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I. Natural Populations of Drosophila and the Wrightian 
Model of Evolution1 

WARREN P. SPENCER
2 

Many of you in this audience are teachers. This happens to be my profession. 
I wonder if any of you have ever suffered the type of mentally excruciating 
nightmare rwhich visits me about once a year. I awaken in a cold sweat after the 
experience of having found myself signed up to teach a course in some advanced 
subject in a department foreign to my interests, inclinations, and training. After 
hours, days and weeks of fruitless subterfuge, easily recognized as such by even 
the dullest student in that class, I awaken to thank God that my schedule includes 
only subjects in the field of biology. Though perhaps as the years go by and one 
becomes more aware of shortcomings in knowledge, techniques and understand
ing, reality approaches the nightmare. When the two lines intersect I believe it 
is time to retire, regardless of age and institutional stipulations thereon. 

There are some in the audience who may wonder why this seemingly bizarre 
introduction. There are others who have already surmised the answer. I find 
myself on a reverse nightmare and I am no trick rider. Speaking on a symposium 
honoring the foremost mathematical biologist in the world, in conjunction with 
Li, Crow, Glass and Scott, all of whom were either born with or have acquired 
the mathematical acumen and techniques which entitle them to participate, I 
must confess to a colossal lack of training and a profound ignorance in that field 
of mathematics which deals with population genetics. I tried to make this clear 
to those arranging the symposium. However they say that truth is stranger than 
fiction, and so I am here, and we'll try to make the best of a bad situation. I can 
only say in justification of my appearance here that for many years I have 
sporadically, if not systematically, trapped specimens of the genus Drosophila 
from many populations in widely scattered areas of this country. Furthermore, 
population samples of a number of species of the genus have been inbred either 
by pair matings of F1's from wild caught females or by mass matings of F1's from 
such females, and the visible mutant types appearing in the Fz progenies from 
these flies have been recorded. 

While my main interest has been the comparison of visible mutants per se 
from species to species, I have made some observations on the frequencies of 
certain mutant genes in these populations, and on the breeding habits and popu
lation structure in these species in relation to food supply and climatic conditions. 
In a way this is an old story in the development of Drosophila genetics, dating 
back to the initial observations of Chetverikov. However, there have been rela

1 Editor's note: Dr. Warren Spencer spent the academic year 1954-1955 on research leave from 
Wooster College, Ohio. During his stay at the University of Texas he studied local pouplations of 
Drosophila mulleri (see .Spencer 1957). These studies formed the basis for an address in a sym
posium honoring Professor Sewall Wright (A. I. B. S., East Lansing, Michigan, 1955). His 
address is reproduced here with only a few editorial changes. 

2 Present address: 702 North Bever Street, Wooster, Ohio 46691. 
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tively few workers in this field in comparison to those who have stayed in the 
laboratory and carried out those elegant experiments on these animals, which 
have continually broadened our knowledge of genetics and evolution. 

Being by nature a procrastinator, I happen to have been caught in a situation 
where it was necessary to write this without access to a library. Perhaps this is 
an excuse for not covering the literature in this field; at least I'll make it one. 
The material I present, therefore, comes largely from my own work. In connec
tion with some of Dr. Wright's contributions to the evolution of Mendelian popu
lations, and particularly in regard to what has become known as the "Sewall 
Wright Effect", or as he prefers to have it termed, "random drift", this material, 
mined at random from Drosophila populations, contains ore of some value, which 
still needs mathematical refinement. Unfortunately, I am too much of an intro
vert ever to have formed that commensal, or should we say parasitical association, 
whereby the field and laboratory worker, lacking training in bio-statistical 
matters, has his material processed by one of those rare mathematical wizards 
who have an understanding likewise of matters biological. 

In a series of papers dating back to 1931 Dr. Wright has through the years 
given a brilliant analysis of those factors in Mendelian populations which play 
a part in evolution. He has stressed their respective roles and interplay. Muta
tion, recurrent and reversible; selection, positive and negative; migration; systems 
of breeding, inbreeding and panmixis; isolation and population size; all have 
been considered and their theoretical contributions to micro-evolution in various 
combinations evaluated. By mathematical analysis for the initiated, by diagram 
and exposition for the rest of us, Dr. Wright has presented a balanced picture of 
the interplay of factors in the process of evolution at the intra-specific level. With 
a very few dissenting voices it is currently accepted that these are the factors 
which lead to speciation, and that speciation is basic to evolution on the grand 
scale. 

At the risk of seeming redundant I want to stress that the Wrightian model of 
evolution takes into account many factors and their inter-play. It is not a matter 
of either/ or; this or that; but rather a labile mechanism involving many and 
diverse factors, shifting in magnitude and relative importance from case to case 
and through time, resulting in a changing emphasis on the respective roles played 
by each factor. As Wright has frequently pointed out there is no inherent anti
thesis between the roles of selection and random drift in the evolution of popula
tions, and he has always stressed the eventual dominant role of intragroup and 
intergroup selection in any time scale which matters in the course of significant 
evolutionary change. 

The subject assigned to me is too broad for treatment in a short symposium 
talk and I want to confine my remarks largely to one phase of this subject: "Evi
dence for Random Drift in Drosophila populations." If this group were asked 
whether they thought random drift played a significant role in evolution, there 
would probably be some who would reply in the negative. I am no philosopher, 
semanticist, or propagandist. It is perhaps futile to attempt to predict the future 
course of investigation and thought in a particular field. I have long felt that the 
honest presentation of data was no cardinal sin, though the procedure runs the 
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risk of directing some youthful investigator down a street with a sign at the end 
reading "Dead-End." But if he is at all resourceful he'll walk out. 

Let us turn now to the subject of Drosophila populations. The genus Drosophila 
is a large genus, with over six hundred described species. This is by no means 
the limit, hawever. A few weeks ago Dr. Marshall Wheeler and I were in the 
laboratory of Dr. Elmo Hardy at the University of Hawaii. Dr. Wheeler is well 
versed in the taxonomy of the acalyptrate flies, and perhaps the foremost author
ity on the taxonomy of the Drosophilidae. Dr. Hardy is an excellent taxonomist 
and field man. I simply listened in. Hardy has collected Drosophila on all of the 
larger Hawaiian Islands and estimates that he has some three hundred new 
undescribed endemic species, most of which fit better in the genus Drosophila 
than in any other group. Dr. William Heed, of the University of Texas, recently 
spent a year collecting in Central America, and has some seventy new species 
as yet unnamed in the genus. It is true that there may be few spots as favored 
by climate and terrain as El Salvador and Hawaii and as yet uncontaminated by 
the collector's net and baited traps, but there are some. Wheeler suggests the 
Malay Archipelago as one; then there is tropical Africa with its high mountains 
and deep valleys, parts of India and China, to name a few such possible places. 
A conservative estimate would place the number of Drosophila species on the 
planet today at somewhere between 1500 and 2000. 

I have amused myself by trying to estimate the total number of adult indi
viduals of the genus Drosophila living in the world at any one time. Of course 
this is a guess but perhaps only a mildly wild guess. I have taken into account 
the wooded land areas of the earth which would presumably support Drosophila 
populations, and collecting records from fairly intense collecting in certain areas. 
I come up with a figure of one quadrillion or 1015

• If distributed evenly to every 
man, woman, and child on earth your Drosophila ration would be approximately 
4-00,000. Of this we can be sure, whether the total number of individuals is 1015 

or several orders of magnitude above or below this figure, these individuals are 
not evenly distributed among the 2000 or so species in the world. Drosophila 
melanogaster, world-wide in distribution and often forming the great bulk of 
collections in widely scattered areas, far outnumbers many species of the repleta 
group, which are apparently adapted to feeding on certain desert plants, them
selves limited in distribution, and many of the endemics of Hawaii, with its total 
land area of about 6500 square miles. 

If we were to take a fixed population size of 10,000 individuals we might esti
mate that there are at any one time 1011 or 100 billion populations. Of course 
population size from species to species and within a species is anything but con
stant. I once made a rough estimate of the size of a Drosophila hydei population, 
breeding on a citrus dump in Southern California, and arrived at a figure of 
100,000,000 individuals. I estimated a summer population of the same species 
breeding on a refuse heap from a wholesale fruit concern in Ohio at 500,000. 
And I have seen populations of one species fairly isolated as judged by food 
supply and terrain which would number in the hundreds, and over-wintering 
populations of a species, which were still further reduced in numbers. Why do I 
bore you with these admittedly inaccurate estimates of numbers of species, 
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populations and individuals? It is done to emphasize the point that we are dealing 
with a genus where the potentialities for evolution, while not infinite, are very 
large indeed. Keep in mind these figures: 2000 species, 1015 individuals, and ion 
populations, as we take up the discussion of diversities in populaton structure 
which might lead to random drift in gene frequencies. I am inclined to think 
that the above figures are rather conservative. 

In what follows I make no apologies for frequent reference to populations of 
introduced species, so-called domestic forms. Nor do I think it either feasible on 
practical grounds or pertinent on theoretical grounds to deal with native species 
only where the habitat has been undisturbed by man. It would seem to be a sort 
of ironic reverse anthropomorphism when one insists only on a study of native 
species in undisturbed habitats. Homo sapiens is becoming an increasingly potent 
factor in the environment of species living on this planet. The disturbed habitat 
is becoming a common phenomenon, even in the remoter regions of the world. 
Unless one wishes to deal only with the historical side of the study of evolution he 
would do well to accept man and his machinations as important factors in the 
environment, to which animals and plants must adjust if they continue to survive. 

We have mentioned Drosophila populations and even naively guessed at the 
order of magnitude of their numbers. Let us now ask: "What is a Drosophila 
population?" I think we might take our cue from the master biologist, Charles 
Darwin. His classic work on "The Origin of Species" contains no pat definition 
of species. He was wise enough to know that definitions can be misleading when 
one deals with the intricate patterns of life. We can, however, say some things 
about Drosophila populations. They are never static entities. They are dynamic, 
labile, fluctuating both in space and time. One cannot generalize on their struc
ture, for the average pattern differs from species to species, and there is no abso
lute pattern within a species. The structure of a population at a given moment 
will depend on what has gone before and on many factors in the environment at 
that time such as, food suply, micro-climate, including diurnal temperature 
rhythms, populations of other organisms including close and distant relatives, 
rainfall, shelter, and no doubt many more subtle factors not readily apparent 
even to the trained ecologist. 

Before we consider specific examples may we define random drift as fluctua
tions in gene frequencies in populations due to the operation of chance. Of course 
one may argue on a philosophical level that there is no such thing as chance. 
Given the complete spectrum of causative factors one could always predict the 
results which follow. But this is mere quibbling. When the bomb explodes it is 
not the strongest, the fittest, who survive, but the more fortunate. Position in that 
instant of time in relation to the cataclysm is the determining factor, not health, 
or strength or intelligence quotient. 

Let us now consider some actual examples of how random drift may occur in 
Drosophila populations. Drosophila melanogaster may serve as our first example. 
In the northern United States this species builds up to enormous numbers in the 
late summer and fall. The species will be found in abundance in all towns, around 
most farm homes in the country, in orchards, in grocery stores, in parks where 
there are picnickers and garbage cans, in fruit and vegetable markets and whole
sale produce houses, and often in woodlands, especially near human habitations. 
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But even in the well-populated state of Ohio one can find some woodland areas 
during the peak population period, where Drosophila mleanogaster is absent, 
though native species are in abundance. 

The pattern of distribution of the species this time of year forms an almost 
continuous network, or perhaps we should say patchwork, with huge concentra
tions of individuals where the food supply of fruit is high, as in orchards and 
produce houses, and potential migration routes with lower food concentrations 
connecting these denser areas. But if we go into the orchard and study the distri
bution of flies we will find certain trees where windfall fruit lies in abundance. 
These are spottily distributed through the orchard, each such tree forming a 
semi-isolated sub-population focus. Consider further the case of a single windfall 
apple, with broken skin and partially rotten flesh . One or a few females may lay 
their eggs in this apple and the larvae may develop, forming a still smaller semi
isolated sub-population with a high frequency of mutant genes which happened 
to be present in one or more of the parents. If later other apples fall under this 
tree they form the food supply for the next generation. Thus, while one may 
think of a melanogaster population as a huge aggregate occupying a network of 
territory over a large area, this aggregate is broken up into semi-isolated units 
with considerable migration between them, and with these units still further 
dissected into smaller sub-populations. If the humidity conditions are favorable 
even a single rotting plum may support a small sub-population of the fast-breed
ing Drosophila melanogaster for one generation. Such a fruit would not, however, 
supply sufficient food in the right condition for enough time to allow a sub-popu
lation of the larger and slower breeding domestic species, such as Drosophila 
hydei or Drosophila immigrans to come through. However, concentration of 
several of these fruits into a heap would support these latter species. 

In Ohio the first heavy freeze is likely to come in early December. This vast 
population of melanogaster, approaching a panmictic state, is suddenly deci
mated, for melanogaster is not adapted to the rigid northern winters. Survivors 
will be found, however, in grocery stores, fruit and vegetable cellars, and possibly 
in heaps of decaying fruit covered by leaves in orchards. Thriving sub-popula
tions of melanogaster may be seen in some fruit cellars in winter and early 
spring. With the coming of warm weather some of these fortunate survivors find 
out-door food supplies and go through the same general type of cycle with vari
ations, depending upon the climatic and food conditions for that particular year. 
Thus the melanogaster tide ebbs and flows on a seasonal cycle. The first gravid 
female from an overwintering focus to reach a favorable food supply will have 
more to do with the gene content of the sub-population produced there than a 
large group of later arrivals. The reproductive potential, several hundred eggs 
per female, means that a given female may produce anywhere from zero to 
several hundred offspring. The actual number will depend on many environ
mental factors all of which are subject to random variation; factors such as food 
supply where eggs are laid; subsequent temperature and moisture; predators; 
and the competition from larvae of the same or other species. Thus the observable 
population pattern in Drosophila melanogaster in the northern United States is 
such as would seem to favor random drift in many populations. But of course 
postulation without proof is not particularly convincing. 



6 The University of Texas Publication 

In Southern California the population cycle of melanogaster is somewhat 
different. This illustrates the importance of extrinsic factors in moulding the 
pattern of populations. Here there is a rainy season in the winter months, with 
cool weather and sometimes frosty nights (apologies to the Los Angeles Chamber 
of Commerce). With the coming of warmer weather in the spring melanogaster 
builds up to peak populations in the early summer, perhaps by the middle to the 
end of June. As the hot, dry summer wears on, the melanogaster population falls. 
One should here mention the sibling species, Drosophila simulans. Apparently 
occupying the same habitat, in spring it is far outnumbered by melanogaster. 
By mid June the two species are about equal in numbers. Then during the sum
mer and fall, even though there is no appreciable rainfall, simulans builds up to 
very large numbers. Collections in September and October, with many thousands 
of individuals taken from the collecting traps, showed simulans outnumbering 
melanogaster ten to one and sometimes one hundred to one. By November num
bers of this species had become greatly reduced. Whether the decline in melano
gaster populations in early summer in this region is due to direct effect of compe
tition with simulans, to the hot, dry weather, or to some more subtle cause, it is, 
nevertheless, a fact. While winter collecting of both species is poor, they un
doubtedly do overwinter outodors in this region. Reduction in numbers is sharp, 
but the foci for seeding the population of the following year are, by and large, 
much more diffuse than in the Northeastern states. In Austin, Texas this past 
year melanogaster showed a somewhat different seasonal cycle than in either 
Southern California or the Northeastern states. Certainly this species has a popu
lation structure in many parts of its distribution area conducive to the operation 
of random drift. 

Time does not allow detailed consideration of what is known of the population 
structure of many other species of Drosophila. It may, however, be pointed out 
that there are species with less marked fluctuations in size during the seasonal 
cycle, less severe dissection into small sub-populations. Drosophila robusta in the 
woodland areas of Eastern United States and Drosophila psewl.oobscura, largely 
in the evergreen upland zone in Western United States, are examples. On the 
other hand there are species which, at least in part of the seasonal cycle, are 
more sharply and spectacularly divided into sub-populations. Drosophila mo
;avensis, occupying the high desert plateaus of the Mojave and Colorado Deserts 
of Southern California, is an example. In the spring of 1937 in the Providence 
Mountains on the Mojave Desert this species was observed in rotting barrel cactus. 
Cacti in this state were scattered sporadically, but often isolated a hundred feet or 
more from other specimens. Each rotting cactus, on the average three feet in 
height and eighteen inches in diameter, when broken open proved to be a large 
desert Drosophila culture container; hundreds of adults on the inner side walls 
and a milling mass of larvae in the semi-liquid contents in the bottom of the 
container, with pupae in the wet side-walls above the culture medium. No doubt 
there was some migration from culture to culture across the dry intervening 
desert in the cool of the morning and evening. However, in the fall of the year it 
was observed that the rotten cactus had dried up and the total population of 
moiavensis had become sharply reduced in numbers. The next season following 
rains in the winter it would seem likely that Drosophila populations might again 
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expand from a very few parent flies fortunate enough to reach a new cactus 
culture bottle. This breeding structure should favor random drift in gene fre
quencies in the populations of Drosophila mo;avensis. 

An interesting parallel to random drift within populations of a species may be 
found sometimes in the distribution of numbers of individuals of different species 
in semi-isolated habitat niches. Those who have collected Drosophi.la simulans 
and Drosophi.la melanogaster are agreed that simulans thrives during the dry 
season in comparison to melanogaster. Collections of these two species in and near 
Pasadena, California in the autumn of 1949 showed the usual predominance of 
simulans. However, in a patch of Opuntia, a common cactus of the region, in the 
semi-desert along Fish Canyon road collections of Drosophila were made at this 
time. Here, in this small semi-isolated area, melanogaster was collected in con
siderably larger numbers than simulans. Yet this region was actually drier than 
other collection points. The simplest explanation of this case would seem to be 
that chance had favored the establishment of a melanogaster population through 
the earlier arrival of melanogaster or more numerous immigrants of this species 
to the area. There is the possible explanation that some adaptive factor in the 
environment, not obvious to the collector, might account for the situation, but 
this seems unlikely. Frequently one might get a false impression of the abundance 
of certain species in a region by the evidence from single collections. It seems 
quite likely that chance plays a considerable role in the distribution of populations 
of different species within a given region. Fluctuations in numbers due to cycles 
in climate, food supply and other extrinsic factors favor such accidents of 
~ampling between species as well as within a species. 

As laboratory demonstrations of random drift, various procedures have been 
devised to show how relative gene frequencies may change when small numbers 
of individuals are involved. Dr. V erl House devised an ingenious method consist
ing of mixtures of wooden beads of two colors representing the two alternative 
genes in a population; these beads were in containers which could be shaken and 
the sample read off rapidly. Where the population number was very small, 
fixation of one gene often occurred in one or a few generations. 

Using flies instead of beads (a somewhat more laborious though perhaps more 
convincing demonstration) Reed and Reed ( 1948) devised small population cages 
into which flies carrying two different X-chromosomes in various initial propor
tions were introduced. The population was then subjected to fluctuations in 
numbers due to the method of renewing food supply. Random drift as well as 
selection was shown to occur, the drift being more readily demonstrable in cases 
where population number was smaller. Kerr and Wright ( 1954) used a somewhat 
different procedure in which a given number of parents were selected at random 
from each generation to establish the next generation. They were able to demon
strate fixation or loss of the mutant genes forked and Bar in many cases where the 
initial population contained equal numbers of the mutant gene and the wild type 
allele. In the population cage experiments of Dobzhansky and others on Dro
sophila pseudoobscura, dealing with changes in the frequency of chromosome 
rearrangements over many generations, the results have been interpreted, no 
doubt correctly, as due to the operation of selection and not to random drift. It 
should be kept in mind that these experiments have been designed to study selec
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tion effects and to eliminate or mask the phenomenon of drift. In the first place 
the populations are relatively large, several thousands of individuals, and given 
a constant food supply, thus eliminating sharp fluctuations in population number. 
In the second place two or more chromosomal rearrangements, inversions. 
have been introduced initially either in equal numbers or with all inversions 
having each a rather large frequency. I am inclined to think that if a series of 
replicated cage experiments were set up in which the initial frequency of the best 
adapted inversion were one in one thousand, some of the populations would show 
early loss of this favorable type and others its eventual establishment at the high 
level expected. The demonstration would be facilitated, however, by the use of 
smaller cages or populations. Actually in nature, if the initial inversion mutation 
were a unique event and not recurrent, it would at first be introduced in one or a 
few individuals in a population, not in a high frequency. Random drift might 
either swamp it out in one or a few generations or increase it to a point where its 
selective value could have a reasonable chance of insuring its further survival 
and increase. 

Let us now consider some cases of high frequencies of mutant genes as found in 
natural populations of Drosophila, indicative at least that random drift does occur 
in nature. I have collected and classified over 80,000 Drosophila in Ohio, among 
them representatives of tvventy-eight species. While Drosophila melanogaster is 
very abundant here, the sibling species, Drosophila simulans, is rather rare and 
spotty in its distribution. Here and there one finds a few simulans, but never in 
large numbers as in California and Texas. In the summer of 1938 half-pint milk 
bottles containing culture medium were hung in trees and bushes in a park, a 
few days later brought in, stoppered and the Drosophila eggs and larvae present 
allowed to develop. From one of these bottles only simulans emerged and among 
them approximately ten percent showed a mutant, radius incompletus. Tests 
showed this to be an autosomal recessive, up to that time not recorded in the 
species. While the wild-type flies present were not tested for heterozygosity it is 
obvious that the mutant gene, radius incompletus, was present in very high fre
quency in this field-laboratory sample, probably 25 to 50 percent frequency. 

I cite this case, in spite of the fact that it probably does not meet your definihons 
of a natural population, because it seems to illustrate some of the points we have 
considered. While other bottles hung out at the same time yielded melanogaster, 
members of the affinis group and other species, this one by chance gave only 
simulans. In the vicinity of this trap there must have lived at the time a small 
local population of simulans, probably descended from a very few overwintering 
flies one of which was heterozygous for the mutant gene in question. The breaking 
up of the food supply into small, isolated aggregates, the bottle traps, furnished 
the environment for the development of a micro-population of one rare species, 
and furthermore of a micrc~·population of this species with a high frequency of 
one mutant gene, radius incompletus. I have inbred samples of several hundred 
Drosophila simulans from three collection areas in and near Pasadena, recorded 
181 mutants, but never again radius incompletus. Nor did these samples show a 
high frequency of any or several mutant genes, although there were a few cases 
where the same mutant gene was found twice in a population. 

As the breeding structure of populations of Drosophila melanogaster in Ohio 
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has been considered at some length, suppose we review a case of population 
analysis of this species. In the first week in July, 1948, traps were set in my 
garage and in four days a population sample of 103 pairs of this species was 
collected. The flies undoubtedly came from neighboring garbage cans including 
my own, and to some of you, are therefore no doubt suspect. Be that as it may, 
inbreeding through two generations, with three F1 pair matings made up from 
each of the original pair of wild flies, 81 recessive mutants were recovered, in
cluding recurrences of the same mutant in some cases. Taking into account the 
few failures among these F1 pairs, statistical analysis indicates that there were 
about 146 recessive visibles present in the population sample. When the few sex
linked recessives are deducted this indicates about one recessive visible per six 
long autosomes tested. In testing 378 second chromosomes from two populations 
of Drosophila melanogaster P. T. Ives (1945) reported 72 visibles, or one per five 
chromosomes tested. In my material one mutant, an extreme allele of the second 
chromosome mutant, rotund, was recovered nine times and estimated to be present 
in about 16 of the second chromosomes tested. This gene therefore showed a 
frequency of about four percent in the sample of over 400 genes tested at this 
locus. Among the many thousands of mutants reported in this species rotund had 
been found only once before, a case reported by Bentley Glass, probably from 
X-ray treatment. The allele from the garage population showed the combination 
of phenotypic characters reported by Glass, "wings shortened but of normal 
width, hence almost round; warped at the base; tarsi three-jointed, sex combs 
absent, both sexes sterile," and in addition had the character extremely rough, 
lozenge-shaped eyes. Three other mutants recovered showed a frequency of about 
two percent and several others were found more than once in the sample. In 
another sample collected at the same spot in late October of the same year, 100 
pairs of flies yielded the same proportion of mutants per autosomes tested but 
rotund was not recovered at all. Scarlet eye, found twice in the July sample, 
turned up eight times in the October sample and was estimated to be present in 
14 of the 400 genes tested at this locus, giving a gene frequency of 3.5 percent. 
From a much larger population of Drosophila melanogaster breeding in the 
Melrose apple orchard about two miles north of the garage, a sample of 71 pairs 
of flies yielded 55 mutants, and among them rotund was found once. To complete 
the story it may be said that apples were brought from time to time from this 
orchard to my home. It seems probable that rotund, in low frequency in the 
orchard population, was by chance transported and the fly carrying it formed an 
important fraction of the focus from which the garage population had arisen in 
this particular year. Analysis of a large sample of Drosophila melanogaster from 
collections made in Pasadena in the spring of 1950 showed no such concentration 
of one or a few genes in the population samples taken. These data are in line with 
our previous analysis of population structure of this species in Ohio and Southern 
California. 

Shifting now from the subgenus Sophophora to the subgenus Drosophila and 
to the locale of a village in Western Pennsylvania, we shall consider a case from 
the species, Drosophila immigrans. This species is one of those introduced into 
the United States, and in the northern part of the country forms "island" popula
tions in villages, towns, and even around isolated human habitations. It has a 
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tremendous seasonal fluctuation in population size. On September 11th, 1944, a 
collection of Drosophila immigrans was made from three open traps, baited with 
ripe tomatoes, and set a few yards apart in a woodland plot near a stream in the 
village of New Wilmington, Pennsylvania, a few miles from the Ohio-Pennsyl
vania border. A sample of 55 pairs of these flies was inbred by the Fi pair mating 
method. The mutant, stubble bristles, was recovered from 17 of the 110 wild flies 
tested, and considering the number of Fi pairs reared from each original pair, 
was estimated to be present a bout 22 times, giving a gene frequency of 10 percent. 
The eye color mutant, brick, showed a gene frequency of 4 percent, and the eye 
color, dubonnet, was found twice. Two years later, August 31--September 2, 1946, 
a sample of 55 pairs of the same species was collected from tomato traps in the 
same village, but one-fourth mile distant from the point of the first collection. 
Analysis of the sample, showed that the gene frequency of stubble had fallen 
from 10 percent to 7 percent, the gene frequency of brick had fallen from 4 
percent to 1.8 percent, and the gene frequency for dubonnet had risen from 1.2 
percent to 2.4 percent in the two-year period; or possibly these fluctuations were 
due to the collections being made at points a quarter of a mile distant from one 
another. In any case certain genes had reached a high frequency in the New 
Wilmington, Pennsylvania population of this species and were recovered over a 
two-year period. Previous to this analysis sizeable samples of populations of this 
species from five localities, Azusa, California; Camp Rincon, in the San Gabriel 
Mountains, California; Gatlinburg, Tennessee; Woods Hole, Massachusetts; and 
Wooster, Ohio, had been inbred for a recovery of mutants. Stubble-like mutants 
were found once in the population sample from Woods Hole and from Gatlinburg, 
but none of the three mutant types mentioned above showed any high concentra
tion in these five widely separated populations of the species. This point should 
be mentioned as certain species show species-specific mutants which reach a high 
concentration in most populations sampled. This is true of trident in melano
gaster, light body color in repleta, and bobbed bristles in hydei. Considering the 
breeding stiucture of Drosophila immigrans populations in Eastern United States 
the most reasonable explanation of high frequencies of certain genes in the New 
Wilmington population would seem to be random drift. 

In extensive analyses of samples of Drosophila hydei populations breeding on 
a refuse heap in Wooster, Ohio and on a large citius dump in Southern California, 
the concentration of certain mutant genes is of interest. Gray body color, an auto
wmal recessive in the third chromosome of hydei was recovered twelve times 
from 1000 genes tested from the Wooster population, giving a frequency of 1.2 
percent. Among very large numbers of flies brought in from this population a few 
homozygotes of this mutant were found. Nicked wings and scarlet eyes, both 
second chromosome mutants, were recovered several times from the Wooster 
population sample. In contrast, from the much larger citrus dump population of 
Southern California, with less extreme seasonal fluctuation in population size, no 
mutant was recovered more than once, from the large samples analysed, except 
the species-specific bobbed bristles, present in large frequency in all hydei popu
lations tested from Ohio, California, Tennessee, Texas, and New York. 

One of the most interesting cases in this species is that of the sex-linked mutant 
eye color, vermilion, which reached a frequency of 6.5 percent in a sample of 1723 
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males of this species collected at one point in Wooster, Ohio, in September, 1931. 
Furthermore, this mutant had spread through the Wooster populations of the 
species to such an extent that it was observed in sizeable numbers at many differ
ent points, including fruit orchards and grocery stores, points sometimes two miles 
distant from one another. By 1938, seven years later, the mutant had dropped to 
a frequency of 0.25 percent from the 6.5 percent high of 1931. In contrast, among 
over 12,000 males reared from pupae collected from the 1937 California citrus 
dump population vermilion was recovered only once. Probably vermilion has a 
neutral or only slightly negative selective value, giving random drift a chance to 
operate in the Wooster population with its sharp winter bottle-necks in population 
size. Many alleles at the bobbed locus have been found in samples of Drosophila 
hydei populations. However, the Wooster sample showed higher concentrations 
of certain alleles, while the Southern California population showed lower con
centrations of specific alleles, but a wider variety of alleles at this locus. 

Even in the analysis of population samples from seven different populations of 
Drosophila robusta collected at widely separated points in Ohio, a small sample 
taken along the South Fork of the Licking River gave irregular scutellar bristles 
in each of the five pairs of flies tested. Even this species, with a diffuse breeding 
structure as compared to other species mentioned, may form small micro
populations in which random drift results in concentration of certain genes in 
high frequency. 

A final case will be cited, from the species Drosophila mulleri. This species is 
found in Texas, largely associated with cactus, though I am inclined to think that 
it may use other food sources. Near my home in Austin, Texas, traps were set and 
collected from over the period from November 5th through December 15th. Over 
15,000 Drosophila were collected and classified from the trapping area which was 
estimated to be one two-billionth the size of Texas. [Of course Texas is a big state.] 
Almost 7000 of the flies were Drosophila mulleri, and an analysis of the mutants 
present in this population of the species was undertaken. 1000 pair matings were 
made. Some of these failed and others had to be discarded. Mass F 1 cultures were 
reared from 136 of the original pairs. This was done because of the difficulty of 
rearing pair matings with this species. From the mass cultures 263 mutants were 
scored, including duplicates. From former experience with mass mating as com
pared to pair mating technique in analysis, I would estimate that somewhere 
between 900 and 14-00 mutant genes ("visibles" of the type reported by Bridges 
and Brehme) were carried in the population sample of 1472 wild flies, or on an 
average of 0.6 to 1 mutant gene per fly tested. The case of bright scarlet-like eye 
colors recovered from the population sample is of particular interest. Scarlet-like 
eye color was recovered 35 times from the sample analysed; 21 of these were 
tested for allelism. Most of the 21 stocks were first crossed to two of the recovered 
stocks, on the assumption that there might be two different loci involved. For
tunately these two tester stocks, though indistinguishable phenotypically, turned 
out to be mutants at two different loci. One of the 21 stocks tested was seen to be 
phenotypically different from the others, a duller red with a cherry-like tinge. 
This proved to be an independent locus. Of the others tested nine proved to be 
alleles of scarlet-like 189, and four were alleles of scarlet-like 205, the two tester 
stocks respectively. The residue of six on being tested to one of the six, scarlet-like 
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90, turned out to be alleles of this except for the one exception mentioned above, 
stock 183, phenotypically different from the others. In summary the tests showed: 
10 recoveries of scarlet 189, in chromosome V, and probably a homologue of 
scarlet in 3L of melanogaster; 5 recoveries of scarlet-like 205, in chromosome III 
and now named cinnabar, and probably a homologue of cinnabar in 2R of 
melanogaster; 5 recoveries of scarlet-like 90, in chromosome II and now named 
cardinal and probably a homologue of cardinal in 3R of melanogaster; and one 
recovery of scarlet-like 183 in chromosome III, probably unknown in melano
gaster. 

It seems strange indeed that three bright red eye colors, in three different 
chromosomes, should all have attained a high frequency in this one population. 
However, the course of evolution is beset with unique and unlikely events, and 
this of course makes the study intriguing. Interestingly enough, this population 
of Drosophila mulleri did not show any high frequency of bobbed alleles as was 
found in populations of the related species, Drosophila hydei. However, bobbed 
was discovered in the analysis of the population sample. 

These cases, drawn from analysis of population samples of a number of species, 
indicate clearly that in local populations certain mutant genes may attain high 
frequencies . I suppose it could be argued that in every case some alternative 
explanation, such as the selective advantage of the heterozygote, might be invoked. 
No doubt it will be suggested that each case should have been tested for the 
validity of this hypothesis . May I emphasize the point, however, that proof in a 
given case that the heterozygote has selective advantage, would not invalidate 
the thesis that random drift had occurred. We have earlier tried to make it clear 
that these two factors are not antithetical; they may on occasion operate in the 
same direction. 

In conclusion it should be said that there is no implication intended that any 
one of the cases of high gene frequencies cited have any bearing on significant 
evolutionary change in the species where they were found. However, they do 
indicate possible patterns by which useful genes might initially spread in popula
tions in exceptional cases. If one refers back to the postulated numbers of popula
tions of Drosophila living in the world at any one time and then considers the time 
factor on a grand scale it seems likely that chance plays a role, no doubt different 
from species to species, in the processes of micro-evolution leading to speciation 
and eventually to evolution on the grand scale. 
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II. Chromosomes of the Niue Islanders1 

JOHN J. BIESELE
2 

AND PRISCILLA M. SMITH 

Some soils of Niue Island, a protectorate of New Zealand in the South Pacific, 
have an unusually high radioactivity because of their content of radium and its 
decay products (Marsden et al., 1958; Fieldes et al., 1960; Marsden, 1964). On 
one farm, Sir Ernest Marsden's counter, which was sensitive to alpha radiation, 
read up to 350 micro-rads per hour, while the counter used by Stone et al. (1966), 
sensitive only to beta and gamma radiation, measured from 100to160 micro-rads 
per hour. Taro grown in this soil accumulates radium, and the Niue Islanders, 
as a result of their radioactive food and soil, receive background radiation perhaps 
several-fold the dosage of ionizing radiation received by the average person in 
other parts of the globe. 

It was stated by Sir Ernest Marsden, in a lecture at The University of Texas in 
1963, that the Niue Islanders tend to be somewhat shorter in stature than the 
other Polynesians and to include an abnormally high proportion of childless 
married couples. The question has arisen of a possibly causal relationship between 
the environmental radioactivity on the one hand and the short stature and im
paired fertility on the other hand. Some doubt was cast on this possibility, how
ever, as the importation of such foods as dried milk and beans to supplement the 
islanders' diet during World War II appeared to be responsible for an increase in 
average stature and improvement in general health among the children. 

The present study was carried out in order to determine whether an abnormally 
high incidence of chromosomal abnormalities could be detected in circulating 
lymphocytes of a sample of the inhabitants of Niue. Chromosomes of the circulat
ing lymphocytes were studied ( 1) because of the great convenience of the phyto
hemagglutinin method (Nowell, 1960; Moorhead et al., 1960) specifically for 
these cells, (2) because leukocytes had been maintained viable long enough in 
vitro (Tullis, 1953; Petrakis and Politis, 1962) to make it likely that they could 
survive the flight from Niue to Texas, and (3) because micromethods had been 
described for small samples of blood (Edwards and Young, 1961; Frnland, 1962; 
Arakaki and Sparkes, 1963; Tips et al., 1963), which could be transported more 
readily. It is realized that the results of such a study are strictly applicable only 
to circulating lymphocytes and not V\-i.thout reservations to the whole body, with 
its diversity of cell and tissue types, which are known to respond variously to 
ionizing radiation through time. 

MATERIALS AND METHODS 

The methods used to maintain viability of the blood sample during shipment 

1 This investigation was supported in part by U. S. Public Health Service research grants 
number GM-06492 and HD-01016. Field work was supported by a contract with AEC [AT-(40-1)
1323] to Prof. W . S. Stone. 

2 Research career awardee number K6-CA-18366 of the National Cancer Institute. 

STUDIES IN GENETICS, IV. Research Reports, 1968. 
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and then to culture the leukocytes were built essentially on the original techniques 
of Nowell (1960) and of Moorhead et al. (1960), and on the modifications toward 
micromethods published by Edwards and Young (1961) and by Arakaki and 
Sparkes ( 1963). 

With the aid of the Assistant Medical Officer in Niue,3 blood was taken from a 
number of inhabitants of various ages in the summers of 1963 and 1964 by 
means of the following procedure. A dispDsable syringe was wet internally with 
a heparin solution. A large area of the skin to be punctured was swabbed with 
70 percent alcohol. A disposable needle was then used with the syringe to draw 
2 to 4 ml of venous blood aseptically. After removal of the needle, blood was 
dispensed into slanted tubes containing medium for shipment of blood cells. 
One ml of blood was put into 10 ml of medium in each of two tubes per subject. 
Each tube was then recapped tightly to maintain sterility, prevent leakage, and 
minimize carbon dioxide loss from the medium. The tube was tilted and rotated 
in order to wash cells down the wall into the medium, but it was not shaken. 
Two blood smears were made from the blood remaining in the syringe of each 
subject. The syringe and needle were discarded. The medium tubes containing 
blood were then maintained above freezing and below 37°C, preferably at re· 
frigerator or room temperatures. 

For return shipment, the tubes were packed in a box insulated with plastic 
foam. The tubes were set upright and insulated from one another and from the 
box to prevent breakage. The box with its contents was then shipped back as 
rapidly as possible by air, with precautions urged on its label against freezing and 
high temperature. The return shipment required about 5 days. 

The "Niue medium" in which the blood was collected and shipped was a 
standard cell culture medium to which heparin had been added. Its composition 
was as follows : 

Eagle's Basal Medium (with Earle's Balanced Salt Solution) 400.0ml 
Penicillin-Streptomycin ( 5000 units each per ml) 4.0 
Glutamine, 200 mM 4.0 
Calf Serum 80.0 
Heparin (Liquaemin, 1000 units per ml) 1.8 

Total Volume 489.8ml 

The "Niue medium" was dispensed into screw-cap culture tubes, 10 ml per 
tube. Itwas stored frozen and was thawed before use. 

When the blood samples were received in Austin, the medium was changed 
into a culture medium containing phytohemagglutinin in order to induce a state 
of mitotic competence in the lymphocytes. This was done by adding 5 ml of the 
additive medium whose composition is given below to each tube containing 10 ml 
of the "Niue medium" plus 1 ml of whole blood. The additive medium, which was 

3 We are greatly indebted to this officer, Dr. H . T. Nemaia, to his laboratory technician, Mr. 
Fitania, and to our colleagues from Texas, who generously interrupted their other research 
activities on Niue in order to collect the blood samples and ship them to Texas: Dr. Wilson S. 
Stone, Dr. Marshall R. Wheeler, and Dr. David G. Futch. 
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identical to the "Niue medium" except that it contained phytohemagglutinin 
instead of heparin, was made up as follows : 

Eagle's Basal Medium (with Earle's Balanced Salt Solution) 100.0ml 
Penicillin-Streptomycin (5000 units each per ml) 1.0 
Glutamine, 200 mM 1.0 
Calf Serum 20.0 
Phytohemagglutinin-M (Difeo), reconstituted 1.8• 
Phytohemagglutinin-P (Difeo), reconstituted 1.8• 

Total Volume 125.6ml 

After the tubes had been gently agitated to mix the liquids, they were placed 
upright in a 37°C incubator for approximately three days. Two hours before 
harvesting, 0.96 microgram of Colcemid (Ciba) in 0.48 ml of a distilled water 
solution was added to each culture tube. The tubes were then returned to 
incubation. 

At the end of those two hours, the tubes were lightly centrifuged to bring down 
the cells. The cells were then resuspended in a hypotonic balanced salt solution 
(such as a 1 in 5 dilution of Gey's balanced salt solution) and were allowed to sit 
at room temperature for 5 minutes. The centrifugation and resuspension in hypo
tonic salt solution were repeated two or three more times, without the sitting 
period. The object of this procedure was to lyse the erythrocytes as well as to 
swell the leukocytes and their mitotic figures. 

After the hypotonic treatment and a final centrifugation, the salt solution was 
removed, and 1 to 2 ml of 50% acetic acid was added to the cell pellet without 
agitation. Fixation was allowed to proceed for 20 minutes. The fixative was then 
removed, 1 or 2 drops of aceto-orcein was added, and the cells were resuspended 
in this staining solution. The stained cells were spread out under coverslips as 
squash preparations Finally, the coverslips were ringed with Kronig's cement. 

Microscopic examination was carried out with a low-magnification survey of 
each slide under phase contrast. Selected figures were then studied under oil 
immersion, and the clearer and flatter ones were photographed. 

RESULTS 

Cultures were made of blood samples from 57 persons. Three of these were our 
American colleagues, who helped to collect the blood and had been only a few 
days in Niue. One was of the hospital laboratory technician, whose uncertain 
exposure to X-ray equipment militates against placing him in the main group of 
islanders. The Niue residents in the main group thus numbered 53. As some of 
their cell cultures failed to produce mitotic figures, the number of Niue residents 
from whom chromosomes were studied was eventually cut to 28, exclusive of the 
laboratory technician. 

In this Niuean subject sample, there were 12 males and 16 females. The males 
ranged in age from 7 to 78 years, with a median age of 41-42 years. The females 
ranged in age from 12 to 78 years, with a median age of 40. The chromosome 
preparations were not of outstanding quality, and there was considerable varia

4 Currently, we are using about one-third this amount of the phytohemagglutinins. 
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TABLE 1 

Frequency of chromosome number counts 

Chromosome Niue Laboratory American 
number residents• technician visitors 

Z0-41 Z3 z 
4Z 7 0 1 
43 15 0 0 
44 40\lzt 0 0 
45 47 0 3 
46 5ZO 18\lz 36 
47 or more 6Yz Yz 0 

Tetraploid z 0 0 

Totals 661 Z1 41 

* Exclusive of the hospital laboratory technician. 
t .An uncertain count of "44 or 45", for example, was entered as a Yz in the 44's and a Yz in the 45's. 

tion from subject to subject in the numbers of metaphase figures that were good 
enough to be analyzed. The greatest number studied from any one subject was 67, 
but for some individuals only 1, 2, or 3 metaphase figures were analyzed. There 
was no obvious trend in abnormalities of chromosome number or configuration 
with age. These considerations suggested that the analysis of results should be 
based on the population of metaphase figures examined rather than on the popula
tion of persons, and the data were hence pooled for presentation. 

The data presented below are from two levels of study and two corresponding 
levels of certainty. First we report on 723 metaphase figures studied under the oil 
immersion phase contrast microscope. Secondly we report on 111 of these figures 
that were photographed and then transformed into karyotypes. This last operation 
was not done solely from the photographic prints, but it also involved a 3
dimensional comparison of the chromosomes under the microscope with the 2
dimensional micrographs at hand. 

