this additional arca’is not pig-
2d (indicated by dashed liues 1o Figures 14.2, .10, 11, .12, 14, 17 Clc.),
Tir still others the duct s ke red and pigmented (Figures 14.1,

19, ete.). Agam these trends ar t conspicuous in Jdiomyia, ’\/'{ll:hrmup/ula
“picture w with modificd mouthparts. 73, uncmnhrm and 1.
(/ud:‘lm/nmalipe.s’ also fall inlo this group. An additional, and apparently inde
pvn({eu rend is also seen amosg the species with modified mouthparts. Tn many
the ejaculatory bulb is very wide (not figured), som almost
twice as broad as long. The plate of the e]acula!on apodeme is also v very broad
in these cases. Generally, an apodeme that surrounds the posterior ejaculatory

from which th

clerotization continues

Tie. 15, Ejaculatory bulb and ejaculatory apodeme
PROSOPIILOID Genus: SCAPTOMYZA
Gons: DROSOPHITA Subgenus: /A loscaptomy za
Spoon tars .25 longisclosa
1. crmformis 926 stramineilrons
.2 contorta Subgenus: Bunostoma
.3 disticha 27 anomala
4 incognita 98 palmac
5 alis 29 xanthopluera
6 polliciforma Subgenu« Ezalloscaptomyza
7 sordidapex 0 from Hawaii
Split tarsi ;.I from Maui
8 ancyla 32 from Molokai
9 clavala 33 from Oahu

.10 fundita
{1 peciinitarsus
White tip scutellum

from Kauai
Parascaptonyza

12 cilifemorata Subgenus: Roseruvaldia
13 fungicola 36 abrupla
.14 haleakalac Subgenus: Tantalia
15 ki picta
16 melanoloma Subgenus: Trogloscaptomyza
17 melanosoma 38 argentifrons
18 nanella 39 articulata
19 canipolita A0 connata
20 demipolita 41 hackmani
SCAPTOID 42 insequalis
43 Intricata
44 latilergum

5 levata

23 purva
TT lANOCHA T4
sonty

Cenu

48 sitvicola
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and one that is very wide does not swrround the
do both (Figures 14.37, 42)

duct is narrow (Figure 1447
duct (Figure 14.28}. Seine, howeve

In many of these species the ejaculatory apodeme has a sl 'gP ty thﬁerem shape
that seems to be peculiar to Haw Drosophilids. The diffevence is difficult to
describe but it can be seen by comparing the apodeme in Figure 14.46 with that
in Figure 14.7. That seen ir Figure 14.7 is the Hawaiian type. Elements of this
s m be seen even in some pes (e.g., Higares 14.1,
214, ele.). This type of apodeme is found most conspicuo among species of
Aniopocerus (Figures 14.4-9) and among those s whase meles have tarsal
ovnaments (Figures 1448 . A1) T this latter group the apodeme may
gure 15.4, cte.). Among the “while tip
yty pes, with

la

of the more derivative

scutellum” species the apoderme is
the additional feature that it is often fiexed, sometimes strongly 5 Figure
15.19). In some of these species also the anterior (toward the rig ﬂang(s of
the plate may encircle the anterior ejaculatory duct and form a (umpl(‘u‘lv
sclerotized ring around it (not shown, but present in some imdescribed species).

Among the Scaptoids there is considerably less variation in ejaculatory bulbs
and ejaculatory apodemes. All bulbs have ca , and sometimes these are
branched (Vigure 13). The apodeme is rarely of the standard type (Figure

15.21). More generally it is of the kind very typical of Scapformyza. In this the
plate is very much fattened so that it almost disappears in lateral view. The
anterior flanges or angles of the plate are much roduced (Figure 15.23) or
rounded off completely (Figure 15, i
At most it may have a small blade {
the elahorate developments (e.g., Figure 14.44) of

The te. Table 1 lists the number of testis coils and testis color among
Hawaiian species. The range in nuraber of coils is restricted relative to that found
among species of Drosophila {rom elsewhere in the world. In an earlier sample
{Throckmorton, 1962) of 195 species, approximately 36 per cent had more than
six coils i the testes. Here (Table 1) only 2 per cent of the Drosophiloids and
4 per cent of the Scaptoids have such high numbers, The range in number of
testis coils reaches from vero {olliptical testes) to more than twenty among ron-
s. JU reaches from approximately one to mine coils amoung the
1 Drosophilids. Thus far ne sp have been found in Hawaii having
elliptical testes. although some species among the “white tip scutellum” flies have
less than one coil. Thesc are not Listed in Table 1, since the species are un-
described.

The righthand columns in Table 1 indicate the distribution of testis colors
among the Hawaiian forms. A preponderance (about 70 per cent) of the Dro-
sophiloids have testes that are basically yellow. About 60 per cent of the Scaptoi
have testes that are basically orange. There is a great deal of variation in intensity
of color, but no attempt has been made to indicate this in the table. Dev Jopment
ot pigment is greatly influer by age, and since most individuals were collected
from the wild, age was unknovm,

Abdominal sternites in the mofe—As discussed by Wheeler (1960) and
Throckmorton (1962) presence or absence of the fi d sixth abdominal ster-
nites in the male may provide evidence of evolutionary position. In general the

o generally of one of these

) (e,

most always simple.
quite in contrast to
Drosophiloids,

s
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Panre

Number of testis coils and testis color among the Hawaiian Drosophilids

Tostis

yellow-  yellaw-
yellow  brows orenge  orenge

s

Sroup
rosophiloid
Tdiomyia 3 L
lmuporem: 6
2 2
3 i 3 1 1 1
picture wings 2 7 6 2 1
mudified mouthparts 5 5 1 11 1 4 5
bristle tavsi 0 7 1 2
spoon tar 8 7 1
forked tarsi E 3 1
white tip scutollum, a 3 6
Seaptoid
Titanochacta t 1
Alloscaptomy za 2 1 1
Bunostoma 2 i 3
Ezalloscaptomyza 4 1 3
Parascaptomyza 1 1
Rascravaldia 1 L
Tantalia 1 1
Troglascaptomyza 2 & 7 4
Total Drosophiloid 27 40 2 50 5 16 7
‘Total Scaptoid 8 16 1 i0 1 1

males of Sophophoran species have the sixth sternite present as a polished and
generally unbristled plate. Among species of the subgenus Pholadoris and Chy-
momyza, the sixth sternite may be lVl!t(‘]Il(‘t‘d and fully bristled or it may be
y reduced and present only as a pair of bristled plates. With the exception
of D. testacea, species from the subgenus Drosophila arc not known to possess
the sixth sternite.

The first
and very fa

nite s gencrally nol present in Sophophorans (except 8. populi
nt remnanls in some species of the saltans group). It is present in
some species of Chymomyza and Pholadoris and absent in othe enerally
absent in species of the subgenus Drosophila and in the other genera and sub-
genera closely velated to it {(Zaprionus, Mycodrosophila, Dettopsomyia, Phlori-
dosa).

Among the Hawaiian Drosophilids T kave seen the sixth sternite present and
unreduced in Idiomyia picta, D. adiastole and D. villosipedis. The last two are
both “picture wings.” Tt is present but reduced in D. picticornis {present as paived
plates), in D. furvifacies (anormal sclerite tbinly ;dfamtiwd in the mjdlino) and
in D. mimica (only remnants secu). Ttis p i
ol 12, nasa
It was not seen in D. .,,mx!zr nAale\ collec uxJ from Molo] . It s very faintly evi-
deni in. males of a species of Zzalloscaptomyza collected al Karauela on the island
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T, 16. Anterior pupal spiracles, intra-anal lobes and Malpighian wbules.

TROSOPHITONN spivacles: 1) iresophila erucigera, 2) D. adiastola
adiastola (side view), 4) D. grimshawi, 5) D. pilimana, 6) D. punclug,
D. eurypeza, 9) D. ischnotriz, 10) D. mimica, 11) D. mycetophila, .1
SCAPTOID spiracl 4) D. crassifernur (K

17) 8. palmae
frons.

ac ), 3) D
D. villosipedis, 8)
D, melanosoma.

auai), .15) D. parva,

8

side view), 18) . maiensis, 19) S.

wentral view; al—anal lining; ap- emal plate; as. -anal
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but not bristled in D.
thu:

of 1 ii. The area of the sixth sternite is sclerotizes
anomalipes and D. engyochracea. The sixth siernite
Drosophiloids from Idiomyia, ture wings,” and the
parts.”” 1t is also seen in D. anomalipes and D. quasianomalipes. From the Scap-
toids it is seen in D. nasalis and in Exatloscapiomyza.

The first sternite is present in Idiomyia obscuripes, I. picta and 1. perkinsi. 1t
is also seen in S. (Bunostorna) pairae from Kamuela, Hawaii, and in a species
of Lxalloscaptomyza from Molokai.