Table 1 presents the frequencies of total chromosome numbers counted in 723 
metaphase figures studied under the oil immersion phase contrast microscope. 
Most of the figures contained 46 chromosomes, in both the pooled Niue residents 
and the pooled visiting Americans. Among the diploid and near-diploid figures 
of the Niue residents, there were 139 out of 659, or 21.1 %, that did not appear to 
have exactly 46 chromosomes. The corresponding value for the American visitors 
was 12.2%, and for the laboratory technician 11.9%. It should be pointed out 
that the American visitors, who were drosophila geneticists of ages 32, 46, and 55 
years at the time, had probably received a fair amount of unmonitored X-radiation 
in the course of their professional careers. Nevertheless, the relative frequency of 
not-46 numbers among the diploid and near-diploid figures of the Niue residents 
was significantly greater, according to the "t" test, than that of the American 
visitors. In considering the meaning of this finding, one must bear in mind the 
possibility that many of the numbers below 46 may have been artefactual results 
of cell breakage and partial chromosome dispersal during the squashing pro
cedure. 

Of the 101 karyotypes of Niue residents prepared from photographed meta
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phase groups clear enough to invite analysis, 14 and perhaps one more did not 
appear to have 46 chromosomes. 

Five of these 14 had more than 46 chromosomes. One of the 3 figures with 47 
had an extra C chromosome (middle-sized submetacentric) ; the figure with 48 
had an extra C chromosome and an extra G chromosome (short acrocentric); 
while that with 49 had 3 chromosome-like blobs of small size, not assignable to a 
specific group, in addition to the normal complement. One figure with 47 chromo
somes lacked one B chromosome but had 2 others not assignable to a group. The 
third figure with 47 chromosomes appeared to lack two A chromosomes, one B 
chromosome, and one D (long acrocentric) chromosome from the normal comple
ment but to have in addition 3 long chromosomes and 2 shorter ones not readily 
assignable to a normal group. 

Of the figures with 43, 44, or 45 chromosomes, a number also simply lacked a 
chromosome or chromosomes of the normal complement. One figure lacked a D 
chromosome, four figures lacked a C chromosome each, one lacked two C's as 
well as one E chromosome, another lacked two E chromosomes, and two lacked 
one short acrocentric (G) chromosome each. One figure with 45 chromosomes 
appeared to lack one short metacentric (E), one long acrocentric (D) , and one 
short acrocentric (G), but to have an additional C chromosome and a new long' 
submetacentric chromosome of A group length. 

Aberrations of this sort also turned up in photographs of chromosomes of the 
American visitors. For example, one figure appeared to have two short meta· 
centrics (F) missing, and another appeared to have one D and two E's missing 
but to have three unassigna ble short chromosomes to make up the normal number 
of 46. 

The hospital laboratory technician, a native Niuean, had normal karyotypes 
for the most part, but one figure lacked a C chromosome, and another lacked a D 
chromosome; and in one figure an arm of a #2 chromosome was missing, in 
addition to an entire C chromosome. This last figure contained one extra long 
acrocentric chromosome, which may have represented the arm broken off the 
#2 chromosome. 

In general, the preparations and micrographs were not of good enough quality 
to enable one to detect breakage unambiguously. There did not appear to be any 
radically different sort of damage in the Niue residents. It may be noteworthy 
that no ring chromosomes or dicentric chromosomes were seen, and that no 
triradial configurations suggestive of chromatid interchange were in evidence. 

Photomicrographs of some 80 additional figures were not reduced successfully 
to karyotypes in this study because of such difficulties as confusing overlaps or 
lack of planarity. 

D1scuss10N 

From the observations of others on human subjects exposed to diagnostic or 
therapeutic radiation or to accidental irradiation from a nuclear excursion, it is 
expected that certain chromosomal abnormalities will come to light in cultures 
of peripheral leukocytes taken from the subjects at certain periods after the 
irradiation. While these experiences might have predictive value for the research 
reported here, it is also necessary to point out that the Niueans had been con
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tinuously exposed to the excessive background radiation from their soil and food, 
not merely for their lifetimes, but for some generations, possibly over centures. 
The Niueans might then constitute a parallel of sorts to the black rats of the 
Malabar coast of India, which Griineberg (1964) studied: a comparison of 8 
populations from the radioactive strip with 8 populations from the low-radio
activity mainland showed no significant differences between the two groups of 
populations in skeletal measurements, dental measurements, fertility, and em
bryonic mortality, although populations within each group differed significantly 
from one another in various respects. 

Some of the cytological effects of discontinuous irradiation in man are as 
follows. As early as 24 hours after a single X-ray treatment, there is an increase 
in the frequency of cells with other than the modal number of chromosomes 
(Warren and Meisner, 1965). These nonmodal cells showing only changes in 
chromosome number rise in frequency to a maximum of about 14% between 1 
and 3 weeks after exposure of patients to X-radiation for the treatment of 
ankylosing spondylitis (Buckton et al., 1962). In the report of the Scottish ex
perience, it was suggested that some of the hypodiploid chromosome numbers 
recorded in this period might represent artefactual loss of chromosomes during 
the slide preparation as a result of increased fragility of the plasma membrane. 
The cells with modal chromosome number recover in frequency thereafter but 
never again attain the control level of about 90% (Buckton et al., 1962), or in 
some few cases they may approach control levels in about one year (Warren and 
Meisner, 1965). 

Although Bender and Gooch (1961) commonly found only about 1 % of cells 
from their control subjects with other than 46 chromosomes, our experience is 
more nearly in line with that of Warren and Meisner (1965), whose controls had 
some 10 to 12% of cells with nonmodal counts, or with that of Jacobs et al. 
(1964), who found that Scottish males over 65 displayed 7.2% hypodiploid cells 
and that Scottish females over 65 displayed 12.8% hypodiploids. Warren and 
Meisner ( 1965) found that the proportion of aneuploidy in the leukocytes of 
their irradiated patients ranged upwards of 20 to 30% at one or two days after 
irradiation and, in some patients, also from 2 months to 30 years following radio
therapy. 

Cells with damaged chromosomes expressed as a centric fragments, ring chromo
somes, or multicentric chromosomes reach maximal levels (about 30% of the 
normal modal cells) in 1to3 weeks after exposure of patients to X-ray and then 
drop off rapidly in frequency to a low plateau after 5 years (Buckton et al., 1962). 
Unlike the case of aneuploidy, rings and dicentrics are reliable indicators of the 
irradiation of lymphocytes in vitro (Schmickel, 1967), and their frequency is 
higher in patients who have received higher doses (Warren and Meisner, 1965). 
While cells with such "unstable" aberrations appear to be eliminated in great 
part with time, it is not necessarily true for cells bearing "new" monocentric 
chromosomes, which may arise from translocations, deletions, or inversions, and 
which, if sufficiently different in shape from the chromosomes of the normal 
groups, may be recognized as new "marker" chromosomes. Cells with marker 
chromosomes produced as the result of irradiation may constitute a fairly stable 
group remaining near 20% of the frequency of the unchanged modal cells for 
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years (Buckton et aL, 1962). Warren and Meisner (1965) found them even 30 
years after therapeutic irradiation in one of their patients. Bender and Gooch 
(1962, 1963) also found, in a group of 8 men irradiated in a nuclear accident in 
1958, that chromosomal aberrations resulting from translocations or inversions 
were no lower at 42 months after irradiation than at 29 months, while the inci
dence of dicentric and ring chromosomes in their peripheral leukocytes had 
diminished. In patients treated with radioiodine for thyrotoxicosis, rings, di
centrics, and acentric fragments were to be seen in peripheral leukocytes taken 
as early as two hours after treatment, and they were still evident a year later 
( Cantolino et al., 1966). 

Our population of Niuean lymphocyte metaphases may be said to fit into the 
pattern given above, in this sense: the increased aneuploidy suggests a radiation 
dosage greater than normal background, and the incidence of additional chromo
somes, either of a shape assignable to one of the recognized groups or of a shape 
that makes for new marker chromosomes, also suggests a perceptible dosage of 
radiation in the past. The apparent absence, in general, of fragments, dicentrics, 
and ring chromosomes suggests either that no appreciable excess radiation had 
been received in the recent past or that the Niuean lymphocyte population is 
relatively resistant to, or readily repairs, the damage that produces such aberra
tions in chromosomes. We do not, at this writing, know about the recent dietary 
history of our Niuean donors. At any rate, study of their lymphocyte chromo
somes suggests no severe radiation damage. Nevertheless, according to the criteria 
proposed by Norman et al. (1964), the Niuean lymphocyte population did exhibit 
radiation damage in having aneuploidy at 21.1 %, in excess of 10-i, and in having 
perhaps 11 aberrant chromosomes out of 4,642, in excess of 10-3. 

A parallel to our results is seen in the findings of David Futch (1966). He 
examined larvae of 84 lines of Drosophila ananassae established from flies col
lected on Niue Island in 1963 and found that two lines contained pericentric 
inversions and a third exhibited a translocation in one larva of 4 examined. This 
relatively high incidence of chromosomal abnormalities was not repeated in lines 
set up from 82 females of the same species collected on Niue in 1964, for larvae 
from them showed no chromosomal abnormalities. 

SUMMARY 

A study of the chromosomes in dividing peripheral blood lymphocytes of in
habitants of the Pacific island of Niue, whose radioactive soil and food give them 
several times the background radiation received by persons elsewhere, in general, 
revealed some evidence for radiation damage in a twice-normal incidence of 
aneuploidy and in presence of a few extra or "new" chromosomes, but not in 
respect to fragments, rings, or dicentric chromosomes. 

REFERENCES 

Arakaki, D. T ., and R. S. Sparkes. 1963. Microtechnique for culturing leukocytes from whole 
blood. Cytogenetics, 2: 57---00. 

Bender, M. A., and P . C. Gooch. 1961. Somatic chromosome aberrrations in normal and 
irradiated humans. Radiation Research, 14: 451. 



20 The University of Texas Publication 

1962. Persistent chromosome aberrations in irradiated human subjects. Radiation 
Research, 16: 44-53. 

1963. Persistent chromosome aberrations in irradiated human sub,jects: II. Three 
and one-half year investigation. Radiation Research, 18: 389-396. 

Buckton, K. E., P . A. Jacobs, W . M . Court Brown, and R. Doll. 1962. A study of the chromo
some damage persisting after X-ray therapy for ankylosing spondylitis. The Lancet, ii: 
676-682, Oct. 6, 1962. 

Cantolino, S. J., R. D. Schmickel, M . Ball, and C. F. Cisar. 1966. Persistent chromosomal 
aberrations following radioiodine therapy for thyrotoxicosis. New Engl. J. Med., 275 : 739
745. 

Edwards, J. H., and R. B. Young. 1961. Chromosome analysis from small volumes of blood. 
The Lancet, ii: 48-49. 

Fieldes, M., G. Bealing, C. G. Claridge, N. Wells, and N. H. Taylor. 1960. Mineralogy and 
radioactivity of Niue Islands soils. New Zealand Journal of Science, 3: 658-675. 

Freland, A. 1962. A micromethod for chromosome analysis of peripheral blood cultures. The 
Lancet, ii : 1281-1282. 

Futch, D. G. 1966. A study of speciation in South Pacific populations of Drosophila ananassae. 
Univ. Texas Pub!. 6615: 79-120. 

Griineberg, H . 1964. Genetical research in an area of high natural radioactivity in South 
India. Nature (London) 204: 222--224. 

Jacobs, P. A., M. Brunton, and W . M. Court Brown. 1964. Cytogenetic studies in leukocytes 
on general population: subjects of ages 65 years and more. Ann. Human Genetics 27: 
353-365. 

Marsden, E. 1964. Radioactivity of some rocks, soils, plants and bones. In The Natural Radi
ation Environment. Edited by J. A. S. Adams and W. M. Lowder. Chicago: The University 
of Chicago Press. 

-----., G. J. Fergusson, and M. Fields. 1958. Notes on the radioactivity of soils with 
application to Niue Island. Proc. 2nd Int. Conf. Peaceful Uses of Atomic Energy, Geneva 
18: 514. 

Moorhead, P. S., P . C. Nowell, W . J. Mellman, D. M . Battips, and D. A. Hungerford. 1960. 
Chromosome preparations of leukocytes cultured from human peripheral blood. Exptl. Cell 
Res. 20: 613-616. 

Norman, A., M. Sasaki, R. E. Ottoman, and R. C. Veomett. 1964. Chromosome aberrations in 
radiation workers. Radiation Research 23: 282--289. 

Nowell, P. C. 1960. Phytohemagglutinin: an initiator of mitosis in cultures of normal human 
leukocytes. Cancer Research 20: 462--466. 

Petrakis, N. L., and G. Politis. 1962. Prolonged survival of viable, mitotically competent 
mononuclear leucocytes in stored whole blood. New Engl. J. Med. 267: 286-289. 

Schmickel, R. 1967. Chromosome aberrations in leukocytes exposed in vitro to diagnostic 
levels of X rays. Am. J. Human Genetics 19: 1-11. 

Stone, W. S., M. R. Wheeler, F. D. Wilson, V. L. Gerstenberg, and H. Yang. 1966. Genetic 
studies of natural populations of Drosophila. II. Pacific island populations. Univ. Texas 
Pub!. 6615: 1-36. 

Tips, R. L., G. Smith, D. L. Meyer, and R. N . Ushijima. 1963. Karyotype analysis of leuko
cytes as a practical laboratory procedure. Texas Rept. Biol. Med. 21 : 581-586. 

Tullis, J. L. 1953. Preservation of leukocytes. Blood, 8: 563-575. 

Warren, S., and L. Meisner. 1965. Chromosomal changes in leukocytes of patients receiving 
irradiation therapy. J. Am. Med. Assoc., 193: 351-358. 



III. Development of a Replica Process for the Electron 
Microscopy of Biological Material 

A.G. FABERGE 

SYNOPSIS 

A method of electron microscopy for biological material is described, for the first time, which 
consists (after appropriate fixation) of the following steps: 

1. The material is embedded in a hard, cross-linked plastic. 
2. The plastic containing the material is cut across and the resulting surface polished to a 

high quality finish . 
3. The polished surface is etched, to develop structures of interest. The etching is done by 

exposure to a plasma. 
4. Indirect postive carbon replicas, Platinum-carbon shadowed, are made from this etched 

surface. 

Experimental details are given for these steps, together with comments on difficulties encountered 
during their development. Illustrations are given from one test object: root tips of rye after a 
standard permanganate fixation. The interest of the method is, however, that it permits a wide 
range of fixatives and postfixation treatments, and is independent of electron dense staining. The 
resolution at present achieved is comparable to that in standard sections. 

INTRODUCTION 

This paper describes a process of biological electron microscopy which consists 
of the following steps: the material is embedded, after suitable fixation, in a very 
hard plastic polymer. A cut is made across the block, passing through the biological 
material. The resulting surface is now polished to a high quality finish, but so as to 
avoid or minimize surface flow and other damage. The polished surface is etched 
to develop the structures of interest. Indirect, positive shadowed carbon replicas 
are made of this etched surface. 

There were several reasons for attempting the fairly extensive development 
work necessary to test out such a process. Standard electron microscopy of bio
logical material, done on thin sections, is entirely dependent on electron dense 
staining. There are well known limitations in the chemical specificity of such 
electron dense staining. Negative staining, on the other hand, requires that the 
particles of interest be in free suspension. Etching structures in a polished surface 
has nothing to do with either of these limitations. There is thus every prospect that 
new kinds of information will become available depending on the specificity and 
resolution obtainable in etching. The removal of the need for electron dense 
staining in turn makes it possible to use a wide range of fixatives and chemical 
treatments before embedding. 

In addition to these fundamental reasons, it can also be said that replicas are, 
in a sense, much more favorable specimens for use in an electron microscope than 
are sections. Carbon replicas are much thinner than sections, and at the same time 
much more resistant to an electron beam; they do not contaminate the instru-
STUDIES IN GENETICS, IV. Research Reports, 1968. 
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ment, and are themselves little subject to contamination. They can be used at 
high levels of illumination without suffering damage. Routine replicas used in the 
present work are about 50 A or 60 A thick. Ordinary thin sections are about 500 A 
thick, and exceptionally thin sections are about ZOO A. Section thickness is one of 
the factors influencing practical resolution in electron microscopy. The relation
ship is a complex one and influences the amount of chromatic aberration present. 
It depends also on contrast available from the use of heavy elements, and the ratio 
of elastic to inelastic electron scattering from the stained detail and the surround
ing plastic. These considerations are believed to be at the basis of the practical 
rule that detail resolution is of the order of 1/10 of the section thickness (Cosslett, 
1956; Dupouy, 1966). The use of thin carbon replicas in effect improves this 
particular resolution limit by an order of magnitude. Replicas as thin as about 
20 A can still be handled if necessary. On the other hand, replicas can faithfully 
reproduce relief on a surface, whose height is a hundred times or more the thick
ness of the replica film. It is rather difficult to find realistic empirical tests of 
resolution for a replica technique. It has been shown (Faberge, 1967) that the 
two-step indirect replication method used here is capable of resolving V20s fibers 
deposited on glass; these fibers are known to be about 20 A in diameter. It is 
always possible, at the cost of some complications, to use a direct replica process, 
which should presumably be capable of even better resolution. Indirect replicas 
can be lifted repeatedly from the same etched specimen, with essentially no loss 
of detail. It is possible to make a replica, etch the same area deeper, or in a 
different way, make further replicas, and so on; the method permits replicas to 
be made from an exactly predetermined, optically identified location of the speci
men. In general, it is quite easy to prepare large surfaces for examination, com
pletely covering a standard specimen screen. Finally, early trials indicated that 
information on chromosome structure was likely to be obtainable by quite simple 
means. 

The procedure is not unrelated to freeze-etching, as described by Moor and 
Mtihlethaler (1963), Moor, et al. (1961), Moor (1964), Steer (1957), and 
others. There are, however, some very radical differences. The primary aim of 
freeze-etching is to examine glycerol impregnated cells which, immediately before 
fracture, were still capable of growth upon removal of the glycerol. This is not 
the aim of the present method. The surface examined in freeze-etching is not 
polished, and etching occurs by sublimation of water from the surface, although 
at least in part, detail becomes visible simply after fracture. Repeated replicas 
from the same area cannot be made. 

The present paper is a progress report on technique, and biological results will 
not be discussed. The aim will be to give enough details to permit an experimenter 
to duplicate the procedures. In addition to describing a successful process which 
seems to be of quite wide applicability, we shall more briefly indicate some 
approaches that have been tried and have failed, or that have not been thoroughly 
tested but would seem worth considering. These additional notes will follow the 
description of each step of the main process. We believe it is very important to 
give such information when a technique is first described. There are far too many 
instances of techniques that every day are assiduously but blindly repeated by 
many workers, when no rational basis exists for many of the details, these being 
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taken verbatim from the first publication. The present work has been briefly re
ported in three abstracts : Faber~, 1964, 1965, 1966. 

BIOLOGICAL MATERIAL 

A single test object has been used for most of this work: root tips of rye, Secale 
cereale, usually the well known agricultural variety Elk. Good root tips are obtain
able about 4-0 hours after sowing on wet filter paper in petri dishes, in the dark, at 
about 25°C. Each seed gives three, four, or five root tips. These are quite small, 
ensuring good penetration of fixative, but for some purposes they were, in ad
dition, slightly crushed in the fixative . Mitotic divisions are quite frequent, and 
the chromosomes (2N = 14) are of reasonable size. Colchicine was not used in 
this work. 

Tests have been made with grasshopper and snail testis, which show that essen
tially similar restults are obtainable. Otherwise, applicability of this method to 
other materials is untested. 

TECHNIQUE 

Fixation 
In the present paper, we shall only deal with material fixed in 2% aqueous 

KMnO,, unbuffered, for about 2 hours at about 25°C. 
Such a fixation was convenient for a test object during development work, 

partly because it gives very consistent results, partly because the etched ultra
structures then closely resemble those seen in standard sections. Nuclear detail 
is not expected from this fixation; for chromosomes and nuclei, various aldehyde 
fixatives have been used. While in the writer's opinion, the principal interest of 
the method lies in these chromatin studies, they will not be discussed in the present 
paper. 

Dehydration and transfer to morwmer 
Standard dehydration through ethanol-water mixtures was used, after about 

three 10-minute washes in water following fixation. After absolute ethanol, three 
stages of ethanol-monomer mixtures were used, and finally two stages of pure 
monomer. 

No other dehydration procedures were explored. The monomer used tolerates 
some water mixture, and will also polymerize in the presence of substantial 
amounts of ethanol. Thus, it is entirely possible that the steps to remove traces of 
water and ethanol are unnecessary. 

Polymer for embedding 
The monomer is a mixture, by volume, of: 

%ethylene dimethacrylate (=ethylene glycol dimethacryate) 
¥3 acrylonitrile 

1 % benzoyl peroxide is used as catalyst; the tissue is processed in uncatalysed 
monomer, and an equal volume of monomer with 2 % benzoyl peroxide is added 
in the final embedding tubes. 

We have usually dried this monomer before use by allowing it to stand over 
anhydrous sodium sulfate overnight and filtering, but it is not definitely known 



24 The University of Texas Publication 

whether this precaution is useful. It is believed that neither the proportions of the 
constituents, nor the amount of catalyst is critical quantitatively. Other catalysts 
than benzoyl peroxide have not been tested, but it seems likely that many of the 
peroxy catalysts could be used. 

A great deal of work had to be done before a satisfactory plastic that can be 
polished was found. This was a difficult part of the development program because 
there is a complex set of interactions between the properties of the polymer being 
polished and the means of polishing, and it is quite impractical to test all com
binations. Thus it is entirely possible that other means of polishing would permit 
other polymers to be used. The means of polishing include not only the sequence 
of abrasives but the laps and even the carrier fluids. The actual physics of polish
ing generally is not at all well understood, and it is widely recognized that the suc
cessful processes used in optics and metallography are quite empirical. Because of 
the necessity of avoiding surface flow, it is believed that an essential requirement 
is a high degree of cross linking, as will be explained at the end of the section on 
polishing. Empirically, it is certainly true that cross-linked polymers polish quite 
differently from non cross-linked ones, and the easiest to polish are usually "glass 
hard," brittle, and very highly cross-linked. Brittleness, however, is only accept
able if it is accompanied by sufficient toughness to prevent chips from breaking 
off from the edge of the block. Early trials quickly showed that non cross-linked 
polymers did not appear to be worth considering, and no further trials with them 
were made. 

Well over a hundred polymers were tested in this work, before the simple mix
ture of ethylene dimethacrylate and acrylonitrile was found. Ethylene dimetha
crylate alone is polishable, but chipping occurs, and the addition of acrylonitrile 
greatly diminishes this tendency. It is entirely possible that additives other than 
acrylonitrile will have a similar effect. No extensive trials were made because 
acrylonitrile seemed very satisfactory. Certain classes of polymers seem to have 
group characteristics as regards polishing, though such properties are often diffi
cult to describe in words. For instance, in the writer's hands, any plastic contain
ing polystyrene or polydivinylbenzene, even when heavily crossed-linked, gives 
rise to a defect similar to one the maker of glass optics would call "sleeks." These 
are wide, shallow grooves, not scratches, usually attributed to the sticking together 
in lumps of polishing material grains . Despite many efforts, it did not prove 
possible to polish any epoxy to a worthwhile finish, although a considerable range 
was tried, and included some quite brittle ones. A good deal of time was spent in 
attempts to use a polycarbonate, and blocks were made from the monomer allyl 
diglycol carbonate under various conditions, using either benzoyl peroxide or the 
special very active catalyst, diisopropyl peroxydicarbonate, which is particularly 
suitable for making high quality polycarbonate. These attempts were persevered 
with because, macroscopically, this polymer has all the properties that are asso
ciated with good polishability in other plastics. It is glass hard, tough, and at the 
same time has very low optical scattering, indicating excellent homogeneity. It is 
in fact one of the best plastics for optical elements. However, all samples of this 
material invariably developed a curious crazing of the polished surface, which 
made it quite impossible to use for replicas. Many polymers were discarded before 
polishing tests were made because of apparent unsuitability on other grounds. 
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This includes those that polymerized too slowly, or required the use of a temper
ature that appeared unreasonably high. Many were obviously too soft to be worth 
testing, or appeared inhomogeneous. Some monomers, of which mixtures con
taining vinyl methyl ketone are examples, polymerize quickly to an intermediate, 
soft stage, but take a prohibitive time to acquire final hardness . A polymer that 
appeared to have good polishing properties was obtained from diallyl tartrate, 
with about 5% benzoyl peroxide. Trials with this were discontinued because 
polymerization is rather slow, requires the exclusion of atmospheric oxygen, and 
the use of massive amounts ofcatalyst. However, this material may be worth con
sidering if a high degree of water compatibility should appear desirable. Diallyl 
citrate has very similar properties. 

While this search for a suitable polymer consumed much time, it would have 
been prohibitively long if micro methods had not been used. Polymers were gen
erally made in 4 ml samples, and chemical preparations were on a correspond
ingly small scale. Polishing was generally tested on a surface 4 mm in diameter. 
Even so, it is obvious that only a very small sample of possible combinations can 
possibly be tested in any such program. The observation of group properties is 
the only guide to reduce the amount of work to manageable proportions. On the 
other hand, it must be borne in mind that group properties, when they are of an 
essentially empirical nature, can sometimes be misleading. There is an extensive 
literature on polymerizable materials, but practically no information concerning 
the properties called for in this work. Basic references that were very useful are: 
D'Alelio, 1952; Schildknecht, 1952; Sorenson and Campbell, 1961. 

Embedding 
Because of the high vapor pressure of acrylonitrile, the embedding containers 

must be well closed. We have used small glass test tubes (culture tubes without 
lip, 6 X 50 mm, Exax No. 45060) closed with small corks. Such a tube requires 
about 0.5 ml of monomer. Because the fire polished edge is slightly re-entrant, 
they have to be broken to extract the block; the polymer does not stick to glass. 
With many kinds of material, it is preferable to insert a false bottom, consisting 
of a disc of thick filter paper (e.g., Whatman No. 17) cut out with an accurate 
punch. This ensures a maximum of material at one level in the block. 

A good heat sink is essential during polymerization. A satisfactory way to 
achieve this is to stand up to 8 embedding tubes inside a 1" x 3" shell vial, which 
is itself well corked and has on the bottom a depth of a few mm of an inert fluid 
to ensure good thermal contact. Triethyleneglycol or glycerol serve well. The 
shell vials are also corked and placed inside a closed can, which is then placed in 
an incubator. 

The polymerization procedure has consisted of leaving the can at room tem
perature overnight, then placing it in a 37°C incubator for about 6 days. After 
this it is transferred to 60°C for a few hours for the final hardening. On removing 
from the 60° oven, the can should be allowed to reach room temperature slowly 
before being opened. The final plastic has a faintly greenish tinge, and a surface 
Knoop hardness of about 25 to 30, the load being 500 grams held for 5 seconds and 
released. 

This polymerization procedure invariably results in good blocks. Nothing cor
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responding to the "explosion artifact" of ordinary methacrylate embedding has 
ever been observed. The process can probably be considerably shortened. It is not 
definitely known that the preliminary period at room temperature is useful. 
Higher polymerization temperature than 37°C has not been systematically tested. 
l\fonomers containing acrylonitrile polymerize from the bottom upwards, a 
solid-liquid interface travelling through the material; there is no intermediate vis
cous stage. For this reason, the level of the tube containing the material will be 
solid long before six days. Considerable thermal expansion mismatch occurs, par
ticularly vvith permanganate fixed material, and cracks may appear if the drop 
in temperature after the 60°C oven is too sudden. 

Polishing materials 
The sequence of polishing abrasives, the laps and the carrier fluids are as 

follows: 

1. No. 400 Carborundum (Silicon carbide) waterproof paper. Used dry. 
2. No. 600 Alundum (Al,03 ) of optical grade used on a ground glass lap, con

veniently made from a microscope slide. The carrier is water with a little 
detergent, e.g., 0.5 % sodium dodecyl sulfate. 

3. Linde's Fine Abrasive Synthetic Sapphir type C-5250 (Alpha alumina); 
particles about 1 micron. Used on a Teflon lap. The carrier is a 2-phase mix
ture of kerosene and triethylene glycol. 

4. Linde's Fine Abrasive Synthetic Sapphir type A-5175 (Alpha alumina); 
particle size about 0.3 micron. Used on a Teflon lap. The carrier is a 2-phase 
mixture of kerosene and triethylene glycol. 

5. Magnesia, freshly prepared by ignition of magnesium oxalate. Used on a teflon 
lap. Carrier is triethylene glycol alone. 

6. Magnesia, freshly ignited, and prepared by precipitation from a methanolic 
solution of MgCl2 • The carrier is triethylene glycol alone. 

L 2, 3, and 4 are readily obtainable commercially. Needless to say, all abrasives 
should be kept in small lots, for instance in vials with plastic, not ground glass 
tops. and contamination of a finer grade by a coarser one avoided. Such precau
tions are familiar in optical work. 

Magnesia for Step 5 is made by igniting a small portion (about 0.5 gr) of 
magnesium oxalate. MgC20• 2H20, in a porcelain crucible. Heat is applied cau
tiously at first. and a better product seems to be obtained if a small jet of oxygen 
is allowed to play on the burning oxalate. After initial combustion, the crucible 
is covered and heated for about 10 minutes to 600°-700°C. A higher temperature 
should be avoided. In the presence of impurities, sintering may occur above about 
700°C. 

The magnesium oxalate is readily prepared as a precipitate by the reaction, in 
\Yater: 

MgCl, + K2C20• --> MgC20• + 2KCl 
A convenient preparation is on the scale of % mole and a total of 1 liter of 

\Yater. the two solutions being carefully filtered through No. 50 paper before mix
ing. The mixture is allowed to stand for about 2 hours, the precipitate is then 
filtered out and washed free of chloride. One gram of magnesium oxalate dissolves 
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in about 1500 ml of water, so the loss from washing is quite small. Precautions 
must obviously be taken to exclude dust, the distilled water for washing being 
also filtered through No. 50 filter paper. Sodium oxalate may be used as starting 
material, but this is less convenient, as its solubility is only 3.7%, as compared 
with 33% for the Potassium salt. 

Magnesia for Step 6 is prepared by the reaction: 
MgCl2 +2NH3 +H 20--> MgO +2NH,Cl, in methanol. 

In actual fact, the methanol may enter into the reaction which may go through 
a methylate. This reaction produces magnesia of much finer grain than any that 
we have been able to make by standard procedures. The fineness depends on how 
the reaction is conducted, and the principal difficulty is to get a grain sufficiently 
coarse to produce any polishing at all. A ~ mole preparation is a convenient 
batch: 

24 grams of anhydrous MgCl2 is dissolved in 250 ml of good quality methanol 
cooled in ice. Allow to stand at least 2 hours, then filter twice, first through No. 1 
paper, then through No. 50 paper. About 20 ml of clean liquid ammonia are mixed 
with 150 ml of methanol, 4.5 ml of water added, and the solution filtered through 
No. 50 paper. This methanolic ammonia solution is now allowed to drip into the 
magnesium chloride solution from a separating funnel, taking about 2--3 hours, 
with magnetic stirring. Allow to stand at least 2 hours before filtering out the 
magnesia. Anhydrous MgCl2 is not listed by the usual laboratory suppliers, and 
is troublesome to prepare in the laboratory. The Dow Chemical Company's "Mag
nesium Chloride Anhydrous Special Powder," although not a C.P. grade chemical, 
has proved quite adequate. 

The only practical way found to remove the ammonium chloride is to wash it 
out, by allowing methanol to drip from a reflux condenser onto the magnesia held 
in an extraction thimble. The size 43 mm X 123 mm, double thickness, Whatman, 
is suitable. The precipitated magnesia is filtered out directly through this thimble, 
which is then placed in the extraction apparatus. It is essential to stir the methanol 
magnetically in the boiler flask to avoid bumping. Depending on the rate of reflux
ing, the washing will be free of chloride after 5-10 hours. If liquid ammonia is 
added to the methanol, the washing will be faster as the solubility of ammonium 
chloride will increase from 2.7% to 5.4% . The washed magnesia is conveniently 
kept wet with methanol in its thimble in a well-stoppered jar. For use, a small 
portion (about 0.5 gr) is calcined in a porcelain crucible for about 10 minutes. 
Heating must be cautious at first and the temperature kept below 700°C. After 
washing, this magnesia exhibits continuous rings in electron diffraction, and has 
the physical form of thin crinkled sheets. After firing, discrete spots characteristic 
of more discrete crystals appear. It seems probable that grain size can be con
trolled by careful firing. 

Extensive tests were made with various other polishing agents, such as several 
grades of optical rouge (ferric sesquioxide) , cerium oxide, chromic oxide, titanium 
dioxide and several grades of diamond powder. No way of using any of these was 
found. There exists a finer grade of Linde Synthetic Sapphir than the two used; 
its designation is Type B-5125, and it is a cubic gamma alumina, unlike the two 
others which are hexagonal alpha alumina. In metallographic practice, the se
quence of these three aluminas is frequently used. In polishing plastics, this fine 
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grain gamma alumina can be used as an intermediate step, but it tends to pro
duce "sleeks" or broad grooves due apparently to large groups of agglomerated 
particles. It is possible that the pressures involved in our case are much less than 
those involved in polishing metals or glass, and are insufficient to break up the 
agglomerates of particles. Such agglomerates of fine grain gamma alumina par
ticles are illustrated in Cannon ( 1955). 

The use of magnesia for the final polishing stages was arrived at after examin
ing the properties of almost all conventional polishing agents. It was noticed that a 
commercial sample of magnesia which produced coarse scratches, nevertheless 
also gave well polished areas between the scratches. It was concluded that it con
tained a fraction of the right grain size and properties, contaminated by coarser 
particles. No adequate commercial magnesia, as supplied for metallographic pur
poses, was found. In fact, the magnesia obtained simply by calcining well-washed 
magnesium oxalate is much better than any we have been able to get from sup
pliers. In the usual commercial process, magnesia is made by calcining the car
bonate, and under these conditions the MgO grains are pseudomorphs of the initial 
carbonate crystals. The process of precipitating in methanol was arrived at from 
the supposition that crystal growth would be impeded. It is very easy by this 
process to make a material so fine that no polishing at all occurs, even though 
X-ray diffraction shows the material to be crystalline MgO. The writer is indebted 
to Dr. H . Steinfink for this X-ray diffraction examination. The finer precipitates 
are obtained by (a) pouring the chloride solution into the ammonia solution and 
(b) by mixing fast. In the instructions given above, the opposite course is rec
ommended and a batch of reasonable quality should result. It must be realized that 
this is a very empirical procedure, all the factors of which are not understood, and 
it may be necessary to make several batches. A batch of the size described is, how
ever, ample for a great deal of polishing. Needless to say, precautions against dust 
must be taken in all manipulations. 

Laps 
The laps used had the form of standard 1" X 3" microscope slides, but there is 

no special advantage in this shape. These are glued down to a piece 14" plate glass, 
about 6" x 9" in the manner shown in Figs. 3 and 4. It is important that the 
heights of the lap surfaces above their glass plate be the same: the polishing jigs 
are designed to compensate for slight difference in height, but the range of com
pensation is limited. 

In Step 1, a strip of carborundum paper in simply stretched over a microscope 
slide. 

For Step 2, using No. 600 Alundum, an actual microscope slide is the lap, its 
surface having been ground with the same abrasive. 

For Steps 3, 4, 5, and 6, the laps are made of sheet Teflon ("virgin" grade), 
0.06" thick. There is no need to use "gluable" Teflon, or to treat the surface with 
sodium in liquid ammonia. It will be found that if the lower surface is roughened 
with emery paper, an adequate bond to glass is given by the adhesive "Pliobond," 
if the part is left in an oven at 100°C overnight under pressure of a few pounds. 

The upper surface of the Teflon which is the actual lap must be given a rough
ened surface or texture, corresponding to the "grooving" of an optical pitch lap. 
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The best tool for this is a scraper made from a piece of hack saw blade ground on 
a coarse wheel to a radius of about an inch. The Teflon surface is scraped with 
this in two directions at right angles (Fig. 5). It is obviously essential that no 
extraneous abrasive particles be left in the lap. From time to time this scraping is 
repeated. About 50 blocks can be polished between scrapings, but in fact it will 
usually be done more often, as it is also a means of cleaning a lap in which for
eign particles have become embedded. Laps are washed by applying detergent 
and rubbing with the finger under the tap. While not in use, the Teflon surface 
is coated with a plastic that is easily peeled off. Proco Army Strippable Vinyl S53, 
type 1255-1 is very suitable, but no doubt many other materials would do as well. 
When this coating is peeled off, immediately before use, any extraneous particles 
are taken away with it. Once this protective coating has been removed, the lap is 
kept covered with a petri dish when not in actual use. 

Many other kinds of lap have been tried, beginning with materials suggested 
by optical practice, such as pitch, bitumen and beeswax. Polishing can be achieved 
on neoprene laps (cast out of carefully filtered pre-polymer solution) and also 
without any lap at all, by agglomerating abrasive with the right amount of car
rier into a very thick paste. However, Teflon was immediately recognized as very 
much superior to any other lap, regardless of how it was grooved. The reasons 
for this superiority are not at all clear, and at first sight appear to contradict the 
usual views on the action of laps (Rayleigh, 1903; Strong, 1938; Navez and 
Peyches, 1961). It is generally believed that in optical laps, abrasive grains get 
embedded with some permanence in the surface of a lap material having a degree 
of plastic flow, and their position can then be forced to conform exactly to the 
radius of the work. An outstanding property of Teflon is its very low coefficient 
of friction and low adhesion. Presumably abrasive grains do not remain at fixed 
positions but can readily slip out between successive strokes. As far as we are 
aware, Teflon has not been used as a polishing lap before. While the problem here 
is different from optical polishing, inasmuch as there is no "figure" to keep, the 
superiority of Teflon as a lap is so great that it would be worth considering in 
other polishing operations. 

Jigs for polishing 
The jig used for holding blocks during polishing is illustrated in Figs. 1 and 2. 

A small retraction collet holds the block to be polished in the middle of an elastic 
diaphragm made of 0.01" phosphor bronze and cut out in the manner shown. 
Two box wrenches are used to tighten this collet without straining the diaphragm. 
In use this assembly is approximately kinematic, resting on the two steel balls 
and the face of the block, these three points forming a triangle. Counterpoise M 
(Fig. 1) results in a pressure of about 15 grams on the face of the block, when the 
jig is not pressed by hand. 

Since the surface to be polished need not be flat to optical limits, the geometrical 
problems in generating optical flats do not arise. Ideally the block ought to be held 
in a universal point as close as possible to the plane of the lap, so that the face of 
the block is always free to seek a plane that coincides with that of the lap. The 
phosphor bronze diaphragm is a sufficient practical approximation to this ideal, 
provided that successive laps are at about the same height above their supporting 
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glass plates. The free pressure of about 15 grams is only used in stage 6 and at the 
end of stage 5; the amount of this pressure has not been the subject of much in
vestigation. 

Because of the need to wash away all abrasive particles before proceeding to 
the next polishing stage, a piece of dental rubber dam is placed around the block 
and held in position by a circular spring (e.g., 20-gauge stainless steel wire). 
Rubber dam ("heavy" gauge) is packaged in 6" x 6" squares powdered with talc. 
This talc must be carefully washed away by hand rubbing with detergent, the 
rubber sheet being finally dried between two sheets of lintless filter paper. While 
still between the filter paper, it is cut into squares about 1Yz" X 1Yz" and a hole 
of the order of 1/16" is punched in the center of each square. The 4 mm block is 
pushed through this hole. 

Polishing procedure 
The block can be cut with a jeweler's saw, or if a false bottom of filter paper 

was used, this can be pared with a sharp blade. It is essential, before starting, to 
file a bevel of about 45° by means of a fine file (e.g., grade 000) around the 
edges of the block. This is then shortened to a length convenient for insertion into 
the chuck. To permit the balls of the jig to slide easily on the glass plate some 
lubricant must be applied, and it is convenient if this is readily removed by water. 
We have generally used Carbowax 1500, but glycerol or a glycol can be used. The 
block can be moved in two directions at right angles to each other during polish
ing, or else circularly. In general, successive stages are polished at right angles 
to one another, until all traces of the preceding stage have vanished, but a circular 
movement will be used at end of stage 5 and for all of stage 6. The number of 
strokes varies somewhat, and depends on the accuracy with which the different 
laps are in the same plane, but typically might be of the order of 50 for stage 2, 
100 for stage 3, and 200-300 for each of the stages 4,5 and 6. The rate of polishing 
is about 100 strokes a minute. A block is rinsed with 95% ethanol from a squeeze 
bottle, blown dry and examined between stages with a binocular microscope at 
about x 50 with strong side illumination. Imperfections of polish and scratches 
are readily detectable in this way up to stage 5, but not beyond. If polishing seems 
to be one-sided due to imperfect lap position beyond the compensating capacity of 
the elastic diaphragm, a slight bias may be applied to the back of the chuck with 
the finger. At first, fairly firm pressure, of the order of 200 grams, is applied by 
hand, which is gradually diminished. The last 50 circular strokes of stage 5, and 
all of stage 6, are done without extra pressure, with just the 15 grams provided 
by the jig. 

The strippable vinyl coating is removed from the lap only at the last moment. 
A pinch of abrasive of the order of 5-10 mgs. is placed in the middle of the lap and 
2 drops of filtered kerosene, followed by 2 drops of filtered triethylene glycol are 
dropped on the abrasive. For the magnesia stages 5 and 6, only the latter carrier 
is used. Sometimes a considerable static charge is generated by stripping the cover 
from the lap, and in that case it is better to apply the drops of carrier before the 
abrasive, which is placed into the drop. 

Precautions against dust and extraneous particles on the laps must be taken. 
Laps must be covered with petri dishes when not in use, and similarly, blocks in 



31 Faberge: Replica process for electron microscopy 

the jigs are kept covered: caps for this are conveniently made out of 1" lusteroid 
centrifuge tubes. The drop bottles of kerosene and triethyleneglycol, as well as all 
vials of ahrasives, are kept covered at all times. To prevent particles adhering to 
the rubber dam from falling onto the lap, the rubber is smeared with the lubri
cant, for example the Carbowax 1500. The writer closes the outlet of the air con
ditioning in the room during polishing, but the room is a combined general labora
tory and office, in which many dust generating procedures are carried out. It is 
possible that a clean, dust-free cubicle would be worthwhile. 

Such precautions are of minor importance, however, and the writer is satisfied 
that nearly all difficulties in polishing are due not to external grit particles, but to 
chips hreaking from the block itself. This is why it is most important for the block 
to have a tapered edge, made with a fine cut file. If there are no accidents causing 
scratches, which force a return to a coarser stage, the entire process is quite rapid. 
It is more economical to process a number of blocks, generally 6 to 12 at the same 
time, taking all blocks through one stage before beginning with the next one. A 
dozen blocks can be taken through the entire sequence in one day, though it is 
rare for such a batch to proceed without a scratch accident. It will be clear that 
the time spent in actual polishing is a small fraction of this total time. Scratches 
must not be tolerated in the early stages, but if a scratch or two should appear at 
stage 6, it should be ascertained whether it actually crosses significant material. If 
it does not, it may be more practical to leave it. When a scratch has to be removed, 
its appearance will determine to which stage it is necessary to return. It is very 
time-consuming to remove a deep scratch with too fine an abrasive, and much 
better to return to a coarser step. 

It has already been emphasized that polishing to the limits of finish required 
here is a completely empirical procedure for which there is no precedent. Little 
can be advanced in justification of the various step and precautions recommended. 
We would suggest that anyone beginning to do such polishing should familiarize 
himself with the process often used in metallography, of polishing in one direction 
only on one grade of abrasive paper, and at right angles to this on the next finer 
stage, until all traces of transverse marks from the coarser paper have disap
peared. The same principle is applied here, except at the end when a circular mo
tion achieves the best finish. 

After polishing, the face of the block is wiped with a very soft material, such 
as lens paper that has been previously soaked in HCl, carefully rinsed with 
ethanol and blown dry. The block is now ready for etching, but it can be kept at 
this stage if properly protected. If it is kept, it should be rinsed again just before 
etching. 

Sometimes a slightly brownish deposit is seen on the face of the block after 
the last polishing stage. Its nature has not been determined, though it is known 
that it does not come from the rubber dam. It seems insoluble in about a dozen 
chemical agents, but it is easily wiped off mechanically. Wiping in the manner 
described does not produce scratches, and since an invisible deposit is always a 
possihility, it seems a reasonable precaution to wipe all blocks as a routine. 

It is believed that during polishing, several distinct processes may occur, de
pending on the material being polished and the conditions. Lord Raleigh (1903) 
thought that the polishing of optical glass involved only simple abrasion, on a 
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smaller and smaller scale, the action of laps differing in that grains of polishing 
material get embedded in the soft lap surface, and are pressed in to conform 
exactly with the required figure, while in grinding the backing is hard. During 
the polishing of some metals, surface flow may take place, with the formation of 
a Beilby layer (Bowden and Tabor, 1954) though the metallographer cancer
tainly minimize and possibly entirely avoid it. Surface flow presumably requires 
actual melting at the surface, at least in typical cases. Organic materials often 
exhibit surface flow, and non cross-linked polymers usually behave in this 
manner. In addition, solution by the carrier, hydration or swelling of the surface 
layer, or even chemical attack by the carrier may occur. Solution is sometimes 
used as part of the technique of polishing optical elements made from halide 
crystals, or materials such as Naphthalene (Twyman, 1952; Lipsett, 1957). Sev
eral of these phenomena may occur simultaneously, or in succession, during the 
course of polishing, as a finer and finer finish is achieved (Navez and Peyches, 
1961), although Smith and Hooley( 1953) convincingly demonstrated that if 
surface flow occurs at all during the polishing of glass, it must be very restricted. 

Under some conditions, the diamond rubbed away during polishing is appar
ently degraded to graphite (Bowden and Scott, 1959). When polishing a highly 
cross-linked polymer, surface melting in the strict sense is presumably impossible, 
except perhaps in restricted domains of the order of a few atoms in extent, in 
groups of linear chains between cross links. For cross linked material to be re
moved during polishing, chemical bonds must be broken, and the material re
moved must, to this extent, be chemically degraded. This is not necessarily true, 
of course, of pieces of embedded dense biological material not permeated by the 
cross-linked polymer. It is possible that the insoluble brownish deposit mentioned 
earlier is, at least in part, made up of such degraded polymer. It is not believed 
that the carrier fluids used here, triethylene glycol and Kerosene, can have any 
significant chemical or solvent action. They were selected purely for their wetting 
and lubricating properties. Two informative discussions on polishing that have 
proved useful are by Strong ( 1938) and Twyman ( 1952). 

Etching 
The only etching that has been successful is by means of a glow discharge. Two 

practical arrangements will be described, a D.C. discharge and a radio frequency 
discharge. The results obtainable from the RF. discharge are probably superior 
and certainly more consistent, and the method is a more flexible one. However, a 
D.C. discharge requires considerably less equipment. 

Direct current discharge 
The arrangement is illustrated in Fig. 6. The block is placed in the center of the 

cathode, flush with its surface. The cathode is cylindrical, %" in diameter, and 
a spring clamp made of stainless steel holds the block in a hole bored in this 
cathode. These electrodes are 1 cm apart, and are made of magnesium. The leads 
must be insulated, for example, with glass tubing in the way shown; otherwise 
unwanted discharges occur. The gas is either oxygen or water vapor, at a pressure 
of 0. 7 - 0.9 Torr. A current of 1 mA is maintained through the discharge. These 
electrodes can be used inside an ordinary vacuum evaporator bell jar, though it 
is more convenient to construct a special chamber, for example out of two small 
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Pyrex plumbing cup sinks. A two-stage mechanical vacuum pump is sufficient. 
The system is pumped out, oxygen or water vapor admitted to atmospheric pres
sure, pumped out again, after which the gas pressure is adjusted to the required 
value. The electrical arrangements for maintaining the discharge are simple. For 
a 1 mA current, a drop of about 500 Vis needed across the discharge. For stability 
a substantial ballast resistor is used in series; 100,000 ohms is a reasonable value. 
This causes an additional 100 V drop, so that a total of 600 volts must be provided. 
Since the power requirements are very modest, it is suggested that substantially 
higher voltage be available to facilitate stricking, and a variac in the primary of 
the transformer be used to adjust the voltage to give 1 mA current. At such low 
currents, it is more practical to use a small solid state rectifier followed by a con
ventional smoothing circuit. There is probably no reason why several percent 
ripple could not be tolerated. Under these conditions, an etching time of 4 minutes 
will give average results . 

Magnesium was used for the electrodes because this metal, or at least its natural 
oxide coating, has the lowest sputtering coefficient among common metals 
(Cobine, 1941-1958). However, it is not definitely known that this precaution is 
useful, and it is likely that aluminum would do as well. A thermocouple gauge 
with the proper range (e.g., Veeco TG 20) is useful, but the appearance of the 
discharge is itself a fairly adequate gauge as far as reproducibility is concerned. 
It is convenient simply to pump until the discharge has the correct appearance. 
A mercury manometer cannot be used. 

Early etching experiments were made with argon, a favorite gas for experi
ments with ions because of its ease of ionization and chemical inertness. Trials 
were later made with the following gases: 

H 2 He N 2 0 2 Cl2 Br2 I Hg H 20 NO CO S02 NH3 N zH, 
These are the substances introduced into the discharge chamber. The actual ions 
formed and their relative proportions depend on conditions in the discharge and 
are often mixtures in complex equilibria. A complete survey of the properties of 
these plasmas would be very laborious. However, under the conditions tested, with 
pressures in the range from 1.5 to 0.2 Torr. and the voltage adjusted to give a dis
charge current of 1 mA, oxygen and water vapor proved to produce the best plas
mas for etching. They give sharper outlines than argon. This might possibly be 
due to the fact that most of the products of sputtering are probably gaseous in the 
case of oxygen or water vapor. Against all expectations, the three halogens tested 
all proved to be very ineffectual etchants, though they attack magnesium elec
trodes and have to be used in a stainless steel apparatus; in this case, negative ions 
are formed, which may account for their inactivity. Hydrogen gives a very coarse 
and grainy etch. Mercury does not have a sufficient vapor pressure at room tem
perature (about 0.002 Torr.) and the temperature has to be raised to about 150°C 
to get a good discharge glow. Under these conditions, an extremely rough etch 
results. Mercury also requires the use of stainless steel electrodes. This led to tests 
of 0 2 itself at about 100°C, and this also produced a much rougher etch than 
oxygen gives at room temperature. On the other hand oxygen used with the speci
men held at - 35°C to -40°C did not give results significantly different from 
those at room temperature. The provisional conclusion is that oxygen or water 
vapor are the best etching agents, and that they can be used at room temperature. 
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A discharge current of 1 mA for a few minutes does not raise the bulk temperature 
of the block significantly. Some of the other gases, such as Nz, showed promise, 
but none, under the conditions tried, exhibited clearcut signs of specificity on the 
samples tested. It must be emphasized that all combinations of conditions with 
various gases have not been tested. This would represent a very large program of 
work, in which guiding principles would be completely absent. 

Radio frequency discharge 
Although more equipment is required, this type of glow discharge appears to 

give more uniform results. The very simple arrangement used is illustrated in 
Fig. 7. We have used the frequency of 27.12 MC, that permitted for diathermy; 
it ought to be crystal controlled. The external coil L (20 turns) with the capacitor 
C can be made resonant at this frequency. The position of the tap on the coil is 
chosen to give a proper impedance match and correct termination to the RF line 
used. The difference between forward and reflected power going to this resonant 
circuit in our equipment is about 20 watts, but the fraction of this actually dissi
pated in the plasma has not been estimated. It is convenient to have a monitor 
meter on a separate loop coaxial with the coil, but the scale of this is arbitrary. 
The block is held in a glass cup, wedged by means of a strip of mica, the cup being 
held exactly at the center of the coil, at the end of a 4 mm glass rod. The 02 pres
sure is about 0.5 - 0.7 Torr. Under these conditions a reasonable etch is obtained 
in 1.5 minutes. The chamber is flushed with oxygen in the same manner as for 
the D.C. discharge. A thermocouple pressure gauge is very useful here, since an 
R.F. glow is spatially homogeneous in appearance. It seems plausible to attribute 
the greater regularity of the etch produced in R.F. discharges to the cancellation 
of surface charge at every cycle. An R.F. discharge can be maintained at some
what lower pressures than can a D.C. discharge. It is also an advantage for ex
perimental purposes that there are no metal parts in the discharge chamber. Heat
ing of the specimen by dielectric loss is of the order of 5°C to 10°C for 2-minute 
etching exposure. and is probably not significant. 

It is generally believed that in physical experiments (Laegreid and Wehner, 
1959), if sputtering occurs at a relatively high pressure, of the order of one Torr. 
or more, the material sputtered away is redeposited in the immediate vicinity. 
This redeposition can be avoided if the pressure is made sufficiently low to ensure 
a mean free path large relative to the dimensions of the specimen. For this rea
son, and for the additional one that it seemed preferable for ions to impinge from 
one direction only, normal to the surface, much effort was devoted to design a 
suitable ion beam source functioning at relatively low pressure. The principle is 
illustrated in Fig. 8. A plasma is created in a Penning type discharge in a mag
netic field. An electrode system extracts ions out of this plasma, accelerates them 
to a known potential, at the same time focusing them to a spot slightly larger 
than the face of a polished block. There is provision for indexing up to eight speci
mens in succession into the ion beam without breaking the vacuum. "Clean" 
vacuum practice was followed. The glass apparatus was equipped with two liquid 
nitrogen traps, and was pumped by a two-stage glass diffusion pump using 
phenoxyphenyl ether oil. Pressures at least as low as 10-s Torr. were readily 
achieved with the gas leak closed. In use, this leak was adjusted to give a pressure 
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of 5 X 1Q-4 Torr., which was continuously monitored by a Schultze-Phelps ioniza
tion gauge. At this pressure the mean free path is of the order of 10 cm., so redepo
sition on the specimen should not occur. Most experiments were done with argon 
ions accelerated to 300 V. The etch produced by this apparatus did not differ in 
any significant way from that given by a simple D.C. discharge. We conclude, 
tentatively, that under our conditions, redeposition of sputtered material is not a 
significant factor in resolution. Sputtering, or ion etching, has an extensive litera
ture; the older work is reviewed by Cobine (1941-1958) , while more recent 
research is discussed, for example, by Wehner (1955, 1957) , Holland (1963), 
Wolsky (1963), Scott (1966). However, it cannot be claimed that the process is 
well understood. Qualitative experiments are very easy to perform, but critical 
quantitative work on ion bombardment meets with many difficulties. Nearly all 
such work concerns amounts of sputtering, or depths of etch, many times greater 
than those involved in the present connection; the amount of material removed in 
the etching described here is of the order of one or a few micrograms per cm2 

• 

Experimental arrangements differ, depending on whether the interest is on the 
material removed from the cathode or on the deposition of this material elsewhere. 
Most physical work has been done with argon or other chemically inert atoms or 
else with mercury. Experiments with reactive gases have been largely confined 
to the generation of a reaction product in the discharge, and its deposition, rather 
than in etching. In this way, semiconductors or dielectric layers can be obtained 
(Schwartz, 1963; Davidse and Maissel, 1966). In our case, etching occurs either 
with argon or helium, but a better quality etch results from the use of 0 2 or water. 
Presumably, in the last two instances, at least a proportion of reactive sputtering 
occurs, and one can speculate that a substantial part of the products of sputtering 
are then gases and do not redeposit for this reason. 

Physical sputtering experiments are nearly always done with metals, in which 
case a potential can be applied to the target to accelerate the ions. When an ion 
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Fm. 1. Jig for holding block during polishing. The main body is made of aluminium. The 
lower part represents a section through AA. B = 5/ 16 steel balls, press-fitted into aluminium 
cross piece. C =brass retraction chuck. D = 0.01" thick phosphor bronze spring diaphragm, cut 
out (etched) in the manner shown. Note that separate drawing of this at upper right is on X 2 
the scale. M =brass counterpoise, about 55 grams. 
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FIG. 2. Polishing jig, face up, showing rubber dam protector, held on by circular wire spring. 

FIGS. 3 and 4. Polishing on Teflon lap, in two directions at right angles to one another. 

FIG. 9. X 10500. Partially etched plastic surface, showing that polishing scratches visible on 
the unetched land H inhibit etching. 
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FIG. 5. Teflon lap, 3" X 1", showing manner of scratching surface preparatory to polishing. 

gets very close to the target, the electrostatic field becomes sufficient for field 
emission to occur, and an electron so emitted neutralizes the ion. Thus bombard
ment is in effect with neutral atoms. In the case of nonconductors, an additional 
factor is that a positive charge will accumulate on the surface of the dielectric 
until this is sufficient to repel further ions. For this reason, the statement can be 
found in the literature that sputtering insulators in a D.C. plasma is impossible, 
unless special measures to dissipate the accumulated charge are taken. These 
special arrangements may consist either of bombarding the surface with electrons 
from a separate source, or alternatively, of connecting a radio frequency gener
ator to an electrode placed at the back of the dielectric. In this last case, para
meters may be easily chosen to ensure that electrons from the plasma reach the 
surface during each cycle (Anderson et al. , 1963; Davidse and Maissel, 1966). 
These considerations probably apply only to bombardment by high energy ions. 
However, because the mobility of electrons in a plasma is much greater than that 
of ions, a dielectric immersed in a plasma would be expected to reach a net nega
tive potential relative to that of the plasma. It would then be surrounded by an 
ion sheath, a space from which electrons are repelled by the charge on the surface. 
Thus, very low energy ion bombardment will still take place. Whatever mechan
isms are responsible, the sputtering of insulators has been described before on 
several occasions, in what are at least superficially simple D.C. discharges without 
any special provision for dissipating surface charge. Bierlein, et al. (1958) etched 
ceramic materials covered by a metallic grid in a D.C. discharge, but in later 
experiments, Bierlein and Mastel (1959) found the addition of radio frequency 
much more efficient. Kassenbeck (1958) demonstrated the etching of structures 
in nylon, as well as cotton and wool fibers , by means of an A.C. plasma not 
described in detail. Anderson and Holland (1963) using D.C. described similar 
experiments, and other cases are discussed by Holland ( 1963) . 

It is possible that the formation of an ion sheath due to the difference between 
ion and electron mobility is also responsible for etching in our case. Attempts to 
provide a leakage path for accumulated charge seem to have no detectable effect, 
as will be described farther on. It is experimentally very difficult to find out what 
occurs at the boundary of a plasma, on the scale of a few atomic diameters. It 
seems not impossible that uncharged reactive particles, such as metastable atoms 
or free radicals may enter in, as they certainly can in gas phase reactions. For 
these reasons, we prefer to describe the process simply as etching in a plasma, 
rather than etching by ion bombardment or sputtering, even though the experi
mental arrangements are the same as those used in sputtering. 

Replication 
A method for making indirect positive carbon replicas suitable for this work 
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FIG. 6. Electrodes for D.C. discharge etching. The anode A and the cathode C are made of 
magnesium. S is glass tubing to ensure that discharge is confined to the electrodes. 

FIG. 7. Apparatus for radio frequency discharge etching at 27.12 MC. The chamber is made 
of 18 = O.D. Pyrex tubing. Coil L consists of 20 turns of 12 gauge (about 2 =) copper wire. 
The position of Tap T on this coil must be found to give correct impedance match to the line 
used. C has a maximum capacity of 22 micromicrofarads. M is a monitor meter convenient for 
tuning. 
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FIG. 8. Simplified diagram of jon beam apparatus. Magnetic poles N-S provide a field of about 
1000 Gauss. Eis an accelerating and focusjng electrode. Up to 8 specjmen blocks can be exposed 
to the beam jn succession. 

has been described in detail (Faberge, 1967). This uses polyvinyl chloride for the 
intermediate impression, is capable of resolving at least 20 A, and automatically 
provides for placing the screen at a predetermined location of the specimen. For 
most purposes, a shadowing angle of 45 °, (1 : 1 ) seems most suitable. 

Although several methods for making such indirect replicas were already well 
known, a great deal of work was in fact done before a satisfactory process was 
developed. The principal difficulty is that most replicating plastics do not lift easily 
from etched organic polymer surfaces. In addition, some have intrinsic structure 
at high magnification. A number of successive replicas can be made from the same 
etched block; up to ten have been made which show no clearly distinguishable 
loss of detail or other differences, other than occasional removal of contaminating 
dirt. It is entirely possible that more successive replicas can be lifted. However, it 
occasionally happens that the first replica is difficult to lift. No washing of the 
block before the first coating of polyvinyl chloride is applied has been found that 
alters this. If excessive force has to be used in lifting the polyvinyl chloride impres
sion, a very characteristic and immediately recognizable pulling artifact is pro
duced, somewhat like waves on a water surface. 

Attempts to alter the character of the etch by pretreatment of the block 
Since in the case of etching in a D.C. discharge, dissipation of static charge is 

presumably occurring, various attempts were made to influence electrical con
ductivity. The monomer described will polymerize and remain polishable after 
saturation with some metallic salts such as CuCl2 , SnC14 and U02 acetate; sub



Frn. 10. X 18,000. G = Golgi body. LV =probably lipid vacuoles. M =mitochondria. p = 
probably phragosome. W = cell wall. Cytoplasm may be slightly expanded. 

FIG. 11 . X 18,000. M = niltochondria. W =cell wall. 



Fm. 12. X 28,000. ER = endoplasmic reticulum. G = Golgi bodies with vesicles. M = mito
chondria. NP = nuclear pore. 

Fm. 13. X 8,000. G = Golgi body. N =nucleus. NP= nuclear pore. PL= plastid. 
Fm. 14. X 14,000. G = Golgi body. II = "unidentified inclusions." LV =lipid vacuole. M = 

mitochondria. 
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stantial amounts of these dissolve. Proprietary antistatic agents, such as Armour's 
210 PE were also tried. Although it was possible to decrease the apparent electrical 
resistance by one or even two orders of magnitude, no noticeable effect on etching, 
either quantitative or qualitative resulted, except that the agent 210 PE produced 
a coarse grain in the plastic background, presumably due to inhomogeneity. Trials 
were also made to provide a short surface conducting leakage path for any charge, 
by painting the sides of the block with colloidal graphite, and also in between the 
material on the face of the block itself. The surface leakage resistance must have 
been reduced by at least X 20, from geometrical considerations, but again this 
made no difference at all to etching. 

GENERAL REMARKS 

The resolution obtained at the present stage of development is comparable to 
that in sections. It is by no means clear what limits the sharpness of etched images 
obtainable. The two-step replication process certainly has resolution capability 
well beyond the overall resolution achieved, and is far from being a limiting 
factor. It is difficult to follow the etching process in detail as it proceeds, but a few 
observations have been made. While longer exposure to a plasma results in a 
correspondingly deeper etch, this relation does not hold at the initiation of the 
process. It appears that etching normally starts from a discrete number of 
points on the surface and spreads outwards. Curiously enough, shallow polishing 
scratches, at least for a time, inhibit etching; this is illustrated in Fig. 9. Such 
observations led to various attempts to treat the polished surface chemically, 
before exposing it to a plasma. The depth of etch is very small, and it seems 
certain that solutions will penetrate a block for distances of this order. Just as in 
the case of additives to lower electrical resistance, no effect on etching was ever 
observed. In any case, the blocks are extremely resistant even to very reactive 
chemical agents. The etched plastic background most often has a slight grain, but 
is sometimes quite structureless at magnifications of the order of 30,000. This is 
distinct from the grain caused by cytoplasmic elements from ruptured cells, as 
illustrated in Fig. 21. The presence or absence of this grain was not obviously 
affected by any preliminary priming treatment. 

The presence of actual sharp edges in the material itself, presenting a discrete 
boundary to the surrounding plastic, seems to be one essential condition for good 
resolutions. This will generally depend on the nature of the fixation, and on any 
treatment between fixing and embedding. Unit membranes which normally 
appear double in standard sections are often double in etched preparations also. 
However, some organelles are more likely than others to show a double wall under 
these conditions. For example, double walls are usually seen in mitochondria, 

FIG. 15. X 11,500. M =mitochondria. R and S are probably the rough and smooth sides, 
respectively, of the endoplasmic reticulum. 

Fie. 16. X 8,000. ER =endoplasmic reticulum; rough and smooth sides, probably visible near 
marker. G = Golgi bodies: these show pronounced Golgi vesicles in this cell. PL= plastid with 
crista. W ·= cell wall . 

FIG. 17. X 8,000. ER = endoplasmic reticulum. G = Golgi bodies. M = mitochondria. 
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plastids, and Golgi elements, but are less common in endoplasmic reticulum and 
still less common in nuclear membranes. This is obviously not merely a matter of 
spacing, but, we suspect, depends on the material present between the two outer 
membrane layers. 

ILLUSTRATIONS 

Representative examples of results obtained are given in Figs. 10-21. In all 
cases, the material is from root tips of Secale cereale, common rye, fixed in Potas
sium permanganate. A Siemens Elmiskop I was used in the work. All shadows 
are at a 45° angle, so that the height of structures above the background is equal 
to the length of their shadows. The replicas are positive, but are not photographi
cally reversed, so that shadows are white. In all cases (with the exception of 
starch grains) structures stand up and the surrounding plastic is etched away. To 
see this relief of replicas correctly, it is essential that the apparent "light" should 
come from a direction roughly in front of the observer. The photographs are so 
oriented that the top of the page should be directed towards a window or a lamp. 
A relatively light etch is illustrated in Fig. 12. In this preparation, the membranes 
of the endoplasmic reticulum and of the nuclear wall are clearly double, but that 
of the mitochondria are not. Fig. 13 shows an intermediate depth of etch, while 
Fig. 14 is a deep etch. In contrast to Fig. 12, Figs. 10 and 11 show clearly double 
walls in mitochondria. It seems quite likely that the background grain in these 
two illustrations is produced by ribosomes. Figs. 15 and 16 show the "onion peel" 
structure of endoplasmic reticulum, which would not be apparent in correspond
ing sections. There is a strong suggestion in these two figures that when the endo
plasmic reticulum membrane lies approximately parallel to the etched surface, 
the "rough" and "smooth" sides are distinguishable. Background from ribosomes 
may also be present in Fig. 17. Figs. 18 and 19 show extremely deep etch, at low 
and relatively high magnification respectively. Both also illustrate the typical 
appearance of starch grains in etched preparations. Sometimes, however, starch 
grains will etch out with a hollow, as shown in Fig. 20. Fig. 21 illustrates diluted 
cytoplasm in a cell broken during fixation; cristae in mitochondria often show 
up well under these circumstances. 
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Fm. 20. X 14,000. G = Golgi body. M = mitochondria. N =nucleus. S = starch grain in 
amyloplast, here showing a different type of etch. Some clear double walls can be seen. 

Fm. 21. X 11,4-00. Cytoplasm is broken well, showing mitochondria with cristae. 
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IV. A Cytochemical Analysis of Deoxribonucleic Acid (DNA) 
and Protein in Salivary Gland and Gut of the 

Lethal Mutant lgl of D. Melanogaster1 

ROBERT M. WELCH
2 

AND KATHLEEN RESCH 

INTRODUCTION 

Full details of previous research on the lethal mutant l (2) gl, lethal giant larvae, 
are available in Hadorn (1961), in a fairly recent paper by Faulhaber (1959), 
and in an earlier investigation (Welch, 1957). Two lines of investigation, in 
particular, have suggested differential effects. Hadorn and collaborators have 
found an organ specific effect. For example, they state that the gut, among other 
organs, is "largely or fully normal," while the salivary gland, among other 
organs, is severely affected, being only about 50% of normal. Welch has shown 
that, although all organs are affected in deoxyribonucleic acid (DNA) synthesis 
to some extent, the DNA of the salivary gland and of other organs that synthe
size large amounts of DNA is drastically affected when compared with organs, 
such as the gut, that synthesize DNA less heavily. DNA in the lgl salivary gland, 
for example, is only about 20% of normal. These findings suggest the possibility 
of a differential effect on DNA synthesis common to all organs but varying in 
severity according to the need of the organ to synthesize DNA. If this is true, 
chemical specificity, by which DNA would be affected specifically in all organs, 
rather than organ specificity, in which DNA and/or protein would be affected in 
only one or one group of organs, would be indicated. 

If, however, we define differential effect as an effect that causes one chemical 
compound or organ to reach a certain stage of normal growth (for example, cor
responding to an 80 hour normal larva) while allowing another to reach a differ
ent stage (for example, corresponding to a 100 hour larva), then it should be 
recognized that a comparison of the mature lgl larva with the mature normal 
control, on which the interpretations advanced above are based, does not rule out 
an alternative possibility-that differential synthesis of DNA or differential 
organ growth in the wild-type larva after a stage of general complete or partial 
arrest in the lgl larva may occur. For example, the lgl salivary gland could be 
70% of the mature normal salivary gland and the gut 90%, but both might be 
equal to salivary gland and gut of an 80 hour normal larva, in which case there 
would be no differential effect in lgl. Similar reasoning would apply to DNA and 

1 Supported (in part) by PHS Research Grant GM-06492 from the National Institutes of 
Health, USPHS, and by a grant from the Rockefeller Foundation. 

Presented in part at the meeting of the American Society for Cell Biology, Chicago, Illinois, 
November 2-4, 1961 and abstracted for the XI International Congress of Genetics, The Hague, 
The Netherlands, September, 1963. 

2 Present address: Institute for Cell Research, Karolinska Institutet, Stockholm 60, Sweden. 

Studies in Genetics, No. 4, 1968. 
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protein. It is necessary to choose between differential growth in the wild-type 
larva and differential effect in lgl. Either could account for the observed differ
ences between mature lgl and mature wild-type larvae. To establish that a dif
ferential effect operates in lgl against the salivary gland in comparison with gut, 
one must show that the mature lgl gut is significantly more developed than wild
type gut at a stage in wild-type development when the salivary gland of wild-type 
is approximately equal to that of lgl. On the other hand, to establish that a dif
ferential effect operates in lgl against DNA in comparison with protein, one must 
show that the mature lgl protein is significantly greater than the wild-type protein 
at a stage in wild-type development when the wild-type DNA is approximately 
equal to the lgl DNA. This can be done in various organs, although the differential 
effect (if it exists), should be clearest in the salivary gland. Alternatively, a stage 
of wild-type could be taken where gut and protein, respectively, are equal to gut 
and protein of mature lgl and comparisons of DNA and salivary gland made. 
From past experience, it seemed that a normal control of 75-80 hours might be 
expected to approximate satifaction of the conditions outlined above. 

Furthermore, the inference that less DNA than protein means a differential 
effect on DNA or that not finding this to be true rules out such a differential 
effect is not justified in the absence of evidence that a differential effect on DNA 
would necessarily produce such a result. One must consider the interaction of 
DNA and protein synthesis and the indirect effect on protein synthesis that even 
a differential effect on DNA synthesis might have. Also, one should not overlook 
the interference in DNA synthesis of an impediment to protein synthesis. To 
clarify these points, wild-type larvae, experimentally altered in DNA or protein 
metabolism have been compared with normal. In addition, certain biochemical, 
as distinguished from cytochemical, experiments on synthetic media have been 
carried out on the hypothesis that DNA synthesis in lgl might be primarily 
affected. 

APPROACH, METHODS, AND MATERIALS 

The work falls naturally into two parts. In part one attention is concentrated 
on the salivary gland of the lethal mutant, its normal control, and experimentally 
treated larvae. DNA, protein, and area comparisons, explained more fully below, 
are made between the various categories to determine the presence or absence of 
a differential effect on DNA in the salivary gland. In part two, salivary gland, 
proventriculus, and stomach of the lethal and normal control are similarly ana
lyzed to determine whether there is a differential effect in the lethal or salivary 
gland with regard to gut and also with regard to DNA of gut in comparison with 
protein. Finally, biochemical experiments are briefly described. A detailed de
scription of equipment and methods has been given in a separate paper (Welch 
and Resch, 1963). This is summarized below in its general aspects, together with 
additional details, especially in regard to materials. Subsequently, details per
tinent to particular phases of the work are included in their respective places. In 
general, the choice of cytochemical rather than biochemical analysis was based 
on the greater potentiality of the former in Drosophila organ analysis. Although 
biochemical analysis of the salivary gland has been employed successfully (Chen 
et al., 1963), the results have not been so impressive as to discourage other 
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methods even in the case of this most favorable object for biochemical technique. 
The extension of biochemical analysis to other organs is blocked by difficulties of 
dissection or organs containing different kinds of tissue in the same organ, such as 
proventriculus and ring gland. Histochemical analysis of tissue sections discrim
inates easily between different regions and tissues of an organ and, furthermore, 
has potential application to stages of growth in the egg, inaccessible to biochemical 
analysis. These are the advantages important in this type of work rather than the 
traditional cytochemical advantage of intra-cellular distinctions. Histochemical 
technique is essential to the study of development through comparative organ 
analysis in the Drosophila larva and egg. 

The particular stock used in the present investigation was obtained originally 
from the Cold Spring Harbor Laboratory, Long Lsland, New York. In important 
features, such as percentage of homozygotes (lgl en bw/lgl en bw ) surviving 
beyond normal pupation time, delayed pupation, "pseudopupation," gross reduc
tion in size of whole larva and individual organs, and relative transparency of the 
larva, this stock agrees substantially with the description furnished by Chen 
( 1951). Percentage of adult flies emerging agrees with that to be expected from 
heterozygote larvae alone. No dry weight comparisons, however, such as those 
carried out by Chen, have been made between the lgl larvae and the Stephenville 
wild-type larvae used as the normal control. It is an advantage of lethal mutants 
that isogenic stocks are not necessary. A stock showing normal growth as judged 
by time of pupation and emergence is considered adequate as a control (Chen, 
1951; Chen et al., 1963). Except for experimental media described later, larvae 
were raised at 23-24°C. on the regular corn meal-Karo syrup medium used in the 
University of Texas laboratories. The lgl larva was fixed about 24 hours after 
pupation of the normal heterozygotes; time of fixation of the St+ larva was dated 
in hours after oviposition. Carnoy (acetic acid, absolute alcohol, and chloroform) 
was used as the fixative. 

After imbedding in low melting point Tissuemat, the larvae were cross-sec
tioned at the desired thickness and ribbon orientation made by examination of 
isolated sections under phase microscopy. Cross-sections of organs to be compared 
were placed on the same slide. Whenever the same wild-type control was used in 
more than one comparison, it was represented by sections on each slide involved. 

DNA was determined by Feulgen cytophotometry, the validity of which is now 
established (Pollister and Arnstein, 1959; Leuchtenberger, 1958; Swift and 
Reach, 1956). A relative value was obtained for the amount of DNA in each 
nucleus by multiplying the extinction at 570 millimicrons by the square of the 
nuclear radius according to the method of Ris and Mirsky ( 1949). The additional 
work required by more accurate methods was not considered justified in view of 
the variation in the material itself. Protein was determined by the same method 
of calculation and naphthol yellow S cytophotometry in the same nucleus as 
DNA and in over-and underlying cytoplasm in sections stained according to the 
method of Deitch (1955) modified to suit Drosophila material. That the presence 
of DNA had no significant effect on protein comparisons and that the modified 
technique is no less quantitative than the original were demonstrated in the sepa
rate method paper (Welch and Resch, 1963). The absorption bands of the Feulgen 
and naphthol yellow S stains are sufficiently separated ( 5 70 and 435 millimicrons 
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maxima) to prevent interference in cytophotometric measurement. As explained 
in the method paper, amounts of protein compared are those in the nucleus and 
in equal amounts of over- and underlying cytoplasm, corrected for variation in 
section thickness as explained in the method paper. Analysis of variance showed 
that variation between sections cut at the same thickness was not significant in 
relation to variation within sections. In each category measurements were made 
on a number of sections from two or more individuals. Calculation of the standard 
error includes both variation within individuals and between individuals. Area 
measurements were made by use of an ocular micrometer ruled square calibrated 
in microns. 

The validity of the naphthol yellow S technique for cytophotometry is not so 
well established as that of the Feulgen technique, resting as it does on the single 
paper by Deitch ( 1955). Therefore, to put the results on a firmer footing, the 
protein determinations in the salivary gland comparisons were made both by 
naphthol yellow S cytophotometry and by interferometry. For the latter, adjacent 
sections were used, supplemented by material from different individuals of the 
same age as those used in the naphthol yellow S work. 

The interference measurements were made on sections in which all material 
except the organ concerned had been dissected away, in order to conform to the 
limitations of the 40X shearing objective of the AO-Baker interference microscope 
used in the work. After removal of nucleic acids by treatment with hot perchloric 
acid, the sections were mounted in distilled water and the cover glass sealed with 
paraffin. The optical path differences (O.P.D.) between object and surround was 
determined according to instructions in the AO-Baker manual. This was done 
photometrically. Integral number of wavelengths in the O.P.D. was determined 
by measuring at two wavelengths, 550 and 600 millimicrons, according to the 
method described in the Baker manual. The validity of this was subsequently 
established by comparison with determination of integral O.P.D.'s by the Wright 
eyepiece. Area was measured separately, and the absolute dry mass, which repre
sented protein, of nucleus and over- and underlying cytoplasm, or cytoplasm 
alone, was computed from area and O.P.D. according to instructions in the AO
Baker manual. This became relative when corrected for variation in section thick
ness as described in the method paper. Statistical calculations were carried out as 
in the cytophotometric work. As detailed in the method paper, substantial agree
ment was obtained in the salivary gland work between the naphthol yellow S 
cytophotometric and interferometric results. In subsequent portions of the work 
cytophotometry and interferometry were used independently for protein deter
mination, the former being checked by measurements on two slides stained at the 
same time, the second containing sections adjacent to those on the first. 

The apparatus used is described in detail in the method paper. A photograph, 
Fig. 1, is included here. The light microscope used for cytophotometry and the 
interference microscope have the same type stand and are used interchangeably 
in the apparatus by which the transmission through a small portion of the cell can 
be measured photometrically. 

RESULTS 

In the interpretation of results, one must keep in mind several main considera
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FIG. 1. Overall view of microspectrophotometer and interferometer used in work reported. 
Interference microscope interchanges with light microscope shown. 

tions. One of these is the size of the standard errors. The amount of material ana
lyzed fully meets the standards prevailing in this type of work and, in some in
stances, is substantially in excess. For example, in Table 1, although the fact that 
all naphthol yellow S cytophotometric comparisons must be made on the same 
slide necessitates a wild-type control on each slide, the interferometric and area 
measurements for the various wild-type components can be combined, as ex
plained in the table. Also, additional interferometric measurements were made 
on lgl and additional area measurements were made for the B-W comparison. 
Finally, the lgl area measurements of both Tables 1 and 2 can be combined. The 
more important comparisons are thus based on a considerable body of material 
as well as, in the protein determinations, on two methods of analysis . In spite of 
all this, one must consider that the standard errors are fairly large. This is due 
partly to the experimental error of the techniques, of course, but also, in large 
part, to the great variation in material analyzed, both within and between larvae. 
Whatever the causes, one must be careful not to strain the data by attempting to 
draw too precise conclusions. In general, in the cytophotometric work, if one 
mean is at least 25% greater or less than another, one can say that a significant 
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difference exists on a probability level of between 0.80 and 0.90. On the other 
hand, in those cases where a significant difference can be virtually excluded sta
tistically, one can say that the probability of one mean being more than 25:% 
greater or less than another is small, 10-15% or less. Since the standard errors of 
the interference means are smaller, one can say, in general, that in such cases, the 
probability is less than 10% that one mean is 15-20% or more greater than an
other. Such probability becomes negligible when no significant difference is found 
between means in either naphthol yellow S or i.nterfereIJJ:e determinations of pro
tein. These statements are based, on the one hand, on conventional analysis of the 
difference between two means and, on the other (when two means are being 
compared) on the percentage of means in each case (in a normal distribution) 
that may be expected not only to equal or exceed a certain fraction or integral 
of the standard error but also to diverge, respectively, in opposite directions. It 
must also be considered that the protein analysis has two components, one the 
cytophotometric and interferometric reading through the nucleus and over- and 
underlying cytoplasm, which is a measure of the total amount in the nucleus and 
of the concentration of the cytoplasm. The second component is computation of 
the cross-sectional area of the gland at its maximum. This area is then used as an 
index to volume in segments of the salivary gland of the same length in different 
individuals of both lgl, experimental, and wild-type. In a narrow sense, the mean 
cross-sectional area is an index to the volume and protein therein of a maximum 
segment only, but, if we assume symmetry of gland and similar distribution of 
material in lgl, experimental, and wild-type, the mean cross-sectional area at the 
maximum would be an index to the volume of the whole gland and its total pro
tein. For the purpose of this paper, however, it suffices that we consider the mean 
cross-sectional area only in its relationship to the volume of a segment of the 
salivary gland in its region of maximum size. Any variations in cross-sectional 
area and hence in volume would bear on the total amount of protein present but 
would not effect the DNA comparisons since the numbers of cells and nuclei in 
the salivary gland are fixed. The standard errors of the area determinations are 
intermediate between those of cytophotometry and interferometry, and the proba
bilities are adjusted accordingly. Finally, in order to rule out differential growth 
as an explanation for an apparent differential effect, one should ideally compare 
two larvae equal in one of the compounds, DNA or protein, being tested for dif
ferential effect. In this work, an attempt has been made to compare larvae equal 
in DNA, but in practice this is extremely difficult, especially when experimental 
larvae are compared with wild-type controls. To the extent that the comparisons 
actually obtained differ from the ideal, one must consider the possibility of dif
ferential growth in the wild-type as a complete or partial explanation for an ap
parent differential effect on lethal or experimental. 

Although such a state of affairs is not all that could be desired quantitatively, 
it is superior to qualitative observation in that one can draw certain conclusions 
that tolerate this degree of experimental error and are yet useful in an interpre
tation of the lgl mutant. For example, it has been shown that salivary gland DNA 
of the mature lgl larva is only about 20% of that in the mature wild-type larva 
(Welch 1957). It has been observed further (Hadorn 1961) that the volume of 
the mature lgl salivary gland (from which might be inferred the total protein) is 
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about 50% of the mature wild-type. If this differential effect is due entirely to a 
more severe effect on DNA synthesis in lgl than on protein synthesis and one 
compares mature lgl with wild-type at an age when DNA of wild-type is equal 
to DNA or lgl, then protein of lgl should be over twice that of wild-type. If, how
ever, comparison is made at a stage of wild-type where protein of wild-type is 
equal to protein of lgl, then DNA of lgl should be less than half that of wild-type. 
This would be demonstrable even within the limits of experimental error of the 
present work, as would, obviously, a differential between salivary gland and gut 
of the magnitude found by Hadorn (see Introduction). Semiquantitative results 
are sufficient to establish or reject specificity of effect as the cause of differences of 
such magnitude. Therefore, the method as formulated and statistically analyzed 
is adequate to make the important discrimination between generalized and spe
cific effect in this mutant. 

The results of part one are summarized in Table 1, including cytophotometric, 
interferometric, and area measurements on both lgl and experimentally treated 
larvae along with their wild-type controls. The significant DNA and protein re
lations are graphically presented in Fig. 2, while the work is photographically il
lustrated in five figures, Figs. 3 and 4 covering the cytophotometric work and 
Figs. 5 and 6 the interferometric work. For convenience, letters have been used to 
represent the various categories of larvae. These are explained in the following 
key: 

A, , A., A,, A, , : Stephenville wild-type (St+ ) larvae, 80 hours after oviposition. 
B : As above, except 90 hours after oviposition. 
L : lgl larva, fixed 144 hours after oviposition. 
W : St+ larva raised on regular medium to which had been added 

1.5 grams aminopterin (supplied by courtesy Lederle Labora
tories) per 100 ml. of medium. Fixed 15 days after oviposition. 

X : St+ larva raised on synthetic medium substantially according 
to Sang (1956) but restricted to 1 gram of casein per 100 ml. 
medium. Fixed 17 days after oviposition. 

Y : lgl larva raised on same type medium as X. Fixed 18 days after 
oviposition. 

z : St+ larva raised on dead yeast medium restricted to 1 gram yeast 
per 100 ml. medium. Fixed 5 days after oviposition. 

All larvae were raised at 23-24°C., 30- 40 larvae per small standard vial as 
used in the Texas laboratories. 

The most important results of part one can be seen at a glance from Fig. 2, in 
which lgl and experimental larvae are compared with their wild-type controls. 
Although the wild-type controls are not the same in each comparison, they can 
be represented by the same base line set of blocks since all comparisons are rela
tive. The exact figures in each comparison and other details can be read from 
Table 1. As can be seen, the mature lgllarva and its 80 hour wild-type control are 
very similar in the respects compared. Protein determinations are particularly 
close. Any significant difference can be virtually excluded when cytophotometric, 
interferometric, and gland area determinations are considered together. The 
probability is negligible that the lgl and wild-type larvae compared could differ 
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Frn. 2. Comparison of lgl and experimentally treated larvae with wild-type in regard to area 
of and relative amounts of DNA and protein in respective salivary glands. 