Int

cen among the

anal lobes in the mule- Figures 1
ture that is present in many of the Havwaiian Dros
Torms and T have made no attempt to note all of them. The figure shows the most
extreme (lev(*lopmvl\L ol the characteristic that I have seen. In these cases there
s a pair of lobes covered with a fine dense pile and cen Lhe anal
plates in the male. These lobes can be complelely withdrawn between the anal
ates or they can be extruded as shown in the figures. The lobes are not present
int the female. Associated with the lobes is a special sclerite that lies in the median
line between the lobes when they are present (shown by dashed line in Figure
16.22). It is anchored in the dorsal membrane just posterior to the genital arch
and it apparently serves as a support for muscles that act to retract the lobes
when they are not in use. This sclerite is seen in many males that do not show
evidence of the Jobes themselves. Drosophiloid males may thus fall in oue of three
without anal scleviie or intra-anal Jobes, with anal sclerite but with-
anal Tobes, and with both anal sclerite and infra-anal lobes. This is
also an evolutionary sequence [rom prindtive Lo derivative, with pr
nlra-anal lobes l‘emg most derivative. These lobes are most hxgrhl\ d
picture wings.” hut at least some species from all major gr oups of
except the “white tip scutellum” flies show ai least the anal sc
Spieth (this Bulletin) has described courtship behavior from many spe
Drosophiloid males. Two behavior patterns seem relevant in the present context.
In cne case the male during courtship elevates and bends the abdomen so that
the anal region is pointed toward the fernale. Al the same time, probably through
abdominal pressure, the lining of the anal passage may be exteuded as a distinct
cylinder of tissue and a drop of ngs on its end. Presumably this has some
lunclion as a sexual stimulant. I have ¢ ted males of some of ik des with
this behavior patlern and found the anal sclerite present, but not the intra-aval
lubes. Apparently the sclevile functions in the withdrawal of the extruded anal
i ip is complete. Since T have never made a detail
ssible that some less

conspicuous form of the intra-anal lobes was present in these flies also. In other
instances the male may be seen touching the tip of its abdomen to the substrate
or dragging it along the substrate. In the species which show this type of activity,

and 16

Drosophilo

lobes, with their dense cove
for this purpose, althongh it the pro-
duction of a sexual stimulus during courtship. To date, observations on these
peculiar structures of the male Drosophiloid are oo fragmentary fo warrant
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of the structural modifications, correlated
uld undoubtedly be rewarding.

atures of the anterior ;)u’(»al spiracl the
s in Figure 16. They are of a very simple type,
but T have not seen this form elsewhere. The branches are ih()l’t and cylindrical.
emble the branches of pupal
Drosophila. In many respects these
es in the virilis group and they are perhaps as
close to them as to any other. How on here the similarities are not striking.
Most of the figures show a fa of the spiracle (a laterc-veniral view).
Figure 16.3 shows a side view of the spiracle of D. ediastole, and Tigure 16.17
shows a side view of the spiracle of 8. (Bunosioma) palmae. s Suspection of
Figure 16 will indicate, these spiracles are very much alike. Although the
more typical Drosophiloids s from the
typical Scaptoid spiracles (Figure 16.21) the two types intergrade so smoothly
it is impossible, in to be certain of the genus from which a given
spiracle comes. One of the characteristic features of the Scapioid spiracle is that
the antibasal branches tend to be elongated and lu@ed basally. T}m teature is
also seen in several of the Drosop! i
spiracles that are very similar to the Drosophi
(compare Figures 16 and 14). One of the Scaptoid; siferniir, h
vaxiable spiracles. Figurc 16.14 shows one extreme of the type found from flies
collected at Paliku, Maui, Several pupae were examined from this culture and
the number of branches varied from twenty-two 'hn\vn) 1o seventecn. Another
culture from flies collected at Kokee State Park, K
from [ifteen to cleven branches, This latter type is shown in Fig
probable that additional cultures from the two localities might have produced
pupae that overlapped completely in their characteristic number of branches.
Whether or not these intergrade completely, there is a distinct gradation between

spiracles resemble those of spe:

aus

LY showed :pxmrles with

in that T have scen pupae from Titanochaeta. 1 am indebted to
Moredith Carson for bringing to my attention some puparia she found par-
tially embedded in a spider egg case. The egg case was small aud there were only
three puparia. Two were partially within the egg case and the third was almost
completely on its suiface. Thyse puparia were all alike and had spivacles very
similar 1o the type shown in Figure 16,12, That is, the spiracies were fully Dro-
sophiloid

Malpighian tubules—Nalpighian tubules from Hawaiian species are shown
in Figures 16.24 to 16.28. All Drosophiloid species have the type shown in Figure
16.24. This is the type usual for species in the subgenus Drosophila. The stalks
are short and the posteri les have their tips fused, the I‘umvn continuous,
The Malpighian tubules of the Scapfoids are variable. About half of these species
have the type shown in Figure 16.24, and about half have the type shown in

Thaxdy, this Bulletin.
recout collection. Titanachaela
shown in Kigure 1612

* fiditor’s note: The form from Kauai is a different speci
4 During the summier of 1965 1 saw pupae from Mzs, Ca
kad emerged from them in the Tuborato)

¢ spiraclos wer
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¢ show both types. T
8. kackmani [rom Molokai ha from Hawa
tips apposed. S. palmae [rom s apposed, that from
Hawaii has the tips fused. Since these came from different collecting localities
it is possible that cryptic species are being dealt with instead of geographical
strai These may also represent p vnorplnsms and there are at least two
cases where this is probably the case. Spec

Tigare 16.25

of b(u lum}mu from. I}\e subgenus

tad nmh Aypes of Mq p\gl" 0 tubule.
had the posterior tips fused. The strain of
also showed this Lype ol variation. It is

had the posterior lips appos
D. crassifernur collected from i
probable that more 2
character were investigated more parvru]arlv in wild-caught individuals.
Several Scaptoid species have move sharply modified Malpighian tubules
specimens of Exalloscaptomyza collected from Oahu, Molokai, and M
stalk of the posterior tubule was about 2X the usual length and both the anterior
and posterior tubules were very short (Figure 16.26). This type of Malpighian
tubule was also found in the two species from the subgenus Alloscaptomyza
(. longiseta and S. stramineifrons ;. Two species. S. inaequalis and . articulata,
had this same type of tubule, e t that the posterior tubules were apposed
(Figure 16.27) . In one species, S. aripicta the posterior tabnles werr fused ond
the Anterior tubules were much shorlencd (Figure 16.28}. Of the two specics
Irom the genus Titanochaeta, one had the posterior Mmlu\ fased, the other had
them gpposed. Thus, for this character also, Titanochacta is Scapioid

Discussion

The interrelationships of the I 7 —For all their diversity in external
features (Hardy, 1965), the Drosophiloids are a remarkably compact and co-
hesive group of species. The sharpest division within this group, between the
“wwhite tips” and the other Drcsophiloids, is not presently recognized by the
formal taxonomy, mati istics that distinguish these are
not among those characters custemarily used to differentiate groups of Diptera.
Conversely, several groups, olherwise mld.luwuwhed are set off formally as

/1o conventicnal charactes lends ic give a mis-

use the char

genera because of novelly
leading impression ol divergence. Thus the genera, Idiomyia, Anlopaaz*ru«: and
Nudidrosophila are based on far more trivial and le mplexes of
characlers than would be a division between the “white tip qmsllum ecies
and the other Drosophiloids. I am not intending here to quarrel with the formal
taxonomy of these species as it stands today. It is simply necessary 1o remind the
reader that taxa of equivalent rank are not necessarily of the same biological or
evolutionary significance, and this is icularly true of many of the Hawaiian
genera and subgenera. Thus, for wost of the carlier descriptions in this paper, it
has heen possible to treat Hawatian sp ups, Drosophiloid and
Scaploid, regardless of their formal cl 1ﬁ(auon Ti 5hou‘d have been evident
in these descriptions that, for the characleristics covered herein, group d
Hors are of

extens

igna-
tle consequence. Most of these characteristics are characteristics of

;»;
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Hawaitan Drosophileids, not of any particular group of Drosophiloids. Even
some of the wwost distiuclive features (some ovipositors, somie egg characteristics,
some cjaculatory bulbs, etc.) are not confined to single groups or even char-
acteristic of any presently recognized group. While this situation is sympto-
matic of the type of evolution occurring among Havaiian species (see later),
and is of interest for that reason, it makes the analysis of Drosophiloid relation-
inter se very difficult. Oftentimes speculation must be hased on only a few
logenctic relationships are quite tenta-
follows that of Throckmorton (1962,

i
ch }raclms and hence, for the present, ph
tive, The method of phylogenctic analy:
1965).