TABLE 1 

Relative amounts of deoxyribonucleic acid and protein in salivary gland of lgl, normal and 
experimenta lly treated Stephenville wild-type larvae of D. melanogasler• 

A1 L B W A
2 

X A, Y A, Z 

M ean, standard error, and number of m easurements in parentheses 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Cytophotometryt 
Extinction X square of nuclear radrns ~ 

!)"
Relative DNA-Feulgen at 570 mµ J0.86 7.56 8.97 11.04 10.66 5.52 9.11 5.89 10.88 5.04 ~ 

± 1.69 ± 0.97 ± 1.41 ± 1.42 ± 1.67 ± 0.71 ± 1.42 ± 0.93 ± 1.71 ± 0.79 § 
(29) (38) (28) (32) (21) (24) (28) (18) (22) (29) ~ 

Relative protein-naphthol 
yellow Sat 435 mµ 1.07 0.89 1.75 1.86 1.77 2.04 0.41 0.67 1.35 1.09 

± 0.17 ± 0.11 ± 0.27 ± 0.18 ± 0.28 ± 0.26 ± 0.06 ± 0.10 ± 0.22 ± 0.17 ~ 
(29) (38) (28) (32) (21) (24) (28) (18) (29) (29) 

In terferometryf ~ Relative protein 4951 4722 437 320 496' 536 496' 324 4961 565 
±24 ± 25 ±36 ±22 ±24 ± 45 ± 24 ±24 ± 47 s· 
(68) (52) (17) (20) (68) (21) (68) (9) (68) (1 7) ~ 

>::
In mean square m icrons X 10". N umber of individuals and cross-sectional measurements in parentheses 

Gland areas from cytophotometri c material ~ 
Nucleus 0.84 3.30·' 1.19 1.53 0.84 0.33G 0.84 0.62 0.84 0.67 ~ 
Cytoplasm 2.58 2. 75 3.88 2.58 1.78 2.58 1 .83 2.58 1.90 
Lumen 0.66 0.38 0.26 1.16 0.66 0.11 0.66 0.51 0.66 0.33 [
Total 4.083 3.68 4.205 6.575 4.083 2.22 4.08" 2.96 4.08 3 2.90 Cl 

± 0.34 ± 0.31 ± 0.41 ± 0.73 ± 0.34 ± 0.35 ± 0.34 ± 0.46 ± 0.34 ± 0.46 
(8-26) (8-30) (5-14) (6-14) (8-26) (3-6) (8-26) (2--5) (8-26) (2--9) ~ 

(J>.... 
(1) 
"1• See code for explanation of letters. 

an~ ~~~~~:~a~~t~e;C~e S:a~!~i~~fi~!11~:~t:1:f~h~ei::~t~~~ were made on two or more individuals and 4 or more sections in each category, through nuclei and over· and underlying cytoplasm 
1 Includes measurements on A2 , A3 and A", and 13 nuclei measured in additional larva of same age. 
2 Includes measurements on sections adjacent to those used in cytophotometric work and on additional larvae. 
3 Includes areas of A1, A2, ~and A4 . 

"Includes areas of lgl from Table 2. 
5 Figures include glands in which DNA and protein were not measured. 

(.}\
o Calculated from dimensions of chromatin contracted from nuclear border. '1 



58 The University of Texas Publication 

in protein by as much as 15-20% or more. There is somewhat greater divergence 
between the DNA means, to the extent that there is even a weak probability that 
there may be a significant difference. There is, however, no more than a 10% 
probability or less that wild-type mean could be as much as twice as large as or 
larger than lgl mean, as would be true if all the difference between mature lgl and 
mature wild-type were due to a differential effect in lgl on DNA. If we accept the 
DNA and protein differences between mature lgl and mature wild-type as pre
viously described, at least part of the differential between DNA and protein com
parisons must be due to differential growth in the wild-type larva after a stage of 
general complete or partial arrest in lgl. Although a differential effect on DNA 
in lgl cannot be excluded, it can acconnt, at the most, for only part of the final 

FIG. 3. Salivary glands of lgl, experimentally treated, and wild-type control larvae, Feulgen 
and naphthol yellow S stained and photographed at 570 and 435 milimicrons. Identifying letters 
as in Table 1. A, B and C, D: Z and A4 compared, on the same slide, at 570 and 435 millimicrons 
respectively. Similarly, but on different slides, X and A2 in E, F and G, H; Wand B in I, J and 
K, L; L and A1 in M, N and 0, P, als:> in Q, R and S, T, both of latter comparisons on same slide. 
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observed differences between mature lgl and mature wild-type. The evidence for 
its existence at all is weak, particularly when we consider that, if a slightly 
younger wild-type larva had been chosen for comparison, its DNA might have 
been found to be reduced slightly more than its protein, making the comparisons 
even closer together. 

In Figs. 3 and 4, one can see the appearance of the mature lgl salivary gland 
and its 80 hour wild-type counterpart and make qualitative comparisons. The 
similarity is apparent. In some categories of larvae, comparisons of naphthol yel
low S density in the photographs taken at 435 millimicrons may be misleading 
because of variation in section thickness, corrected for in the figures given in the 
tables, but the lgl sections were cut only one micron thinner than the wild-type. 
The interference work on these larvae is illustrated in Fig. 5. The photographs 
usually show maximum and minimum extinction of the nuclei, with intermediate 
degrees in some instances. Thus, the surround is at maximum extinction only 
when it coincides with that of the nuclei. It is sometimes difficult to distinguish 
clearly the boundaries of the nuclei. In practice, viewing a nucleus at several po
sitions of the analyzer aids in its definition. The photographs are of no use in 
making qualitative comparisons of mass, as the optical path differences are in 
excess of one wavelength. 

Flo. 4. As in Fig. 3, with one slide for each comparison. Zand A4 in A, Band C, D; X and 
A2 inE, F andG,H; WandB inl, J andK,L: LandA1 inM,NandO,P. 
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Frn. 5. Salivary glands of lgl and 8() hour wild-type control in various degrees of interference 
contrast. Wild-type: 1, 2, and 3; lgl: 4-11. Arrows denote position of nuclei. No. 6 shows ghost 
image. 

The doubtful probability of a differential effect on DNA in lgl discourages 
speculation that DNA synthesis in this mutant may be primarily affected, but 
such a possibility cannot be eliminated unless we know that a primary effect on 
DNA would result in a differential effect on DNA. Bearing on this point are the 
results with aminopterin, a nucleic acid antimetabolite at the folic acid level. We 
note from columns "B" (wild-type) and "W" (aminopterin treated) that DNA 
of latter is significantly greater than DNA of former, on a weak probability level, 
that cytophotometric protein is about the same while interferometric protein of 
"W" is considerably less than that of "B", and that the area of "W" is consid
erably lai;ger than that of "B" (even allowing for a larger lumen in "W"). These 
data fit the picture of an aminopterin larva at a more advanced stage of develop
ment than wild-type and greater in both DNA and protein, except for the inter
ferometric results. Investigation of this point led to the recognition that the "W" 
larva, in many instances, shows an asymmetry of gland development in the same 
individual and abnormally small glands in others. A review of the work shows 
that the interference analysis was done on a few of the smaller as well as the 
larger, as seen in Fig. 6; but the cytophotometric work, from which the area 
measurements were also made, was done on only the larger glands, as illustrated 
in Figs. 3 & 4. This could be responsible for the exceptionally low interferometric 
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FIG. 6. Salivary glands of aminopterin treated "W" larva and 90 hour wild-type control "B" 
larva, in various degrees of interference contrast. W: 1-12. B: 13-19. Arrows denote position 
of nuclei. 

results. Conversely, if the cytophotometric and area measurements had been done 
on the smaller as well as the larger "W" glands, DNA and area measurements 
might reasonably be expected to have been reduced close and cytophotometric 
protein measurements below those of the "B" larva. This might have left a slight 
differential in favor of DNA, but it would be too small to be significant on any 
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convincing level. There is certainly no evidence that this nucleic acid anti
metabolite has affected DNA any more than protein. Therefore, so far as the 
present work is concerned, one cannot say that the absence of such an effect in lgl 
disproves the presence of a primary effect on DNA. 

Although there seems little to choose quantitatively between the "B" and "W" 
larvae, there are distinct qualitative differences. One can see in Fig. 6 how small 
the "W" nucleoli are in comparison with those of "B". This comparison cannot 
be made between lgl and normal control because the developmental stage of the 
control is too young to display large nucleoli. Furthermore, it has taken the "W" 
larva 15 days to reach a stage of development equal to that reached by the "B" 
larva in about 4 days. At 5 days, the development of the experimental larva would 
be far less than lgl. If the amount of aminopterin is reduced to make the effect less 
severe and so bring development of the experimental larva closer to that of lgl, 
the experimental larva pupates and later emerges as a normal fly. In summary, 
a larva arrested in its growth by aminopterin to the point where pupation is pre
vented grows more slowly from the beginning than lgl but reaches a greater stage 
of development, while, on the other hand, the effect on lgl is one that permits more 
early growth but stops growth more decisively at a certain stage. 

Columns A2-X, A 3-Y, and A.-Z are similar in that they deal with protein 
deprivation either through limitation of amount of casein, as in the first two in
stances, or through limitation of amount of dry yeast, as in the last. The "Y" larva 
differs from the "X" only in that the former is lgl stock while the latter is Stephen
ville wild-type. There is evident a similar pattern in all three comparisons. The 
amount of DNA in the experimental larvae is markedly reduced, being only 
about one-half or two-thirds that in the wild-type. The protein comparisons, on 
the other hand, representing, it should be recalled, the amount of protein in the 
nuclei compared and in equal amounts of over- and underlying cytoplasm, are 
much closer together; naphthol yellow Sand interference results are in reasonable 
agreement except for the disparity in the "Y" results possibly due to the fewness 
of nuclei measured in the interference work. At first glance, it seems that DNA 
might be affected more than protein in the experimental larvae, but, in each case, 
examination of the area results shows that the total protein in the entire gland in 
the experimental larvae is reduced comparable to the reduction in DNA, if cyto
plasmic concentration is similar. If so, the amount of protein in the nuclei of ex
perimental larvae must be greater than one-half (i.e., approaching equality with 
wild-type) in order to produce the closeness in protein comparisons. The alter
native is that cytoplasmic concentration of experimental is greater than that of 
wild-type, in which case the area differences would not be sufficient to reduce the 
total protein of experimental comparable to the reduction in DNA. So far as one 
can tell from the photographs, the first of the two alternatives is the more likely, 
as the nuclear DNA contrast seems greater than the contrast in nuclear protein 
and the cytoplasm of experimental larvae does not look greatly different from that 
of wild-type. On this interpretation, the difference in areas would reduce the total 
protein of experimental to a level comparable to the reduction in DNA and dis
miss the suspicion of a differential effect, except for less apparent effect on nuclear 
protein than on DNA. It should be noted, however, that the Z larva has required 
only 5 days to reach a stage of development similar to that reached by the X and 
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Y larvae in 17 and 18 days respectively. Qualitatively, the most striking result in 
the experimental larvae is the drastic contraction of chromatin in the X larvae, as 
illustrated in the "E" photographs in Figs. 3 and 4. This occurs in all X larvae but 
in none of the Y or Z larvae. Its significance is not known. 

Hadorn's view (1961) that the lgl gut is normal or near normal in contrast 
with the severely affected salivary gland appeared to receive some confirmation 
in preliminary work on this mutant. Fig. 7, for example, which contrasts the 
salivary gland and gut regions of the mature lgl (B, D, and F ) with those of a 
wild-type larva about 75 hours of age after oviposition (A, C, and E) , the lgl gut 
region (D) stains much more heavily with naphthol yellow S than the wild-type 
gut region (C), while the two salivary glands (F and E) are similar in degree of 
staining. In a single individual, however, there must be considered the possibility, 

A, 8 C,D,E, F~1~~~~~
I 200 !-'- lOOf-L 

F1G. 7. Contrast found in one pair of individuals between salivary gland and gut development 
in mature lgl and 75 hour wild-type larvae. Wild-type: A, C, and E. lgl: B, D, and F. Feulgen 
and naphthol yellow S stained on same slide and photographed in color without filtration. 



TABLE 2 

Relative amounts of deoxyribonucleic acid and/or protein in salivary gland and gut of 
Stephenville wild-type and lethal mutant lgl larvae 

St+' lg!' 
Slide No. 1 ° Slide No. 2 ' J\1ean Slide No. l ' Slide No. 2 .. Mean 

Salivary gland 
Extin ction of cytoplasm 
Relative protein-naphthol 

yellow S at 435 mµ 

Area of sa liva ry glanrl 

Nucleus and cytoplasm 
Lumen 
Total 

Proventriculus 
Extinction X square of nuclear radius 
Rela tive protein-naphthol 

yellow Sat 470 mµ 

yellow S at 435 mµ 

Relative DNA-Feulgen a t 570 mµ 

Diameter 

Stomach 
Extinction X square of nuclear radius 
Relative protein-naphthol 

yellow S at 435 mµ 

Relative DNA-Feulgen at 570 mµ 

Area of stomach 

Mean and standard error. Number of individuals, sections, glands and measurements in parentheses 
0.235 ± 0.047 0.1 33 ± 0.034 

(5- 14-8- 51) (4-14-8- 38) 
S.E. of difference between St+ 
In mea n square m icrons X ·10' 
in paren th eses 

2.96 3.49 
0.75 0.88 
3.71. (5-12) 4.37(4-12) 

0.191 ± 0.041 0.386 ± 0.077 0.315 ± 0.070 0.353 ± 0.074 

(6-28-16-89) (5-16- 7- 45) (4·- 13- 8- 38) (5- 29-15- 83) 
and lgl m eans: 0.060 
w ith standard error. N umher of indi vid uals and cross-sectional measurem ents 

3.22 3.83 3.26 3.54 
0.81 0.25 0.41 0.32 
4.03 ± 0.17 (5-24) 4.08 (5-lO) 3.67 (4-10) 3.86 ± 0.21 (5-20) 

M ean and standard error . Number of individuals, sections and m easurements in parentheses 

1.45 ± 0.21 2.45 ± 0.40 
0.43 ± 0.06 0.91 ± 0.13 0.96 ± 0.16 1.70 ± 0.28 

(4-8-31) (4-9-35) (8-1 7- 66) (3-7- 27) (4-7- 27) (7-14-54) 
S.E. of difference between St+ and lg! means: 0.218 

3.90 ± 0.43 6.35 ± 0.70 5.20 ± 0.57 5.19 ± 0.67 4.51 ± 0.58 4.85 ± 0.62 
(4-8-31) (4-9-35) (4-17-66) (3-7-27) (4-7-27) (4-14-54) 
I n mean microns with standard error. Number of indiv iduals and cross-sectional measurements in parentheses 

92.8 (3-6) 97.7(4-9) 95.7 ± 2.24(4-15) 98.3(3-7) 100.4(4-7) 99.3 ± 2.27(4-14) 
Mean and standard error. Number of individuals, sections and m easuremen ts in parentheses 

2.27 ± 0.29 2.52 ± 0.42 2.37 ± 0.34 3.06 ± 0.44 2.10 ± 0.35 2.58 ± 0.40 
(6-7-42) (4-4-30) (10- 11- 72) (5- 7-39) (4-7-39) (9-14-78) 

11.53 ± 0.6 1 7.43 ± 0.50 9.64 ± 0.56 13.31 ± 1.57 10.12 ± 0.84 11.80 ± 1.22 
(5-6-35) (4-4-30) (5-1 0-65 ) (3-4-20) (3-4-18) (3-8-38) 
In m ean square microns X 103 with standard error. Number of ind ividuals and cross-sectional measurements 
in parentheses 

25 .5(5-5) 25 .8(4-4) 25.6 ± 1.56(5- 9) 31.9 (4-5) 36.5(4-6) 34.2 ± 2.01 (4-11 ) 
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• Slides Nos 1 and 2 in each catego;rg: contain adjacent sections, but individuals and organs measured on each slide do not necessarily correspond. 
75 hoUis after oviposition at 23-24 C. 

2 144 hours after oviposition at 23-24°C 
1 
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infrequent though it may be (Welch and Resch 1963), that a slight staining non
proportionality has occurred. For this reason it was decided to make a thorough
going comparison, using four or more individuals in each category and staining 
alternate sections from each individual on each of two slides. The results are pre
sented in Table 2 and illustrated in Fig. 8. The gut regions are similar to those 
in Fig. 7. The lgl proventriculus is about the same size as the wild-type but stains 
much more heavily (C and G contrasted with D and H), while the lgl stomach, 
though it stains to about the same degree as the wild-type (STOMACH: C and G 
contrasted with D and H) is considerably larger. The salivary glands, however, 
do not confirm the results in Fig. 7. As clearly evident in the six comparisons of 
Fig. 8, the difference in staining between lgl and wild-type is similar to that in 
the proventriculus, while the salivary gland areas of lgl, and wild-type, as given 
in Table 2, are about the same. Results on slides 1 and 2 are reasonably consistent, 
particularly for salivary gland and proventriculus; greater variation in the 
stomach results is likely due to greater variation in material in different sections 
even when taken alternately from the same individual. We note finally that the 
standard error of the difference between wild-type and lgl salivary glands means 
is about the same percentage of the difference itself as the corresponding standard 
error in the provei1triculus comparisons is of the difference between the wild-type 
and lgl proventriculus means. In other words, the difference between wild-type 
and lgl is about the same in both salivary gland and proventriculus, with stomach 
results following a similar pattern. There is no evidence here that the gut is less 
affected than the salivary gland. 

From the DNA comparisons in Table 2 between wild-type and lgl in proven
triculus and gut, one might easily draw the conclusion that DNA in the gut is 
less affected than protein, since lgl gut DNA is about the same as wild-type while 
its protein is much greater. The alternative explanation of differential wild-type 
growth must, however, be considered. If DNA synthesis in the gut is in a much 
more static condition than in the salivary gland at this stage of development, it is 
possible that wild-type gut protein could increase much more than DNA, so that, 
if one took a slightly older wild-type larva for comparison with lgl, one might 
find that its gut protein had increased to the point of equality or near equality 
with lgl while its gut DNA had increased relatively little, no more so than neces
sary to remain at equality with lgl within the standard errors of the Table 2 com
parisons. On the other hand, in regard to salivary gland and gut comparisons, one 
should consider that, if an older wild-type larva is taken for comparison, one 
might find that its salivary gland had increased to the point of equality with lgl 
while its gut had not. Thus, before one can either accept a differential effect on 
DNA in the gut of lgl with reference to protein or reject a differential effect on 
salivary gland with reference to gut, it is necessary to compare lgl with a slightly 
older wild-type larva where the wild-type salivary gland is about equal to that of 
lgl and the wild-type gut protein is about equal to that of lgl. 

The results of such a comparison, done by interferometry, are given in Table 3. 
It is obvious from both optical path differences and area and diameter measure
ments that lgl salivary gland and proventriculus have approximately the same 
relationship to their wild-type counterparts. There is no indication that lgl pro
ventriculus has been less affected than its salivary gland. Adjacent sections in the 
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SALIVARY GLAND 

FIG. 8. Salivary gland and gut development in mature lgl and 75 hour wild-type larvae. 
Examples illustrate two of four pairs of individuals analyzed. PROVENTRICULUS, A-D and 
E-H on separate slides: lgl-A, E and C, G, Feulgen and naphthol yellow S stained and photo
graphed at 5i0 and 435 millimicrons respectively; wild-type, similarly,-B, F and D. H. 
STOMACH, as aboYe and in similar order: lgl-A, E and C, G; wild-type-B, F and D, H. 
SALIVARY GLAND: photographed at 435 milimicrons, A-F and G-L on separate slides. lgl: 
A, C, E, G, I, K. "Wild-type: B, D ,F, H , J, L. 

proventriculus were used for DNA measurements, summarized in Table 4. They 
are not significantly different for lgl and wild-type. As in the salivary gland 
work. presented in Table 1 and Fig. 2, there is just a tantalizing suggestion here 
that DNA may be affected more than protein but not enough to be satisfying. 
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TABLE 3 

Comparative organ measurements and optical path differences in sections, cut at the same 
thickness, of cytoplasm of salivary gland and proventriculus from Stephenville 

wild type and lgl larvae of D. melanogaster 

St+ lgl 
Mean and standard error. Number of individuals, 
sections and total measurements are shown in 
parentheses. 

Optical pa th differences 
Salivary gland 0.856 ± 0.018 0.900 ± 0.026 

(5-2~2) (5-19- 64) 
Proventriculus 1.095 ± 0.027 1.281 ± 0.028 

(5-14-54) (5-14-55) 
Area of salivary gland In mean square microns X 103 with standard error. 

umber of individual and cross-sectional measure
ments in parentheses. 

Nucleus and cytoplasm 5.59 6.98 
Lumen 0.97 0.48 
Total 6.56 ± 0.31 7.46 ± 0.58 

(4-21) (4-14) 
Diameter of proventriculus In mean microns with standard error. 

122 ± 3.18 139 ± 5.5 
(5-14) (5-14) 

• 80 hours after oviposition at 23-24°C . 
t 144 hours after oviposition at 23-24°C. 

One must come to the same conclusion: if there is any differential effect on DNA, 
it must be slight, such that it is not demonstrable within the limits of experimental 
error of the techniques used. Most, if not all, the apparent differential effect is 
due to differential growth in the wild-type larva. 

In conclusion, on the premise that DNA synthesis in lgl might be primarily 
affected, certain experiments were carried out supplying nucleic acid components 
from bases through nucleotides to complete DNA. In none of these was any sig
nificant improvement in growth noted. 

TABLE 4 

Relative amounts of deoxyribonucleic acid in nuclei of sections of proventriculus, adjacent to 
those in Table 3, from Stephenville wild-type and lgl larvae of D. melanogaster-

Relative D ' A-Feulgen at 570 mµ 

St+ lgl 
Mean and standard error. umber of individuals, 
sections and measurements in parentheses 

6.04 ± 0.29 5.87 ± 0.28 
(3-6--26) (3~-32) 

DISCUSSION 

The lgl larva appears to be an example of differential growth in wild-type larva, 
producing the appearance of a differential effect in the mutant. When one com
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pares mature lgl with mature wild-type, salivary gland DNA seems more affected 
than protein and salivary gland more than gut; but, when mature lgl is com
pared with wild-type at about 80 hours after oviposition, one does not find that 
protein synthesis or growth of gut has advanced any further than DNA synthesis 
or growth of salivary gland. One must conclude that there has been a generalized 
arrest or retardation in lgl affecting both DNA and protein, salivary gland and 
gut, so that, in all respects examined, lgl reaches a stage of development repre
sented approximately by an 80 hour wild-type larva under our conditions of 
culture. After this point, in the wild-type, salivary gland DNA synthesis and 
salivary gland growth increase rapidly, while the gut, having already attained 
a much greater percentage of its maximum size, grows more slowly. In the end, 
mature lgl and the 80 hour wild-type differ in about the same way from the 
mature wild-type larva. 

Faulhaber (1959) finds inhibited protein metabolism in lgl but cannot state 
the underlying cause or whether it is a primary or secondary effect of the genetic 
factor, although she speculates that it may be due to failure of the ring gland to 
act on processes of protein metabolism associated with pupation. In this event, it 
would be a secondary effect and her findings would have no essential bearing on 
the subject of the present inquiry. Whether this interpretation is true or not, 
there is nothing in her findings to support specificity of effect on protein synthesis 
rather than general retardation affecting both nucleic acid and protein syntheses. 

Our findings concerning lgl are not in conflict with Hadorn's developmental 
generalizations, as illustrated by the following passage ( 1961) . "Even a highly 
abnormal pattern of manifestation, including many phenes, may originally have 
been brought about merely because some substance was produced at too slow a 
rate. . . . If at a certain point of development a gene product does not meet a mini
mum threshold value, those primordia which happen to be in a critical period of 
growth and differentiation will be the most severely affected .... In the course of 
describing the 'Creeper' fowl (p. 212) we have shown that only an experimental 
analysis can decide whether we are dealing with a generalized retardation of 
development or with a genuinely localized effect in a primordium whose chemical 
individuality makes great demands on a specific gene product." In the general 
sense of the paragraph, lgl might well be substituted for "Creeper" fowl. At the 
stage of development when growth in lg! comes to a standstill or near standstill, 
the salivary gland in the wild-type larva is on the verge of a tremendous spurt in 
DNA synthesis and general growth. When this does not take place in lgl, DNA 
in the salivary gland and the salivary gland itself seem most drastically affected 
in comparison with the mature wild-type salivary gland. Here DNA and the 
salivary gland seem most severely affected because they are in the most critical 
period of growth when cessation or retardation of growth occurs in lgl. 

It is difficult, however, to reconcile our findings with the specific conclusions 
concerning lg! reached by Radom (1961) and Chen (1951). Although, in our 
material, the lgl gut is much closer to normal than the salivary gland, since an 
80 hour larval gut has reached a much greater proportion of its final development 
than an 80 hour salivary gland, it is still an 80 hour gut and not normal or near 
normal. If it were, and some other organs likewise, Chen's finding that, in dry 
weight, the lgl larva is similar to a 96 hour normal control would be understand
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able even allowing for a more drastic effect on the salivary gland and other organs; 
but, if both salivary gland and gut, and presumably other organs as well, are 
similar to those of an 80 hour larva, the total dry weight of an lgl larva obviously 
cannot equal that of a 96 hour normal control. The difference in results suggests 
the possibility that, in our material, we may be dealing with a more extreme ex
pression of the mutation. Radom ( 1961) has pointed out an example of a variation 
in "expressivity" of the lethal factor in lgl, resulting from the chromosome con
stitution of the lgl/Cy heterozygote mother, the effect being interpreted as "diph
asic," causing death in either embryonic or post-larval stages. Reconciliation of 
the results we have discussed, however, would require a different kind of variation 
in "expressivity." If the lethal effect is "cell or organ specific" in the sense that 
it affects a gene product utilized by some other organs and not by others, it is 
hard to see how both salivary gland and gut could be affected in one stock and 
only salivary gland in another without presupposing different mutations alto
gether since such an organ specific effect would have to be present in the gut in 
one stock while absent in the other. On the other hand, if the lethal effect is organ 
specific in the general sense that it affects a gene product utilized by all organs 
but to different extent, it is conceivable that the "expressivity" of the lethal factor 
might vary so that in one stock the gene product might meet the "threshold" 
requirement of the gut but not that of the salivary gland while in another, because 
of greater severity of lethal effect, the gene product might not be of sufficient 
quantity to meet the "threshold" requirement of either salivary gland or gut. 
Instead of a difference in kind of effect requiring different mutations, this would 
be a difference in degree of effect of the same mutation. 

In relation to the hypotheses concerning lgl discussed in a previous paper 
(Welch 1957), our evidence might be explained on the basis of insufficient hor
mone, since the effect is essentially proportionate in the tissue examined. Such an 
explanation, however, would not satisfy findings of the Radom group such as the 
disproportionate effect in salivary gland and gut, failure of lgl to undergo normal 
pupation on transplantation of normal ring gland, and the presence of "autoph
enic" effects in organs other than the ring gland. Yet, as discussed in the preceding 
paragraph, neither would both our findings and those of the Radom group be 
satisfied by the hypothesis that there is a primary effect in some tissues and not 
in others. The hypothesis that is most consistent with all findings is that of a 
primary effect in all tissues, the degree of severity of this effect in combination 
with the individual cell physiology of the particular organ involved determining 
the extent to which the organ is retarded in development. Possibly, the severity of 
the mutation varies in different stocks. It is also reasonable to suppose that indi
vidual differences in severity of mutation and cell physiology could produce dif
ferences of effect in different individuals of the same stock, conceivably to the 
point of producing disproportionate effects in an occasional individual similar to 
that described by Radom. This might be another explanation for the results illus
trated in Fig. 7. 

SUMMARY 

Previous research, comparing mature lgl with mature wild-type larva, has 
suggested a differential effect, notably on salivary gland in comparison with gut 
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and on DNA of salivary gland in comparison with protein. An alternative expla
nation, however, is differential growth in wild-type larva after onset of general 
retardation in lgl. To decide between these two interpretations and, thus, make 
the important initial distinction between generalized and specific effect in this 
mutant, DNA and protein in sections of salivary gland, proventriculus, and 
stomach of mature lgl have been compared with corresponding compounds of 
wild-type larva at a stage where lgl DNA is approximately equal to wild-type 
DNA and where lgl salivary gland is approximately equal to wild-type salivary 
gland. Gland and gut areas have also been determined. Also, wild-type larvae, 
experimentally altered in DNA or protein metabolism, have been compared with 
normal. DNA has been determined by Feulgen cytophotometry, protein by 
naphthol yellow S cytophotometry and photometric interferometry. Results do 
not indicate clearly, if at all, increased synthesis of protein over DNA in lgl in 
either salivary gland or gut at stages compared, or increased growth of gut in 
comparison with salivary gland. Therefore, they do not support the hypothesis of 
a differential effect, either chemical or organ, of the mutation in lgl, although 
results on experimentally altered larvae do not exclude a differential effect on 
DNA, affecting protein synthesis indirectly. In absence of contrary evidence, how
ever, results suggest that differential growth of wild-type larvae after a stage of 
general retardation in lgl is largely, if not entirely, responsible for the appearance 
of a differential effect in mature lgl when compared with mature wild-type larva. 
An interpretation of the lgl mutant that would reconcile all findings is advanced. 
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V. Comparative Studies of Oogenesis and Egg Morphology 
Among Species of the Genus Drosophila1 

MICHAEL P. KAMBYSELLIS 

INTRODUCTION 

Comparative studies of morphological characters of species have been used to 
establish the diversity of the character and to understand the evolution of the 
species. Accumulation of such comparative data in the literature provides also 
useful information to other investigators. The need for such information became 
especially noticeable to us in recent studies of determining phylogenetic relation
ships and attempting species hybridizations by means of ovarian interspecific 
transplantations (Kambysellis, 1968a, b). The analysis and evaluation of the re
sults of these experiments required a considerable amount of knowledge with re
gards to the normal characteristics of the involved species. We needed to know 
the sequency of oogenesis of normal adult flies, and use it as a reference point for 
the analysis of the transplanted ovaries. We should also be able to recognize and 
separate the eggs of the donor and host species in the case of functional ovaries. 
Only sporadically was such information available in recent literature and a con
siderable effort had to be made to complete the existing knowledge. The results 
of the studies presented here could be considered as a type of control on the trans
plantation experiments and they will be treated as such at the appropriate time. 
Reference to them will be made at several instances during the presentation and 
discussion of the subsequent paper. 
Materials: Laboratory stock cultures from the collections of the Genetics Founda
tion at the University of Texas were used. Twenty species of the genus Drosophila 
representing most of the species groups of the subgenus Drosophila were analyzed. 
Detailed information on the species involved in these studies are given in Table 1. 
The procedure in raising and maintaining the stocks is given elsewhere (Kamby
sellis, 1968b). For the readers' convenience and for simplification, each of the 
characters will be treated as an independent unit and the methods employed will 
be included with it. 

RESULTS AND DISCUSSION 

Oogenesis: Oogenesis in several fainilies of the order Diptera has recently been 
extensively investigated. Special attention has been given to the histological de
scription of oogenesis, although it is not by any means the only problem which has 
been investigated. King and his co-workers studied the oogenesis of several species 

1 This work was supported by a U.S. Public Health Service Research Grant, No. GM-11609, 
to Drs. W. S. Stone and M. R. Wheeler, and is a portion of the dissertation submitted to the 
University of Texas in partial fulfillment of the requirements for the degree of Doctor of 
Philosophy. 

Studies in Genetics, No. 4 1 1968. 
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T ABLE 1 

L ist of species used for transplantations, indicating collecting number, collecting area, 
date of collection, and collector 

Collecting Date of 
number Locality Collector collection 

Genus: Drosophila 
Subgenus: Scaptodrosophila 

victoria group 
victoria Stw·tevant 

Subgenus: Dorsilopha 
busckii Coquillett 

Subgenus: Sophophora 
obscura group 

pseudoobscura Frolova 

Subgenus: Drosophila 
Yirilis-repleta section 
virilis group 

virilis Sturtevant 

montana Stone, 
Griffin & Patterson 

robusta group 
robusta Sturtevant 

melanica group 
paramelanica Patterson 

annulimana group 
gi bberosa Patterson 

and Mainland 

mesophragmatica group 
pavani Brncic 

repleta group 
mulleri subgroup 

aldrichi Patterson and 
Cro'v 

mulleri SturteYant 

fasciola subgroup 

1865.3 

H360.127 

A11.8.1 

1801.1 (5) 

1942.6f 

2320.7 

2017.9 

H66.12 

H347.6 

H52.12 

Vega, Utah 

Boquete, 
Panama 

Arizona 

T exmelucan 
Puebla, Mexico 

Truckee RiYer, 
Verdi, Nevada 

Jamestoi;·vn, 
So. Carolina 

Smokemont, 
• o. Carolina 

San Salvador. 
El Salrndor 

Arrayan, 
Chile 

Puerto Triunfo, 
El Salrndor 

Roy Farm 
Austin. Texas 

M . R. ·wheeler June, 1948 
& M. J. White 

W. H eed & August, 1958 
M . vVassennan 

W. Heed 1959 

M. R. Wheeler Sept., 1947 
&F. A. Cowan 

T. C. H su & July, 1949 
M. J. White 

M.R. 11\'heeler July, 1953 
&W. H eed 

T. C. H su & 
C. A. Stephens June, 1950 

V\1 . Heed Sept., 1955 

D. Brncic 

W. Heed April, 1955 

i\1. vVasserman 1952 

fulvalineata Patterson & 
Wheeler 3008D.3 El aranjo. A. C. Faberge 1960 

:\1exico 
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melanopalpa subgroup 
repleta Wollaston H118.1 Barbados, 

B.W.I. 
W. Heed January, 

1956 

hydei subgroup 
hydei Sturtevant 2360.3b Cave Creek, 

Arizona 
W. Heed & 
F. A. Cowan August, 1953 

ungrouped species 
caslanea Patterson 

and Mainland H29.7 El Salvador W. Heed November, 
1953 

quinaria section 
inunigrans group 

immigrans Sturtevant 2375.5 Concepcion, 
Chile 

D. Brucie June, 1966 

funebris group 
funebris Fabricius 2082.1 Minneapolis, 

Minnesota 
C. S. Lin August, 1950 

quinaria group 
innubila Spencer 2056.10 Heber, 

Arizona 
M . R. Wheeler August, 1950 

guarani group 
guaramunu Dobzhansky & 

Pavan H344.13 Bolivia M. Wasserman April, 1958 

cardini group 
cardini Sturtevant 2263.6 Tezuitlan. 

Puebla, Mexico 
W. Heed & 
M. Wasserman 

June, 1956 

of the genus Drosophila (King, Rubinson, and Smith, 1956; King, 1957a, 1957b, 
1957c, 1960, 1964; King and Wolfsberg, 1957; King and Devine, 1958; King and 
Burnett, 1959; King and Mills, 1962; King and Koch, 1963; Brown and King, 
1964; Falk and King, 1964). Child (1942) studied the oogenesis of D. hydei; Bier, 
the oogenesis of Caliphora and Musca (1957, 1961, 1963); Bayreuther studied 
species of Tipulidae (1955); Nicholson (1921 ), Larsen and Bodenstein (1959), 
worked with Culicidae (Anopheles maculipennis); and Anderson and Lyford 
(1965 ) studied the Trypetidae (Dacus tryoni). 

It is clear from these studies that the major steps of ovarian metamorphosis and 
growth are the same for all the polytrophic ovaries of the order Diptera. In a brief 
account the oogenesis of Diptera based primarily on the Drosophila studies by 
King, et al. (1956) and by Miller (1950) will follow. Each ovary (Figure 1.1) 
consists of a variable number of ovarioles (Figure 1.2) and each ovariole is com
posed of a number of egg chambers or follicles. In the most anterior part of the 
ovariole immediately posterior to the terminal filament (Figure 1.2, a) is the 
germarium. Apically it contains a number of mitotically active cells which will 
form the oogonia, each one of which will later form 16 daughter cells transversely 
arranged (the "incipient cyst" of Miller, 1950). The most posterior of these 16 
cells is separated from the others by being enclosed in a layer of follicle cells form
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A a, 
SJ 

.E).o 
.@ 

Sl3 

59 

.e 
FIGURE 1 

Representative developmental stages of oogenesis of adult Drosophila. 
Figure 1.1. Whole mount of 2-day-old ovary of D. virilis prepared by the Feulgen technique. 

A, anterior; P , posterior. 
Figure 1.Z. Ovarioles from D. hydei showing "chain-like" sequence of egg chambers with 
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ing the germarial cyst (King, et al., 1956). The germarial cyst (Figure 1.2, Sl) 
soon will "split off" from the remainder of the germarium and will form the first 
egg chamber or follicle (Figure 1.2, S2). Fifteen cells from each germarial cyst 
will form the nurse cells and the sixteenth, the most posterior one, will develop 
into the oocyte. In the younger follicles, the nurse cells increase enormously in 
size while the oocyte occupies a small area in the posterior end of the follicle. By 
accumulation of yolk, the oocyte size increases rapidly accompanied by a de
crease of the size of the nurse cells, which eventually will degenerate and only 
granular remains will persist in the anterior end of the mature egg (Figure 1.5
1.6) . A vitalline membrane is formed around the egg, and finally the chorion and 
the chorionic filaments (if such exist) are secreted, probably by the surrounding 
follicle cells, to complete the process of egg development. Following the first fol
licle, which is localized in the most posterior end of the ovariole (Figure 1.2, S9), 
there is a series of subsequent follicles in different developmental stages (Figure 
1.2). The number of follicles and their stages of development are variable, and 
are determined in part by the age of the ovary, and in part by the species itself. 

The classification of egg chambers according to their developmental stage has 
been established by King and his co-workers (1956) . A complete summary of it 
was given by Gill (1963a) and this has been used as a reference point in our 
studies. A set of photographs illustrating follicles at various developmental stages 
is given in Figures 1.1-1.6. 

It was mentioned previously that oogenesis among the analyzed genera of 
Diptera follows the same major steps. This statement was based upon qualitative 
observations and it does not exclude quantitative differences. On the contrary, a 
number of differences exist not only between genera but even between species of 
the same genus .. Three major categories of differences can be recognized. 

(a) Differences in the degree of ovarian development during the pupal stages 
of insect metamorphosis; for example, King and Wolfs berg (1957) show that the 
most posterior chamber in ovarioles at the time of eclosion has different develop
mental stages for different species. Thus, S7 (stage 7) is characteristic of D. 
melanogaster, S4 or S5 are usual for D. virilis, as is S5 for D. pseudoobscura and 
S2 for D. gibberosa. Anderson and Lyford (1965) found that the first complete 
follicle ( S2) in Dacus tryoni appears at least 2 or 3 days after eclosion. 

(b) Differences in the growth period and rate of growth of ovaries during adult 
life (i.e., developmental stage at the time of eclosion up to maturation). It can be 
seen in the works referred to above that the growth period required for D. melano
gaster ovaries to complete 7 additional developmental stages is 3 days, while D. 
gibberosa requires a growth period of 9 days to complete 12 more developmental 
stages, and Dacus tryoni needs a period of 4 days to complete 14 developmental 
stages. 

different developmental stages. A, anterior; P, posterior. 
Figure 1.3. Representative egg chambers from D. hydei in developmental stages .S4-S8. 
Figure 1.4. Characteristic egg chamber of S9 showing the arrangement of the nurse cells ( x) 

and shape of the follicle cells (arrow). 
Figure 1.5. Egg chamber of D. mulleri in S12. Notice reduction of nurse cells (x). 
Figure 1.6. Egg chamber of D. hydei in S13-S14. No nurse cells are present. Notice the change 

in shape of follicle cells (arrow) . 
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(c) Differences in the synchronization of the development of the follicles per 
ovariole per ovary; for example, D. pseudoobscura which exhibits a rhythmicity 
in egg production shows a parallel synchronization in oogenesis (King and Wolfs
berg, 195 7; Yoon and Richardson, 1966) ; on the other hand no such synchroni
zation has been demonstrated for D. melanogaster, gibberosa, or virilis (King and 
Wolfsberg, 1957). 

These differences could be very important in interspecific transplantations for 
determining the degree of development and growth of the transplanted ovaries, 
for investigating the possible existence of competition for food precursors between 
host and donor, for studying the autonomous development of donor ovaries, etc. 
Thus a comparative study of the oogenesis of the species used in these transplanta
tion experiments was needed to be carried out. 

Flies of ages 0-5 days were dissected in Waddington's Ringer solution and the 
ovaries were prepared as Feulgen-stained whole-mounts, according to the method 
of Whiting (1950). The number of ovarioles, the maximum developmental stage, 
and the most frequent stage of development, were recorded using the terminology 
of King, et al. (1956). 

Detailed information from these studies is given in Table 2. The species ex-

TARLE 2 

Maturity of the Most Posterior Chamber of ovaries of the species used in transplantations 
classified with respect to the age of the adult flies 

Developmental stages 
of the most posterior chamber 

Percent of 
Xo. of No. of f\Ia,.immn Percent of }X>sterior Mean M.D.S. of 

Age ovaries ornrioles developmental ovaries egg cham be rs oogenesis
Species (days) examined per ovary Stage (.!\I.D.S. ) with l\I.D.S. withM.D.S. (µ,M .D.S. ) 

victoria 0 18 30 4 
5 
6 
7 

6 
11 
50 
33 

5.56 
11.48 
49.63 
33.89 

6.11 

100 

1 
2 

2+ 
22 

30 
30 

8 
8 
9 

100 
23 
77 

100.00 
21 .97 
77.72 

8.00 
8.78 

100 

3 
5 

18 
22 

30 
30 

9 
9 

13-14 

100 
9 

91 

100.00 
8.94

90.00 

9.00 
13.55 

100 

busckii 0 18 22 4 
5 
6 
7 

11 
33 
83 
56 

9.85 
16.41 
5'2.77 
21.21 

5.85 

183 
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16 22 7 
8 
9 

100 
56 
13 

81.Z5 
15.34 
2.84 

7.21 

169 

2 15 22 7 
8 
9 

10 
12 

13-14 

40 
67 
47 
47 
40 
40 

ZS.19 
32.13 
21.22 
4.55 
3.03 

10.91 

8.80 

281 

3 14 22 9 
10 
1Z 

13-14 

100 
79 
79 
79 

68.19 
9.09 
5.84 

15.91 

10.07 

337 

5 20 22 13- 14 100 100.00 14.00 

virilis 0 15 17 4 
5 
6 

60 
53 
'27 

45.10 
36.87 
16.47 

4.64 

140 

16 17 6 
7 
8 

'25 
100 

Z5 

9.7'2 
77.08 

7.67 
6.60 

150 

2 12 17 7 
8 
9 

10 

8 
33 
9Z 
67 

7.35 
1Z.75 
56.86 
'23. 04 

8.96 

200 

3 1Z 17 10 
11 
1Z 

13-14 

83 
17 

100 
100 

41.67 
6.86 
7.84 

34.34 

10.67 

300 

4 1Z 17 13-14 100 104.90 14.00 

5 10 17 13- 14 100 187.04 14.00 

montana 0 1Z 18 z 
3 
4 
5 

17 
67 
83 
33 

4.17 
33.80 
5'2.78 
3.71 

3.39 

200 
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TABLE 2---Continued 

Species 
Age 

(days) 

1 o. of 
ovaries 

examined 

Developmental stages 
of the most posterior chamber 

Percent of 
No. of l\faximum Percei1t of ~erior Mean M.D.S . of 

ovarioles developmental ovaries egg ch am be rs oogenesis 
per ovary Stage (i\LD.S.) wiLl1 i\l.D.S. withM.D.S. (µ.M.D.S.) 

14 18 4 
5 
6 
7 

50 
50 
93 
50 

16.27 
16.67 
48.41 
12.30 

5.Z5 

243 

2 15 18 6 
7 
8 

67 
100 
33 

18.15 
63.71 
12.59 

6.56 

200 

3 15 18 8 
9 

10 
12 

4-0 
100 

60 
27 

21.11 
58.15 
14.08 
2.22 

8.17 

227 

4 12 18 10 
12 

13-14 

100 
100 
92 

20.37 
28.24 
45.84 

11.84 

292 

5 15 18 13-14 100 103.34 14.00 

robusta 0 16 25 2 
3 

63 
50 

58.75 
41.ZS 

2.41 

113 

12 Z5 3 
4 

100 
67 

63.66 
36.33 

3.34 

167 

2 4 Z5 3 
4 
5 

100 
100 
50 

42.00 
53.00 

5.00 
3.63 

250 

3 4 25 6 
7 
8 

50 
50 
50 

31.00 
49.00 
20.00 

6.89 

150 

4 7 25 8 
9 

10 
12 

29 
100 
100 
57 

15 .43 
54.28 
14.29 
16.00 

9.47 

286 
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paramelanica 0 16 12 2 
3 

69 
31 

68.75 
31.25 

2.31 

100 

17 12 3 
4 
5 
6 

12 
88 
35 
12 

6.37 
64.71 
16.67 
4.90 

4.22 

147 

2 8 12 6 
7 
8 

63 
75 
13 

43.76 
54.18 

2.08 

6.58 

151 

gibberosa 0 20 17 3 
4 
5 

10 
90 
40 

10.00 
82.06 

7.94 
3.98 

140 

4 17 5 100 95.62 5.00 

2 10 17 6 
7 

60 
100 

40.00 
60.00 

6.60 

160 

3 4 17 7 
8 

100 
25 

95.62 
4.41 

7.04 

125 

4 6 17 7 
8 
9 

100 
100 
17 

34.31 
64.71 

0.98 
7.67 

217 

5 6 17 7 
8 
9 

10 
12 

67 
100 
100 
50 
33 

22.55 
18.63 
37.26 

9.81 
4.90 

8.58 

350 

mulleri 0 15 20 3 
4 
5 

13 
74 
13 

13.33 
73.33 
13.33 

4.01 

100 

22 20 7 100 100.00 7.00 

2 18 20 7 
8 

89 
11 

88.89 
11.11 

7.05 

100 
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T ABLE 2--Continued 

Developmcnlal stngcs 
of the most posterior chamber 

Species 
Age

(days) 

No. of 
ovaries 

examined 

No. of l\Iaximum Percent of 
ovarioles developmental ovaries 
per ovary Stage (M.D. S.) with M.D.S . 

Percent of 
posterior Mean M.D.S. of 

egg chambers oogenesis 
witl1M.D.S . (µ.M.D.S.) 

3 15 20 7 
8 
9 

11 

40 
60 
53 
27 

20.66 
33.66 
38.66 
6.33 

8.37 

180 

4 11 20 9 
12 

13-14 

12 
53 
35 

19.09 
42.27 
40.00 

12.22 

100 

5 16 20 13-14 100 100.00 14.00 

aldrichi 0 13 18 2 
3 

46 
54 

45.30 
54.71 

2.55 

100 

12 18 4 
5 

83 
17 

83.33 
16.69 

4.17 

100 

2 
3 

17 
11 

18 
18 

7 
7 
8 

100 
69 
31 

100.00 
70.07 
20.00 

7.00 
7.22 

100 

4 23 18 8 
9 

10 
11 

12--13 

12 
15 
12 
32 
29 

14.98 
11.84 
2.17 

24.16 
42.76 

11.15 

100 

fulvalineata 
5 
0 

17 
10 
12 

18 
22 
22 

13-14 
2 
2 
3 

100 
100 

17 
100 

100.00 
100.00 
16.67 
86.37 

14.00 
2. 00 
2.84 

117 

2 11 22 3 
4 
5 
6 

9 
100 

64 
27 

1.65 
79.75 
15.29 
2.48 

4. 19 

190 
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3 12 22 7 
8 

100 
67 

89.02 
9.47 

7.10 

167 

repZeta 0 12 
15 

18 
18 

3 
3 
+ 

100 
60 
40 

100.00 
60.00 
40.00 

3.00 
3.40 

100 

2 13 18 5 
6 

38 
62 

38.43 
61.49 

5.62 

100 

4 17 18 6 
7 

18 
82 

17.65 
82.35 

6.82 

100 

5 15 18 7 
8 
9 

87 
7 
7 

86.67 
6.67 
6.67 

7.20 

101 

hydei 0 16 23 4 
5 

100 
44 

84.98 
14.93 

4.15 

144 

20 23 7 
8 

100 
70 

80.22 
19.13 

7.19 

170 

2 22 23 8 
9 

10 
11 

41 
59 
18 
5 

40.90 
54.14 

4.35 
0.59 

8.65 

123 

3 
4 
5 

19 
8 

26 

23 
23 
23 

13-14 
13-14 
13-14 

100 
100 
100 

100.00 
200.00 
300.00 

14.00 
14.00 
14.00 

castan.ea 0 24 
29 

22 
22 

4 
5 
6 
7 
8 

100 
7 

14 
83 

7 

100.00 
6.74 

13.01 
79.65 
0.47 

4.00 

6.73 

111 

2 20 22 7 
8 
9 

10 
85 
15 

6.59 
78.42 
15.00 

8.08 

110 
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TABLE 2-Continued 

Age 
Age 

No. of 
ovaries 
ovaries 

No. of 
ovarioles 
ovarioles 

Developmental stages 
of the most posterior chamber 

Percent of 
l\1a ximum Percent of posterior Mean M.D.S. of 

developmental ovaries egg chambers oogenes!s 
developmental ovaries egg chambers oogenes1s 

3 26 22 8 23 21.85 
9 

10 
11 

77 
65 
35 

55.41 
7.17 

13.63 

9.13 

200 

4 26 22 13-14 100 200.00 14.00 

5 20 22 13-14 100 200.00
300.00 

14.00 

immigrans 0 15 32 3 
4 
5 
6 
7 

27 
100 
87 
40 
20 

8.97 
55.63 
22.08 
11.69 
1.73 

4.42 

274 

12 32 8 
9 

100 
25 

94.53 
5.99 

8.06 

125 

2 6 32 9 
10 
11 
12 

83 
50 
50 
17 

74.48 
5.73 

14.58 
5.21 

9.51 

200 

3 20 32 8 
9 

13-14 

5 
20 
75 

5.00 
20.00 
75.00 

12.70 

100 

funebris 
5 
0 

40 
20 

32 
21 

13-14 
7 
8 
9 

100 
100 
55 
10 

100.00 
92.58 

5.00 
2.38 

14.00 

7.08 

165 

16 21 8 
9 

10 
11 
12 

13 
31 
19 
13 
56 

12.50 
29.46 

4.76 
3.27 

47.02 

10.44 

132 
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2 20 21 9 100 37.61 
10 

13-14 
100 
100 

26.66 
35.70 

11.05 

300 

3 
5 

24 
6 

21 
21 

13-14 
10 

13-14 

100 
100 
100 

100.00 
10.32 
90.00 

14.00 
14.00 

200 

guaramunu 0 14 19 2 
3 

50 
86 

35.72 
63 .94 

2.64 

136 

10 19 4 
5 
6 
7 

70 
40 
20 
20 

50.53 
28.95 

5.26 
14.74 

4.84 

150 

2 10 19 6 
7 

20 
80 

20.00 
80.00 

6.80 

100 

3 4 19 7 
8 
9 

25 
75 
25 

25.00 
69.75 
5.26 

7.80 

125 

cardini 
5 
0 

4 
8 

19 
20 

13- 14 
5 
6 

100 
38 

100 

150.00 
18.75 
81.25 

14.00 
5.81 

6 20 5 
6 
7 

138 
33 

100 
50 

10.00 
66.67 
23.33 

6.13 

2 10 20 6 
7 
8 
9 

13 

183 
10 
60 
20 
20 
10 

10.00 
59.00 
17.00 
3.00 

10.50 

7.76 

3 6 20 7 
8 

120 
33 

100 
26.67 
73.33 

7.73 

5 5 20 9 
10 

133 
100 
20 

97.00 
3.00 

9.03 

120 



84 The University of Texas Publication 

amined (column 1) are arranged in the same order as they are in Table 1. The 
age of flies at the time of dissection (column 2) was uniform with a possible error 
± one hour corresponding to the time allowed for pupal eclosion. The sample size 
and the average number of ovarioles per ovary are given in columns 3 and 4. The 
developmental stage of the most posterior egg chamber (M.P.C.) for each ovariole, 
which represents also the maximum developmental stage (M.D.S.) of the ova
riole, was recorded in column 5. The percentage of ovaries having one or more 
ovarioles with a given M.D.S. was calculated and is shown in column 6. The 
summation of the percentage of the ovaries with M.P.C. for each day is expected 
to be 100, if all the ovaries in each ovary are of the same developmental stage. If 
such a synchronization between the ovarioles does not exist, the total percentage 
will exceed the value of 100. The greater the asynchronization, the higher the 
value will be. It can be seen from the data (boldface numbers in column 6) that 
the species victoria, aldrichi and repleta, show a complete synchronization 
throughout the process of oogenesis; mulleri shows a complete synchronization 
during the young stages of development and a disturbancy of synchronization 
during the advanced stages of oogenesis, which correspond to the stages of yolk 
formation ( 3-day-old flies) ; fulvalineata, castanea, paramelanica and guaramunu 
show a strong synchronization in the young developmental stages and an asyn
chronization during yolk formation; hydei exhibits only a slight synchronization. 
The remainder of the species do not give any indication of synchronization 
throughout the oogenesis. It is noticeable, however that in all the cases the asyn
chronization reaches a maximum during the stages of yolk formation. These find
ings seem to indicate that the asynchronization of the individual ovarioles in each 
ovary, which is also reported by Bodenstein (1947) and King (1957a), are the 
result of a heterogeneous accumulation of yolk in each ovariole. If this means that 
there is a competition for hemolymph proteins between the ovarioles, or if there is 
a different rate of protein production by the nurse cells of the follicle, both proteins 
of which are necessary for yolk formation (Tefler, 1965), it is not possible to be 
concluded in this survey. Some evidence from interspecific and intraspecific 
transplantation (Kambysellis, 1968c) indicates that the competition for hemo
lymph proteins plays the most important role in such an asynchronization. How
ever, this is by no means the only reason since some species in Table 2 show some 
asynchronization well before yolk accumulation and presumably during pupal 
stages as well (virilis 0 days, montana 0 days, robusta 0, 1, 2 days, etc.). Further 
experiments are required to give conclusive evidence. The reason for such a 
heterogeneous behavior of the follicles is a puzzling phenomenon at the moment. 

In addition to the synchronization of ovarioles in each individual ovary, it is 
important to examine for a possible synchronization of oogenesis between flies 
having the same age. That is to say, we want to determine whether the population 
of flies with a uniform age exibits a uniform ovariole developmental condition as 
well. This will be especially interesting in the cases where a complete ovarian 
synchronization is observed. 

This information is presented in Column 7 of Table 2, where the percentages 
of the total most posterior egg chambers for each maximum developmental stage 
are given. From the 17 species analyzed here, no one demonstrated a complete 
synchronization of oogenesis for each particular age of the fiies. Only a slight syn



85 Kambysellis: Egg morphology in Drosophila 

chronization has been observed in the species aldrichi, repleta and to a lesser 
extent in victoria and mulleri. These are the species which demonstrate a complete 
synchronization of individual ovaries. All the other species show an asynchroni
zation the degree of which varies from species to species and from day to day. It 
can be as small as two stages of development (robusta 0-days, fulvalineata 2-day
old flies) and as high as eight stages of development (busckii 2-day-old flies ) . The 
difference in the age of individuals of the same group by ± one hour, cannot sup
port an explanation for the observed strong asynchronization. The variability in 
the vigor of the flies and their ability to compete for the available food are 
factors causing the variability of ovarian development. Due to the extreme vari
ability, the mean maximum developmental stage (.µ. M.D.S.) will be used to 
represent the developmental stage for each particular age of the flies, and they 
are given in the last column of Table 2. It appears that the ,uM.D.S. at the time 
of eclosion (0-days of age) varies among the species. Some species, for example 
fulvalineata, have very immature ovaries, represented with egg chambers in 
developmental stage 2.00, others as in funebris reach advanced stages of develop
ment (S7.08) and beginning of yolk formation. This indicates that oogenesis 
for some species starts during early pupal stages, although for some other species 
it starts much later or only during adult stages. It is also indicated that the physio
logical milieu of the pupal environment of some species (funebris, victoria) 
contain the components necessary for yolk formation which presumably are the 
fat bodies producing the blood proteins partially necessary for yolk formation 
(Hill, 1962) . 
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FIGURE 2. Indicating the growth curve of oogenesis in representative Drosophila species for 
five successive days. 
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FIGURE 3 

Photographs of eggs of species used in transplantations to demonstrate morphological differences. 
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TABLE 3 

Comparison of the rates of ovarian development in adults of Drosophila 
species used in transplantations 

Growth period 
lean developmental after eclosion Developmental rate 

Species stage at eclosion (days) (per day) Synchronization 

victoria 6.11 5 1.58 Complete 
busckii 5.85 5 1.63 None 
pseudoobscura 5.00 4 2.25 Strong* 
virilis 4.64 .J. 2.34 'one (slight) 
montana 3.39 5 2.12 one 
robusta 2.41 5 2.32 None 
gibberosa 3.98 9 1.11 None* 
aldrichi 2.55 5 2.Z9 Complete 
mulleri 4.01 5 1.99 Strong 
f ulvalineata 2.00 5 2.40 Strong in young flies 
repleta 3.00 9 1.22 Complete 
hydei 4.15 3 3.28 Slight 
castanea 4.00 4 2.50 Strong in young flies 
immigrans 4.42 3 3.19 None 
funebris 7.08 3 2.31 None 
guaramunu 2.64 5 2.27 Strong in young flies 
cardini 5.81 s+ 1.64 one 

• From King and Wol!sberg, 1957. 

The growth period of ovaries after adult eclosion to maturation is also different 
between the species. It could be as short as 3 days for hydei and funebris and as 
hi_gh as nine days for gibberosa and repleta. 

A summary of the detailed results is given in Table 3 which indicates the most 
important information to be used for the transplantation studies. The mean 
maximum developmental stage of the most posterior chamber 0-1 hour after 
eclosion and the growth period from eclosion to maturation (S14) are given in 
Columns 2 and 3. The rate of oogenesis expressed as the mean number of develop
mental stages which were reached by each egg chamber in a day, is presented in 
Column 4, to give a gross comparison between the growth rate of various species. 
The calculation of the last value is not an accurate one, since it assumes a linear 

Figure 3.1. Egg of D. castanea showing the six morphological characters used for identifying 
the eggs. 

Figure 3.2. D. victoria (ventral view). Figure 3.13. D. fulvalineala. 
Figure 3.3. D. victoria (lateral view). Figure 3.14. D. mulleri. 
Figure 3.4. D. busckii. Figure 3.15. D. repleta. 
Figure 3.5. D. pseudoobscura. Figure 3.16. D. hydei. 
Figure 3.6. D. virilis. Figure 3.17. D. castanea. 
Figure 3.7. D. montana. Figure 3.18. D. immigrans. 
Figure 3.8. D. robusta. Figure 3.19. D. funebris. 
Figure 3.9. D. paramelanica. Figure 3.20. D. innubila. 
Figure 3.10. D. gibberosa. Figure 3.~1. D. guaramunu. 
Figure 3.11 . D. pavani. Figure 3.22. D. cardini. 
Figure 3.12. D. aldrichi. 
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growth curve for oogenesis. Such a linear growth curve has not been observed in 
most of the species. This can be seen in Figure 2 where the growth curve for the 
first five days of oogenesis from representative species are drawn to illustrate the 
multiple differences among the species. The points represent the µ. M.D.S. for 
each day of observation. Some species (busckii, gibberosa, virilis) show an almost 
linear growth curve although others (funebris, mulleri) show a curve with a 
rather complicated equation. Some species have an extremely prolonged growth 
curve (repleta, gibberosa) others a very short one (funebris, hydei). These dif
ferences which actually represent the differences of ovarian growth rate, could 
be interpreted as differences in the rate of protein synthesis and utilization for 
yolk formation by the follicles of different species. 

It is of importance for the transplantation experiments to be considered with 
the phenomena revealed in these comparative studies. The observed variation in 
the synchronization of individual ovarioles, the absence of synchronization in 
ovariole development among the population with the same age, and the differ
ence in ovarian growth rate must be contemplated in organizing the experiments 
and analyzing the results. 

Morphological characteristics of eggs. To determine whether or not a transplanted 
ovary was functional, one should be able to recognize with certainty the eggs of 
the host and donor ovaries. Since no mutants were available for these studies, an 
analysis of egg morphology served the same purpose. A total of six measurable 
morphological characters were used to identify the eggs of the various species. All 
the measurements were taken from the lateral view under a dissecting microscope 
with 60X magnification. A sample of 100 eggs per species was used to determine 
the variability of the characters. For optical comparisons, the eggs were photo
graphed in lateral view, using an Asahi Pentax camera and a multiple lateral 
light source, such as two or three Spencer Reflector illuminators. 

The selected sixcharacters are illustrated in Figure 3.1 and their definitions are 
as follows : (a) length of egg, measured as the distance from the micropyle to the 
most posterior end of the egg (Fig. 3.1, 1); (b) width of the egg, measured at the 
maximum width of the egg (Fig. 3.1, 2); (c) length of the anterior filaments, 
measured as the length of the filaments nearest to the micropyle (Fig. 3.1, 3); 
(d) width of the anterior filaments, measuring their maximum width (Fig. 3.1, 
4) (if knobs or swelling were present at the anterior or posterior end of the fila
ments, they were excluded from the measurements) ; ( e) length of the posterior 
filaments, measured as the length of the filaments nearest the base of the micro
pyle triangle (Fig. 3.1, 5); (f) width of the posterior filaments, defined as in (d) 
above (Fig. 3.1, 6) . 

The measurements for each character are summarized in Table 4, represented 
with the range of the values (line 1 for each species) and the mode (line 2). It 
can be seen that all the characters are variable, and the variability became very 
pronounced at the level of 0.10 mm. The degree of variability, however, differs 
between the characters. The length of the filaments and the lengths of the eggs 
appear to be the most variable characters, and the widths of the eggs and the 
widths of the filaments the least variable ones. For practical purposes the widths 
of the filaments are indicated in Table 4 as being constant characters, since their 
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size is too small to detect any significant variability with our power of resolution. 
A comparison of eggs between different species reveals that the range of some 

of the characters overlaps among the species and some species have the same mode 
for one or more of the characters. These similarities become stronger between 
species belonging to the same species group, as for example, mulleri and ful
valineata of the repleta species group which differ only in the length of posterior 
filaments (Table 4, Column 6). Eggs from species of different species group or 
different subgenera, show fewer similarities and their identification becomes 
easier. Eggs of gibberosa and virilis for example, species from different species 
group resemble each other only due to the overlapping range of anterior filaments 
(Table 4, Column 4); whereas busckii and virilis, species from different sub
genera differ in all six characters. 

In the above examples, only species the egg of which presents all the six 
characters were included in order to demonstrate the validity of using the range 
and the mode of the measurable characters for egg identification. A decision on 
the resistance of these characters to a more extensive analysis involving numerous 
species, however, cannot be conclusive from the results of the few species exam
ined. Only positive speculation can be made. The testability is beyond the purpose 
of this survey, in which we wished to accumulate information to enable us to 
recognize the egg of the donor species in a comparison to the host ones. Of the 
twenty species used in the transplantation experiments, only two (virilis and 
mulleri) were extensively used as host; thus the comparison is restricted to 36 
combinations (host versus donor). All these combinations have at least one 
character with non-overlapping ranges as in the unique pair of species mulleri 
and fulvalineata . The majority of the pairs have two or three non-overlapping 
characters, providing a reliable egg identification. 

The morphological features of eggs from the species pseudoobscura, paramela
nica, innubila and victoria are of special interest for an easy egg identification. 
The first two species which belong to obscura and melanica species groups 
(Table 1), have only one pair of filaments (Fig. 3.5, 3.9). The anterior ones are 
missing. The third species from the quinaria species group has only one posterior 
filament instead of the usual two (Fig. 3.20) . Finally, the last species from the 
victoria species group (not included in Table 4) has inconsistent number of fila
ments, varying from six to nine (Sturtevant, 1942; Wheeler, 1949a). A repre
sentative case with eight filaments is shown in Figure 3.2-3.3. 

These morphological peculiarities are not restricted to the species examined 
here. They are common features to all species belonging to the same species group 
and they are considered as species group identifying characters (Sturtevant, 
1942). The importance of egg filaments as a phylogenetic character has been 
indicated by Throckmorton ( 1962). 

The stated comparisons of the morphological characters of the eggs indicate 
that for all practical purposes a rather safe identification of eggs even between 
closely related species could be made if a detailed study of these characters is 
available. 

SUMMARY 

Comparative studies in oogenesis and egg morphology among twenty species of 
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TABLE 4 

Morphological characteristics of eggs of species used in transplantations. One unit= 0.99 mm. 

Egg Ante1;or filaments Posterior filaments 

Species Length \Vidth Length Width Length Width 

busckii 
range 4.4--5.0 1.5-1.8 3.0-3.6 0.08 4.0'-4.7 0.18 
mode 4.7 1.6 3.4 4.1 

pseudoobscura 
range 5.3-5.6 1.9-2.1 absent 3.3'-4.2 0.3 
mode 5.5 2.0 3.5 

virilis 
range 7.6-8.1 2.1-2.4 2.9-3.5 0.1 4.4--5.1 0.3 
mode 7.8 2.3 3.0 5.0 

montana 
range 6.&--7.4 1.9-2.3 3.2'-4.4 0.15 5.&--6.9 0.35 
mode 6.9 2.0 4.1 6.1 

robusta 
range 5.7-6.2 1.9-2.3 3.5-4.6 0.20 4.3-5.5 0.35 
mode 6.0 2.1 4.1 4.6 

paramelanica 
range 6.4--7.0 2.1-2.4 absent 4.9-5.7 0.25 
mode 6.6 2.3 5.5 

gibberosa 
range 7.8-8.6 2.7-3.1 2.9--4.0 0.2 6.9-7.7 0.4 
mode 8.2 2.9 3.5 7.2 

pavani 
range 5.&--6.1 1.9-2.2 3.8--4.8 0.2 4.7-5.6 0.3 
mode 5.7 1.9 4.2 5.0 

aldrichi 
range 5.2-5.6 1.4--1.9 6.4--7.0 0.15 7.0-7.8 0.17 
mode 5.4 1.7 6.5 7.6 

mulleri 
range 6.2-6.8 1.9-2.1 7.1-7.6 0.1 7.6-8.5 0.2 
mode 6.6 2.1 7.5 8.0 

fulvalineata 
range 6.2-6.7 2.1-1.8 6.9-7.7 0.1 9.1-10.0 0.2 
mode 6.6 2.0 7.0 9.4 

repleta 
range 5.5-6.1 1.8-2.0 5.4--6.2 0.1 6.3-7.1 0.25 
mode 6.0 1.9 5.7 6.5 

hydei 
range 6.0-6.5 2.0-2.4 3.3--4.1 0.15 5.5-6.1 0.25 
mode 6.2 2.2 3.5 6.0 

castanea 
range 6.3-6.9 1.9-2.1 3.8-5.5 0.15 6.2--7.1 0.3 
mode 6.5 2.1 4.6 6.6 

immigrans 
range 6.3-6.7 1.8-2.1 6.1-6.8 0.1 7.2-7.9 0.25 
mode 6.5 2.0 6.5 7.6 

funebris 
range 5.9-6.7 2.0-2.2 3.8--4.4 0.2 4.8-5.8 0.3 
mode 6.4 2.1 4.1 5.0 
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innubila 
range 5.8-6.3 2.3-2.5 2.0-2.6 0.1 3.0-3.9* 0.4 
mode 6.0 2.4 2.4 3.5 

guaramunu 
range 5.2-5.8 1.8-2.0 3.2-3.8 0.1 4.2-4.7 0.15 
mode 5.4 1.9 3.4 4.6 

cardini 
range 5.5-6.1 1.8-2.1 4.0-5.0 0.1 5.0-6.0 0.15 
mode 5.6 2.0 4.4 5.2 

* Single posterior filament. 

the genus Drosophila were performed. Individual ovarioles in each ovary de
veloped independent of each other. A variation from a complete synchronization 
of the individual ovarioles for each ovary (victoria, repleta, aldrichi) to a total 
asynchronization ( busckii, virilis, montana) was observed. An absence of syn
chronization in ovarian development among populations with uniform age was 
demonstrated. The rate of ovarian growth was different for different species. 

Six measurable morphological characters were introduced for an accurate egg 
identification. The variability of these characters and their validity for species 
identification was indicated. 
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VI. Studies on Interspecific Ovarian Transplantations Among 
Species of the Genus Drosophila' 

MICHAEL P. KAMBYSELLIS 

INTRODUCTION 

Studies of phylogenetic relationships between populations of different species 
are of central importance in genetics and evolution. Such analyses have usually 
been based on morphological, biochemical or cytological characters. 

Interspecific ovarian transplantations were first used in such studies by Monad 
and Poulson (1937) and by Vogt (1940, 1942). Although these experiments and 
especially the ones by Vogt demonstrated the potentiality of the technique for 
studies of evolutionary relationships, no other attempts have been made, so far as 
could be determined. 

The new techniques which have been introduced since these early days of 
Drosophila work and the considerable amount of information with regards to 
insect gonadal development, encouraged the writer to carry on in a rather large 
scale interspecific ovarian transplantations. 

One objective of these findings was to determine the possibility of using inter
specific ovarian transplantations as a tool for phylogenetical analysis between 
species or species groups of the genus Drosophila. We also wished to determine the 
possibilities of using interspecific ovarian transplantations to obtain hybrids be
tween distantly related species of the genus Drosophila not possible with the 
normal laboratory matings, thus making possible some new comparative cyto
logical studies. 

Information concerning the interactions between donor and host tissues was 
also of interest and importance. 

MATERIALS AND METHODS 

Stocks. Laboratory stock cultures from the collection of The Genetics Founda
tion of The University of Texas were used. The collection number of the stocks 
used, the geographical origins, the collectors, and the dates of collection are given 
elsewhere (Kambysellis, 1968b). 

The stocks were raised and maintained in the usual one-half pint milk bottles 
on medium consisting of banana-agar-malt-Karo-yeast mixtures. For obtaining a 
maximum larval growth, a supplementary food source was used for some of the 
species, as was indicated from some previous work on food attraction on natural 
populations (Kambysellis, M.S. thesis, Yale University, 1965) and from the 

1 This work was supported by a U.S. Public Health Service Research Grant, No. GM-11609, 
to Ors. W. S. Stone and M . R. Wheeler, and is a portion of the dissertation submitted to the 
University of Texas in partial fulfillment of the requirements for the degree of Doctor of 
Philosophy. 

Studies in Genetics, No. 4, 1968. 
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studies of Crow (1942) and Wagner (1944) on species from the repleta group. 
Thus pieces of tomatoes were used for the species D. busckii and D. innubila and 
pieces of cactus (Opuntia lindheimeri) for D. aldrichi, D. mulleri, D. fulvalineata 
and D. repleta (see also Richardson and Kambysellis, 1968) . 

Late third instar larvae of uniform age were used for the transplantations and 
were obtained by the following procedure. Ten to 20 pairs of newly eclosed flies 
were placed on banana culture medium for 10 days. When sexual maturity was 
reached the flies were transferred into bottles with complete medium. (In the 
following presentation the term "complete medium" will be used to mean a 
combination of banana-agar mixture plus supplementary food.) After Z--3 days, 
when all the old eggs, which might have been kept in the oviducts, were laid and 
an adaptation to the new environment was obtained, daily the flies were trans
ferred to a new bottle with complete medium. This procedure was continued for 
a period of Z0-25 days after which a new set of flies was used. One or two days 
later, when the eggs hatched, a few drops of distilled water were added daily to 
the bottles to help the young larvae to work through the hard surface of the food, 
at the same time this tended to increase the growth of yeast. In the case of 
D. aldrichi, a rectangular strip of blotting paper was used in the culture bottles 
as a resting area to prevent the death of the flies on the sticky surface of the food. 

All of the stocks were kept at 21° ± 1°C (room temperature) and all of the 
experiments were performed at this temperature. The room was illuminated for 
15-18 hours per day. 

Life cycles. A rather accurate estimation of the duration of the life cycle of 
the flies could be established by the way in which the experimental stocks were 
raised. However, in order to determine any alteration of the normal duration of 
the various developmental stages of the flies due to the transplantations, and due 
to the special way by which the recipient flies were maintained, the following 
method was used to establish the typical length of the life cycles of unoperated 
flies from various species. 

Five pairs of 10-day-old flies were allowed to feed and lay eggs in a 1 %" x 3%" 
vial with complete medium for a period of Z--3 days. After that the flies were 
transferred to fresh food every 1-3 hours during the period of their maximum 
egg productivity. A sample of 10 eggs per vial was transferred to the cavities of a 
two depression slide with a sufficient amount of Waddington's Ringer solution to 
cover the eggs but not to fill up the cavity. The eggs were covered with a microslide 
and both slides were sealed with mending tape, such as Scotch Magic Mending 
Tape. The necessary information was recorded on the tape and the eggs allowed 
to develop. Observations were made every 4 hours under the dissecting microscope 
using transmitted light in an apparatus similar to that described by Wheeler and 
Kambysellis ( 1967). This apparatus allowed observation through the chorion of 
the egg so that the developmental stage of the egg could be estimated at any time. 
If sufficient amounts of air existed between the microslide and the Ringer's the 
eggs developed normally, and the larvae lived and grew for more than a day in 
the solution with no obvious harmful effects.* A total sample of 200 eggs was used 
to establish the egg-larva interval of the life cycle of each species. 

• This method could be useful for culturing some species which are difficult to be cultured 
otherwise in the laboratory, especially if they laid only a few eggs (iso--female lines collected 
from nature) and there is a rapid growth of mold or bacteria. 
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A sample of 100 larvae was used to determine the duration of larval to pu
parium formation interval. Fifty larvae were transferred to a 1" x 3%" vial with 
complete medium and allowed to pupate. Frequent observations were made until 
the appearance of full grown larvae (i.e., prepupae which usually appear on the 
sides of the vials) and pupae. The duration of the pupal development was esti
mated by transferring 10 prepupae into an empty sterile vial into which a tissue 
paper (such as Tomac Kerchief tissues) saturated in Ringer solution was inserted. 
Observations were made every 4 hours during pupation and the number of pupae 
at the end of this interval was recorded. An equivalent 4-hour interval was used 
for recording the eclosion of adult flies. The mean of both observations was de
termined and the difference between them gave the duration of puparium 
formation-adult interval. Estimation of the time required for egg production was 
not necessary for our work, although it can be calculated from studies of normal 
oogenesis. The results of these observations are presented in Table 1. 

Transplantation Technique. Although transplantation methods have been used 
for studies in vertebrates and invertebrates for a long time, the procedure was first 
applied to Drosophila in 1935 when Ephrussi and Beadle worked out a technique 
suitable for an animal as small as the larvae of Drosophila. Since their first publi
cations (Ephrussi and Beadle, 1935a, 1935b, 1936a, 1936b) several modifications 
have been made by a number of investigators, although the fundamental parts of 
the technique remained the same as they were reported by Ephrussi and Beadle: 
"The actual technique consists of the injection of the desired organ into the body 
cavity of a larva by means of a glass micro-pipette connected with the capillary 
tube and syringe of the standard Chambers micro-manipulator." In our studies, 
this basic technique was used; however, some of the reported modifications and 

TABLE 1 

Metamorphosis data at 21 ° ± 1 °C for species used in transplantations 

Species 
Egg·larva 
(hours) 

Lar•a·pupa 
(days) 

Pupa·imago 
(days) 

Tot.:11 
(days, typical) 

victoria 43 ± 7 10- 11 12 24-25 
busckii 38 ± 7 8-9 5 15 
pseudoobscura 38 ± 7 8 8 17- 18 
virilis 44 ± 7 8 7 17 
1nonlana 43 ± 7 10 8-9 20-21 
robust a 57 ± 7 11 8 21-22 
paramelanica 36 ± 7 7 7 16 
gibberosa 35 ± 7 9 9 20 
pavani 40 ± 7 9 8 18-19 
aldrichi 44 ± 7 9 7 18 
mulleri 34 ± 7 8 5 15 
fulvalineala 35 ± 7 9 8 19 
repleta 36 ± 7 10 7 19 
hydei 38 ± 7 9 7 18 
caslanea 38 ± 7 8 7 17 
inznzigrans 35 ± 7 9 6 17 
funebris 44 ± 7 9-10 7 18- 19 
innubila 30 ± 7 8 7 17 
guaramunu 38 ± 7 9 7 18 
cardini 38 ± 7 10 8 20 
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a few additional ones were used which made the work faster and easier. For 
completeness, the modified method is being presented in considerable detail. 

The micro-pipettes, one of the most critical parts of the transplantation ap
paratus, were made from fine capillary tubing of about 0.7 mm in internal 
diameter, 0.1 mm in wall thickness and 4 inches in length; capillary tubing of 
this type is available commercially. The upper end of the capillary was attached 
to a hosecock clamp covered with rubber for smoothness; the clamp is part of the 
micro-burner apparatus (Figure 1.1 a). The capillary bends to take a vertical posi
tion when heated just be.low the holding point (Figure 1.1 b) . The lower end of 
the capillary is shaped into a hook (using the micro-burner) and a weight (0.2
0.5 gms) was hung on it (Figure 1.1c). A magnifying glass was placed in front 
and about the middle of the capillary (Figure 1.1d) and a white paper was used 
as a background (Figure 1.1e) . The middle portion of the capillary behind the 
magnifying glass was heated using the flame of the micro-burner. The heat of the 
flame, in combination with the weight on the lower part of the capillary, are 
factors which determine the thickness of the walls of the micro-pipette, and the 
time which is required for the pipette to be extended. The lower the heat and the 
lighter the weight, the longer the time required for the pipette to draw out. By 
increasing the weight, the time required and the thickness of the walls are 
decreased correspondingly. When the diameter of the tubing became about Yi of 
the original one, the flame was removed and the actual size of the capillary was 
measured under a dissecting microscope having a micrometer in the ocular. If 
the desired results were not obtained, the procedures were repeated. We found 
that for ovarian imaginal discs of most of the species of the genus Drosophila a 
capillary with an internal diameter of 0.1-0.15 mm and walls of 0.03-0.05 mm 
in thickness gave the best results. 

A fine constriction was made now at points a and b of the capillary (Figure 
1.2). This was performed under the dissecting microscope by using a fine pointed 
flame of a micro-burner. The fine pointed flame was obtained by using a mixture 
of air and gas (Pilkington, 1940). The micro-burner was made with a hypodermic 
needle (No. 1, Figure 1.1£), the sharpened point of which was cut away and the 
remainder mounted in a cork stopper (No. 10, Figure 1.1g) (Steinberg, 1937). 
Then a second disposable hypodermic needle (No. 2, Figure 1.1h) was placed 
and fixed into a cavity of the cork in such a way that an angle was formed by the 
two needles, with the second one extending slightly in front of the first (1/ 10 of 
an inch or less) . Needle No. 1 was connected to a gas pipe and needle No. 2 to a 
piece of plastic tubing from which the air flow was controlled by mouth. By con
trolling the amount of gas and air, it was possible to obtain an extremely fine 

FIGURE 1 
Figure 1.1 . Photograph of the micro-burner apparatus used for the making of micro-pipettes. 

For detailed description see text. 
Figure 1.2. Diagram of capillary tubing in process of making micro-pipettes. The constriction 

points are indicated by a and b; c shows the breaking point of the capillary. 
Figure 1.3. Diagram showing the resting base for the micro-pipette holder during operations. 

for details, see text. 
Figure 1.4. Photograph of plastic hood used for sterilization during the operation. For detailed 

description see text. 
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pointed flame. The flame was not visible in a bright-lighted microscopic field, so 
a gray or black heatproof background was used (such as a porcelain plate)· In 
addition only % of the microscopic field was lighted; the other % (that nearest 
the investigator) remained dark. With the above conditions, the operator could 
see the capillary tube (light field) and at the same time the flame (dark field)· 
The capillary was heated at points a and b for a very short time and the fine con
striction was made. The time of heating is quite critical because overheating will 
melt and close the capillary and heating for too short a time will leave a wide 
constriction. 

The capillary was broken with a needle or a pair of fine forcepts at point c 
(Figure 1.2) about 0.2 mm away from each constriction, and thus two micro
pipettes were made simultaneously. The micro-pipettes up to this point are more 
easily made with a de Fondrume microforge (Kinsey, 1966). 

Sharpening was the final step in the preparation of the pipette, and the most 
critical one. Several methods have been used for this. Ephrussi and Beadle 
(1936a) used a fine grained stone; Pilkington (1940) used a rotating glass rod 
spread thinly with Rolls Razor strap paste; Lewis ( 1954) preferred a small 
diamond-dusted dental wheel, rotating it with a portable dental drill. We used 
an Arkansas hardstone with a lubricant of 95% ethyl alcohol. The fine glass 
debris was blown out by using the air flow obtained from a syringe and the 
pipette was thoroughly washed in 95% ethyl alcohol. In case the micro-pipette 
was completely plugged, we preferred to heat it briefly on an alcohol lamp. This 
resulted in the whole mass, the debris plus alcohol, being blown out backwards. 
The same method was used to clear the micropipettes if they were plugged during 
the transplantation. The micro-pipettes were stored in 96% ethyl alcohol if they 
were to be used in the immediate future; otherwise, they were kept dry. 

All the transplantation operations were performed inside a homemade hood 
(Figure 1.4) of Plexiglass affixed to a 3/16 inch thick glass. A G15T8 germicidal 
light (Figure 1.4a) at the top of the hood was used for sterilization for 30 minutes 
before the operation. Two fluorescent lamps (Figure 1.4b) underneath the glass 
gave a smooth light. This was very useful for sexing and dissecting the larvae. 
A Spencer Reflector Illuminator (Figure 1.4c) was used for direct light. A resting 
base for the micro-pipette holder between the transplantations was made of a cork 
stopper (No. 10) (Figures 1.3 and 1.4d) with its wide base glued to the glass. On 
the narrow base, a cavity the size of the micro-pipette holder was made (Figure 
1.3b) which could be closed with a small aluminum plate (Figure 1.3a). The 
operations were made under a stereozoom dissecting microscope (Model SFB 20). 

Late third instar larvae were used in these experiments. Larvae of the equiva
lent development stages rather than the same age from different species were 
used. This was because hormonal factors determining metamorphosis are related 
to the developmental stage of the larvae and not to the actual age. Female donor 
and host larvae were recognized and selected by the smaller size and spherical 
shape of the imaginal disc gonads (Bodenstein, 1950). The larvae were then 
washed in several changes of sterile Waddington's Ringer solution (37.5 gm 
NaCl, 1.0 gm CaCl2, 0.5 gm KCl, 1.0 gm NaHCOa, and 9 liters of H 20), rinsed 
briefly in 95% ethyl alcohol (Kinsey, 1966), and placed again in Ringer solution. 
The donor larvae were dissected in a Syracuse watch glass with Ringer solution 
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by using two pairs of fine watchmaker forceps (Dumont and Fils Nos. 4 and 5). 
The ovarian imaginal discs were separated from most of the fat, transferred to a 
double depression slide filled with sterile Ringer solution and submerged in it. A 
number of ovaries, usually 10, were accumulated in the depression for each set 
of transplantations, and the slide was covered with a sterile disposable petri dish 
to prevent the evaporation of the Ringer solution. Host larvae (10-12 at a time) 
were etherized in a Stender dish, the cover of which supported a piece of cotton 
saturated in ether (Figure 1.4f). The time for etherization was variable, depend
ing on the species; some were so tolerant that 5-8 minutes were required for good 
etherization. Precise etherization was critical because over-etherization would 
kill the larvae, while with under-etherization the larvae would start moving 
during the operation, making it difficult, if not impossible, to perform the trans
plantation. 

During the etherization period, the micro-pipette was prepared for the opera
tion. It was taken from the 95% ethyl alcohol and inserted into a Brinkmann 
micro-pipette holder, operated with a Brinkmann micro-injection apparatus 
(Kinsey, 1965). The pipette was then washed thoroughly in sterile Ringer solu
tion and placed on the resting base (Figure 1.4d) until the operation. 

When the larvae were etherized, they were dried on a sterile tissue paper (such 
as Tomac Kerchiefs) and placed with ventral or lateral side up on a slide covered 
with a "Double Stick" Scotch tape (Lewis, 1954). The slide was affixed with tape 
on the movable base (Figure 1.4e) such as a piece of thick glass. The depression 
slide with the ovaries was then placed on the base next to the larvae, and by 
removing the base to the right or left so that the ovaries appeared in the micro
scopic field, one ovary each time was drawn up into a micropipette. The base was 
moved back into its original position with the larvae now in the field, and the 
ovary was injected into the host larva between the third and fourth posterior 
segments with as small an amount of Ringer as possible. The operated larva was 
released from the Scotch tape with a drop of Ringer, and the process was repeated 
with another larva. 

After operations on about 10 larvae, each one was placed individually in a 
sterile vial into which a piece of sterile tissue paper saturated in Ringer solution 
was inserted and the larvae were allowed to proceed to pupation. 

The vials were numbered and a record was kept indicating the donor and host 
species, the day of transplantation, the day of pupation, and the day of eclosion. 
Each adult was numbered after eclosion and placed in a 1" x 3%." vial with 
banana-mixture food and allowed 3 to 4 days to develop to sexual maturity. After 
that each one of the transplanted female flies was placed in a Plastainer bottle 
(Kambysellis, 1968d) with two males of the host species and allowed to lay eggs. 
If the transplanted donor ovary was functional, the fly would lay two kinds of 
eggs. The eggs were counted every 12 hours, separated according to the species 
on the bases of morphological characteristics (Kambysellis, 1968b), washed in 
Ringer and placed in the cavity of a depression slide along with a small amount 
of Ringer for development. If larvae of the hybrid type were hatched, they were 
placed on the lid of a Plastainer bottle with "complete medium" for growth and 
metamorphosis. Lids were used instead of vials because they allowed frequent 
and direct observations and, if it was needed, easy transfer to fresh lids in cases 
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of mold or bacterial growth. If the larvae did not hatch, then the approximate 
developmental stage of the egg was recorded by direct observation under the 
dissecting microscope with a combination of transparent and direct light. No 
microscopic analysis for egg development was carried out. The host females were 
allowed to lay eggs for 15-20 days, after which they were dissected in Ringer 
solution and the ovaries were photographed under a dissecting microscope using 
an Asahi Pentax camera and a multiple lateral light source (such as 2 or 3 
Spencer Reflector Illuminators). Feulgen whole-mounts of all the ovaries were 
prepared using the technique of Whiting (1950) . The number of ovarioles, the 
maximum developmental stages and the most frequent stage of development were 
recorded using the tenninology of King, et al. (1956) . 

Experimental procedures. It has been indicated (Kambysellis, 1968a) that a 
special designed experiment should be used in interspecific transplantation, so 
that the multiple factors involved in such studies are under control. A two-phased 
experiment was recommended. In the first phase, a constant host should be used, 
with donors varying intentionally. In the second phase the species previously 
used as hosts will be the donors and the donors of the first phase will now be the 
hosts. 

In the studies, mainly the first phase of the experiment was carried out. Two 
species with one strain each were used as hosts: D. virilis, a relatively primitive 
species of the subgenus Drosophila (Throckmorton, 1962a; Patterson & Stone, 
1952) and D. mulleri, an advanced species of the same subgenus, A variety of 18 
species from the genus Drosophila and mainly from the subgenus Drosophila 
with representatives of most of the species groups, were used as donors. 