As indicated ahove, the major cleavage among the Fav
that between the “whiie tip scutellum” species and the ather hmu
Upi have a very characteristic exiernal “gestelz,” and they can be e ngnlled
and separaied n the field without the aid of magnilication. At least three sub-
groups can be discerned within this group. One includes such extreme forms as
nigra, and another is the “polita complex” (i tudy, bipolita, canipolila and
demipolita). A third group is made up of such species as fungicola or melanoloma.
These last forms occupy & more or less central position within the “white tips”
but do not constitute a phylogenetic unit as such, They are the forms that are
nearest in gencral morphology to the other Drosophiloids. ). fungicola and im-

iseiae, for example, have a superficial resemblance i wing pattern, and in
ul r‘h(x fm\turec (the light tip of the scutellura, for exaniple) imparisetae
le lips™ in its characteristics. 1 have grouped impariseiae
with the “miscellancous” spocies in the Appendix and in the figures. Tt is cer
tainly not a “white tip,” but it represents a rather nondescript cluster of species
that have retained the more general Drosophila characters vather than diverging
in the peculiar ways of other Hawaiion forms. On the s of ex al charac-
it seems reasonable to infer an origin of the “white tips” from Hawaiian
species not too different from impariseiae and its relativ

On the basis of internal characters also, there can be little question that the

i cended from the same ancestor as the other Hawaiian species
1 through 16 qu show the extent to which
h other forme, There aro

bas

ﬂ'\eu-\ species c]n,m-\ hagic Huwnuan characleristics w
anly two major ch the egy angl the spermatheca, that have sfates restricted
(o these species. cr characiers are either the standard IIawailan types or
obvicus modificaiione o s The fundamental unity of the Hawaiian character
complexes can best be appreciated if they are contrasted with Uke coxaplexes from
ather groups within the genus. Such data have been presented elsewhere (Throck-
morton, 1962) and the reader is referred W that paper for more detailed infor-
mation on the characters of continental forms.

Three of the major characters are of particular importance in giving evideuce
of the distinctness and uuity of the Hawaiian Drosophiloids. | hese are the ventral
ptacle, the paragonia and the pupal spiracle. A summary of these and other
characters 1s given i Figure 17, The ventral receptacles are of a type ravely
seen elsewhere in the genus, and onie of their most critical features is not particu-
farly evident in the figures. This concerns the relationship of the ventral recep-
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tacle to the vagina and its disposilion among the other inlernal organs, The ven-
tral re Drosophilaids are of three major lypes (Figure 17.6-
8), with the two Lypes shown in Figure 17.6 and 17.7 predominating. The type
shown in Figure 17.6 appears, in the figure, to be very similar to types seen, for

example, among Sophophorans. It di in that it is corapletely free of

1 ventral receptacle apart from all others of its gen-
hite tip scutelbum” flies are qui ite
often more i

in it. This sets the Hawa
eral conformation. For this
like other Haw

wracter the

zve to set the
ot vefe
the point of tramn
of other Drosophiloi 1 receplacles of the “white lip scutellun
When the basic simil in Figures 3 through 6 of this paper are
contrasted with the wide variety of types seen elsewhere in the genus (Figures
34-40 in Throckmorton, 1662) it is difficult o avoid the conclusion that, for this
, Hawaiian Drosophil “vehite tip

aciers of the ventral rec pmrl v
apart from other Drosophiloids. V7

bie to determing

u'p ontell 1

ence to the ligare legends, it is

ition [rom veniral recej

s are a compact group, and th
species are full menibers of this group.

L«e paragoni‘ (Figures 17.35-.39) are likewise
en though they show con

of a distinct Hawalian type,
y among Lhemsclves. Tnapection of
Figures 3 through 14 in Throckmerton (1962) amply enforces this conclusion.
Onie of the mosl characteris aturcs of the Drosophiloid paragonium is its low
first ar s these Tormys apart from mosi sther species in the
genus. Here, as for the ventral receplacles, the “white tip scutellum” species have
characleristics that are of the t Hawaiian type. Also, they share with the
other Drosophiloids ccru\iu specific types of p«n%um unigque to Hawaii
(e.g., Wigures 12.10 and 12.35). Ihus the ch azactensuc> of the paragonia indi-
cate that the “white tip scmellum species are full Hawailan Dro;opmlolds

So far as my P‘(po!“‘n(ﬂ extends, ihe anterior pupal sp)lduk’: of Hawaiian Dro-
sophiloids are unique. On the basi: supal characters, it is impossible to separate
“wyhite tip scutellum” species from other Drosophiloids. Hence, this character also
enlorces the conclusion that the sophiloids, including the “white
tip scutellum” s| 1he reader is referred
to Vigures 42 through 45 of my carlie
for a comparison of the spiracle type

For most of the remaining ¢
are scen to diverge from states seen
Hasvailan species show character states common elsewhere in the world. The egg
filaments (Figures 17.12-.16) are geod examples of this. The four-filament type
seen in Figure 17.14 is the type common to most species in the subgenus Dro-
sophila. The “white tip scutellum™ species diverge from this type and have either
four or two short filame rge from this type
toward eggs with four vi refore, we have
evidence for two distine
number of

derable va

tic fo

.+ Tu gencral, this

character slales in TTawailan [orms
ere in the genus, and at lea

ara

st some

The other Drosophiloids d

acter,

t lineages in [Tawa
laments, the other an increas:

¢ a reduction in size and
length of the filaments. Bearing

g in

i
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mind the

lineages separately introd;

discussed earlie
Hawaiian forms

ovipositor (Figures 7.10 and &

cvidence from the paragonia, ventral re
these lineages seen more probably to represent divergence within TTaswaii than
ced to Havwaii.

_ Evidence from the ovipositors almost directly parallels that from the eggs. As
there are two major trends in ovipositor development among
One is toward a reduction of the ovipositor, the other toward
sither a strongly sclerotized type or a membranous, mbular type. One type of
is common Lo both the “white tip scutellum”

eptacles and pupal spiracles,

Fri, 17. Summary of the data

Drasophiloid spermathecae
D truncipenna

2 D. anomalipes

3 D.cilifernorata
Scaptoid spermathecae

A S, varipicta

5 8. straminei
Drosophiloid ventral receptacles

6 D, caccabata

.7 D.truncipenna

8 D.anomalipes
Scaptoid ventral receptacles

9 8. palmae

10 3. hackmani

1 DL nasalis
Drosophiloid egg filaments

12 . engyochracea

13 D. punalua

14D, adiastola

15 D. nigra

16 D. bipolita
Scaptoid egg filaments

17§ inaequalis

15 8. pallida

195 latiterqum

20 8. stramineifrons

Diasophiloid ventral surface of egy
21 D, aneyla
99 1. villosipedis
93 D. disticha
94 D. infuscala
Scaptoid ventral surface of egg
25 8. iniricata
26 S. rostraia
27 S. argentifrons
28 onnata
29 8. hackmani
Brosophiloid ovipositors
30 D. pseudoobscura
31D, pattersoni
32.8.

retusa

D, impariselae
34D, immigrans

Drosophiloid paragonia
35 D. redunca
36 D. demipolita
37 D. imparisetae
38 D. crucigera :
39 D. ischnotrix i
Scaptoid paragonia :
10 D. parve
41 8. rostrata
A2 T. contestala
43 8. retusa
A48, pallida
Drosophiloid vasa diferentia
15 . anomalipes
A6 D hirditivia i
A7 D. fungicola f
48 D. denupolita
Scaptoid vasa difeventia :
49 D. nasalis i
50 8. retusa
51 8. anomala
Drosophiloid ejaculatory apodeme
52 D. adiastola
53 D.iki
54 1. obscuripes
55 D. picticornis
56 D. residua
57 D. araiotrichia i
58 A. orthopterus
ptoid cjaculatory apodeme
598, articulata
60 D. crassifernuy
61 D. nasalis
62 S. palmae
Drosophiloid spiracles
63 D. punatua
64 D. mycetophila
.65 D. ischnotriz
id spivacles
66 1. crassifemur {Paliku)
67 1. crassifemur (Kauaij
68 8. mauiensis
69 8. vari)

Scapt
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species and the other Drosophiloids. This type is pml)db’ v also the “primitive”
type for Hawaiian forms. Both the “white tip scutellum™ species and the other
Drosophiloids diverge from this, and hence evidence from the ovipositors is con-
sistent with the development of these twao lineages in Hawaii.

The spermathecae show the “white tip scutellum” forms to be sharply distinct
from the other Drosophiloids. The major types are shown in Figures 17.1 to .3.
All of these types are scen in s the world, although
is very common except in

neither that shown in Fi
Hawaii. These cannot
species or as evidence Lor e rigin of
they do indicate the unifcrmity of ﬂlc 1ine%,
uniformity of spermathecal t
igure 1). Conti
riation of the sperm
Throckmorton, 1962).

The vasa of the Hawaiian forms show divergence from a relatively common
character state, The important types are shown in Figures 17.45 to .48. The
general type, and the type seen elsewhere in the genus, is that shown in Figure
17.46. The “white tip scutelium ies diverge [rom this loward the type seen
in Figure 17.48. The other Drosophiloids generally retain the common type but
in some groups the ex e forms seen in Higure 17.45 exists. Here, as for the
egg lilaments and oviposito “white tip scutcllum” species and the other
Drosophiloids appear to bave diverged from a common type. The same is also
true for charactes s of the ejac Iawor\ bulb. The “white tip scutellum” species
ined the simple bulb, and tie ejaculatory apodere has diverged from the

asic type (Figure 17.36) on an independent line of its own (Figure 17.53).
Here the trend has been toward the sclerotization of the base of the anterior
ejaculatory duct by extension of the anterior corners or flanges of the apodeme
plate. Among the other Drosophiloids there has been a development of bulbs with
lateral lobes, or caecae, or peculiar shapes (Figures 14.2,.12, 40, 47, etc.). There
has also been a development of some rather bizarre ejaculatory aj it
ures 17.52, 54, .55 ) based primarily on the sclevotization of the posterior
ejaculatory duct.