Only sporadically were other species used as hosts for virilis and mulleri 
ovaries. 

RESULTS 

Sensitivity of host species to transplantations. Table 2 summarizes the results 
of the interspecific transplantations. The first column of numbers for each host 
represents the number of transplantation attempts for each combination and the 
second column shows the number of successful operations. The lower line indi
cates the percentage of successful operations for each host. It can be seen that the 
percentage of success, i.e. the sensitivity of the host to transplantations, varies 
greatly from species to species. With virilis, for example, a very tolerant species, 
there was 80% success; although with mulleri, o:qly 25%. Furtl1ermore, the 
species robusta, paramelanica, gibberosa, pavani and aldrichi (not listed as hosts 
in Table 2), which were also used as hosts for virilis and mulleri ovaries, gave 
negative results from a sample of 100 transplantations which were attempted; all 
the operated animals died sometime during the pupal stage. The factors causing 
such a gradation in sensitivity to the operation have not been comprehended. It is, 
however, important to be remembered in selecting the host species in transplan
tation experiments. 

In the follov\'ing presentation, mainly the results of the transplantations with 
the predominant hosts (virilis, mulleri) will be analyzed and each one of the 
hosts will be considered independently. Special attention will be given to the 
developmental condition of the most posterior egg chambers of the donor ovaries, 
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TABLE 2 

Successful operations in interspecific transplantations 

Hosts 

virilis mulleri montana rep leta hydei castanea 

Donors Att. Succ. Att. Succ. Alt. Succ. Att. Succ. Att. Succ. Att. Succ. 
victoria L 10 
busckii 10 7 10 2 
pseudoobscura 12 10 10 3 
virilis 41 3+ 30 10 13 9 11 4 
montana 53 41 18 5 
robusta 10 8 20 5 
paramelanica 13 10 15 2 
gibberosa 20 17 27 4 
pavani 24 13 27 4 
aldrichi 13 10 40 12 10 5 20 10 
mulleri 80 71 8 4 15 8 30 16 
fulvalineala 25 17 21 6 
repleta 30 10 
hydei 15 13 40 12 
castanea 16 15 13 0 
immigrans 12 10 9 4 
funebris 7 6 10 
innubila 11 10 2 
guaran1unu 10 3 
cardini 12 10 10 2 

Totals 386 310 350 87 8 4 25 13 63 35 11 

80% 25% -50% -50% -50% -30% 

to the interaction between host and donor ovaries, and to the ability of the host 
sperm to fertilize the donor ova. 

lnterspecifi.c transplantation using virilis as a host: Developmental conditions 
of the most fJOSterior egg chambers of donor ovaries. Table 3 summarizes the 
results of the transplantations using virilis as a host. In the first column are listed 
the species used as donors, and in the second the ages of the transplants at the 
time of dissection are given. In the third column, the number of donor ovaries 
from successful transplantations which had been prepared for Feulgen whole
mounts are reported. These numbers differ from the ones listed in Table 2; this is 
because not all the successful operations (Table 2) were also successful trans
plantations, due to the facts that the donor ovaries could be rejected by the host 
at the time of operation, or they could be damaged during the operation. The 
developmental conditions of the most posterior chamber (M.P.C.) of the donor 
ovaries at the time of dissection are given in columns 4-7. Column 4 indicates 
the developmental stage of the M .P.C. which is also the maximum developmental 
stage (M.D.S.) of the ovariole. Column 5 shows the percentage of ovaries having 
one or more ovarioles with a particular M .D.S. The total percentage for each 
species could be higher than 100% because most of the ovaries have ovarioles with 
different maximum developmental stages, unless there is a complete synchroniza
tion of ovaries. This type of calculation was used because we wished first to 

4 
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TABLE 3 

Developmental conditions of the posterior egg chambers of donor ovaries transplanted 
into D. virilis host 

De,·clopmental stage 

D onor 
species 

Host age 
(days) 

No. of 
ovaries 

examined 

of tllC posterior egg chambers 
l\faximum %of %of posterior 

developmental ovaries egg chambers 
stngc with w~th 

(HD.S. ) HD.S. 11 1.D.S . 

l\Ican 
maximwn 

developmental 
stage (µ,) 

Index of 
oogcncsis 

(I, ) 

victoria 20 10· No ovaries were found 0 
busckii 14 7• o ovaries were found 0 
pseudoobscura 14 10• No ovaries were found 0 
montana 15 10 13- 14 100.00 14.00 100.00 
rob usla 19 4 2 72.00 2.28 16.27 

3 28.00 
param.elanica 19 4 6 100 45 .85 

7 100 47.93 
8 25 2.09 6.86 49.00 

13-14 25 4.17 
250 

gibberosa 14'i' 'i' 10 6 10 2.94 
7 30 11.74 
8 70 18.24 10.49 74.93 
9 90 22.94 

10 30 5.29 
13- 14 90 38.83 

320 
14 0' il' 3 6 33 25.49 

7 33 25.49 
8 67 7.85 (9.10) 65.00 
9 100 27.45 

13- 14 67 28.42 
300 

pavani 18 11 6 45 23.00 
7 100 39.04 
8 27 5.35 7.74 55.29 
9 64 7.49 

10 9 0.54 
13-14 45 9.09 

290 
aldrichi 20 5 6 60 35.55 

7 100 34.44 6.87 49.07 
8 40 23.33 

200 
m.ulleri 17 15 5 47 8.00 

6 73 29.67 6.66 47.5 7 
7 100 38.01 
8 60 14.67 

280 
fulvalineata 17 'i' 'i' 5 6 80 40.00 

7 100 37.27 6.86 49.00 
8 100 25.46 

280 
17 il' il' 3 6 33 13.64 

7 67 28.79 (7.44) 53.14 
8 100 57.57 

200 
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hydei 20<;' 'i' 10 6 20 10.87 
7 100 58 .70 7.14 5 1.00 
8 70 23.48 

190 
2.0 i 3 9 52.18 

10 8.70 (11.28) 80.57 
14 47.83 

castanea 19 10 6 20 10.00 
7 50 25.91 
8 60 16.37 8.35 59.65 
9 80 38.6+ 

10 40 6.36 
13-14 30 5.00 

280 
inznzigrans 18 9 6 22 12.85 

7 78 19.10 
8 89 29.51 7.96 56.86 
9 89 22.57 

10 78 7.64 
11 22 1.04 

378 
funebris 15 6 3 100 71.43 3.24 23.14 

4 100 22.22 
200 

innubila 14 5 4 80 31.11 
5 100 20.00 5.33 38.07 
6 100 32.22 
7 80 15.56 

360 
cardini 17 4 2 100 52.50 

3 75 42.50 2.47 17.64 
4 25 1.25 

200 

• Number of hosts examined. 

determine if the presence of a particular developmental stage was an exceptional 
one (like stage 6 in gibberosa and 513- 14 in paramelanica ) and, second, to 
demonstrate whether the observed synchronization of normal oogenesis in some 
species (Kambysellis, 1968b, Table 3) was retained in the host environment. The 
total percentages (boldface numbers in column 5) indicate that no such synchro
nization was observed. Furthermore, the degree of asychronization in the develop
ment of the donor ovaries for all the species used was higher in comparison with 
the development during normal oogenesis. This indicates that presumably the 
competition for precursors of yolk formation is greater in the host environment 
that in the normal one. Column 6 shows the percentage of the total most posterior 
egg chamber in each particular M.D.S. The total number of the M.P.C. has been 
estimated by multiplying the average number of ovarioles in normal ovaries 
(Kambysellis, 1968b, Table 2, column 3) by the number of ovaries examined 
(Table 3, column 3). The normal number of ovarioles was used because no 
significant differences were found in the transplanted ovaries. A few exceptions, 
probably due to the damage of the imaginal disc during operation, were excluded 
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from the analysis. Column 7 shows the mean maximum developmental stage of 
oogenesis (µ M.D.S.) for each donor. Finally, the last colmnn in the table gives 
an index (I0 ) which we call the "Index of oogenesis," (Kambysellis, 1968a) to 
indicate the degree of development of the donor gonads in the hosts. This index 

JJ.1 1was computed from the formula Io = -- X 00 
JL2 

where µ. 1 represents the mean maximum developmental stage (µ M.D.S.) at the 
time of dissection (Table 3, colmnn 8) and µ. 2 the expected maximum develop
mental stage if we suppose that the donor gonadal imaginal discs were capable of 
proceeding at a normal rate of metamorphosis and growth. 

In our case, µ 2 had a constant value of 14 (maximum development) because the 
age of the transplants at the time of dissection was at least twice the value of 
growth period of normal oogenesis. Therefore, it seems safe to assume that in that 
age each donor ovary should have reached the maximum possible developmental 
stage, even with the delay of growth of donor ovaries observed in interspecific 

transplantations (Kambysellis, unpublished data). The quotient_!!:::___ was multi
P-2 

plied by 100 in order to have values from 0-100. Therefore, the greater the values 
of I0 , the higher the developmental stage which will be reached by the donor 
ovary. Thus, a value of I0 = 100.00 means normal development and growth of the 
donor ovary in the host, while a value of Io = 0.00 represents an absolute failure 
of development. 

The results of Table 3 are also given in a diagrammatic form in Figure 2. In 
that diagram, the growth curve of normal oogenesis of the host species ( virilis) 
is given as a reference point for the developmental relationship between host and 
donor. Theµ. M.D.S. of each donor (Table 3, colmnn 7) was plotted on the axis of 
developmental stage (vertical axis) and the corresponding point on the growth 
curve of virilis was found (solid circles) . The range of M.D.S. (Table 3, column 4) 
for each donor is indicated with a vertical bar. The blank circles on the curve 
indicate the µ M.D.S. for virilis at a given age (horizontal axis) and the inter
rupted bar indicates the range of M.D.S. for virilis. 

It is clear that the species appearing in the upper right-hand level of the graph 
will be the ones with the ability to reach higher developmental stages of oogenesis 
in virilis, while the ones in the lower left-hand will be the ones which developed 
slightly if at all. Thus, montana, the gonads of which show a normal development 
and growth if they were used as donors for the host virilis (Figure 3.1), has an 
I0 = 100.00 and occupies a position at the extreme righthand corner of the curve 
(Figure 2). It is shown that this species has a maximum JL M .D.S. of S14. The rest 
of the donors, ha"ing a smaller Io and µ. M .D.S. , are placed on the curve in the 
following order: gibberosa, having aµ. M .D.S. of 10.49 and a mode of S14 for the 
ovaries and the M .P.C. (Table 3, columns 5 and 6), is next to montana; it is 
followed by castanea with a JL M .D.S. of 8.35 and a mode of S9 for ovaries and 
M.P.C.; immigrans, withµ. M .D.S. of 7.96 and modes S8-9; pavani, withp. M.D.S. 
of 7.74 and modes S7 and S9 for ovaries and S6 and S7 for M.P.C.; hydei (Figure 
3.2), fulvalineata, aldrichi, paramelanica (Figure 3.3) and mulleri (Figure 3.4) 
withµ. M.D.S. 7.14-6.66 and modes S6-7, are placed close together; innubila, with 
µ. M.D.S. 5.33 and mode S6 is the last species placed on the growth curve of the 
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FIGURE 2. A diagrammatic presentation of the developmental condition of the most posterior 
egg chamber of the donor ovaries, with respect to the growth curve of normal oogenesis of the 
host D. virilis. Solid circles represent the mean maximum developmental stage for each species. 
The vertical solid bars represent the ranges of maximum developmental stages. The blank 
circles represent the mean maximum developmental stage of D. virilis for each day and the 
interrupted bars show their developmental ranges. 

host. The remainder of the species belong to two categories: funebris , cardini, and 
robusta (Figure 3.5-3.7) withµ. M.D.S. 3.24-2.28 and modes S2-3, are placed 
slightly below the growth curve; and pseudoobscura, busckii, and victoria, with 
.µ, M.D.S. of 0.00 were placed in the lower corner of the graph. The values for 
µ, M.D.S. of 0.00 for the last three species mean that no donor ovaries were found 
at the time of dissection. This means either that the donor ovaries did not develop 
at all or that they did develop to some degree, but they were not found among the 
exceptionally large masses of fat bodies. This last observation, i.e., large quantities 
of fat bodies, is a common phenomenon in all the hosts into which the donor 
ovaries did not reach maturity, and is in agreement with previous reports (Doane, 
1961a, 1961b, 1962) in studies of the female sterile (2 ) adipose mutant in 
melanogaster. 

It can also be seen from Table 3 that with four of the donor species, male host 
larvae of virilis were used instead of the usual female. The r esults reveal that three 
of them, gibberosa (Figure 4.1 ), fulvalineata and mulleri (Figure 4.2-4.3) show 
almost identical developmental conditions of the donor ovaries as was seen in the 
case of female hosts. The fourth species, hydei (Figure 4.4-4.5) , surprisingly 
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FIGURE 3 
Representative examples of donor ovaries transplanted into D. virilis hosts. 
Figure 3.1. Donor D. montana ovary (d) showing normal connection with the oviduct and 

host ovaries (h) . Notice all ovaries are of about the same size and in the same develop
mental condition. 

Figure 3.2. Donor D. hydei ovary (d) showing attachment to one of the host ovaries (h). Notice 
the small size of the donor ovary and the absence of mature egg chambers. The organiza
tion of the donor ovary is normal and ovarioles are present (arrow). 

Figure 3.3. Donor D. paramelanica ovary (d) connected with the oviduct, and replacing one 
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shows a complete maturation of the transplanted ovary in a male environment. 
The sample size of male hydei is too small to draw any final conclusions. However, 
the negative results of a sample of 10 transplantations into female hosts (negative 
with regard to maturation) and the agreement with Vogt's finding (1942) make 
us consider this finding as a significant event. Further studies with the species 
hydei for a better understanding of the multiple peculiarities of that species are 
required. 

lnters-pecific transplantations with D. mulleri as a host: Developmental condi
tions of the most posterior egg chanmbers of donor ovaries. The results from 
transplantations in which mulleri was used as host are given in Table 4 and 
Figure 5. Although the sample size is very small, the results clearly indicate 
several significant points for comparison with the host, virilis. Thus, (a) 100% 
of the ovaries from the species used as donors show some degree of development in 
mulleri. (b) Ten out of the 17 combinations of ovarian transplantation reached 
stages of complete maturation, S14 (right half of Figure 5) . Seven of them, 
aldrichi (Figure 6.1-6.2), hydei (Figure 6.3-6.4), repleta, fulvalineata, pavani, 
paramelanica and busckii, have a /J. M.D.S. of S10-S14 and a mode of S14. The 
other three, gibberosa, robusta (Figure 6.5-6.6) and montana, have aµ. M.D.S. of 
SB-10 and mode S9-14. (c) Six of the remaining species, immigrans, virilis, 
guaramunu, pseudoobscura, innubila and funebris, have /J. M .D.S. S5-7 and mode 
S6 or S7. (d) Only one, cardini, hadµ, M.D.S. and mode below S6 (S3.79 and S3, 
respectively), taking a position below the host growth curve of oogenesis. ( e) The 
species, repleta, shows no indication of complete synchronization in oogenesis in 
the host environment. (f) hydei completely inhibits the oogenesis of this host 
species (Figure 6.3-6.4, and Kambysellis, 1968c) . 

Two of the donor species were transplanted into male mulleri hosts. The 
results, not shown in the table, were the same as that for female hosts, that is, in 
both species, hydei (Figure 4.6-4.7) and fulvalineata, the ovaries developed 
normally and reached maturation. The number of ovarioles per ovary was 22 and 
20, which was similar to the control. 

In the case of hydei, the donor ovary in the male host remains smaller than in 
the female host; this is due to the smaller number of mature eggs in it. 

Interactions between host and donor ovaries. The above presentation was based 
exclusively on the developmental condition of the most posterior chamber of the 

of the host ovaries (h). Note the large size of the free host ovary (h, upper right) due to 
the a_ccumulation of mature eggs. The connected host ovary (h, left) is significantly smaller. 
Donor ovary (d) is immature with normal organization. 

Figure 3.4. Immature donor D. mulleri ovary (d) showing normal connection with the oviduct. 
Notice the large number of tracheae on the donor ovary (arrow). Host ovaries (h) are 
normal in appearance. 

Figure 3.5. Free donor D. robusta ovary (d) . Notice the abnormal position of eggs in the 
oviduct (arrow) causing mechanical disturbances in the fecundity of the host ovaries (h). 

Figure 3.6. Donor D. robusta ovary ( d) normally connected to the oviduct. Notice the extremely 
small size and immature developmental stages of the donor ovary. 

Figure 3.7. Donor D. robusta ovary (d) connected with the oviduct and containing several 
D. virilis eggs (arrow), causing mechanical disturbances in the fecundity of the host 
ovaries (h). 
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FIGURE 5. A di'!lgrammatic presentation of the developmental condition of the most posterior 
egg chambers of the donor ovaries with respect to the growth curve of normal oogenesis of the 
host D. mulleri. The presentation is similar to the one in Figure 2. 

ovary which, in turn, determines the maximum developmental stage of the donor 
ovary. That information will provide the main body of data for phylogenetic 
analysis. 

In the following, the interactions between the host and donor ovaries will be 
emphasized. Different qualities of interactions were recognized as: (a) inter
actions between ovaries (host and donor) and lateral oviducts; (b ) interactions 
between donor ovary and host environment (hormonal and nutritional); and 
(c) interaction between host and donor ovarian factors (hormonal or nutritional) 

FIGURE 4 
Representative examples of donor ovaries transplanted into male hosts. 
Figure 4.1. Donor D. gibberosa ovary (o) transplanted into male D. virilis host. The right testis, 

indicated by an arrow, is completely underdeveloped. The left testis (t ) shows normal 
development. Donor ovary ( o) shows normal development and growth. 

Figure 4.2. Donor D. mulleri, host D. virilis. Note the inhibition of spermatogenesis of the 
right testis ( t) to which the immature donor ovary ( o) is attached. The left testis ( t) shows 
normal development. 

Figure 4.3. Same as in Figure 4.2 showing the attachment of the donor ovary (o) to the un· 
developed testis ( t ) . 

Figure 4.4--4.5. Donor D. hydei ovary transplanted into male D. virilis host. Note the complete 
development of the ovary (o) and the inhibition of spermatogenesis of the left testis (t ) to 
which the ovary is attached. The right testis ( t) shows normal development. 

Figure 4.6--4.7. Donor D. hydei ovary transplanted into male D. mulleri host. Note the com
plete development of the donor ovary (o) and the normal development of both testes (t) . 
The ovary is attached at the tip of the testis ( t ) as is illustrated in Figure 4.6. 
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TABLE 4 

Developmental conditions of the posterior egg chambers of donor ovaries 
transplanted into D. mulleri hosts 

the ~~;~~~J~1~e~~~~1~:bers 

Donor 
species 

Host age 
(days) 

No. of 
ovaries 

examined 

l\1aximum %of posterior 
developmenLal egg chambers 
stage (M.D.S.) with M.D.S. 

Mean maximum 
developmental 

stage (µ,,) 

Index of 
oogenesis 

(I,) 

busckii 16 2 4 31.12 10.79 77.07 
5 6.67 
6 4.45 

14 84.48 
pseudoobscura 17 6 83.34 6.17 44.07 

7 16.66 
virilis 19 2 6 64.70 6.38 45 .57 

7 35.29 
niontana 18 4 6 29.17 

7 12.50 
8 9.72 8.19 58.50 
9 25.00 

10 11.11 
14 6.95 

robusta 22 3 6 13.34 
7 21.35 9.08 64.86 
8 12.01 

14 20.01 
paramelanica 25 8 33.33 12.00 85.72 

14 66.67 
gibberosa 18 2 7 67.74 

8 23.53 9.28 66.29 
14 38.23 

pavani 19 4 7 7.36 
8 7.36 12.48 89.14 
9 11.77 

14 75.02 
aldrichi 25 7 13-14 100.00 14.00 100.00 
fulvalineata 18 3 7 37.88 

10 1.52 11.76 84.00 
13-14 81.81 

repleta 19 3 9 33 .34 13.28 94.86 
13-14 198.16 

hydei 22 8 13- 14 342.41 14.00 100.00 
immigrans 18 3 6 27.09 

7 44.81 7.07 50.50 
8 21.88 
9 6.25 

funebris 19 5 42.86 5.57 39.79 
6 57.14 

innubila 16 5 27.78 5.72 40.86 
6 72.22 

guaramunu 20 2 6 63.17 6.32 45.14 
7 28.95 

cardini 20 3 60.00 
4 15.00 3.79 27.07 
6 20.00 
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causing disturbances of fecundity of host flies. A brief account of these interactions 
follows: 

(a) Interaction between ovary and lateral oviduct. 
It is known that the ultimate location of an ovary transplanted into the female 

hosts in intraspecific transplantations is a random phenomenon and the ovaries 
can be found almost anywhere in the body of the host (Pantelouris, 1955; Boden
stein, 1950) . The same observations were found by Kinsey ( 1965 ) in interspecific 
transplantations between montana and texana, and by Vogt ( 1940, 1942, 1943) 
with funebris and melanogaster. In our studies a rather similar phenomenon was 
observed. In intraspecific as well as in interspecific transplantations, regardless of 
the host species, the position of the donor ovary was unpredictable. In some 
instances ,the donor ovary was found to be free in the host abdomen, usually near 
to the two host ovaries which were normally connected to the oviducts (Figures 
3.2, 3.5, 6.5, 7.1, 7.2). In other instances, one of the host ovaries had been replaced 
by the donor ovary (Figures 3.2, 6.6, 7.3, 7.5), while still in other cases both host 
ovaries were replaced by the donor which remained as the only ovary connected 
to the oviduct (Figure 6.7). Finally, in some cases, it was observed that all three 
ovaries were connected to the oviducts in a more or less normal way (Figures 3.1, 
3.4, 3.6, 3.7, 6.1, 6.2, 6.4, 7.4, 7.6) . 

The overall impression derived from observation of about 500 transplants was 
that all the ovaries, host and donors, have a tendency to become ultimately located 
in the same vicinity near the oviducts, regardless of their successful or unsuccess
ful connection with it. This could be explained as the result of a strong tissue 
adhesiveness, a phenomenon well known in embryological studies of vertebrates 
and invertebrates. Similar behavior of donor ovaries was observed in the case in 
which males were used as hosts. In all but one of the transplants of this type ( 18 
out of 19), the donor ovaries were found attached at the tip or at the side of the 
host testes (Figures 4.1-4.7). Similar attachments were found by Vogt (1940, 
1942). 

It seems probable, therefore, that the adhesiveness between the imaginal discs 
of gonads and the imaginal discs of genitalia observed in normal flies , males and 
females (Dobzhansky, 1930; Newby, 1942), and in transplants (Vogt, 1947; 
Pantelouris, 1956; Kinsey, 1965), is a general phenomenon and is not dependent 
on the sexual composition of the disc. 

The use of male host larvae revealed some additional interesting observations 
which seemed to open some new and interesting problems for investigation. Thus, 
it was observed that in virilis male hosts, the testis to which the donor ovary was 
attached remained underdeveloped, and showed a cessation of spermatogenesis. 
It appeared as if the ovaries of the species gibberosa, fulvalineata , mulleri and 
hydei, used as donors, inhibited the development of the virilis testis to which they 
were attached (Figures 4.1-4.5). The other testis was normal in appearance and 
contained mature sperm. In the unique case in which the ovary was free, both of 
the testes were normal in size and had developed mature sperm. 

On the other hand, when mulleri males were used as hosts with hydei and 
fulvalineata ovaries as donors, although the ovaries attached themselves to one 
of the testes (Figures 4.6-4.7) , the size and the developmental conditions of both 
of the mulleri testes were normal. It appears, therefore, that there is a different 
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FIGURE 6 
Representative examples of donor ovaries transplanted into D. mulleri as a host (.1-.6) and 
D. mulleri ovary transplanted into D. hydei host (.7). 
Figure 6.1. Donor D. aldrichi ovary (d) normally developed and attached to the oviduct. 
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kind of interaction between the donor ovaries (regardless of the species which 
were used) and the testes of virilis, as compared to the testes of mulleri. The 
nature of these differences is unknown. It should be interesting to investigate this 
phenomenon by using autoradiographic experiments (labeled precursors). 

(b) Interaction between donor ovary and host environment. 
Indications for specific reactions between ovaries in interspecific transplan

tations in Drosophila were first reported by Monod and Poulson (1937), who 
showed that melanogaster or simulans ovaries developed almost normally in 
ananassae hosts, although the development of ananassae ovaries in melanogaster 
or simulans hosts was inhibited and the ovaries remained "rudimentary." This 
inhibition was assumed to be dependent on the genie constitution of the ovary 
itself. Related findings were reported by Vogt (1940, 1942, 1943) in transplanta
tions between melanogaster and funebris . She found that the transplanted ovaries 
remained immature and their follicles showed some degree of degeneration dur
ing the stages of yolk formation. Although these reports indicated the existence of 
some type of interaction between the donor ovary and host environments, no such 
interactions were reported by Ephrussi and Beadle ( 1935b) in the transplan
tations between simulans and melanogaster, or in the more recent studies with 
intraspecific transplantations between montana and texana (Kinsey, 1965), even 
though histological examinations of the transplanted ovaries were performed 
(Kinsey, 1965). 

The disagreement between these findings indicated that a detailed histological 
analysis of the transplanted ovaries was needed. The results are presented in 
Tables 5-6 and in Figures 8-9. Several kinds of abnormalities, mainly in the 
transplanted ovaries, were found. These could be classified according to their 
morphological appearance as either changes in the number of nurse cells or as 
degeneration of the nuclei of the follicles. 

(1) Changes in the number of nurse cells. It will be recalled from the descrip
tion of normal oogenesis in Drosophila that each egg chamber contains one oocyte 
and 15 nurse cells. The number of nurse cells is a constant characteristic and is 
in agreement with the present observations of normal oogenesis where about 5000 
ovaries were histologically examined (Kambysellis, 1968b). However, in the 
examination of transplanted ovaries, several cases were found (18 out of 150) in 
which the number of nurse cells was higher than the normal 15. Abnormalities 
were observed only in a few combinations of transplants and mainly in the cases 
when funebris , pavani and robusta were used as donors with virilis being the host. 

Figure 6.2. Same as above, showing an abnormal connection of host ovaries (h) and the ab
normal position of eggs in the oviduct (arrow). 

Figure 6.3. Donor D. hydei ovary (d) connected to the oviduct. Note the size of the inhibited 
h'.lst ovaries (h). . 

Figure 6.4. Same as in Figure 6.3, showing donor eggs in the host ovaries (h). 
Figure 6.5. Donor D. robusta ovary (d) free and well developed. 
Figure 6.6. D:>nor D. robusta ovary (d), which has replaced both host ovaries, one of which is 

shown here (h). Only a few egg chambers are present in the donor ovary (d) and this 
is probably due to the damage of the imaginal gonads at the time of transplantation. 

Figure 6.7. Immature donor D. mulleri ovary (d) transplanted into D. hydei host. Notice that 
the donor ovary has replaced both host ovaries (h). 
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A classical case of egg chambers with multiple nurse cells (2 X 15 or 3 X 15) is 
shown in Figure 8.1. Another type of change in the number of nurse cells is 
demonstrated in Figure 8.2-8.3, where twin egg chambers from gibberosa ovaries 
transplanted into virilis host are presented. These are rare phenomena and only 
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sporadically have been recorded in the literature. Similar cases in which genes 
are implicated in causing supernumerary cell divisions are known in plants, for 
example, maize (Beadle, 1931, 1932), Datura (Richardson, 1935), Crepis (Li, et 
al., 1945), barley (Smith, 1942); in invertebrates, such as D. hydei (Staiger and 
Gloor, 1952), D. melanogaster (Counce, 1956; Gill, 1963), in interspecific hybrids 
of D. pseudoobscura (Dobzhansky, 1934); and in intergeneric hybrids of Cairina 
moschata and Anas platyrhynca platyrhynca (Crew and Koller, 1936) . These 
cases, especially the last two cited (being interspecific), seem to support our 
beliefs that the observed abnormalities are something more than accidental obser
vations. It is probably a genie unbalance which causes such multiple cell division. 

(2) Degeneration of the nuclei of the nurse cells. In almost all the combinations 
of intraspecific transplantations, a high percentage of egg chambers show nurse 
cells with degenerated nuclei. The appearance of the degenerated chambers is 
similar to the ones with ovaries of melanogaster homozygous for the mutant, 
female sterile 2.1, fused, singed 36a, rasberry 4, rotund, tiny, apterous 4, dimuni
tive, which are involved in the controls of cytological processes leading to multi
plication, differentiation and functioning of the chromosomes of the nurse cells 
of egg chambers. These mutants have been extensively studied by King and his 
co-workers (King and Burnett, 1959, King, Koch and Cassens, 1961; King and 
Smith, 1963; Smith and King, 1963) . 

The degree and percentage of degeneracy varied among the different combina
tions of transplanted species. Some showed only a few slightly degenerate nuclei 
in some of the egg chambers of the donor ovary. Others showed complete de
generation of all the 15 nuclei in most of the egg chambers of the donor ovary, 
and several chambers of the host ovaries. A clear demonstration of the factors 
causing this degeneration could not be made from our studies. However, a number 
of factors are indicated. The genetic relationship of host and donor species seems 
to affect somewhat the degree of degeneration as we shall discuss later. Also, the 
age of the host at the time of dissection appears to be important in determining 
the degree of degeneracy; the older the flies are, the greater is the probability of 
having degenerated chambers. This was especially noticeable in the instance when 
the host fly remained pale in color and weak in activities throughout its life. All 

FIGURE 7 
Representative examples of donor ovaries from the reciprocal transplantations. 
Figure 7.1-7.2. Donor D. mulleri (d), host D. hydei (h) . Notice in both cases that the donor 

ovary contains only one mature egg chamber in each ovariole. The other egg chambers are 
very immature. This is a special case of D. hydei ovary inhibiting development of D. mulleri 
ovaries (for details see text). 

Figure 7.3. Donor D. virilis, host D. hydei. The donor ovary (d) has replaced one of the host 
ovaries (h) . Notice the immature developmental stages of the donor ovary (d). A few donor 
egg chambers are loose (arrow) due to damage of the ovary. 

Figure 7.4. Similar to Figure 7.3 showing all the ovaries connected to the oviduct. 
Figure 7.5. Donor D. aldrichi, host D. repleta. Notice the well developed, free donor ovary (d). 

The small size of the host ovaries (h) is due to the old age of the adult fly. 
Figure 7.6. Donor D. aldrichi, host D. hydei. This is a well developed donor ovary (d), with a 

normal connection to the oviducts, and to the host ovaries (h). The position of host eggs 
in the oviduct (arrow) is abnormal. 
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FIGURE 8 
Representative examples of abnormal egg chambers. 

Figure 8.1. Egg chambers of D. pavani ovary, showing multiple nurse cells (arrow). Notice 
some degenerated egg chambers, one of which is indicated by the letter x. 

Figure 8.2--8.3 Twin egg chambers (arrows) from D. gibberosa ovaries, transplanted into D. 
virilis host. Notice a degenerated egg chamber (x) in Figure 8.3. 

Figure 8.4. Ovariole of D. montana ovary transplanted into D. virilis host. Notice one of the 
egg chambers (arrow) shows reversed polarity. 
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these flies had, as a rule, immature ovaries (below S9) and all the egg chambers 
were degenerated. 

The ability of the donor ovary to establish a connection with the oviduct is also 
a factor significantly influencing the percentage of degeneration. The ovaries 
which failed to connect were the ones with the most degenerated chambers. 
Finally, the development stage of the egg chambers is probably a factor involved 
in the process of degeneration. About 95 % of the degenerated chambers belonged 
to developmental stages 6-10, and approximately 98% of these were the most 
posterior chamber. Exceptions were the cases in which the last chamber was 
occupied by mature eggs (S14) and then the one immediately before S14 was 
degenerated. This was particularly common in the host ovaries (see Tables 5-6) . 

TABLE 5 

Distribution of degeneration and special interactions of eggs chambers of 
transplanted and host D. virilis ovaries 

Species 
Host age 
(days) 

Chambers 
examined 

Degenerated egg chambers 
for developmental stages 

8-10 4--<5 

Total 
degenerated chambers 

Observed % 

victoria 0 0.00 
virilis 20 1,700 0 0.00 
busckii 0 0.00 
virilis 14 1,64-0 1 0.30 
pseudoobscura 0 0.00 
virilis 14 1,700 19 19 5.59 
montana 900 0 0.00 
virilis 15 1,700 3 3 0.88 
robusta• 300 255 85.00 
virilis 19 680 27 2 30 22.06 
paramelanica 14-1< 1 19 21 8 49 83.00 
virilis 19 680 42 47 15 104 15 .30 
gibberosaf 680 11 10 13 35 20.59 
virilis 14 1,700 18 18 529 
pavani 748 10 Z5 38 27 100 53.48 
virilis 18 1,870 10 4 24 6.42 
aldrichi 360 2 14 8 24 26.67 
virilis 20 850 18 18 10.59 
mulleri 1,200 10 34 48 32 1Z4 41.34 
virilis 18 2.550 71 71 13.92 
hydei 920 45 36 82 35.65 
virilis 20 1.700 30 30 8.83 
castanea 880 15 1Z 6 33 15.00 
virilis 19 1.700 29 29 8.53 
immigrans 1,440 27 29 7Z 1Z8 44.44 
virilis 18 1,530 26 26 8.50 
funebris* 504 4t 4 3.17 
virilis 15 1,020 2 2 0.98 
innubila 360 1 0.11 
virilis 14 850 9 9 5.29 
cardini 320 0 0.00 
virilis 17 680 28 ZS 20.59 

• Some egg chambers show multiple ntunber of nurse cells. 
t Some egg chambers appear as twin chambers . 
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Representative cases of degenerated egg chambers are shown in Figure 9 and 
the analytical results are given in Table 5 for virilis as a host and in Table 6 for 
mulleri as a host. The host and donor species are analyzed together for easier 
comparison. Column 2 gives the total number of chambers examined for de
generation. In colwnns 3 to 6, the developmental chambers is indicated. The 
developmental stages are grouped together when it was impossible to distinguish 
them after degeneration. Column 7 shows the total number of degenerated cham

', 

.o .a 

.() .0 
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TABLE 6 

Distribution of degeneration and special interactions of egg chambers of 
transplanted and host D. mulleri ovaries 

Species 
Host age 
(days) 

Chambers 
examined 

Degenerated egg chambers 
for deYelopmental stages 

8-10 4-5 

Toti! 
degenerated chambers 

Observed % 

busckii 176 2 19 19 14 93.19 
mulleri 16 +oo 5 5 6.25 
pseudoobscura 72 2 3 16.67 
mulleri 17 200 0 0.00 
virilis 136 12 36 48 1+1.22 
mulleri 19 +oo 3+ 8 42 52.25 
montana 228 12 7 12 31 43.06 
mulleri 00 12 12 7.50 
rob us ta 300 12 13 30 10 65 86.71 
mulleri 22 600 38 20 76 55.7+ 
paramelanica +8 2 2 5 41.67 
mulleri 25 200 0 0.00 
gibberosa 136 15 10 5 30 88.26 
mulleri 18 400 17 3 8 29 36.25 
pavani 272 4 6 3 13 19.12 
mulleri 19 00 15 15 9.39 
aldrichi 5o+ 0 0.00 
mulleri 25 1.+oO 0.36 
fulvalineata 264 2 2 3.03 
mulleri 18 600 6 6 4.40 
repleta 216 22 2 3 28 51.86 
mulleri 19 600 24 2 26 19.07 
hydei 736 +o 72 28 42 182 98.92 
mulleri 22 1.600 3 8 11 7 29 9.06 
i1nmigrans 384 4 35 9 48 50.02 
mulleri 18 600 11 11 8.07 
funebris 84 3 3 14.29 
mulleri 19 200 0 0.00 
innubila 72 2 2 11.11 
mulleri 16 200 0 0.00 
guaranzunu 152 2 7 9 23.69 
mulleri 20 400 15 15 18.75 
cardini 0 5 5 25.00 
mulleri 20 200 3 3 7.50 

FIGURE 9 
Representative examples of degenerated follicles. 

Figure 9.1. This is a donor D. pavani ovary transplanted into D. virilis host. Notice that most 
of the posterior egg chambers are degenerated (arrows). Very few of the other chambers 
were abnormal. 

Figure 9.2. Egg chambers of D. gibberosa ovary which was transplanted into D. virilis host. 
Arrows indicate degenerated egg chambers. 

Figure 9.3. Egg chambers of D. immigrans ovary transplanted into D. virilis host. Notice 
several egg chambers at S7 or lower show degenerated nuclei of the nurse cells (arrows). 

Figure 9.4-9.5. Egg chambers of host D. hydei ovaries into which D. mulleri ovaries were 
transplanted. Notice the high degree of degeneration of the nurse cells (x) and of the 
follicle cells (arrows). This is a special case of inhibition of oogenesis. For details, see text. 
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hers and column 8 the percentage of the most posterior chamber with some 
degree of degeneracy. This value is slightly biased because we calculated them 
assuming that all the observed degenerated chambers (column 7) were the most 
posterior ones. In reality about 2% belong to other chambers. 

It can be seen from Tables 5 and 6 that the degree of degeneracy varies between 
the combinations of transplantations and that a high degree of degeneracy of the 
donor is accompanied by a high degree of degeneracy of the host ovaries. Thus, 
victoria, busckii and pseudoobscura, whose ovaries did not develop in the virilis 
host, show very little, if any, affect on the degree of degeneracy of the host ovaries. 
On the other hand, transplanted ovaries of robusta, paramelanica and mulleri 
show a high degree of degeneracy and are accompanied by a high degree of 
degeneration of host ovaries ( virilis). In comparison, closely related species which 
are able to produce hybrids (montana-> virilis, aldrichi-> mulleri) show no de
generation. This is in agreement with the observations of Kinsey (1965) and 
Ephrussi and Beadle ( 1935b). From these observations it appears as if the donor 
ovary interacts with the host environment resulting in its degeneration, and at the 
same time it causes the degeneration of the host ovary. This information could be 
of hormonal nature, and/ or most probably due to a food deficiency. The genetic 
relationship between host and donor species probably plays an important role in 
the percentage of degeneration. The exceptional cases of robusta and paramelanica 
which showed an extremely high degree of degeneracy when they were trans
planted in the closely related species, virilis (see Figure 10), are probably excep
tions to the general rule. 

(c) Disturbances of fecundity of hosts due to the transplantations. 
It has been demonstrated that transplantation of paragonia in D. melanogaster 

induces virgin female flies to lay eggs, although virgin females usually do not 
(Garcia-Bellido, 1964). It has also been shown that ovarian development in the 
milkweed bug (Oncopeltus fasciatus) occurs more rapidly in the presence of 
males, partially due to some factors in the body fluids of the male, as blood 
transfer experiments indicated (Abbott, 1967). These findings indicated the 
necessity of determining the possible influence of the transplanted donor ovary on 
the fecundity of the hosts. The same techniques which were used to establish the 
patterns of egg productivity (Kambysellis, 1968d) were employed here with the 
difference that the analysis was based not on a 12-hour egg production but on a 
24-hour interval so that the variable environmental factors, and especially tl1e 
exposure to illumination, which strongly influence the pattern of fecundity will 
be eliminated. Only ovaries establishing functional connections with the oviduct, 
were included in the analysis and were recorded as " functional ovaries." In 
reality, some flies with "functional ovaries" did not lay any eggs at all, although 
their ovaries were mature and their ovarioles contained a series of 2 to 3 egg 
chambers in 514. The inability of these females to lay their mature eggs was 
sometimes the result of mechanical difficulties. Thus occasionally, an egg was 
lodged in the wrong direction in the oviduct and prevented any more eggs being 
laid (Figures 3.5-3.6, 6.2--6.3). In other cases, when the donor ovary established 
a connection with the oviducts, some eggs of host origin appeared to be inserted 
into the donor ovary and once again normal oviposition was interrupted (Figures 
3.7, 4.4). Mechanical difficulties of oviposition, however, represents only a small 
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fraction (about 4-5%) of the total sample, and they cannot be considered as the 
main factors causing the disturbances of fecundity which are demonstrated in 
Tables 7 and 8, where the results are summarized. The first column in each of the 
tables shows the donor species; the second, the number of operated flies contain
ing donor ovaries; and the third shows the number of "functional host ovaries." 
Columns 4-8 show the mean number of eggs per ovary for five successive days. 
The results of observations from 10 to 14-day-old flies were used to prepare the 
table for simplicity since they represent the over-all picture. The deviations of the 
mean number of eggs layed by the operated flies (column 9) versus the mean 
number of eggs layed by unoperated flies (last line in the table) are given in 
column 10 and their x2 are indicated in the last column. 

It can be seen that in some combinations the value of x2 demonstrates a highly 
significant probability of reduction in egg productivity-for example, trans
plantations of robusta, gibberosa, hydei, cardini, immigrans and montana ovaries 
in virilis hosts. Similar probabilities were found when hydei, busckii, pseudo
obscura, cardini, fulvalineata, paramelanica and robusta ovaries were trans
planted in mulleri hosts. The other combinations as well as the controls (punc
tured larvae and larvae treated with Ringer solution for a period of 10 hrs.) show 
less significant disturbances. These observations become even more meaningful 
if we note that the species which show highly significant x2 values are the ones 
which also have a high degree of degeneration of the nuclei of the nurse cells. 