In summary, there is ample evidence for two major lineages among the Iawai-
ian Drosophiloids. For all character staies but those ol the spermathecae, these
two lincages either intergrade (diverge from a comumon. type) or they share the
same (unique or nearly unique} character states. Evidence from external anat
omy indicates much the same th Thus, for the Drosophiloids, derivation
from a single ancestral type is strongly indicated, There is no reason to assume
that these forms were derived from more than one introduced species, and pre-
sumably they were derived from a single individual,
ure 18 shows the tentative logeny for the Hawaiian forms. Our present
discussion is concerned w the relationships within the left branch of the
rhmmen;, shown to the left in (the Drrosoph branch of the Hawai-
ian Drosophilids). The eviderce (Jmcumcl to this point csiablishes the dicholomy
between the “while lip ,Culdlum forms and the other Drosophilids, There
remains the problem of the r ps among these other species. This can-

s of the Hawaiian

iquen
Hawaiian lineages. F

e than do the Hnwuuan forms (see Figures 27-32 of
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not be vosolved with any certainty, but some general tronds are apparcnt. As
indicated earlier, the groups named in Figure 18 are groups b
chiaracters. While the groups themselves are probably amenable to further sub-
division, they repxasem for the most part 1ed>onabl¢ good. phyletic lineages, The
major exception to this is the “picture wings” where probably two major lineages
are involved. On the basis of our present meager e nce, the phylogenetic posi-
ions of these two lineages of * " seem to be so nearly the same that
I have not attempted to differentiate them further.

Txternal anatomy indica
Drosophiloids.” Thes + species with tarsal oname
species with modified mouthparts in the male, and the spe
heu mouthparls nor larsal ornaments. As might be expec
ather heterogencous. In Figure 18 all of the spe ies with modifted mouthparts
Tumped together to the top left. While there is much diversity among them,
there is no concrete evidence ihat they a L and
there is considerable ev. jaculatory
bulb in particular tend to suggest that these species ave a coherent group in spite
of considerable external variation in form. The species with tarsal ornaments in
the male (1 richolobregma, bristle larsi, spoon tarsi, forked tarsij are likewise
treated as a unit. Most of their characieristics, external as well as internal, show
tiern of distribution. While no character is exclusive 1o them, the
11 at they do ha = distributed in such a )y random fashion
among them that no rational division of (hese specics can be madc at the present
time. Tt is probable thal more detailed studics of these forms will detect group
boundaries among them. Tt is unlikely, however, that further studies will show
them to have closer relativ 1 other, but this remains for the future to
determine.

The ather five groups (Nudidrosophila, Ateledrosophila, Idiomyia. Antopo-
cerus and picture wings) fall into the negative calegory of not having modified
mouthparts and not having tarsal ornaments. Of these five groups, four show
relationships to the species with modilied mouthparts; the other (Antopocerus)
seems to share most of its characteristics with species having tarsal orna
the male. The evidence for division can be stated briefl
species of Nudidrosophila, Ateledrosophila, Idiomyia and the picture wings share
characteristics of the ovipositor, ejeculatory bulb, cjaculatory apodeme, cgg fila-
ments, paragonia and vasa with s d mouthparts (see earlier
descriptions of the characters). Species having tarsal ornamen
characteristics of the ovipositor, ejaculatory bulb and ejaculatory apodeme with
Antopocerus. In other respects Antopocerus is neutral. Tt is placed in the phylog-
eny of Figure 18 in an equivocal position at a branch point, although the weight
of evidence favors placing it with forms having tarsal ornaments. The other
ups (fdiomyia, etc.) are shown as mo; sely related. to species with modi-
fied mouthparts, and no detailed relation n be discerned among them.
Many of the “miscellaneous” species ave omitted from this phylogeny. They
could be placed almost anywhere on the basis of present evidence, One group,
represenied by lmpzmscm& probably is closely related to the forms from which

“white tip scutellum” species arose. Another group, represented by anomal-
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stics with Jdiomyia, Nudidrosophilu, elc. This last form
deserves some furthe: pimeni, It is the one in which the female has a true
coiled ventral receplacle. The spermathecae are also of a type unique for Hawai-
ian Drosophiloids (but not for Hawaiian Drosophilidae). Were it not for the
anomalipes female there would be only two instead of three types of ventral
and spermathecae seen among the Drosophiloids (Figures 17.1-.3;
peculiar that a form aberrant for one character should also be aberrant
for another. This is pa; v true when all of the other characters of the species
are fully of the Tawaiian type, and many, indeed, ave of highly derivative typ
The derivative characters (of the ejaculatory bulb, ejaculatory apodeme, ovi
positor, egg [llaments, paragonia and vasa) virtually preclude an independent
origin (from a separate mtroduction) for anomalipes (sec the characteristics of
this species in Figures 1 to 16}. T addition, most Hawaiian Dirosophiloids have a
distinctive “gestalt” that is recognizable by persons experiencéd with. these spe-
cies. To my eye, in external morphology anomalipes iz an ordinary Hawaiian
Drosophiloid, and M. R. Wheeler (personal communic oncurs with me
in this judgment. Hence, the great majority of the characteristics of anomalipes
seem to be of Hawalian origin, and this species cannot be interpreted as a member
of a separate lineage indc pcndcntlv introduced into Hawaii. The problem this

s raises is not that of the origin of the species itself. Rather it is the question
continental” character states that seem to
have appeared suddenly in a lineage where they are nct expressed in related
species. It is possible, however, thal the presenl sample is inadequate and that
the characteristics of the spermathecae and of the ventral veceptacle are more
widespread among Hawaiian species than available evidence suggests. The pres-
ent sample of 81 Drosophiloids includes less than a third of the known species.
Tt is quite possible that, as this sample is enlarged, more of “aberrant” forms
will be encountered.

The phylogenetic position of the Drosophiloids—There are two major phyletic
lineages in the genus Droscphile. One of these includes the genus Chymomyza
and the subgenus Sophophora. The other includes the subgenera Dorsilopha,
Phloridosa and Drosophila. This lalter dlSO inclndes lhe ger lc Scaptomyza,
Zaprionus, Myoods ond Det . The subs pris socms
to have been derived e uulle: in time than were the uheya and hen(e 1s considered
the most primitive subgenus (see Throckmorton, 1962, 1965}, The characier-
istics of the Hawaiian Drosophiloids indicatle that they were devived Irou near
the base of the major brauch leading to the subgenus Drasoplila. The evidence
from the various characters can be summarized as follows. The spermathecae
cive no evidence of phylogenetic position within the genus. The veniral recep-
tacles indicate an intermediate position between forms having a folded ventral
receptacle that is strongly appressed to the vagina and forms having a coiled
venlral receptacle that is corupletely free of the vagina, In the Hawaiian forms
the ventral receplacle is completely free of the vagina, coiled basally and folded
distally. The folded, appressed condition i ¢ of Pholadoris, Chymo-
myza and Sophophora. The free and coiled condi characieristic of the sub-
enus Drosophila, of Phioridosa, and Dettopsomyia, The intermediate position
hetweeen these groups is on the major branch leading to the subgenns Drosophila.
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filaments likewise indi
erally the:

2te a |~u§i1'0n belween two major
buLJu

here

are two. The four-filament conditior s in the subgenus

Drosophila, although there are many except)o*ls and a considerable number of

species have two filaments, three filaments, or one filament. The two-filament

condition is characteristic of Sophophora. Again, the phylogenetic position that
reconciles these variables is on the major branch leading 1o the sabgenus Dro-
sophila.

The characteristics of the ovipositer
Aogenetic position, but [ have indicated some cha
The basic Hawalian type, Figure 17.3

subgenus Drosophila (Figure 17.5

1).

The paragonia are, in themselves, not strongly indicative of phylogens
tion, except that they indicate that several phylogenetic positions are improbable
They are almost certainly not Sophophoran and not from members of the g
section of the subgenus Drosophila. In the relatively large number of folds pres-
ent in some forms they resemble s in either the virilis-repleia section of the
subgenus Drosophila or possibly species in. the subgenus Pholadoris. When char
of the vasa are considere: rowed considerably.

relaled 1 the subgenius Drosophila are known
ated with the paragonia. Almost all of the Drosophiloids do
siated with the paragoaia, although the association is not so sirong
on from most spocios in the subgenus Dyosophila. Thus, the character-
tics of the paragonia and the vasa combine to indicote a position on the branch
ding to the sibgenus Drosophila

¢ are four egg filam

ave not very useful for detevinining

! evistic forms in Figure

is more nearly that i specics of the
o groups | ignres |

than of other maje

and

acteristi
To dat
10 have vasa assoc
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ag thal 2

Neither the color nor the coiling of the testis can give any indication of phy-=
logenetic position since these are variable throughout the genus. The generally
simple nature of the ejaculatory bulb precludes a highly derivative position in the
but it does not, of itself, give positive indication of phylogenetic position.
i se is of a simple, general type, excepling the
special Hawailan types that ave irrelevant in this context, The evidence from
these structure: stent with a position on the branch leading lo the sub-
genus Dirosophila.