TABLE 7 

Direct and indirect effects of transplana tions on fecundity of host D. virilis 

No. No. 
of trans- of func-

Donor 
plantations 
with donor 

tional 
host 

l\Iean number of cgg/funct. ovary/day 
Touil 

species ovaries ovaries 10 II 12 13 M nlean x' 

victoria 8 14 19.64 17.57 20.36 21.36 24.93 20.78 + 2.32 0.29 
busckii 7 14 12.00 15.29 21.29 13.50 15.43 15.50 - 2.96 0.47 
pseudoobscura 10 18 11.83 10.67 12.45 rn.06 16.22 12.64 - 5.82 1.83 
monlana 5 10 11.00 9.75 11 .75 6.50 1300 10.40 - 8.06 3.52 
robus ta 4 8 6.75 6.1 3 6.88 9.00 6.63 7.08 - 11.38 7.02 
paramelanica 5 8 11.25 13.62 14.63 11.13 9.50 12.03 - 6.43 2.24 
gibberosa 10 20 6.7 5.15 7.30 9.10 11.20 7.89 - 10.57 6.05 
pavani 11 10 12.80 14.80 13.60 15.10 15.80 14.42 - 4.04 0.88 
aldrichi 9 7 15.72 15.00 15.86 14.72 15.1 5 15.28 - 3.18 0.55 
mulleri 13 19 16.63 13.84 17.68 14.99 15.47 15.73 - 2.73 0.40 
fulvalineata 8 15 9.33 11.73 8.87 13.47 14.53 11.59 - 6.87 2.56 
hydei 7 11 10.73 10.18 11.55 8.09 7.91 9.69 - 8.77 4.17 
castanea 13 18 11.83 11.06 10.67 12.06 11.33 11.39 - 7.07 2.71 
immigrans 8 12 14.25 9.33 8.33 11.67 10.25 10.77 - 7.69 3.20 
funebris 6 11 24.73 17.18 18.91 13.64 12.45 17.38 - 1.08 0.06 
innubila 5 9 7.78 11.89 17.66 11.99 13.99 12.67 - 5.79 1.82 
cardini 5 9 12.22 9.55 7.99 9.44 10.22 9.89 - 8.57 3.98 
punctured 20 16.70 14.65 16.30 14.20 16.10 15.59 - 2.87 0.45 
Ringer 20 14.7 14.40 16.70 15.15 18.30 15.85 - 2.61 0.37 
unoperated 

virilis 60 18.95 20.94 20.21 20.91 19.71 18.46 
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TABLE 8 

Direct and indirect effects of transplantation on fecundity of host D. mulleri 

species 

No. of 
functional :;\lean munber of eggs/ovary/day 

~o. of trans- host Total 
plantations OYaries 10 11 12 13 14 n1ean d x' 

busckii 2 4 1.75 0.00 0.25 2.25 0.00 0.85 ---""3.88 8.11 
pseudoobscura 3 6 3.33 1.67 0.00 0.00 0.67 1.13 -8.60 7.60 
virilis 2 3 20.66 0.00 17.99 0.67 0.00 4.80 -4.93 2.50 
monta.na 2 + 16.75 1.75 16.00 8.50 4.25 9.45 -0.28 0.008 
robust a 3 6 5.00 2.00 4.83 1.50 2.00 3.07 -6.66 4.56 
paramelanica 3 4 2.00 4.25 0.75 2.50 5.00 2.95 -6.78 4.73 
pavani 5 2.88 6.50 0.25 7.50 0.88 3.60 -6.13 3.86 
aldrichi 7 11 3.27 4.36 2.82 1.55 5.66 3.53 -6.20 3.96 
fulvali neata 6 3 3.00 2.33 0.33 2.00 1.00 1.73 -8.00 6.57 
repleta 4 6 5.00 4.50 4.67 5.50 1.83 4.30 -5.43 3.03 
hydei 10 12 0.99 0.00 0.00 0.00 0.00 0.19 -9.54 9.37 
inzn1igrans 4 8 3.25 9.36 6.13 2.00 4.36 5.03 - 4.70 2.27 
funebris 1 2 15.00 8.00 7.00 25.5 4.0 12.00 +2.37 5.76 
innubila 2 4 6.25 0.00 0.00 0.00 16.00 4.45 -5.28 2.86 
guaranzunu 3 6 5.17 3.67 1.16 2.83 6.17 3.79 -5.94 3.63 
cardini 4 0.50 0.00 0.00 0.50 0.00 0.20 -9.53 9.36 
unoperated 

mulleri 33 66 10.84 10.82 6.34 10.73 9.90 9.73 0.00 0.00 

Thus, it seems that the observed differences are rather the direct result of the 
interaction between host and donor ovaries than of indirect effects of some sort 
(mechanical, sterile male, food deficiency, etc.). 

Hybridization resulting from interspecific transplantations. Only the develop
mental conditions of the most posterior egg chambers of the donor ovaries at the 
time of dissection of the host flies have been discussed so far. Their ability to 
produce mature eggs in the host environment has been commented upon. How
ever, the ability of the host species to lay two kinds of eggs (host and donor), the 
possibility of fertilization of the donor eggs by the host sperm, and the degree of 
hybrid zygote development also deserve comment. This information is presented 
here and is summarized in Table 9. 

In the first two columns of Table 9, all host-donor combinations in which the 
host species laid both kinds of eggs are shown. In the third column the degree of 
egg or larval development, if any, is given. As can be seen, the host species virilis 
in the combination montana into virilis gave both types of eggs and both types 
were fertilized by virilis sperms and developed to the adult F1 stage. The same 
hybrid combination between montana and virilis has also been obtained by 
standard laboratory hybridization tests (Patterson and Stone, 1952). 

The combination, gibberosa into virilis, representing different species groups, 
also gave two kinds of eggs. The donor eggs were fertilized by the host sperm and 
developed into first instar larvae before they died. In the combinations pavani 
into virilis and castanea into virilis, although the two kinds of eggs were laid by 
the host females, the donor eggs did not hatch and appeared to be infertile 
(sterile) . 
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TABLE 9 

Combinations of interspecific transplantations the host of which laid two 
kinds of eggs (donor + host) 

Degree of egg and larval 
Host species Donor species development of donor egg 

virilis montana Sterile F , hybrids produced. 
virilis gibberosa First instar larva developed. 
virilis pavani No egg hatched (no fertilization? ) 
virilis caslanea No egg hatched (no fertilization?) 
mulleri aldrichi Sterile F 1 hybrids produced. 
mulleri fulvalineata Second instar larva produced. 
mulleri rep/eta Second instar larva produced. 
mulleri hydei" First instar larva deYeloped. 
mulleri pavani Embryo died in prelarva stages. 
mulleri paramelanica Embryo died in prelarva stages. 
mulleri rob us ta No egg hatched (no fertilization? ) 
mulleri gibberosa No egg hatched (no fertilization? ) 

• Only donor eggs were laid. 

With mulleri as a host, several combinations produced hybrids. D. aldrichi 
gave sterile hybrid F, adults with host mulleri. Standard hybridization tests with 
these two species give sterile hybrids when female mulleri is crossed with male 
aldrichi. When aldrichi is used as the female parent with mulleri as the male, 
no hybridization takes place, although sperm have been observed in the female 
reproductive tract (Crow, 1942). However, a similar hybridization test between 
these two species was carried out as a control for the transplantation experiments. 
Sterile hybrids, in a low frequency, were obtained in both hybrid combinations 
(unpublished data). The number of such hybrids obtained by transplantation, 
however, was much greater, illustrating one of the unusual advantages of the 
technique. 

When the donor was fulvalineata or repleta, the host mulleri laid two kinds of 
fertile eggs and the hybrid larvae developed to the second instar. With hydei 
donors, only donor eggs were laid and these developed into larvae. No host eggs 
were laid since the development of this host's ovaries is inhibited by hydei ovaries, 
as we mentioned previously. 

With pavani and paramelanica, fertile donor eggs were laid by the host and 
advanced stages of egg development were observed. With gibberosa and robusta 
donor ovaries, infertile donor eggs were laid. 

It should be emphasized that the results of hybridizations presented here do 
not demonstrate the real potentialities of the transplantation technique for obtain
ing hybrids. Greater success could undoubtedly be obtained if factors strongly 
influencing egg production, such as the presence of males, fluid extracts from 
paragonia (Garcia-Bellido, 1964) , male blood substances (Abbott, 1967) , donor 
ring glands (Vogt, 1940, 1942), were used to increase the success of the trans
plants. In the present study, it seemed more desirable to analyze the ability of 
donor ovaries to develop in the unmodified host environment so that the informa
tion could be used for phylogenetic analysis. If increased hybridization were the 
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only object of such studies, then it would seem desirable to modify the host 
environment by transplanting along with the donor ovary some donor ring glands 
and donor paragonia into the host. 

DrscussroN 

Phylogenetic analysis has been widely accepted as the process by which the 
genetic continuity between populations of different species can be detected and 
therefore their genetic history traced. Such an analysis usually is based on a 
variety of well recognized and defined characters. Thus, for the genus Drosophila, 
phylogenetic analysis has been based on external morphological characters 
(Sturtevant, 1942; Wheeler, 1949, 1952; Okada, 1955, 1958; Throckmorton, 
1962a), on biochemical characters (Throckmorton, 1962b), on cytological charac
ters (Patterson and Stone, 1952; Stone, 1962; Wasserman, 1960, 1962; and 
others). The difficulties and problems involved in such an analysis, when mor
phological characters were used for genetic information, have been extensively 
discussed by Dobzhansky (1959), Mayr (1959), Simpson (1961), Throckmorton 
(1962a) and others. A discussion or even a summary of these is beyond the pur
pose of these studies. They have been introduced only to point out the additional 
problems which are involved in a phylogenetic analysis based on interspecific 
transplantations. A brief discussion of these complications has been made else
where (Kambysellis, 1968a) and a more thorough presentation will follow. 

To have meaningful conclusions in our analysis, first of all the characters 
which were used have to be recognized and defined. Their theoretical potentiali
ties and implications have to be determined. The ability of the imaginal discs of 
female gonads to proceed through metamorphosis in a given host environment 
will be recognized as the phylogenetic character and the degree of the develop
ment will be used as the measurable quantity of the character. The developmental 
potentialities of the characters should be determined under a hypothetical situa
tion of interspecific ovarian transplantations, in which case one of the following 
results will be expected. 

If we suppose the hormones of one species can stimulate the ovaries of other 
species for a protein uptake (Wigglesworth, 1964) and if hemolymph protein 
from one species can be used by another species for yolk formation (Tefler, 1965), 
then we will expect all the donor ovaries to develop in all the hosts regardless of 
their genetic constitution. 

If, on the other hand, there are some qualitative or quantitative differences in 
hormonal stimulation and/or protein uptake and utilization between host and 
donor ovaries, then depending on the degree of differences we will expect various 
degrees of ovary development; furthermore, if there is an evolutionary basis to 
these differences we will expect the closer the species, the higher the degree of 
development should be. 

The actual results (Table 3 and 4) show that the degree of ovarian develop
ment, i.e., the "Index of oogenesis," varies from donor to donor, thus supporting 
the second hypothesis. The significance of these differences from a phylogenetic 
point of view will follow and indications for the possible causal factors will be 
made when it is appropriate. The phylogeny of the genus Drosophila as it is 
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given by Throckmorton (1962a) will be used as a reference point (Figure 10). 
The comparison for relationships between hosts and donors will be performed for 
each host independently, so that the sensitivity of the phylogenetic character of 
detecting differences in the genetic constitution of the donor species will be tested. 

The "Index of oogenesis," the validity and power of which as a phylogenetic 
character has been demonstrated (Kambysellis, 1968a) , will be used as the main 
character for comparisons. Additional information from the tables throughout the 
text will be used to justify agreements or disagreements with the reference. The 
overall results are summarized for our convenience in Table 10, in which the 
embryological (column 2--3), physiological (column 4) and genetical (column 
5-6) information extrapolated from the Tables 3-6 are presented. Column 6 is 

sp ecies 
K ond L 

coltopt ero 
/_/ grouo 

FrnuRE 10. The phylogeny of the genus Drosophila showing the relationships of other genera 
to the various phyletic lines within the genus. The species and species groups which were used 
m the present transplantation studies are indicated within the rectangles. (After Throckmorton, 
1962a.) 
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TABLE 10 

Summary of events from interspecific transplantations indicating genetical, embryological 
and physiological information for the interacting species 

Donor l\l.D.S. obserYed 

Development 
of gonads 

in to the host 
(.\ve.rage) 

Degi-ce of 
degeneracy 
(Percent) 

Genetical In.fo1mation 

Relationship Level of 
(I,) Isolation 

D. virilis (Host) 

victoria 0 unable 0.00 0.00 (1) 
(0.00) 

busckii 0 unable 0.00 0.00 (1) 
(0.30) 

pseudoobscura 0 unable 0.00 0.00 (1) 
(5.59) 

montana 14 complete 0.00 100.00 (7) 
(0.88) 

robusta 3 pupal dev. 85.00 16.2-7 (4) 
(2-2-.06) 

paramelanica 14 previ tello 83.00 49.00 (4) 
genesis (15 .30) 

gibberosa 14 complete 2-0.59 74.93 (6) 
(5 .2-9) 

pavani 14 exceed 53.48 55.2-9 (5) 
vi tellogenesis (6.42,) 

aldrichi 8 previ tello 2-6.67 49.00 (3) 
genesis (10.59) 

mulleri 8 previ tello 41.34 47.57 (3) 
genesis (13.92-) 

fulvalineata 8 previtello 49.00 (3) 
genesis 

hydei 8 previ tello 35.65 51.00 (3) 
genesis (8.83) 

castanea 14 exceed 15.00 59.65 (5) 
vitellogenesis (8 .53) 

immigrans 11 exceed 44.44 56.86 (3) 
vi.tellogenesis (8.50) 

funebris 4 pupal dev. 3.17 2-3.14 (2,) 
(0.98) 

innubila 7 previ tello 0.11 38.07 (3) 
genesis (5 .2-9) 

cardini 4 pupal dev. 0.00 17.64 (2,) 
(2-0.59) 

D. m11lleri (Host) 

busckii 14 complete 93 .19 77.07 (4) 
(6.2-5) 

pseudoobscura 7 previtello 16.67 44.07 (3) 
genesis (0.00) 

virilis 7 previtello 35.2-9 45.57 (3) 
genesis (52-.2-5) 

montana 14 exceed 43.06 58.50 (3) 
vitellogenesis (7.50) 

robusta 14 complete 86.71 64.86 (5) 
(55.74) 
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par(]J11elanica 14 complete 41.67 85.7Z (5) 
(000) 

gibberosa 14 complete 88.26 66.29 (5) 
(36.25) 

pavani 14 complete 19.12 89.14 (6) 
(9.38) 

aldrich i 14 complete 0.00 100.00 (7) 
(0.36) 

fulval ineata 14 complete 3.03 84.00 (6) 
(440) 

repleta H complete 51.86 94.86 (6) 
(19.07) 

hydei 14 complete 98.92 100.00 (6) 
(9.06) 

i1nn1igrans 9 exceed 50.02 50.50 (3) 
vitellogenesis (8 .07) 

funebris 6 pupal dev. 14.29 39.79 (3) 
(0.00) 

innubila 6 previtello 11.11 40.86 (3) 
genesis (0.00) 

guara1nunu 7 previ tello 23.69 45.14 (3) 
genesis (18.75) 

cardini 6 pupal elev. 25.00 27.07 (3) 
previtello (7.50) 

genesis 

introduced for the first time to indicate the level of genetic isolation between host 
and donor species. Seven levels of isolation have been recognized and their group
ings have been based on the model given by Patterson and Stone (1952) : 

(1) inability of imaginal discs to undergo metamorphosis; 
(2) inability of the follicle to undergo metamorphosis; 
(3) inability of yolk formation; 
(4) degeneration of the nuclei of the nurse cells; 
(5) gamete mortality ( Patterson and Stone, 1952); 
(6) zygote mortality (Patterson and Stone, 195 2); 
(7) zygote sterility (Patterson and Stone, 195 2) . 

Host virilis. Transplants between host virilis and donor montana, a species 
from the virilis species group of the subgenus Drosophila (Figure 10) , gave maxi
mum development (S14), complete development of gonads, 0.00% of degeneracy 
and an index of oogenesis (Io) of 100.00. Furthermore, as we have seen, this 
species gave us sterile hybrids with the host, which is in agreement with the 
results from standard hybridization tests (Patterson and Stone, 1952). All these 
findings indicated that these two species are indeed very closely related and 
zygote sterility is classified as their level of genetic isolation; paramelanica from 
the melanica group is closely related to virilis in morphological characters, and 
gave a M.D.S. of S14. However, as can be seen in Table 3, the S14 were extremely 
low in frequency ( 4.19%); the majority of egg chambers belonged to the stages of 
previtellogenesis. The degeneration of donor and host ovaries was very high 
(83.00% and 15.30%) and the index of oogenesis (Io) was low ( 40.00). The 
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unexpected high degree of degeneration of the nuclei of the nurse cells seems to 
be the stronger factor for genetic isolation. The reasons for such a degeneracy are 
not known and are not indicated by the present experiments. The possibility that 
this is due to the peculiarity of the strain used in the experiment should be 
seriously considered. 

D. robusta behaved like paramelanica but even to a stronger degree. The 
M .D.S. was S3 which corresponded to the late stages of pupal development in 
normal oogenesis (Kambysellis, 1968b, Table 2) . The degree of degeneration was 
the highest observed with virilis as a host (85.00% for the donor and 22.06% for 
the host). The I0 was only 16.27. Thus, the degeneracy seemed to be the stronger 
factor for genetic isolation; gibberosa, a member of a species group closely related 
to virilis (Fig. 10) had a M.D.S. of S14, a complete development of ovaries, a 
degree of degeneration of 20.59% for donor and 5.29% for host, and an Io of 74.93. 
In addition, hybrid zygotes with the host were obtained. Zygote (larval) mor
tality, therefore, will be considered as the level of genetic isolation; pavani and 
castanea, species closely related to each other (Fig. 10), showed a similar be
havior in the hosts. Both had M.D.S. of S14, an ovarian development which on the 
average exceeded vitellogenesis, corresponding to the 2--3 day of normal oogenesis 
(Kambysellis, 1968b, Table 2), relative similar I0's (55.27 and 59.65), and a 
genetic isolation at the level of gametic mortality. However, their relationship to 
virilis may be slightly different from that given by Throckmorton (1962a) and 
Wasserman (1960); these species could be placed in Figure 10 inunediately 
before hydei. 

For the repleta group, the results are in complete agreement with other studies 
(Throckmorton, 1962a; Wasserman, 1960, 1962) and the order of relationship 
to virilis is hydei, fulvalineata, aldrichi, and mulleri. All of them showed the 
M.D.S. of SS; on the average, the ovarian development did not exceed vitello
genesis, the degeneration was between 35-40%, and the indices of oogenesis were 
extremely similar to each other. Inability of yolk formation, was indicated as the 
level of genetic isolation. 

The representatives from the quinaria section show a relationship to the host, 
virilis, in the following order: immigrans, innubila, funebris and cardini. The 
first of these species showed ovaries with some degree of yolk formation (S11) 
and, in general, for all the characters behaved very much like hydei. The position 
of this species in Figure 10 seems to be in disagreement with the transplantation; 
it might be better to place it in a position near the funbris group. The innubila 
resembled the species of the repleta group with the exception of the degrees 
of degeneration which surprisingly was extremely low. The last two species 
showed a M.D.S. of S4 and the ovaries in general failed to exceed the pupal de
velopment of the normal oogenesis. The degeneracy was very low, due to the 
fact that degeneracy in general was detectable mainly in the stages during yolk 
formation, which were absent in these species. The genetic isolation seemed to 
be in the inability of follicles to undergo metamorphosis. 

Only three species from other subgenera were used: pseudoobscura from 
Sophophora, victoria from Scaptodrosophila and the only species from the sub
genus Dorsilopha, busckii. We were not able to find the ovaries of any of these 
three in virilis hosts as we have mentioned earlier. It seems, although it is not 
conclusive as yet, that the isolation is in the inability of imaginal discs to undergo 
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metamorphosis. Further studies with additional species of these subgenera are 
required. 

In general, from the above discussion, a good correlation exists between the 
degree of donor ovarian development in virilis as a host and their phylogenetic 
relations to it, as determined by other workers using other characters. 

Host mulleri. All the species from the subgenus Drosophila, virilis-repleta 
section, which were used as donors show indices of relationship (Io) which are in 
excellent agreement with the expected ones (Figure 10). Thus, aldrichi, a sibling 
species with the host, which as was indicated previously, produces sterile hybrids 
with the host in standard hybridization tests, gave similarly sterile hybrids 
through transplantations. The level of genetic isolation is therefore zygote 
sterility. Species repleta, fulvalineata and hydei, all from other subgroups of the 
repleta species group, gave hybrids which died during the larval stages of de
velopment. The level of genetic isolation is therefore zygote mortality. 

Species from related groups, pavani, paramelanica, gibberosa and robusta, gave 
fertile eggs for the first two and sterile ones for the last two. The exact develop
mental condition of the zygotes could not be determined without histochemical 
analysis. At any rate, it seems safe to include all these species in one category, 
that is, with genetic isolation at the level of gamete mortality. The virilis group 
gave lower developmental stages and inability of the egg chambers for yolk 
formation. However, montana gave a small percentage of S14 and on the average 
developed better in mulleri than virilis does. 

The degree of degeneracy in all species transplanted into mulleri seems to be 
higher than in the case of virilis as host. This could be partially due to the older 
age of the host flies at the time of dissection and partially due to the higher per
centage of developmental stages above S7. 

When species of the quinaria section were used as donors, immigrans again 
seems to be more closely related to the host, followed by guaramunu and by innu
bila which show inability for yolk formation and an oogenesis which corresponds 
to the first or second day of normal oogenesis (Kambysellis, 1968b) . Similarly, 
funebris and cardini show inability to exceed vitellogenesis and they exhibit an 
ovarian development which does not exceed the pupal stages of the normal 
oogenesis. 

Of other subgenera, only the species pseudoobscura and busckii were used as 
donors. The results were unexpected. In one of the cases, busckii gave a normal 
ovarian development with 100% degeneracy, although in the other one it gave a 
M .D.S. of S4 or S5. The sample is very small and no conclusion should be made. 
Species pseudoobscura showed an inability for yolk formation and a development 
of ovary corresponding to 0-1 days of normal development. This is in agreement 
with the general behavior of mulleri as host in which all the donors show some
what higher developmental stages than they did with virilis as host. 

The same statement as in the case of virili5 applies here, that the degree of 
o7arian development is a function of the genetic relationship between host and 
donor. However, the absolute value of development is shown to be higher with 
mulleri as a host. 

Results of the reciprocal transplantations were comparable to the ones discussed 
above and are not given in a separate table. 

An attempt to analyze the results of these studies on the basis of hormonal 
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and/ or food requirements is difficult and will not be conclusive, since no special 
attention was given to the glands and their secretions. However, a few remarks 
will be made to justify the use of the various genetic levels of isolation, and 
especially the ones used here for the first time (Table 10, column 6). 

Thus, the levels of genetic isolation ( 1) and (2), an inability of the follicles to 
undergo metamorphosis, was observed only in a few cases in which the egg cham
bers did not develop at all or they stopped developing during the maximum rate 
of endomitosis of the nurse cells (Painter and Reindorp, 1939). It seems reason
able then to assume that the cessation of development is probably due to the in
ability to replicate DNA. There are no indications for the involved mechanism 
and factors. 

Inability to form yolk (level 3) was observed in several cases. Two possible 
explanations could account for this phenomenon: (a) the hemolymph proteins, 
which are synthesized probably in fat bodies (Hill, 1962), after stimulation by 
the secretion of the medial group of neurosecretory cells in the brain (Thomsen, 
1952; Thomsen and M0ller, 1959, 1963; Hill, 1963; Gillett, 1957; Clement, 1956; 
Strong, 1965a, 1965b) , are not suitable food sources of yolk formation for all the 
species. (b) The uptake of the hemolymph proteins, which is probably controlled 
by the corpus allatum (Tefler, 1965) , is not the same for all the species, and is 
expressed as a qualitative difference in the amount of yolk formation. 

Level ( 4) is the phenomenon of degeneracy of nuclei of the nurse cells. This is 
probably a phenomenon independent of yolk formation, since occasionally egg 
chambers with normal yolk amount have been observed to have degenerated 
nuclei. It is therefore probably dependent on DNA formation. The mechanism is 
unknown. However, it is beyond any doubt that the phenomenon is the result of 
an interaction between host environment and donor ovaries. This is because not 
only the donor ovaries show a degree of degeneracy, but the host ovary does so 
also. This may be comparable to the antibody-antigen reaction observed in verte
brates. 

In the same line, it seems interesting to note that this is not the only observa
tion indicating some type of interactions between donor ovary and host tissues. 
The same interaction is indicated by the inhibition of spermatogenesis in male 
virilis hosts when the donor ovary becomes attached to it, by the inhibition of 
normal oogenesis of the host mulleri by the donor hydei, and by the observations 
that the pericardia! cells, which are comparable to the reticuloendothelial system 
of vertebrates (Wigglesworth, 1966), exhibit a significant increase in size after 
the operation. Their polytene chromosomes were also significantly larger in the 
operated flies (personal observations) . The increased size of pericardia} cells from 
operated animals was observed also by Doane (personal communication) . These 
last observations seem to support the idea that the ovaries themselves could be 
also involved in the cycle of oogenesis by secreting some kind of hormones 
(Doane, 1962). 

SUMMARY 

(1) Interspecific ovarian transplantations between twenty species of the genus 
Drosophila were performed to determine the ability of larval ovaries to develop 
in a foreign genetic environment. 
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(2) The degree of development of the donor gonads was estimated by a quanti
tative and qualitative study of oogenesis and especially of the most posterior egg 
chambers, and was numerically presented as an "Index of oogenesis." This index 
reflects the phylogenetic relationship of the host and donor species. An almost 
perfect agreement was found in the phylogenetic analysis based on these trans
plantation studies, and the ones based on morphological, cytological and bio
chemical characters. 

(3) Hybrid adults between virilis--> montana and mulleri--> aldrichi were 
obtained through transplantations. Hybrid zygotes (larvae) between species sub
groups of the repleta group ( repleta-> mulleri, fulvalineata--> mulleri and hydei 
--> mulleri) and between species groups (gibberosa--> virilis, pavani--> mulleri) 
were obtained for the first time, indicating the possibilities for new cytological 
studies. Gametic mortality between species groups (pavani--> mulleri, paramel
anica--> mulleri) was observed for the first time. 

(4) The interaction between host and donor ovaries was expressed in a variety 
of ways: (a) as a strong tendency of the host and donor gonads, male or female, 
to be localized in the same vicinity near the external genitalia; (b) as a change in 
the number of the nurse cells of the egg chambers, which sometimes appeared 
with 32 or 45 nurse cells in the host and donor ovaries; ( d) as an inhibition of the 
development of the host ovaries of mulleri by the donor hydei; (e) as an inhibi
tion of spermatogenesis of the host virilis males when the donor ovary was at
tached to the testis; and (f) as a disturbance of the fecundity of the host ovaries. 

(5) The hormonal and/ or food requirements were discussed as possible factors 
influencing the phylogenetic relationships observed in these studies. 
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VII. Sex-Linked and Autosomal Recessive Lethals Induced in 
Mature Sperm of Drosophila by Ethylenimine1 

YONG KYUN PAIK
2 

INTRODUCTION 

Mutagenic effectiveness of mustard gas was reported by Auerbach and Robson 
in 1946 and since that time a number of chemical compounds with varying 
degrees of mutagenic action have been described and the number is still growing. 
A differential mutagenic response of the germ cell stages of males was analyzed 
by Auerbach (1949) for mustard gas. Several representatives of the various 
alkylating compounds were tested later by Bird and Fahmy ( 1953). More recent 
chemical mutagenesis studies show that some chemicals are selective for post 
meiotic germ cells whereas others are effective in meiotic and premeiotic stages 
of spermatogenesis. It is interesting that there is considerable differential in muta
genicity dependent upon stages of spermatogenesis for the sulphonates and 
mesyloxyesters (Fahmy and Fahmy 1960, 1961). However, the most striking 
feature of chemical mutagenesis is the discovery that a considerable proportion of 
chemically induced mutations do not appear until a later generation after treat
ment (Auerbach, 1951, 1963; Carlson and Oster, 1962). This phenomenon is one 
of the most significant differences between the mutagenic action of radiation and 
chemicals. Chemicals also usually produce higher proportions of point mutations 
than chromosome abberrations. 

More recently, Alexander and Glanges (1965) called attention to the muta
genic action of ethylenimine, a monofunctional alkylating compound. According 
to their results, the pattern of delayed mutations induced by ethylenimine is quite 
different from that of other well-tested chemicals. The delayed mutations, appear
ing as mosaics in the second generation, were more frequent in mature sperm 
than in any other stage of development. About equal rates of translocation and 
sex-linked recessive lethals were observed in post meiotic cells after ethylenimine 
treatment. Mutability was restricted to post meiotic cells and high mutability was 
not observed in any of the dividing cells of meiosis or in premeiotic stages. 
Furthermore, they reported a high ratio of autosomal to sex-linked lethals, but 
these resulted, in part, from the presence of pre-existing lethals in the stock 
(Alexander, 1967). 

In view of the theoretical implications of these findings on the action of ethyl
enimine on mature sperm, further investigations on the mutagenic response of 
mature sperm to ethylenimine are presented in this communication. 

1 This investigation was supported by USPHS research grants (GM-11609-02) and CA 07265-03. 
2 Permanent address: Yonsei University, Seoul, Korea. 

Studies in Genetics, No. 4, 1968. 
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MATERIALS AND METHODS 

The males used as the test stock throughout the experiments were from the 
Oregon-R, Oak Ridge strain of Drosophila melanogaster. The spontaneous rate for 
sex-linked recessive lethals of this Oregon-R stock was determined previously by 
Alexander (1962) and the average spontaneous rate was 0.04%. The test males 
were taken within a two hour hatching period in all experiments. For the muta
genic tests, males were injected intraperitoneally with 0.0004 ml of a 1.0 X 10-2M 
concentration of ethylenimine in a 0.4% NaCl saline solution. Treated males were 
always crossed by paired matings twenty-four hours after injection and all tests 
and cultures were maintained at 25°C. 

Experiments 1 and 2 were performed separately a few months apart. The 
chemical solutions for the injections were prepared immediately before injections 
were made. Four series of tests were undertaken in Experiment 1 in order to 
detect the relative frequencies of sex-linked lethals in the first and second sperm 
batches of one and seven day old males. One and seven day old males were 
treated with the same concentration of ethylenimine but were injected at different 
times with different solutions. The M-9 stock ( sc81 In S w"sc8 

; Cy/Bl V) was used 
for this test, and the method of scoring was described by Alexander and Glanges 
(1965) . In Experiment 2, however, the tests were confined to the first sperm 
batch of one day old males and the samples were subjected to genetic tests for 
recessive lethals in the X, second and third chromosomes. About 250 males were 
injected within a two hour period with the same glass needle. For better com
parisons, determinations were made for recessive lethals induced in the X and 
second chromosomes which were recovered from the same treated cell population 
by use of the M-9 stock. 

The X and second chromosome can both be tested for recessive lethals by choice 
of either Fi females or F i males. For the sex-linked recessive lethal tests treated 
Pi males were mated to M-9 females . The Fi females, heterozygous for the 
treated chromosome and the marker-X chromosome, were mated in pairs to males 
carrying the marker-X chromosome. The F 2 cultures were observed in vials under 
a low power binocular microscope without etherization. The absence of normal 
(non-apricot) males indicates that a lethal was induced in the treated chromo
some. These were retested for the presence of a lethal. If a small number of normal 
males were present in the culture, the flies were etherized and the ratio of normal 
and white-apricot males were counted. Samples of 5-6 Fi females were taken 
from each treated Pi male. About one-half the Fi females sampled for sex-linked 
recessive lethals contained the Cy balancer (second chromosome) heterozygous 
and one-half the Bl V markers. Separate records from the Cy and Bl L2 female 
tests were kept to detect any differences in the mutation frequency with the two 
different genetic constitutions. 

Delayed mosaic mutations were tested by sampling non-lethal F 2 cultures. The 
F. females heterozygous for second generation normal, treated chromosomes and 
the Marker X were mated individually to Marker-9 ~ ~. Twelve F 2 ~ ~ were 
sampled from each Fi cross and the number of F2 lethals in this sample gives an 
estimate of the size of any mosaic mutations observed. The F 3 cultures were 
scored in the same way as the F;s. Sampling was divided into those from Pi males 
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from which at least one lethal was observed in the F2's and those from which none 
of the F2's showed lethals. 

For second chromosome recessive lethals, 6-7 F1 BI U males, heterozygous for 
the treated chromosome, were taken from each P 1 treated male and mated indi
vidually to Cy/Bl V females (M-9). From this cross 2-3 Cy virgin females and 
males from each F2 culture, were bred in pairs. The F3 progeny were counted 
and cultures which showed either an absence or less than 1 % non-Cy flies were 
taken as an indication of a second chromosome recessive lethal. Lethal or non
lethals were confirmed by counting two replicate cultures. For the detection of 
third chromosome recessive lethals, each treated male was mated individually to 
one Sb/TM3, Ser female. The F, males (6-10) of the TM3, Ser phenotype were 
sampled from each P, male. Each male was mated with TM3, Ser Sb/+ virgins 
(from another stock) in pairs. The treated third chromosome will be carried 
heterozygous in the F2's of the TM3, Ser Sb phenotypes. Virgin F2 females and 
males from each F, () were bred in pairs and the absence or less than 1 % normal 
flies in the Fa were scored as lethals. Lethals were confirmed with two replicate 
cultures. 

The second and third chromosome lethals, which were kept heterozygous with 
a balancing inversion marker chromosome, were subjected to allele tests. All 
possible crosses among the lethals were performed by paired matings with two 
replicates per mating. Lethals were assumed to be allelic when no normal off
spring appeared from crosses between two different stocks. 

RESULTS 

Sex-linked lethals: The results for Experiment 1 are given in Table 1. An 
interesting phenomenon emerges from this table: the yield of lethals scored in the 
F2 (complete lethals) and Fa (mosaic lethals) appears to be larger in the first 
sperm batches than in the second in all tests. As shown in Table 1, a higher lethal 
frequency was observed in the first than in the second sperm batches but the P 
values show no significant differences in either one or in seven day old males. The 
total per cent of complete and mosaic lethals for the first sperm batches of one 
day old males (5.4 + 3.8%) is only slightly higher (0.4%) than that for the first 
sperm batches of seven day old males (3.2 + 5.6%). The percentage for the 
second sperm batches is higher by 2.0% in the one day old males ( 4.5 + 3.1 % ) 
than in the seven day old males (2.2 + 3.4%) . The average frequency of both 
first and second day samples for complete lethals is higher by 2.2% in the one 
day old than in the seven day old males, and the difference is significant at tlle 
95 % confidence level. However, 1 and 7 day old males were treated with different 
ethylenimine samples at different times. The mosaic lethal frequency is higher by 
1.1 % in the seven day old than in one day old males, although the difference is 
not statistically significant. Also in Experiment 2 the rate for mature sperm of 
one day old males (Table 2) is 2.7% and similar to the rate for 7 day old males. 
The reduction in the genetic damage appears to be consistent in the second sperm 
sample and younger males may be more susceptible to chemical treatment but 
more comparative tests are necessary to prove an increased sensitivity. 

When the complete and mosaic rates are compared for the same treated males, 
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TABLE 1 

Complete and mosaic sex-linked lethal frequencies in ethylenimine treated mature sperm 

Complete lethals 

Expt. series 

1 day old 
i'ii'i 

l a-1st day sperm: 

l b-2nd day sperm: 
total: 

Fz cultw·es tested 

1279 

1332 
2611 

No. 

69 

60 
129 

Percent 

5.4 ± 0.6 

4.5 ± 0.5 
4.9 ± 0.4 

P values 

0.3-0.2 

7 day old 
i1i i1i 

VIIa-lst day sperm: 

VIIb-2nd day sperm: 
total: 

1224 

1259 
2483 

39 

2.8 
67 

3.2 ± 0.5 

2.2 ± 0.5 
2.7 ± 0.3 

0.2-0.1 

>Josaic lethals 

Expt. series 
F3 cultures No. females 

tested per culture Ko. Percent P values 

1 day old 
i1i i1i 

l a-1st day sperm: 

1b-2nd day sperm: 
total: 

211 

22.8 
4.39 

12 

12 
12 

8 

7 
15 

3.8 ± 1.3 

3 .1 ± 1.1 
3.4 ± 1.2 

0.7-0.5 

7 day old 
i1i i1i 

VIIa-lst day sperm: 

VIIb-2nd day sperm : 
total: 

2 13 

207 
420 

12 

12 
12 

12 

7 
19 

5.6 ± 1.6 

3.4 ± 1.2 
4.5 ± 1.0 

0.5- 0.3 

T ABLE 2 

Complete and mosaic sex-linked lethal frequen cies in ethylen irnine-treated mature sperm• 

Complete lethals 

Type of F
1 

test females F
2 

culttu-es tested· Ko. Percent P values 

+' Cy 
---
M-9 + 
+' BIL2 
---
M-9 + 

Total: 

708 

682 

1390 

17 

20 

37 

2.4 ± 0.6 

2.9 ± 0.6 

2.7 ± 0.4 

0.5 

Type of F
1 

test females 
No. females 
per culttu·e 

F3 
cultures tested ~o. 

:l\Iosaic lethals 

Percent P values 

+' Cy 
---

M-9 + 
+' BIL2 
---

M-9 + 
Total: 

5-6 

5-6 

10-12 

182 

187 

369 

2 

9 

11 

1.1 ± 0.8 

3.7 ± 1.4 

2.4 ± 0.8 

0.1-0.05 

• Experiment 2- First day sperm 
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the two rates may be similar, such as in Experiment 2 for one day old males 
(Table 2), or the mosaic rate may be slightly less, such as for one day old males 
(Experiment 1, Table 1) or the mosaic rate may be higher, such as for seven day 
old males (Table 1). Although in these tests the ratio of the mosaic rates in seven 
day old males was higher than in one day old males, Alexander and Glanges 
(1965) reported mosaic rates twice higher than the complete rates when one day 
old males were treated. From the present results there appears to be no difference 
in the proportion of complete and mosaic lethals induced in one and seven day old 
males. 

In the mosaic tests the proportion of lethal bearing F, females among the 12 F2 
test culture varied from culture to culture. In 21 of 31 cases at least 2 of the 12 Fz 
females tested produced lethals. In 2 cases all 12 F 2 females produced lethals, in 
10 cases 6 of the F 2 females produced lethals, and in 9 cases 2 or 3 Fz females 
carried lethals. In 10 cases only 1 lethal was recovered in the Fa. 

Comparing Tables 1 and 2 it is clear that in the comparable tests the recovered 
frequency of complete and mosaic sex-linked recessive lethals was much lower in 
Experiment 2 than in Experiment 1. One may, however, best interpret this differ
ence in the males of different ages as due to difficulties associated with duplicating 
and/or administering strictly equivalent doses of the chemical mutagen. It is of 
interest, however, to note that the recovered ratio of mosaic/complete lethals in 
Experiment 2 was 0.9 which was similar to the ratio of 0.7 obtained in the com
parable test of 1 day old t t in Experiment 1. The additional data on Table 2 
show that the different genetic constitution of the autosomes of the Fi test-females 
does not affect the yield of complete sex-linked lethals scored in the F,. Therefore, 
one may safely assume that the yield of sex-linked lethals was independent of 
whether the Fi test females carried either the second chromosome inversion or 
BI L2 mutants. For the mosaic lethal incidence, the lethal frequencies were dif
ferent but not significantly with different autosomal constitutions in the Fi fe
males (Table 2). 

The autosomal recessive lethal data (Experiment 2) are presented in Tables 3, 
4 and 5. The results for allele tests for the second and third chromosome are given 
in Tables 3 and 4. For chromosome 2 (Table 3), one or more autosomal lethals 
were observed in 24 out of the 50 Pi males tested. The sample of sperm from each 
male, the number of lethals and the results of the allele tests are given in Table 3. 
Some allelic lethals recurred in several males and these are indicated by similar 
markings, i.e.-asterisk or other reference mark. In four males, no. 11, 65, 86 and 
3, approximately one-half the sperm sample contained allelic lethals. A second 
non-allelic lethal was observed as a cluster in male no. 86. These two groups of 
lethals most probably represent pre-existing lethals, since two different pre
existing lethals have recently been recovered from the Oregon-R stock (Alex
ander, 1967). The interallelic alleles in the non-allelic column may be induced 
in the region of the pre-existing lethals or contain several different lethals. The 
data for the third chromosome are given in Table 4 in the same way as for chro
mosome 2. For chromosome 3, 19 of the 45 males treated produced one or more 
lethals. The presence of at least two pre-existing lethals is indicated by the large 
clusters of lethals in t t no. 13 and 42 and also by ~ ~ no. 37 and 36. 

The frequencies of autosomal recessives in the second and third chromosomes 
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TABLE 3 

Size of second chromosome lethal "cluster" for individual males, and 
the amount of intra- and inter-cluster lethal allelism 

Amount of allelism 

No. P1 males No. sperms tested No. lethals found No. allelic No. nonallelic 

(1) 11 5 3 3• 0 
(2) 65 6 5 4• 1 
(3) 86 6 5 4• 1§ 
(4) 100 6 4 4 0 
(5) 55 5 2 2t 0 
(6) 3 5 2 2· 0 
(7) 91 5 1 1' 
(8) 124 6 1 1 
(9) 95 7 2 0 2(1 t ) 
(10) 92 6 1 
(11 ) 117 6 
(12) 112 7 1 
(13) 57 6 1 1 
(14) 26 6 2 0 2(1t) 
(15) 44 6 1 1 
(16) 93 6 2 2 0 
(17) 69 6 1 
(18) 32 7 1§ 
(19) 99 7 1+ 
(20) 39 6 1 
(21) 87 6 1 1 
(22) 45 7 2 0 2 
(23) 81 6 
(24) 40 6 

total 145 43 21 22 

• or tor :I: or ~ indicates lethals in both intra- and inter-allele crosses. 
The nwnber m parenthesis is used when one out of two non-allelic lethals shows inter-allelic incidence. 

are given in Table 5. The mutation rates using the total number of lethals observed 
were 13% and 10.9% for the second and third chromosome respectively. When 
the allele tests are considered, a minimum and maximum rate of 4.8-6.6% are 
observed for the second chromosome and 4.8-5 .4% for the third. The minimum 
rate includes only those lethals which were not allelic to any other lethal in the 
test-the maximum rate excludes only those which appeared as large clusters of 
lethals which were probably pre-existing lethals. The maximum rate includes 
those which were non-allelic to the other lethals in the cluster but were allelic in 
some cases to lethals in interallele tests. 

An exact comparison of sex-linked and autosomal lethals is difficult due to the 
presence of pre-existing autosomal lethals in the test stock. When the comparisons 
are made using the present data for sex-linked (Table 2) and autosomal lethals 
(corrected values-Table 5) autosomal rates are approximately twice the sex
linked rates . On the basis of these data, the relative sensitivity agrees with the 
cytological length of the two chromosomes. 

The samples for mosaic lethal testing were taken from groups which had one 
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TABLE 4 

Size of third chromosome lethal "clusters" on individual males, and 
the amount of intra- and inter-cluster lethal allelism 

Am ount of allelism 

No. P1 males No. sperms tested No. lethals found No. allelic o. nonallelic 

(1) 13 9 7 6* 1 
(2) 37 9 8 7t 1 
(3) 42 7 5 3• 2 
(4) 14 6 
(5) 7 9 
(6) 6 10 
(7) 11 9 1 
(8) 5 9 2 2 0 
(9) 17 8 1 
(10) 9 10 
( 11 ) 16 8 1 1 
(12) 36 10 5 4t 1:j: 
( 13) 49 10 1 
(14) 59 6 1 
(15 ) 46 9 1 
(16) 15 10 2 0 2( 1:j: ) 
( 17) 30 8 1 1 
(18) 40 9 1 1 
(19) 50 10 2 0 2 

total: 166 43 22 21 

• or t or :t indicates different allelic lethals. 

or more complete lethals and from those which showed no complete lethals. The 
rates of mosaics from the "non-lethal lines" were slightly lower than the rate 
from "lethal lines" in the several tests. The rate for the total mosaic sample was 
(27/647) =4.2% for lethal lines and (16/ 581) =2.8% for non-lethal lines. A 
comparison of the two rates gives a P value of .2-.1. Although the P values fall 
somewhat close to a significant level there were no significant differences ob
served for mosaics from lethal and non-lethal lines in previous tests (Alexander 
andGlanges, 1965) orlatertests (Alexander, 1967). 