The characlers of the anlerior pupal spir from

o portions of the genus. They do ot resemble the highly derivative types
found in the subgenus I)msop}ul(u and they are neither Sophophoran nor repre-
ntative of Pholadoris. pivacle is simple, but it differs front other simple
piracles (e.0., those of Pholadoris) in having heavy, evect branches instead of
slender, recurved branches. It could be cuymdered a simple derivative of the
Pholadoris type, or the converse. This type of spiracle may actually be more
primitive than the types seen in’ Pholadoris. Hence, the
origin of the Ilawaiian forms from a lineage prior Lo the de
derivative types. This i ith a p:
leading 1 subgenus Drosophile, but, of cours
be p] aced there
The T»h]pvvhlan tubules of the Drosuphiloi

es exclude the Hawaiian forras

piracles suggest an

opment of compl.

tion toward the base of the branch
, it does nol require that they

are of the type found generally

|

i




382 The University of Texas Publication

sies of the subgenus Drosophila. The tips of the posterior tbules are fused,
the lumen continuou his cond ‘uon, however, is also Tound in species of the
subgenus Pholadoris, in C yza, ete. It is consistent. with a position on the
brauch leading to the subgenus Drasopmlr]

The abdominal sternites cf the male indicate a fairly early derivation within
the geous. Most of the species lack the first sternite, but it is present in some
s are those of species in the
te of the Sephopherans. Again,
the %mmu \dmg to the subgenus Drosophila, but
quite close to the hase m»d perkaps rather close o Pholadoris

In summary, characleristics of the egg lilaments, venteal receptacles, and vasa
strongly indicate o position o the branch loading Lo the subgontis Drosophila.
All other characteristics are consistent with this interpretation. The character-
istics of the anterior pupal spiracles and of the abdominal sternites in the male
suggest a lairly early separalion from this branch. T tion indicated to the
upper right in Figure 18 is therefore a best approximation for the phylogenetic
relationships of these species.

The origin of the Drosopi
sophiloids did not come from. Th
major new world groups of specie:
are a reasonably representative cro
South and Central Amer
Drosophiloids. There is little ifl any po
ian forms from the islands of the south Pacific,
of the world are not well enough known to allow firm conclusions to he drawn.
Recenily (Wheeler and Takada, 1964) a number of specics have been des
from Micronesia and the groups present in Micronesia seem not to be good candi-
dates for the ancestors of the Hawaiian species. Four subgenera, Drosophila,
Hiriodrosophila, Sophophora and Scaptodrosophila, are present in the area from
which Wheeler and Takad: matm‘(u was drawr, and none of these is known
1o possess characters that wot i v with Hawailan [orms. Tt is de-
sirable, however, that more material be collected [rom these arcas. and particu-
larly the higher altitudes in the high isiands. It will also b essary Lo oblain
information on the juternal anatomy of these species belo
reached. For the present, origin of the Hawaiian fauna from i
south Pacific sverns doubtiul, bul it is not ahsolutely precluded.
23 excluded the north, east, south and southwest, few direc-
tions remain {rom which the Hawaiian forms might have come. The east coast
of Asia, and particularly Japan, seems a reasonable possibility, and there
positive evidence to suggest a derivation of the Hawaiian Drosophiloid fauna
from the Japanese Drosophilid fauna. Okada (1956), in his study of the Japanese
z)“osoph\hd~ included figures of the internal anatomy of man
species are some that appear to have characteristics similar to those seen
an forms. In particular, the ventral recepla le, and perhaps the
agonia, of sume Japanese specics suggest aflinities with the TTawaiian forms.
uly being Inestigated jointly by Dr. Okada of Tokyo
a of Kushiro Women’s Colicge, Dr. Wheel
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show no close relationships to any of the
are known to me. Assuming that these
world Drosophila, North,
ded as probable sources for the Hawaiian
tive evidence for the
out the Drosophila {rom this part

it
s-section of the new-

chu

i can be

origin of the Hawai-

ibed

{imal conclusions are

islands of the

Having more or 1

among Haw

ﬂm possibilily is
Metropolitan University, Dir.




Throckmorion: Relationships of Hawaiian I fi: 383

of the University of Texas, and myself. The results of this study will be published
later.
The origin and r 2 ips of the Scaptoids—For discussion, the Scaptoids

can be divided into three groups: Titanochacta, Scaptomyza and the three species
of Drosophila that are true Scaptoids. The species of the genus Scaptomyza
are, for most of the ¢ ted here, rather uniform. When they are not
uniform, the variation is generally of such a nature that little information of
phylogenetic value (for relationship infer se) is provided. OF the subgenera avail-
able for this study (sec Appendix), Tantalic and Alloscapiornyza are the most
derivative, at least [or some internal characters, or characters of the cggs. The
remainder of the subgenera do not differ among themselves in any way tha
would suggest phylogenetic sequence. There is very little more that can &
about Scapiomnyza, except that one need not postulate more than a single intro-
duction to account for it, if, indeed, it is not better interpreted as originating in
Havwvaii. Titanochaeta is so much a Scaptoid that its origin from the basic Scapto-
myza line is almost certain and no additional introduction is required to account
for it.

Hach of the three Drosophila species departs from the more usual Scapromyza
tern in some way. D. parva, for example, has paragonia that are [ully Dro-
iloid. Othervise, all of ils characterislics are completely Scaptoid, D. nasalis
is Tully Scaptoid, except that coiling of the vaca and the distribution of the pig-
ment along the vasa arc both Drosophiloid. Also, the ejaculatory apodeme of

s is intermediate in shape between the unmodified Drosophila type and that
typical of Scaptomyza (Tigure 17.61). D. crassifemur is almost completely Scap-
toid, except that the pigmentation of the vasa containues almost lo the bdse {Dro-
sophiloid), and the ejaculatory apodeme is of the conventional Drosophila type
(Figure 17.60). Also, the anterior pupal spiracle of one strain of crassifemur is
completely Drosophiloid (Figure 17.66), although there is some variation within
the species toward the Scapfornyza type (Figure 17.67). Only a few species of
the genus Titanochaeta were available for this study, but these species were fully
Scaptoid in all of their characters. (Il the pupae mentioned in the i

lions were actually pupae of Titanochaeta, then the pupal spiracl
cies are Drosophiloid). Hence, the Scaptoids presently not clas
myza tend to vary in the direction of Drosophila, and, for several characters (pig-
menlation of the vasa, pupal spiracles and paragonia), specifically in the direc-
tion of Hawaiian Drosophileids. Since three of the: s are sufficiently
equivocal in their external diagrostic features to have been classified as Dro-
sophila, we must investigate the possibility that the Scaptoids (Zitenochaeta
and Scaptomyza) originated in Hawaii [rom the same ancestor as did the Dro-
, sophiloids, and that species such as crassifemur, nasalis and parva reflect some
characteristics of early transitional populations.
The phylogenetic position of Scaptomyza has been d

/'Thrm\knmrmn, 1962). At that time only a few species
ion indicated then is the same as that indicated by the larger sample from
Hu wall. ‘This position (see Figure 53 of Throckmorton, 1962)

of the major phyletic bldh{‘h lcading to the subgenus Drosophila,
stuntially the position indicated for 1he Hawaiian Drosophiloids. The evidence
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Tio. 18. Left. Preliminary phyiogeny of the Hawaiian Drosophilids. Right. The phylogenetic

position of the Hawaiian Drozophilids within the genus Dros 103

from the Hawaiian Scaploids for this position will not be recapitulated. The
reader should note from Figure 17 that all of the considerations cited for the
phylogenetic positior: of the Drosophiloids apply equally well for the Scaptoids,
much the same in most

since these two groups have characters that are ver
cases. Hence, it is possible to indicate a single position for the Hawaiian Dro-
sophilidae, and this is shown to the upper right in Figure 18.

OF itself, the observation that the Scaptoids and Droscphiloids have the same
phylogenetic position need be of no greal significar is quite possible for
extant species groups having rather diverse arrays ol characters to be derived
from nearly the same level in a phylogeny, However, the problem ul the origin
of the Scaptoids is complicated by the fact that, for most of the characters of
phylogenctic significance, the Hawaiian Drosophiloids and Scaptoids overlap
broadly. This can be seen very plainly in Figure 17 where their characters are
summarized, Tor only two characters, the ejaculatory bulb {not shown in Figure
17, see Higures 14 and 15) and the paragonia (Figures 17.35-44) is there a
rather sharp difference between the Scaptoids and the Drosophiloids. The para-
gonia actually do overlap in characteristics more broadly than a cursory inspec-
tion of Figures 11-13 might indicate, since Drosophiloid types are rare among
the Scaptoids and Smp(o‘d types rare among Drosophiloids. The significant thing
is that both types e h group (Figures 17.35-.44) and their {requency
of oceurrence is irrelevant. The types seon in Figore 17.36-37, and in 17.40-4,
are apparently found. only.in Ilawaii, and it is remarkable that they are also
found in both major groups:from Hawaii, Much the same situation holds for
many of the other characteristics. In some cases there is a simple over!

t in
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the

and cgg filaments for examp)
umique features are shar

:). I other cases therc is an overlap, and
red by ihe Scaptoids and Drosophiloids. The ¢left and
suture of the ventral egg surface (F 17.21-29) is an example of the latter.
So also are the characteristics of the ventral receptacle. The “white tip scutellum”
spécies have vasa of the Scaptoid type and they share one type of spermatheca
with them. (This type of spermatheca is primitive and cannot be taken as evi-
 of close relationship.) The existence of a unique type of pupal spiracle in
and the more or less commee tergradation of spiracle Lypes hetween
s and Scaploids is very suggestive of a close common o1 igin for these

Huwaiian smmomyza Wu,cu/a./a and m(z;qualu, Fxg‘uxes 113.39,, 42) have nor-
mal Drosophila types, and th

characteristics of crassifermur and nasalis have
already been meutioned in this respect, Also, most Seaptomyza have reduced and
“fieshy™ ovipositors, bul in Hawaii some forms have ovipositors that are un
reduced (Figure 17.32). These also have the normal Drosophiloid complement
and arrangement of bristles. In short, for virtually all of the characters treated
here there is a broad overlap, and often there is a sharing of characteristics that
are, for the present, unique to IHawalian forms,

This does not seem lo be a situation that can be dismissed simply as due to
convergence. Too many characters are involved, these characters are virtually
ientical in many rases, and apparently nnique types are shared by Drosophiloids
and Scaptoids. Under the civcunustances, the simplest and most parsimonisus con-
Stusion to be veached from the existing anatomical data is that the Scapto
ated in {awaii from the samo stock as did the Drocophiloids. Alternately,
however, Drosophilids might have been intreduced into Hawaii twice (see Figure
18, lower left), and if this second alternative is correct a most remarkable set of
coincidences was involved in the origin of the Hawaiian Drosophilid fauna. Jf
the first alternative is correct, then both 7'itanochaeta and Scaptomiyza originated
in Hawaii, and Scaptornyza subsequently escaped to the mainland, either directly
or through the islands of the Pacific, or hoth, This escape must have taken plac
vather early, since the genus Scaptomyza has a world-wide distribution with
endemic to continental areas.

If we envision the introduction of two forms into Hawaii, the Drosophiloid
species must have been one that was so closely related to Scaptomyze that its
descendenis in Hawaii possess substantially the same cemplex of characters as
do the Scaptoids. This is 1o mean coincidence. For the characieristics trealed
herein, the range of variation among the Hawaiian Drosophilids (Drosophiloids
plus Scaptoids) is of the same order of magnitude as that enc untered within
some species groups from elsewhere in the genus Drosophila. It is considerably
less than is encountered within the major subgenera, and some species groups
the repleta group) seem to be more variable, for more of these character-
istics, than are the Hawai i (:
ing data). Elsewhere in the genus, then 1s are
rong evidence of close common descent, and they must be interpreted as indicat-
ng lho same thing here. Regardless of the geograp!
., present evidence requires that they
the Ifawaiian Drosophiloids. If the origin of the Scaptoids occurred outside of

nany specic

lose common ancester with

ical point of origin of the
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then two successful trans-Pa clonizations are needsd. Fach one of
these was, in itself, an improbable event. That a successful introduction be made
ice from the same family of Diptera is even less probable, and that the two
successful introductions from the same family should involve species so closely
related (but presumably already generically distinct) as to produce the existing
patterns of variation in Hawaii is less probable still. And if we do not postulate
mhms hom cen the two unmnm (domzm we must then

<:onmrgonf evulum,n. ll]la requires tLdi we exp
have diverged in ne direction of Drosophila (while Lhey were compszing with
them among the it niches of Hawali), and why, for o character slates
at least, they have happened to diverge specifically in the directiori-of the Howai-
ian Drosophiloids. And why do the Hawaiian Drosophiloids, of a1l the Drosophi-
loids in the world, include a group of species (“swhite tip scutelfum™ forms) that
share characters with the Scaptoids, their nearest (geographical) relatives? Fi-
nally, Spieth (this Bulletin) concludes, on the basis of his studies of behavior, that
the “white tip scutellum” species are Scaptoid and that the genus Scaplornyza
probably originated in Hawaii. For the present, then, Hawaii must be considered
to be the only place in the world where the otherwise sharp distinctions between
Scaptomyza and Drosophila tend to disappear.

The pattern of variation scen among the Hawailan Drosophilids s so readily
interpreted as being the uncomplicaled consequence of divergence from a single
ancestral colonizer that alternative explanations seem labored and uncalled-for,
If we accept this interpretation, a simple and logical sequence of evolution is
seen for the species in Hawaii. This last interpretation does requirve that at least
ene species of Scaptornyza escaped from Hawaii, but this is not a serious draw-
Both of the major alternatives require two trans-Pacific colonizations. One
requires two separate mtroductions into Hawaii. The other requires one intro-
duction into Hawaii and one introduction from Hawaii to a continent. There is
1o reason to think that one of these trips mherently more difficult or more
improbable than the other, and such considerations cannct help us establish the
relative merils of the two major alternatives. Another consideration, that of time,
hag yet o be broached.

The most recent and informative trcalmenl of the ages of the Hawaiian vol-
canoes is that of McDougall {1964). He has determined the potassiurs.
of these as lollows: (in millions of years) Kauai, 5.6-3.8; Oahu, 3.4
kai, 1.8-1.3; Maui, 1.3-0.8; ITawaii, <1. He interprets these ages as shomng the
crder of Lxum tion, Towever, the evidence also tod that the eruption of
the presently exposed lavas was very rapid, so the order of extinction may well
represent the order of commencement. One of the most interesting observations
was that one sample (Mauna Kuwale trachyte) from West Oahu had an age of
about eight million years (two readings of 8.26 and 8.46, respectively). This
suggests that two volcanoe; ering in age by five million years were active in
West Oahu, with the e: st known activity dating from the carly to middle
Pliocene. The activity that produced the presently existing islands, including
Waianae Range of West Oahu, was late Pliocene to Pleistocene.
The islands from which these datings were obtained belong te the “windward”

5t
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group. These are but the southeastern members of a chain that extends Jor about
1900 miles from Hawaii io a coral atoll off to the northwest. The northwestern
members, the ¢ ands, are thought to be the remnants of carlier high
islands (see Zimmerman, 1948) and these presumably would have been older
tha the existing islands of the “windward” group. Bearing these factors it mind,
an estimate of ten million years as the age of the older members of the archipelago
tified. Tt is not nnreasonable to assume that western islands were
J")hahltﬂbl(‘ and inhabited at ove time, and that seme of the evolution of the
ende aiian Drosophilidae occurred on them. 1f we grant the fiest five

eeward”

eems ju

1Ta

i 1n)n vears for the development of a flora adequate to support ihe Drowphmd&
and assivme the successtul colonization teward the end of this period, then there
would be about five million years available for the development of the endemic
Drosophilid fauna. If we assume only three generations per year as a probable
mum estimate for the species and climate involved, then perhaps filteen
willion generations of evolutionary change were possible. Since the western-most
islands may have been much older than the eight million years estimated for
West Oahu, and since less than five million years may have been required for the
original successful introduction, fifteen million gcn@rations is probably a mini-
mum estimate. At any rate, it is a conservative estimate, and hopefully it does
not exr in the wrong dlrm tion,

Tf one alize about evolutiomary rates, the best that can be said i
that the Hnth from lineage to lincage and at different times within
the same lineage. There is almost no concrete evidence from which we might
ustimate evolulionary rates in Drosophila (Simpson, 1045} The recent descrip-
tion of a fossil Drosophilid about thirty million years old (Wheeler, 1963) gives
us an indication of the age of the genus Drosophila and of the major phyletic
branches within it, but it does not tell us much about rates of e mpson
( or more for the production of species “fully distinct
cally and morphologically,” and he indicates that this may be for cases of
rather rapid evolution. For Jack of a better, we can take thi imate and see
where il leads us.

I specialion can occur within 50,000 years, and if ‘Jw million years are ay aﬂ—
then 100 speciation events in sequence are *“po a
if we assume all speciation to have been synchronous and dichotomous,
then 21 species could have been produced in the time availab
need time only 1o produce about 2% species (say 600 endemic Dreosophilids plus
less than 200 Scaptomyza from elsewhere in the world), for which only 500,000
years might have been sufficient. Apparently thn rate could be tenfold slower
Il produce the requisite number of species. And while speciation would
certainly not be synchronous, it most probably would not be strictly dichotomous
either. In many instances speciation would almost certainly produce more than
two products. Given environmental opportunity, and such opportunity does seem
to have existed in Hawaii, a thousand surviving species in five million years may
be a very reasonable estirate. In fact, environmental opportunity may be by far
the most critical factor regulating rates of speciation. In iis absence the rates of
change would be low, but in its'p ar higher than educated
s suggesl. At any rate, and granting that we are vastly ignorant of specia-

§

oluti

resence they may be
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tion rates in Drosep/fala, time does not provide us with a critical means for dis
tinguishing between the twe major alternatives. Certainly considerations of time
alone do not force us to reconsider the implications of the anatomical data for the

origin of the genus Scaptornyza.

The final resolution of this question must depend on very thorough anatomical
studies, particularly of the continental species of Scaptormyza. One bit of evidence
of this nature tends to cast some doubt on the interpretation of an island origin
for Scaptomyza. Wh . 204) reports that the male of Scaptomyza
tnontana (western U.S.) has elliptical testes, This seemingly irivial observation
is of some consequence for the present discussion. To date no species of ITawaiian
Seaptomyza are known to have elliptical testes. This condition is primitive, and
if Scuptomyza or it is surprising that some Ildwaiian species
do not also have ellipi s true that some of the “while tip sculellum™
species have less than one complete coil in the testis, and these speciesare Scaptoid
other respects, but still the absence of elliptical testes among Hawaiian forms
is puzzling if Scaptornyza originated there, The entire sequence would require
that the original colonizer of Havwaii carried genetic variability sufficient to pro-
duce either coiled or elliptical testes. Subsequenily species were produced that
had coiled testes, but no species with elliptical testes survived in Haw,
ever, the colonizer from Hawaii to the continent still carried genetic variability
that could produce ellipti es, and one of its descendents oxn the mainland
does have elliptical lestes. In short, the genctic variability for testis form must
have survived two hottlenecks if it is to.be expressed in rnainland forms
i ressed al the first stopping poinl i Hawail.

1is possible, of cou lize these observations. In the first place, only
u fraction of the Hawaiian Scaptoids have been investigated. Species in which
the male has elliptical iesies may yet be discovered there, Second it is not abso-
lutely necessary that a Hawatian form with elliptical testes survive to the present.
All that is required is that one persisted to the time when the Scaptomyza colo-
nizer left the islands. Evolution in Hawaii may well have involved the sequential
replacement of one species by several derivative descendent species, and hence
we have no delinitive evidence regarding the contents of the Hawalian gene pools
at the time 1he second colanization occurred. Finally, it is not sirictly necessary
that the reappearance of an aucestral character result from segregation, Atavistic
recurrences may well be due to segregation of rave complex genotypes [rom gene
pools in which the ancestral genetic elements still persist at low frequencies. Lhey
may also be due to a simple mutational change, say in a regulator geue, that
suppresses, or fails 10 induce, more derivative developmental sequences, Hence,
an ancestral trait may reappear through mutation, and its appearance may not
be critical evidence of the evolutionary history of the species. Rationalizations
are never very satisfactory for deciding issues, and they indicate only that the
queslion must remain o until more concrete evidence is ilable. For the
purposes of discussion, and because the bulk of the existing evidence so indicates,
an origin of Scapiomyza in Hawaii will be assumed i the next section.

The evolution of the Hawaiian Drosophilids—1f we assume a single coloniza-
tion of Flawaii, the following general outline of events can be adduced. We wonld
expect that the first individual enco 2d an- enviranment thal was not only

and it

, to ration
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niche

hospitable but Full of empt: iud erapty of compelitors. Under the cizcum
, its immediate descendents probably were not under strong selection
are, and they probably found two major habitats open to them. Gne of them
was the usual Drosophila habitat, weodland with its associated fungi, flowing
sap, fruits, rotting vegetation, etc. The other was the open and semi-open grass
lands whose niches elsewhere in the world are filled by species from ather families
of Diptera (the leaf-minin lae, the Chl 3. Under these
umstances, the first m may well have involved a dichotomy
betwe jor habitats, leading to two groups, one primarily woodland, the
and. The woodland habitat is characleristically that of Drasophila
and probably required little in the way of modification to adapt to it. These forms
retained the basic Drosophila way of lile and also retained the general Drosophila
morphology and behavior. They became the Drosophiloids of this paper. ‘The
other forms adapted to a new environment (grassland and semi-grassland) and
became modified accordingly. In making the transition from one way of life to
another, and from one food source to another, some forms switched to become
parasitic on spider eggs (Titanochaeta) and others eventualy became Scaplo
adaptive shift wa mpanied by morphological changes and the
Scaptomyza “gestalt” the result.

The occupation of the leaf-miining niche by Scaptomyza has always puzzled
me, since other lamilies of Diptera seem to be firmly established i at Jeast supe
fictally similar niches, (This assumes that adaplations of families are more
it than those of genera, which may not he the case in this jnslance.) How-
ever, il Scapiomyza fivst entered this nichea in the comparalive seclision of Hawaii,
and if it perfected its adaptation to this niche in the absence of competition from
already well-adapled species, then its position may not be surps Once estab
Tist ompete successfully with other

Agromyz

T sepa

n the

ahnci

hed in the niche, it may have been able to
Dipteran species when it finally came in contact with them, and this may account
for its wide distribution on the mainland. Physiologically it would have been quite
different from its competitors in other families, and its adaptations could bardly
have precisely duplicated those of continental competitors. Hence, when it “re-
turned” to the mainland it may have “seen” many niches that may not have

heen accessible to an carlier Drosophilid.
Be that as it may, the next significant event was the separation of the “white
tip scutellum” line. The nature of the events that produced the rather pronounced

differences of these species is, of course, urknown. Apparently they are fungus
feeders (TTardy, 1965), and ihey may reflect a second major partition of the
able [ood sour The first would have been between woodland and grass
; the second, within woodland, between fungus feeders and non-fungus feed-
ers. It is probable that a bottleneck of some kind was passed at their origin. At
he sharp differences in egg filaments and spermathecae iniplicate some-
thing of the sort, and their distinctive external gestalt is perhaps indicative of the
same thing.

Subsequent to the separation of ihe “white tip scutellum™ forms, the evolution
of the Drosophiloids appears to have involved two major pattern:
sharply distinct from each other, One of these patiern:
more recent forms, is the orthodox one of differentiat

most evident among the
don in isolation, This

is par-

i
i
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icidarly clear for the subgenus Exalloscaptomyza, where there may be one
species for each of the major islands. There are also a number of species pairs

(or ‘triplets, etc.) whose distribution indicates much the same thing. Thus we
find, for example, conjeciura from Kilauea (Hawaii), and “conjectura-like” from
Mauna Kea on the same island. We also find fungicola and “fungicola-like,”
mimica and “mimica-like,” eic., in the same two localities, as if the same original
“community” had been established in each place, with subsequent species diver-
gence producing the present faunas. Alternately, this situation could have been
produced by independent colonizations Irom several sources. The Drosophilnidc
of F offer unusual oppurtunities for studying the evolution of community
relationships, niche scparalions and adaptations together with an analysis of
speciation events involving forms whose genetic relationships are yery close and
which may ultimately be determined. B

The second major pattern follows from the wide, and almost random, distri-
bution of many of the character states peculiar to Hawaiian Drosophiloids. It is
as if a population originated, became widespread, developed a great stove ‘of
genetic variability, and then fragmented. The resulting populations, regardless of
their mode of origin or the factors keeping them scparate, bad much of the
original genetic variability in common. They could not and did not utilize it all,
and different lineages used diffevent combinations, Thus, ne strong evolutionary
trends are apparent among the more recent Drosophiloids. A pattern of reticulate
evolution of this sort might aiso be produced by the differentiation of populations
1 solation (imperfect isolation by distance), and the TTawaiian environ.
d the habits of Drosophila ave particularly well soited to this type of
evolution. One might visy an original population slowly spreading to occupy
the available geographic range of niches open to it. Local populations of consider-
able size might build up, but favorable enviromments might be rather widely
separated from each other, as many, if not most of them, are today. Thus, gene
flow between the local populations would be slight and sporadic at best. The
general situation could be visualized as a net, with each knot a local population,
each thread the evidence of gene flow between them. Early in the sequerice gene
flow might be reasonably constant between the populations, but. as time passed,
gene flow, as distinct from immigration, might gradually diminish as a conse-
quence of the genetic divergence of the populations nvolved. Alien genes might
be selectively eliminated: from cach gene pool, or alien behavior patterns (re-
gional dialects) might réduce the pro obability of mating even if inamigrations
occurred at appropriate seasons. Under such circumstances, and even with con-
tinued introduction of individuals from other populations, divergence and even.
tual speciation might occur. In the net visnalized earlier, the knots would persist
but the webs between might gradually and sporadically break. Some would break
earlier than others, and some might never break. Newly originating genotypes
might diffuse readily through some populations, but only poorly ar not at all to
others. And at various times along the way some populations might themselves
begin to spread and establish new I of their own (without
necessarily displacing the originals) so that new cycles might well be under
way long before the original cycle, with well-established reproductive isolation
between all the rpmammg populations, had been completed, The not effect of such

i
li

al population
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4 system would be 10 produce complexe

of species only slightly differentiated
from each other, and with the conuplexes themselves only partially distinct. One
group would ov

states, have certain other states

erlap another for some characte

in common with a second group, and have still others in common with a third
aud such a

group, etc., etc. This is substantially what exists in Hawail toda
product seems more likely to have been produced by highly multipl
tings and fragmentations than through conservative dichotomies.

SUMMARY

Varivas anatomical features of
discussed. Tiwo major groups arc

¢ Hawaiian Drosophilids are described and
dicated, the Drosophiloids and the Scaptoids.
Phylogenetically, both of these groups are very closely related to each other and
they are derived from near the base of the major branch leading to the subgenus
Drosophila of the genus Drosophila. Evidence is presented indicating that the
genus Scaptomyza originated in Hawaii and arguments for and against this
interpretation are discussed. If Scaptomyza originated in Hawaii, then the avail-
able evidence favors the introduction of only a single individual (hasically a
Drosophila) as the progenilor of the more than 400 endemic species of Dro-
sophilids. At most, two introductions, presumably of a single individual each,
ave required if the Scaptoids are thought to have originated from an introduction
separate from thal for the Drosophiloids. Exisling evidence indicates that the
Drosophiloid introduction was from. cast Asia, perhaps from Japan, but this
problem is still under investigation. Some general patierns of evolution io Hawaii
are also discussed.
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AppPENDIX

The species dissected for this study ave listed helow. Their present classili
tion is indicated, together with informal designations that serve to clarify general
grouping t 1ber relates specific individual specimens in my
collection to the notes on their ection. When specimens from more than one
locality were dissected, the number given is that for the specimens whose charac-
ieristics are reporied in
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APPENDIX
Identification
number Locality ;
i
DROSOPHILOIDS
Genus: TDIOMYIA
obscuripes Grimshavw 85 Paliku, Maui ;
perkinsi Grin 53 Waikamoi, Maui |
picta Grimshav 99 Waikomsi, Maui
Genus: ANTOPOCERUS ;
aduncus Tlar 55 Waikamai, Maui :
diamphidiopodus Fardy 54 Maul +7
diamphidiopodus Hardy lokole, Molokai
Iongiseta (Grimshaw ) i34 lekole, Molokai *
orthopterus Hardy 98 Paliku, Maui y
orthopterus Hardy Waikanoi, Maui
tanythriz Hardy 73 Kilauea, Hawaii
villosus Hardy 59 Waikamoi, Maui
Genus: NUDIDROSOPHILA
aenicta Hardy 19 Drum Drive, Oahu
lepidobregma Hardy % Kipuka Kj, Haswaii
Genus: ATELEDROSOPHILA
preapicula TTardy 135 Opacula Ridge, Oahu
Genus: DROSOPHILA
Subgemus: Drosophila
/mumaltpm Griashas 43 Kokee State Park (Mohihi
Stream), Kanai
cuccabata Hardy 29 Puu Kolekole, Molokai
hirtitibia Hardy 20 Drum Drive, Oal
imparisetae Hardy 83 Kilauea, Hawaii
imparisetae Hardy Kipuka Puauhy, Hawaii
quasianomalipes Hardy 30 Kokee State Park (Halemanu
Valley), Kauai
truncipenna Hardy 61 Waikamoi, Maui
picture wings
wdiastola Hara 72 Waikamoi, Maui
crucigera Grimshaw 136 M. Tantalus, Oahue
engyochracea Hardy 93 Kipuka Puautu, Hawait
fasciculisetar Hardy 105 Waikamoi, Maui
grimshawi Oldenberg 2 Fast Molokai
musaphilia Hardy 137 Kipuka Puauh, Haw
picticornis Grimshaw 138 Kokoe State Park, Kauai
pilimana Grimshaw 139 Mt. Tantalus, Oahu
punalua Bryan 140 Pupukea, Gabu
willosipedis Hardy 141 Kokee State Park {Kumuwela

Ridg

wodified mouthparts
aquila Tardy 76 Kilauea, Hawaii
araiotrichia Hardy 6 Puu Kolekole, Molokai
asketostoma Hardy 95 Haleakala Grater, Maui
chaetopeza Hardy 2 Kipuka Puanln, Hawaii
comatifernora Flardy 34 Waikaweoi, Maul
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Species

conjectura Hardy
dissita Hardy
eurypesa Hardy

flavibasis Hardy
freycinatiae Hardy
furvifacies Hardy

hirticora Hardy
infuscata Grimshaw
involuta Hardy
Anotriz Hardy
ischnotriz Hardy
kauluai Bryan
mimica Hardy
mimica Hardy
mycetophila Hardy
pychnochaetae Hardy
residia Hardy
scolostoma Hardy
bristle tarsi
apodasta Hardy

i

basimacula Hardy

pansa Hardy
perissopoda Hardy

prodila Hardy
redunca Hardy
seclusa Hardy
torula Hardy
trichaetosa Hardy
spoan tarsi
conformis Hardy
conformis Hardy
contorta Hardy
disticha Hardy
disticha Hardy
incognita Hardy
nevtralis Hardy
polliciforma Hardy
Sordidapez Grimshavw
sordidapez Grimshaw
split tarsi
ancyla Hardy
clavata Hardy
fundita Hardy

cilifemorata Hardy
fungicola Hardy
fungicola Hardy

s

22

152

tification
number

Locality

Kipuka Puaulu, Hawal
Kilauca, Hawaii
Kokee State Park (Alakai
Trail), Kauai
Kokee State Park, Kaual
Mt. Tantalus, Gahu
Kokee State Park (Mohihi
Strearn), Kavai
Paliku, Maui
Mud Lane, Hawail
ment Station, Hawaii

stalus, Oalin

Pupukes, Oahu

Kipuka Puaulu, Hawaii

Paauilo Experiment Station, Hawaii
Mt. Tantalus, Oahu

Pupukea, Oahu

Kipuka Ki, Ilawaii

Paliku, Maui

Kokee State Park (Alakai
“Trail), Kauai

Kokeo State Pavk (Mohihi
Stream), Kauai

Waikamoi, Maui

Kokee State Park (Mobiki
Stream), Kavai

Paliku, Maui *

Puu Kolekole, Molokai

Pun Kolekole, Molokai

Waikamoi, Maui

Kilauea, Hawaii

Mud Lane, Hawail
Kilauca, Hawait
Waikantol, Mavi

Puu Kolckole, Molokai
Waikimoi, Mani
Kilauea, Havaii
Kilauea, Mawaii

Mud Tane, Hawaii
Kilauea, Hawaii
Kulani Road, Hawaii

Waikamoi, Mani

Pupukea, Oahu

South of Hanalilolilo, Molokai
Kipuka Puaulu, Hawaii

Waikamoi, Maui
Paauilo Experiment Station, Hawaii
Kipuka Poaulu, Hawaii
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Species

haleakalue Grimshasw
iki Dryan

melanoloma Hardy
melanoloma Hardy
melanosoma Grimshaw

melanosoma Grimshaw
nanella ardy

nigra Bryan
bipolita Hardy
canipolita Hardy
demipolita Tardy

Subgenus: Trichotobregma
petalopeza Hardy

Genus: DROSOPIIILA
crassifemur Grimshavy
crassifernur Griwshaw
crassifemur Grimshaw
crassifermur Grimshaw
nasalis Grimshave
nasalis Griwshaw
parva Gritshaw

Genus: TITANOCHAKTA
contestata Hardy
species C
Genus: SCAPTOMYZA.
Subgenus: Alloscaptomyza
longisetosa Hackman
stramineifrons Hackman
Stibgenus: Bunostoma
anomala ardy

palmac Havdy
palmae TTar
santhopleura Hardy
Subgenus: Exalloscaptonyza
mauiensis (Grim.)

species ?
species ?
species ?
species ?

Subgenus: Parascaptomyza
pallida (Zett.)

Subg Roseruwaldia
abrupta Hackmen

Subgenus: Tantalia
varipicta Hardy

Tdouiification
mumaber

107
65
108

150

97

SCAPTOIDS

79

Locality

Paliku, Maui
Waikamos, Maui
Paliku, Maui

Puu Kolskole, Molokai

alemanu

ate Park (Kamuwela

. Kanai

ate Park {Halemanu
Valley) Kauai

Waikamiod, Maui

Pupukea, Gahu'

Paauilo Experiment Station, Hawaii

Paliku, Maui

Kilauea, Tawaii
Puu Kelekole, Molokai

Kokee State Park, Kaual
Paliku, Maui
Paliku, Maai

Pun Kolekole, Molokai
Kokee State Fark (Mokihi
Stream), Kauai

Drum Drive, Oahu
Pupukea, Oahu .

M. Tantalus, Oabu
Mt. Tamtatus, Oahu

Kokee State Park (Mohiki
Stream), Kaual

Mt Tantalus, Oshu

Kamuela, Hawai

M. ‘Lantalus, Oahu

Tao Valley, Maui
Kamuela, Hawaii
Pali Highway, Oahu
Molokai

Puu Ka Pele, Kauai

Pohakaloa, Hawaii
Waikamai, Maui

Kokee State Parl, Kauai

1
t
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Tdentification
Species nunther Locality

Subgenus: Trogloscaptomyza

argentifrons Hardy 171 Kokee State Park (Mohihi
Stream), lxaum

articulata Hardy 172

connata Hardy 121

hackmani Hardy 116 Pan Kolekole, Malokai
hackmani Hardy Kipuka Pusulu, Hawaii

inazqualis (Grim.)
iniricata Tardy
ntricata Hardy
latitergum Hardy
levata Hardy

Vohakalna, Hawaii

Waikamoi, Mani

Pun Kolekolo, Molokai

Haleakala, Maui

Kokee State Park (Mohihi
Stream), Kauai

Waikamoi, Maui

Kokee State Park (Kumuwela
Ridge), Kauai

silvicola Hardy 126 Waikamoi, Maui

retusa Hardy
rostrata Hardy
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