TABLE 5 

Frequencies of autoso!Ilal recessive lethals in mature sperm after ethylenimine treatment 

No. spenn tested Letl10ls found Lethals induced 
No. P1 

Chr . males per male tota l no. percent (mini. no.) (max. no.) (percent) 

II 50 5-7 330 43 13.0 16 22 4.8-6.6* 
III 45 6-10 392 43 10.9 19 21 4.8-5.4 

• Based on total number of lethals of P value of 0.5-0.30 was observed; when the minimum number is used the 
P value is 0.99 for chromosomes II and III. 
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DISCUSSION 

Ethylenimine is a reactive, monofunctional, alkylating agent. The chemical 
reactions are varied and at present there are no specific reactions that may be 
easily suggested as a predominant one for the induction of genetic damage. In 
spite of the seemingly, limitless number of chemical reactions possible with ethy
lenimine, the genetic tests indicate some specificity in reactions. Complete re
cessive lethals were observed at a higher frequency in postmeiotic than in pre
meiotic germ cells of Drosophila (Alexander and Glanges, 1965) . They also re
ported that mosaic (delayed) sex-linked recessive lethals were observed in a high 
frequency only in the first three-day mating period (mature sperm). Although 
approximately similar percentages of complete lethals were observed in several 
different mating periods containing postmeiotic germ cells, only mature sperm 
showed a high percentage of mosaic sex-linked recessive lethals. There appears 
to be differences in the chromosome structure or in some physiological character
istics of the genetic system to produce such differences in the induction of com
plete and mosaic lethals. 

Chemicals were once considered to be more effective as a mutagenic agent 
when built into the genetic system, i.e., in spermatogonia or spermatocytes which 
were either in or would soon enter a mitotic or meiotic division. Some chemicals, 
such as formalin (Auerbach, 1951), mustard gas (Auerbach and Sonbati, 1960) 
and triethylene melamine (Reddi and Auerbach, 1961) show an enhancement 
in spermatocytes or late spermatogonial cells of Drosophila. Fahmy and Fahmy 
(1960) reported that S-2-chloroethylcysteine showed a complete selective action 
for spermatogonia. However, a large number of chemicals which have been tested 
more recently show high mutagenic activity or some appear to be completely 
selective for postmeiotic germ cells. The methyloxy esters have been reported by 
Fahmy and Fahmy (1961) to be selective for post-spermatogonial stages of germ 
cells. Ethylenimine appears to be selective for postmeiotic cells only. Scott and 
Evans (1964) found that a methylated oxypurine, 8-ethyoxycaffeine, induced 
aberrations in post-DNA-synthesis or G., phase of the Vicia cell cycle but that 
maleic hydroxide and nitrogen mustard are effective at the time of DNA synthesis 
or chromosome duplication. Other chemicals, such as chlorethyl methanesulphon
ate (CEMS) produce sex-linked lethals in all stages of Drosophila spermatogene
sis but is more effective in spermatogonia than in mature sperm (Mathews, 1964). 
The chemical ICR-1001 produced somewhat equal frequencies of complete lethals 
in all stages of spermatogenesis (Carlson and Southin, 1963) . 

In the present experiments, the rates for complete sex-linked lethals were tested 
in mature sperm treated in one and seven day old males. The rates in mature 
sperm of males of different ages varied but the variation between the two tests 
with one day old males was as great as that between rates with males of different 
ages. The rate for one day old males was 4.9% with a rate of only 2.7% for sperm 
treated in seven day old males in the first experiment. In the second experiment 
the rate for complete lethals in one day old males was only 2.7% When the total 
lethal rates (complete + mosaics) are compared, one day old males had a slightly 
higherrate of 8.3% (4.9% + 3.4%) than the 7.7% (2.7% +4.5%) rate for seven 

1 2-Methoxy-6-chloro-9-(3- [ ethyl-2-chloroethyl Jaminopylamine) acridine dihydrochloride. 
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day old males. However, in the second experiment, the rate for one day old males 
was 5.1 % (2.7% + 2.4%). The present experiments do not indicate a difference 
in the sensitivity in mature sperm treated in one and seven day old males; how
ever, more comparative tests using the same chemical solution for injections of 
males of both ages may show differences in the induced genetic damage. 

The separation of sperm samples into first and second day samples from females 
shows a reduction in both complete and mosaic lethals the second day. The lower 
rate the second day does not reach a significant difference but there was a reduc
tion in sex-linked recessive lethal rate in both tests. The reduction in the rate the 
second day is similar to results observed after X-ray treatment (Baker and Von 
Halle, 1953; Alexander, 1962) . 

With chemical treatment, it is more difficult to explain the reduction the second 
day by repair of genetic damage. The chemical is present in the system for a 
longer time than with radiation treatment. With chemicals an increase but not a 
decrease would be expected with the increased exposure time. Selection against 
damaged cells by increased dominant lethal damage or sperm inactiviation of 
injured cells after a longer exposure to the chemical could explain the decrease 
the second day. The reduction in the second day mating period which appears with 
radiations and chemicals may result from different mechanisms or may result, in 
both cases, from some physiological reaction to the treatments. Although neutron 
damage does not show a consistent characteristic reduction in the second day 
sample (Baker and Von Halle, 1954; Alexander, 1962), there may be a physi
ological rather than genetic factor involved. 

High frequencies of mosaic (or delayed) mutations are characteristic for most 
chemicals. Tests for detecting mosaic lethals have not been used for analyses as 
often as complete lethals. Recently three cases for the induction of mosaics and 
complete lethals in the germ cell cycle of Drosophila have been reported for 
ICR-100 by Carlson and Southin (1963), for CEMS by Mathews (1964) and 
ethylenimine by Alexander and Glanges ( 1965) . Each chemical produced a dif
ferent sensitivity pattern in the germ cell cycle for both complete and mosaic 
lethals. Generally with all three chemicals the mosaic lethals were more frequent 
than complete lethals in the postmeiotic but not in premeiotic germ cells. With 
ethylenimine, the higher rate appears to be limited to mature sperm. The highest 
rate for mosaics appears in the first three-day mating period. The rate is usually 
reduced in the second three-day mating period and is 1 % or less by the third 
mating period. The pattern for mosaics in postmeiotic cells can be varied by 
changing the mating techniques and using males of different ages (Alexander, 
1967). From the results with CEMS, Matthews (1964) reports "On the whole, 
one can conclude that post-meiotic stages differ from premeiotic ones in yielding 
more mosaics than complete lethals." Treatments with IGR-100 also produced 
higher rates of mosaic lethals in postmeiotic treated cells than in premeiotic ones 
(Carlson and Southin, 1963) . 

The number of mutant cells within a mosaic gonad varied from 8% to 100% 
after ethylenimine treatment. An average rate of approximately 30% mutant 
cells per mosaic gonad resulted from the 31 cases observed in these tests. An aver
age of 35% mutant cells per mosaic gonad has been observed with 80 additional 
cases (Alexander, unpublished). The average rate for mutant cells in mosaic 
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gonads with ethylenimine is somewhat lower than the 39.5% reported for ICR
100. With both the latter chemicals, the percentages of lethal cells within mosaic 
gonads were smaller in premeiotic than with postmeiotic cells. Mosaics are ob
served only very rarely in premeiotic cells with ethylenimine. Carlson and 
Southin ( 1963) discussed several features of gonad formation and models for 
mosaics. The models are discussed in relation to a variation in the number of 
nuclei forming the gonads and the random or nonrandom migration of polar cells 
at several different stages of development. Although there is a fairly good agree
ment in the average number of mutant cells after treatment with any of the 
three chemicals, it is still not clear whether mosaic mutations are always stabil
ized in the early polar cells or whether chemically induced mutations appear in 
any one of several stages of gonad development. 

An explanation of mosaic lethals which do not appear until the second or later 
generations after chemical treatments does not correspond completely to any one 
molecular model for the action of alkylating agents. Several mechanisms, on a 
molecular basis, have been discussed in a recent paper by Mathews ( 1964). 
Mathews tested mosaic formation for sex-linked recessive lethals in Drosophila 
for two generations after GEMS treatment. Mosaics in the F 1 females and in her 
daughters arose at the same locus---0r the same narrow chromosome region-as 
can be established for sex-linked lethals. The complete and mosaic lethals did not 
show such an allelic association. The allelic similarities of mosaics in different 
generations suggest either a multistrand condition which can be injured at the 
same locus at once (Auerbach, 1951; Tessman, 1959) or through an altered tem
plate which produces mutation through errors in replication (Greeen and Krieg, 
1961). The mechanisms of alkylation suggested by Brooks and Lawley (1963) 
emphasizes an effect upon DNA. These include base shifts, base deletions and 
pairing errors. Biesele (1963) discussed the possible mechanisms of alkylating 
agents considering DNA, RNA and protein. An interesting mechanism was also 
suggested by Lawley and discussed in Mathews (1964). It suggests that a self 
replicating instability may arise if a gene mutates in such a way that its associ
ated protein component is defective. The gene would then be more susceptible to 
the action of mutagenic influences. Any molecular model must consider the fact 
that mosaic lethals continue to appear for two generations after chemical treat
ment (Alexander, 1967). The differences in the patterns of complete and mosaic 
lethals in the germ cell cycle of Drosophila with the different chemicals as well 
as a difference in the allelism of the mutants suggest that perhaps there are several 
pathways for the induction of mutations with chemicals. 

SUMMARY 

The mutagenic action of ethylenimine was tested in mature sperm of Droso
phila males . Complete and delayed mosaic lethals induced in the sex chromosome 
were observed for the first and second sperm batch of adult males treated when 
one or seven days old. The immediate repair of genetic damage after chemical 
treatment appears to be less probable than with radiation since the chemicals are 
injected and are therefore not easily removed from the environment of the genetic 
system. 
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There were no consistent results to indicate that sperm from one and seven 
day old males differed in sensitivity. The ratio of complete to mosaic lethals was 
similar in the males of different ages. Also, a change in the heterozygous markers 
from Cy to Bl L2 in the second chromosome did not influence the lethal rate in 
the X chromosome. 

The lethal rates in the second and third autosome were quite similar and the 
two autosomes showed no significant differences in rates. A comparison of the 
autosomal and sex-linked rate is difficult because of the presence of pre-existing 
lethals in the autosomes. However, the autosomes gave rates at least twice that of 
the sex chromosome and this difference corresponds to the cytological length of 
the two types of chromosome. 
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VIII. The Relative Importance of Wing Utilization in Light 
Dependent Courtship in Drosophila' 

2
JOSEPH GROSSFIELD

INTRODUCTION 

The existence of preferential mating within Drosophila species (Ehrman, et al.., 
1965; Koref-Santibaiiez, 1963) and its possible role in incipient sexual isolation 
indicates that courtship and mating behavior command an important position 
with respect to gene flow between populations. Any environmental factor that 
would affect the occurrence of such behavior is of interest for its value as a tool 
for the analysis of the genetic and physiological bases of courtship and mating. 
Hirsch and Boudreau (1958) have shown that a phototactic response is heritable 
and this, coupled with the finding of karyotype associated sexual behavior (Brncic 
and Koref-Santibaiiez, 1964; Spiess, Langer and Spiess, 1966; Prakash, 1967) 
renders investigation of environmentally influenced courtship behavior poten
tially valuable. 

At the time this work was done there were only two known species of Dro
sophila that required light in order to mate (see Grossfield, 1966) , Drosophila 
auraria (Spieth and Hsu, 1950) and Drosophila subobscura (Philip, et al., 1944). 
This report deals with an approach to the analysis of the failure of these two 
species to mate in darkness, and with an attempt to explore the genetic basis of 
this inability. In this respect it may be of interest to note that the earliest pub
lished work dealing with Drosophila melanogaster as a laboratory subject reported 
its response to light (Carpenter, 1905). 

METHODS AND MATERIALS 

The stocks used were Drosophila melanogaster (Oregon-R), Drosophila simu
lans (Rarotonga), Drosophila yakuba (Ivory Coast, Africa) , Drosophila taka
hashii (Nepal), Drosophila ananassae (dark form, New Guinea), Drosophila 
bipectinata (Samoa), Drosophila szentivanii (Bulolo, New Guinea), Drosophila 
mayri (Bulolo, New Guinea), Drosophila rufa (Hangchow, China), Drosophila 
nikananu (Ivory Coast, Africa), Drosophila serrata (Queensland, Australia), 
Drosophila auraria, Type C (Hangchow, China), Drosophila seguyi (Ivory Coast, 
Africa), Drosophila kikkawai (Oahu, Hawaii), Drosophila serrata birchii (Aus
tralia) , Drosophila subobscura (Norway). 

All stocks were maintained in Yz pint bottles containing corn-meal-molasses 
medium supplemented with dry Fleischmann's yeast. The same food was used in 

1 This work was supported in part by a Public Health Service research grant, GM-11609, and 
training grants, 5-T1-GM-337 and 2-Tl-GM-337-06, from the National Institutes of Health, 
Public Health Service. 

2 Present address: Department of Biological Sciences, Purdue University, Lafayette, Indiana. 

Studies in Genetics, No. 4, 1968. 
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TABLE 1 

Male stamina experiment. Number of females inseminated (I) upon exposure 
of groups of 5 females to single males 

No. d' d' No. 'i!'i! 

6 12 30 
7 7 35 

0 5 
4 5 

Z3 75 = 30.6% 

the small (25mm X 94mm) vials in which virgins, in groups of 10 males or 10 
females, were kept until used. The laboratory temperature was 23 ± 2°C. The 
room in which the stocks were kept and the experiments were performed was 
illuminated from 12--16 hours each day. 

All experiments were conducted with 5-day-old flies (6-day for Drosophila 
subobscura) in large vials (33mm X 100mm) contaning food. Five males and 
10 females were introduced without etherization, into a vial for a standard 2-hour 
experimental period. At the end of this time the flies were etherized and the males 
discarded. Adjustment was made for the time spent in removing the males at the 
end of the experiment by starting each experimental vial a moment or two apart. 

A sample of male stamina (Table 1) in Drosophila auraria was taken in order 
to better evaluate the per cent insemination recorded with the experimental 
groups of 5 males and 10 females. Single males were introduced into small vials 
containing 5 females and removed after 2 hours; the females were then dissected 
and the number inseminated was recorded. 

One series of experiments (Table 2) sought to determine the importance of 
wings in the mating sequence of Drosophila subobscura and Drosophila auraria. 
For comparison, similar experiments were done with a species that is not greatly 
hampered by darkness in its mating behavior, Drosophila melanogaster. These 
experiments used the "male choice" method, and were accomplished by placing 

TABLE 2 

Per cent normal and wingless females inseminated upon presentation of 5 males 
with a choice between 5 normal and 5 wingless conspecific females. 

(n = number of normal 'i' 'i' + wingless 'i' 'i' .) 
% 'Vingless 

Species ~~'¥~~~~1~11. '¥ '¥ lnsem. 

D. auraria t; t; 
normal 100 78 0 
wingless 80 40 0 

D. melanogaster t; t; 
normal 60 80 63 
wingless 30 33 40 

D. subobscura t; t; 
normal 40 80 10 
wingless 40 0 0 
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five winged or wingless males in an experimental vial with five winged and 
wingless conspecific females. After the appropriate period of time had elapsed, 
two hours for Drosophila auraria, three and one-half hours for Drosophila melano
gaster, and six hours for Drosophila subobscura, the males were discarded, the 
females dissected and their sperm storing organs examined. The time periods 
were adjusted to give the same proportion of time on the basis of mean copulation 
time per male as was allowed for Drosophila auraria. 

Another experimental series (Table 3) sought to bring into clearer perspective 
a quantitative measure of the amount of wing necessary for insemination in 
Drosophila auraria. Various proportions of the wing of Drosophila auraria fe
males were removed and these "mutilated" females were then placed in the 
standard experimental set-up. As with the choice experiments described above, 
the operations were done under light etherization the day prior to the experiment. 

Reciprocal crosses (Table 4) of Drosophila auraria with other members of the 
Drosophila melanogaster group were made in the hope of obtaining hybrids and 
possibly elucidating the genetic basis for lack of insemination in darkness through 
an analysis of hybrid mating behavior. Two series of attempted hybridizations 
were set up. The first series utilized at least thirty pairs of aged adults per large 
culture vial and was conducted at 25°C. The flies were transferred to fresh vials 
at seven-day intervals until the end of the series which was thirty days after in
troduction of the aged flies into the initial vials. The second series, carried out at 
19-23°C, utilized twenty-five to thirty per vial with transfers every five days 
until termination of the series thirty days after introduction of the aged flies into 

TABLE 3-A 

Number of females of D. auraria dissected (n) and percent inseminated {%) upon exposure 
to normal males after removal of wing(s) or part of wing(s) indicated 

Female type Operation performed on females % 

2 
One-half right wing removed 
One wing completely removed 

a. left wing 
b. right wing 

100 

100 
100 

39 

31 
34 

3 

4 

5 

Total 
Wing tips removed posterior 
to last abdominal tergi te 
VVings removed distad to first 
abdominal tergite 
Both wings completely removed 

200 

18 

70 
140 

33 

39 

10 
0 

TABLE 3-B 

Number of females of D. auraria dissected (n) and percent inseminated 
(%) after exposure to normal or to wingless males 

% 

1 Complete removal of both wings of males 60 52 
2 Control, Normal m ales 120 49 
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TABLE 4 

Interspecific matings of D. auraria with other members of the D. melanogaster species group 

No. !?!? 
dissected No.!? !? 

!? !? 66 series 2 inseminated 

1. D. auraria D. melanogaster 5 0 
2. D. melanogaster D. auraria 7 0 
3. D. auraria D. simulans 7 0 
4. D. simulans D. auraria 20 0 
5. D. auraria D. yakuba 11 0 
6. D. yakuba D. auraria 20 0 
7. D. auraria D. takahashii 17 0 
8. D. takahashii D. auraria 14 0 
9. D. auraria D. ananassae 11 0 

10. D. ananassae D. auraria 21 0 
11. D. auraria D. bipectinata 2,0 0 
rn. D. bipectinata D. auraria 
13. D. auraria D. szent ivanii 
14. D. szentivanii D. auraria 
15. D. auraria D.mayri 20 
16. D. mayri D. auraria 14 0 
17. D. auraria D. serrata 
18. D. serrata D. auraria 
19. D. auraria D. serrata birchii 
20. D. serrata birchii D. auraria 
21. D. auraria D. seguyi 
22. D. seguyi D. auraria 
23. D. auraria D. kikkawai 15 0 
24. D. kikkawai D. auraria 12 0 
25. D. auraria D. rufa 10 0 
26. D. rufa D. auraria 
27. D. auraria D. nikananu 15 1 
28. D. nikananu D. auraria 20 0 

the original vials. All vials were checked for larvae at the time transfers were 
made; in Series 2, those vials still containing sufficient females at the end of the 
experiment were retained and a number of females, up to twenty, were dissected 
to check for insemination. 

Direct observations on the behavior of Drosophila auraria males with etherized 
conspecific females were made, as well as observations of these males with con
specific wingless females. The number and density of flies were the same as for 
the experiemnts described above. 

RESULTS 

Experiments dealing with various environmental influences on the insemina
tion frequency of D. auraria revealed strong effects of age, temperature, light in
tensity and time of day. These results will be reported in detail elsewhere, but 
may be briefly summarized hy the statement that, under illumination by white 
light, a D. auraria male 5 days of age will inseminate 1 or 2 females during a two
hour period of maximal sexual activity. 
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The data in Table 1 indicate that a low rate of multiple insemination exists, 
and that this factor would not impair the validity of the insemination frequencies 
obtained in these experimental conditions. 

Choice Experiments (Table 2) 
Removal of both wings from D. auraria females gave the same negative results 

as placing the flies in darkness. This lack of insemination occurred when such 
wingless females were presented to both normal and wingless males. In contrast 
to this lack of any significant difference between normal and wingless males in 
fecundating wingless females, there is a significant difference* (x2 = 11.9; P > 
.001) with regard to the ability of these two types of males to inseminate normal 
females-78% for normal males but only 40% for the wingless males. This dif
ference is not maintained in a no-choice situation where only wingless males are 
presented to normal females (Table 3B). In this case there is no significant dif
ference between the ability of wingless males (52%) and normal males (49% ) 
to inseminate normal females. It seems then, that normal males are more succes
ful when in competition with wingless males, but that in a non-competitive situa
tion wingless males can do at least as well as normal males. 

Similar choice experiments performed with D. melanogaster resulted in 80% 
of normal females being fecundated by normal males, but only 33% by wingless 
males (x2 = 7.6; .01 < P < .001). There is no significant difference between the 
63% of wingless females inseminated by normal males and the 40% inseminated 
by wingless males. In this case, normal and wingless females are inseminated 
equally well when the two types of females are exposed to either type of male, 
but wingless males will inseminate fewer of both kinds of females. 

Wingless D. subobscura males fail to inseminate either normal or wingless 
conspecific females, while normal males preferentially (x2 = 17.1; P > .001) 
copulate with normal females (80%) as opposed to wingless females ( 10 % ) . 
This is the reverse of the D. auraria situation wherein it is the wingless females 
that yield no inseminations. 

Proportion of Wing Removed (Table 3) 
The failure of wingless D. auraria females to be fecundated by either kind of 

male prompted a more detailed scrutiny of wing proportion necessary for insemi
nation. No significant differences in insemination frequency are revealed by a 
comparison of the following female types (see Table 3A) : 1and2, 2 and 3, 1 and 
3. Thus, females possessing 1 Y2wings, 1 wing, or % of both wings are equally 
inseminated. Significant differences are evident upon comparison of female types 
1and4 (x2 = 16.1; P > .001), 2 and 4 (x2 = 12.3; P > .001), and 4 and 5 (x2 = 
9.9; .01 < P < .001) . There is also a significant difference between types 3 and 4 
(x2 = 6.9; .01 < P < .001). From these comparisons it appears that females with 
but ~ of both wings remaining have a significantly higher tendency to remain 
unmated. Contrasted with wingless females, however, these quarter-winged fe
males show a significantly higher (x2 = 9.9; .01 < P < .001) insemination rate. 
lnterspecific Crosses and Observations 

The attempted hybridization experiments revealed a high degree of isolation 

*All x2 calculated with the Yates correction and one d.f. 
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between D. auraria and other members of the melanogaster species group. In this 
connection it is noted that in two instances D. melanogaster males copulated with 
D. auraria females. One of these was timed as lasting 10'35", a value intermediate 
between the mean of copulation time for these two species (Spieth, 1952) . An 
untimed copulation between a D. auraria male and a D. szentivanii female was 
also noted, and one D. auraria female was found to have been inseminated by a 
D. nikananu male. 

The observations of the behavior of D. auraria males with etherized conspecific 
females disclosed little if any interest in these females on the part of the males. 
Two vials, each containing 10 males and 20 females were used for the observa
tions, the females being positioned in normal attitudes prior to the introduction of 
the males . 

The behavior of D. auraria males when presented with a choice of normal or 
wingless females is interesting in that it may offer an explanation of the lack of 
insemination of wingless females. After approaching and tapping a wingless fe
male, a male moves to the rear and positions himself behind the female. At this 
point, a difference from the usual mating sequence appears (Spieth, 1952). In
stead of crouching and lunging at the female, the male will stand behind her for 
a period of several seconds (up to six) and then either depart or, more often, 
move in front of the female, tap again and move to the rear again. Some males 
will repeat these activities several times before ceasing their attempts at copula
tion. In very few cases did the females under observation give any sort of repelling 
action. Female nonreceptiveness could not be considered a point of major im
portance in the failure of wingless females to be inseminated. 

DrscussION 

The first survey of the effect of light on the mating of various species of Dro
sophila was conducted by Spieth and Hsu (1950). Drosophila auraria was the 
only member of the melanogaster species group found to be unable to mate in 
darkness, while Drosophila rufa and Drosophila simulans were found to be in
hibited by darkness. In view of the fact that Drosophila melanogatser and Dro
sophila simulans are sibling species, the differential effect of light on their mating 
behavior is of interest. 

The mere existence of a light related phenomenon, such as the finding (Rizki 
and Davis, 1953) that larvae of Drosophila melanogaster tend to pupate away 
from a source of light while Drosophila willistoni larvae tend to pupate nearer 
to it, is not sufficient to command a great deal of attention. The fact that this dif
ferential pupation effect is increased when the two species are in competition 
(Rizki and Davis, 1953) demonstrates that a certain degree of biological relevance 
is associated with a light response. Other workers (Rendel, 1951; Jacobs, 1960, 
1961) comparing the mating success of ebony and non-ebony Drosophila melano
gaster in light and dark, found that light can play a role in determining the rela
tive fitness of a mutation. Preferential mating leading to gene frequency changes 
(Merrell, 1953) and the role this may play in incipient sexual isolation (Hoenigs
berg, Koref-Santibanez and Sironi, 1959) , indicate that environmental influences 
on mating behavior may constitute a rate-determining factor in sexual isolation. 
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The apparent refusal of Drosophila subobscura females to mate with Drosophila 
subobscura males bears some relation to the fact that such males possess a low 
athletic ability. Maynard Smith (1956), describing the courtship of Drosophila 
subobscura, notes that females perform side-to-side movements which he terms 
"the dance". Normal males will attempt to follow the females' movements and, if 
successful, will copulate. Since there is a correlation between a male's fertility 
and his ability to follow these movements, the female courtship pattern would 
tend to insure her mating with a fertile male (Maynard Smith, 1956). Although 
Maynard Smith states that Spieth (1952) does not mention "the dance'', it is evi
dent from Spieth's description that "the dance" ("a decamping intention move
ment of the female which seems to stimulate the male") was noted albeit not 
named. Brown ( 1964) reports that in Drosophila subobscura courtship the male 
action in the mating sequence depends on the female action. It is germane to men
tion that Milani (1950) demonstrated that Drosophila subobscura males will at
tempt copulation with a wax model that is moved rapidly from side-to-side, but 
not with a stationary model. Drosophila pseudoobscura, another member of the 
obscura species group, does not react to models (Brown, 1964). Spieth ( 1952) 
concluded that since Drosophila subobscura males do not vibrate their wings and 
other species of the group, including Drosophila pseudoobscura, do, male wing 
vibrations in this species group would not be expected to be perceived via a visual 
pathway. 

Wallace and Dobzhansky (1946) concluded that Drosophila subobscura's lack 
of insemination in darkness is due to the fact that males must see the females in 
order to court. It may be that courtship is initiated but is halted prior to a point 
where it can be observed owing to the male's failure to receive a go-ahead signal. 
Ensign (1960) reported that sexual isolation in certain members of the obscura 
group was due to the fact that courtship was not sustained up to the point of copu
lation. 

A Drosophila subobscura male initially positions himself at the side of the 
female (Spieth, 1952; Maynard Simth, 1956) at which point he receives the next 
signal in the mating sequence from the female. If such a signal is not received 
or is poorly signaled, or if the male cannot act quickly or correctly upon receipt 
of the signal, the courtship may cease. The first possibility may be argued for by 
the data derived from wingless females (these presumably not being as successful 
in making the wing spreading movement (Maynard Smith, 1956)); the second 
possibility is suggested by the data from wingless males which are unable to ex
tend their wings in response to the females' "come-hither" signal (Maynard 
Smith, 1956). Since some wingless females are inseminated, it would seem that 
the point of major importance in the courtship-to-copulation sequence in Dro
sophila subobscura is the male's perception and response to a "go-ahead" signal 
from the female. Wingless males presumably are unsuccessful in inducing fe
males to copulation. The correlation (Maynard Smith, 1956) between male 
fertility and ability to follow "the dance" tends to exclude wingless males from 
acceptance by females. The results obtained with Drosophila melanogaster agree 
well with a similar set of experiments performed by Bastock ( 1956). Her figures 
are 70% for normal males and 32% for wingless males both with normal females, 
compared with values of 80% and 33% in this report. Bastock also found that 
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antennaless females cannot discriminate between the two types of males in either 
light or dark, owing to the fact that these females do not receive the stimulus of 
wing vibration. Similarly, Mayr (1950) and Spieth (1952) record that antennae 
removal lowers sexual isolation between two sibling species of the obscura group, 
Drosophila pseudoobscura and Drosophila persimilis. 

Observations of Drosophila auraria males with etherized conspecific females 
show a similar lack of important olfactory stimuli. Drosophila auraria males do 
not react to motionless females, just as Drosophila subobscura males fail to react 
to stationary models. These findings agree with the expectation one would have 
for species with light dependent courtship behavior. 

Waldron (1964) found that wingless Drosophila persimilis males can produce 
normal wing beat pulses, as well as court normally, with only the wing flicking 
sound being absent. Waldron interpreted this to mean that flicking sounds are 
associated with stridulation of the wing while vibration sounds are associated 
with contraction of the thoracic musculature and not with the wings per se. The 
presumed mode of stimulus transmission is via substrate conduction of sonud. In 
this respect, Spieth's statement concerning the receipt of wing vibration stimuli 
through other than visual pathways is borne out. 

The resolution of Drosophila melanogaster and Drosophila simulans courtship 
(Bastock and Manning, 1955; Manning, 1960) into three elements, orientation, 
vibration, and licking, each postulated to have a fluctuating level of excitement 
and a different stimulation threshold, together with sensory discrimination lead
ing to preferential mating (Kessler, 1962; Koref-Santibafiez and del Solar, 1961; 
Hoenigsberg and Koref-Santibaiiez, 1959, 1960) leads to a conceptual framework 
for the case of Drosophila auraria and Drosophila subobscura. 

Both Drosophila auraria and Drosophila subobscura belong to the subgenus 
Sophophora in which distance stimuli are important. These two species also share 
a need for wing utilization for insemination. With Drosophila auraria it is a fe
male wing signal that cues in a male. In Drosophila subobscura the male requires 
his wings to respond to the female while in other species of the same group the 
male uses wing vibration to stimulate the female . 

Genetic divergence from a common ancestral stem could result in the present 
mating requirements of these two species. The occurrence of an altered utiliza
tion of a particular courtship element, most probably in response to a change in 
threshold, could lead to a compensatory use of a different element with subse
quent fixation of a new signal system replacing an older method. 

Selection of different elements of courtship in response to varying environmen
tal situations may play an important role in the development of sexual isolation. 
The two light-dependent species referred to here, have revealed how the use of a 
particular structure, albeit in different ways, at a certain stage of courtship has 
been fixed in the action-reaction pattern of their mating sequence. The failure 
of males to use wings in vibration might represent a situation wherein this use 
of the wings would no longer have been selected for, after a shift of signal mo
dalities. In the case of Drosophila auraria and Drosophila subobscura such a shift 
has resulted in light dependent mating patterns, while with other related species 
sound or olfaction may have become of prime importance. 
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SUMMARY 

The effect upon insemination frequency of removal of part or all of the wings 
from Drosophila auraria females and of complete removal of the wings from both 
males and females of Drosophila auraria, Drosophila subobscura, and Drosophila 
melanogaster offers a possible explanation for the failure of Drosophila auraria 
and Drosophila subobscura to mate in darkness. 

Drosophila auraria males will copulate with females possessing at least one 
quarter of both wings but will do so less than with females having more of their 
wings remaining. Wingless Drosophila auraria males can inseminate es many 
normal or wingless females as normal males if the two types of males are not in 
competition for females. In a competitive situation normal males are more suc
cessful. Both kinds of males will court wingless females but will break off the 
courtship just prior to mounting the females, for lack of the females' wing
spreading "go-ahead" signal. 

Wingless Drosophila subobscura females are inseminated less frequently than 
normal females, while wingless Drosophila subobscura males fail to inseminate 
either kind of female. It is concluded that such males cannot respond adequately 
to female courtship signals. 

These species have evolved a strong visual information system and these re
sults are discussed in terms of shifts of threshold and subsequent shifts in the 
utilization of elements of courtship and selection of compensatory sensory mo
dalities of information transfer. 
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INTRODUCTION 

The extent and kind of genetic variation in natural populations is the founda
tion on which the theory of natural selection is based, and is the first step of the 
investigation of populational and evolutionary genetics. Technical advances in
corporating gel electrophoresis (Smithies, 1955) of single Drosophila individuals 
(e.g. Johnson, 1966a) and histochemical staining methods (Hunter and Markert, 
1957) have increased the depth to which genetic variation can be studied with 
samples from natural environments. 

The electrophoretic variation found in certain enzymes allows the amount of 
genetic variation in natural populations to be estimated, since differences in the 
genes controlling the synthesis of enzymes are sometimes.reflected in ionic charge 
differences among the enzyme products resulting from alternate alleles. After gel 
electrophoresis and appropriate enzyme staining, the charge differences are often 
detectable as mobility differences. 

Determinations of the enzyme polymorphism in certain Drosophila populations 
have been made by examining laboratory cultures after establishing them from 
mass collections from the wild or from single wild-caught females. With such 
material, Drosophila ananassae (Johnson, Kanapi, Richardson, Wheeler and 
Stone, 1966a), Drosophila pseu.doobscura (Lewontin and Hubby, 1966), and 
small samples of a number of other Drosophila species (Johnson, 1966b; Johnson, 
Kanapi, Richardson, Wheeler and Stone, 1966b) have been found to show elec
trophoretic variation in a number of enzymes. In addition, wild-caught Drosophila 
aldrichi and Drosophila mulleri from central Texas have been analyzed for inter
populational differences in allele frequencies in one enzyme system (Johnson, 
Richardson, and Kambysellis, 1968; Richardson, Kambysellis, and Johnson, 
1968). 

In previous studies, only a few enzymes were analyzed or the individuals 
studied were not taken directly from nature. The present series of papers deals 
primarily with wild-caught flies from Pacific island populations. Relatively large 
numbers of individuals have been tested and a variety of enzymes have been 
examined. Some of the data reported here appeared in abbreviated form in an 
earlier paper (Stone, Wheeler, Johnson, and Kojima, 1968) . 

1 Supported by USPHS research grants No. GM-11609 and No. GM-15769 and training grant 
No. GM-00337 from the National Institute of General Medical Sciences. 

2 Deceased February 28, 1968. 

Studies in Genetics, No. 4 , 1968. 
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MATERIALS AND METHODS 

The species studied belongs to the nasuta complex of the immigrans group of 
the subgenus Drosophila. A number of nomenclatural problems are involved in 
the systematics of this complex, and until these problems are resolved, it is not 
possible to assign a specific name with assurance. However, the species was named 
spinofemora in Hawaii (Patterson and Wheeler, 1942) and bilimbata in Fiji 
(Bezzi, 1928). The species ranges widely in Polynesia, reaching Tonga and Niue 
in the south, and the Solomon and Bismarck Islands in the west. Throughout its 
range it appears to be cytologically homozygous. 

Collections were made during the winter (July and August, 1967) by two of us 
(W.S.S. and M.R.W.) from three islands of the Samoa group and two of the Fiji 
group. In Samoa collections were made ( 1) on the island of Tutuila, American 
Samoa, from fallen papaya in an experimental grove of the "Solo" variety on the 
Iliili Farm of the Department of Agriculture; (2) on Upolu, Western Samoa, 
from papaya growing on the campus of Alifua Agricultural College near the edge 
of Apia; and (3) on the island of Savaii, Western Samoa, from both papaya and 
fallen breadfruit in the village of Aopo. The elevations were estimated to be about 
500 feet for the first two localities, and about 680 feet for the third. 

The Fiji collecting localities were as follows: ( 4) from papaya baits in the gar
den areas of the Grand Pacific Hotel and from a pile of fermenting cacao pods at 
the Nadaruloulou Agricultural Station near Kasavu village, both of these areas 
being in the Suva region; (5) near the Nadarivatu Forestry Station (elevation 
a bout 3000 feet) from fallen coffee berries. Areas ( 4) and ( 5) are on the island 
of Viti Levu; collections (6) were also made on Vanua Levu from fallen papaya 
in the Savusavuitaga area, about 15 miles from Lambasa. 

The six collecting areas are shown on Figure 1. Only wild-caught adult females 
were analyzed from localities 1-4, but wild-caught adult males and females were 
examined from areas 5 and 6. The sexes were separated as soon as possible after 
collecting, and the adult flies were shipped by air to the Austin laboratory as 
quickly as possible. Cultures were established from most of the iso-females before 
they were sacrificed; some of the F 1 cultures were used for inheritance studies 
while others were used for different experimental purposes. 

The flies were homogenized individually in 0.01 ml. of deionized water. Starch 
gel electrophoresis was carried out horizontally using Poulik's (1957) discontinu
ous system of buffers. After electrophoresis, the gels were cut into three replicate 
slices and stained for esterase (EST), acid phosphatase (ACPH) and alcohol/ 
octanol dehydrogenase (A/ODH) activity. The EST stain contained two sub
strates, a- and /3- naphthyl acetates, which allow detection of differences in spe
cificity, i.e., when more of one or the other substrate is hydrolyzed, the bands are 
different in color (Johnson, 1966b) . ACPH was stained according to a procedure 
given elsewhere (Johnson, 1966b) . In slices stained for ACPH some bands of alka
line phosphatase (APH) activity also appear. The APH bands have been identi
fied in separate electrophoretic runs after which they were found to have a 

Fm. 1. Map showing the collection areas in Samoa and Fiji. .See text for a description of 
the localities. 
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stronger reaction to alkaline staining buffers. Also the APR bands were found 
to have a slightly different color from the ACPH bands in gels stained for ACPH. 
Dehydrogenase activity was detected with a stain containing 5 mg phenazine 
methosulfate, 25 mg nitroblue tetrazolium and 25 mg diphosphopyridine nucleo
tide in 100 ml Tris(hydroxymethyl)aminomethane (0.1M, pH 8.5), with 5 ml 
n-octanol and 5 ml isopropanol added for simultaneous display of alcohol dehydro
genase (ADH) (Johnson and Denniston, 1964; Courtright, Imberski and Urs
prung, 1966) and octanol dehydrogenase (ODH) (Courtright et al, 1966). 

REsULTS 

The various phenotypes that were observed and scored in the quantitative 
comparisons of allele frequencies in flies from the different localities are dia
grammed in Figure 2. Typical appearance of some of the variation is pictured in 
the photographs of gels stained for EST (Figure 3), ACHP (Figure 4) and 
A/ODH (Figure 5). In each system of alleles, each allele is identified by the cor-

EST ACPH ADH/OOH 

* 

2 ~%4%% 
EST F Phenotypes 

3 %%%%5 
ACPH Phenotypes 

3 Y3% 
OOH Phenotypes 

FrG. 2. Diagrams showing the zymogram patterns resulting from single adult flies of the 
D. nasuta subgroup species after esterase (EST), acid phosphatase (ACPH), and alcohol/octanol 
dehydrogenase (ADH/ ODH) staining of the starch gels. The first pattern in each group shows 
all zones of activity generally observed except for those that are extremely faint. The pheno
types which were scored in this investigation are shown in the columns and their designations 
are given under the columns. The part of the total pattern not scored is omitted from all but the 
first column. In the esterase pattern the stippled band indicates {3-esterase activity; solid bands 
indicate a-esterase activity. In the acid phosphatase stain the zones of alkaline phosphatase 
(APH) which also appear are marked by stippling.•= variable band with unclear or unclassi
fiable patterns; e = regularly observed bands found to be nonvariable. + = a lightly staining 
ACPH zone which varies according to the pattern of the main ACPH, e.g., when the fastest 
migrating ACPH is present, the fastest faint ACPH is also present. Not included is part of the 
set of bands making up the main ACPH system (see text and Figure 4). Unmarked bands are 
not of sufficient clarity or staining intensity to determine the extent or nature of any variability 
which may exist. 
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Frn. 3. Photograph of starch gel stained for esterase activity prepared from wild-caught 
females of the nasuta subgroup species. Est F phenotypes are indiacted at the lower edge of the 
photograph and emphasized by black dots. 

responding electrophoretic mobility. Mobility positions are numbered, according 
to an arbitrary scale, in decreasing order of mobility from the anode. A homozy
gous condition typically results in a single band of enzyme activity while hetero
zygotes display two or three bands. If only one allele would produce an enzyme 

+ 

ACPH 

3 3 % 3 315 3 3 

ACPH PH E NOTYPES 

Fm. 4. Photograph of starch gel stained for acid phosphatase activity. Phenotypes are noted 
and marked by black dots. 
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+ 

OOH 

r ·c 
4 33 31,+ 3 31,+ 3 

ODH PHENOTYPES 

Frn. 5. Photograph of starch gel stained for alcohol/octanol dehydrogenase activity. ODH 
phPnotypes are identified as in Figures 3 and 4. 

of a given mobility, then each genotype would be represented by a discrete pheno
type. While in some instances genotype and phenotype may be equated, in other 
cases there are probably several genotypes which produce a similar phenotype. 
In some systems, an apparent homozygous condition produces a set of bands (see, 
for example, ACPH in Figure 4 and ADH in Figure 5). Heterozygotes in these 
systems show both sets of homozygous parental bands plus additional bands of 
activity. ADHin D. melanogasteris such a system (Johnson and Denniston, 1964; 
Courtright et al, 1966) . 

In addition to the variability treated quantitatively in this study, a number of 
zones were seen to vary; but because of unclear patterns and/or faintness of 
stained bands, reliable scoring could not be made. These zones, as well as others 
in which no variation was found, are indicated in Figure 2. 

Inheritance data resulting from the offspring of wild-caught females are pre
sented in Table 1 (EST F), Table 2 (ACPH) and Table 3 (ODH) and other 
similar data have appeared elsewhere (Kanapi, 1967). In all cases the females 
were apparently inseminated by a single male (or multiple males of the same 
genotype); and, in terms of type of offspring obtained, the results are consistent 
with multiple alleles at a single autosomal structural locus for each system in
vestigated. As the tables show, the two parental genotypes can be deduced from 
the patterns of each female and the patterns of the group of offspring obtained 
from her. Phenotypic ratios in the segregating crosses are close to either 1: 1 or 
1: 2: 1 segregation ration. 

The numbers of the different enzyme phenotypes observed in the wild flies 
from the various localities are given in Table 4 (EST F), Table 5 (ACPH) and 
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TABLE 1 

EST F phenotypes in F 1 from wild-caught females of the nasuta complex 

No. F1 with EST F phenotype 
I' ident. l'I' Deduced 

No. phenotypes 2 2,4 4 parental genotypes 

1E-11 2 15 13 2,2 x 2,4 
1E-7 2 14 7 2,2 x 2,4 

29 20 

1B-13 2,4 27 41 2,4 x 4,4 
1B-50 2,4 14 16 2,4 x 4,4 

3-24 2,4 11 15 2,4 x 4,4 
1E-2 2,4 18 30 2,4 x 4,4 

4-117 2,4 14 27 2,4 x 4,4 
1B-21 4 14 7 4,4 x 2,4 

113- 16 4 39 30 4,4 x 2,4 

137 166 

lE-10 2,4 9 20 8 2,4 x 2,4 
1E-15 2,4 3 7 5 2,4 x 2,4 

12 27 13 

1A-5 4 26 4,4 x 2,2 

Table 6 (ODH). Allele frequencies, determined from the observed numbers of 
phenotypes, are presented in Table 7 (Est F), Table 8 (Acph) and Table 9 (Odh). 
Expected numbers of phenotypes were calculated from Hardy-Weinberg ratios 
of the allele frequencies (assuming that the phenotypes represented as many 
genotypes). Tables 4, 5 and 6 also show the expected numbers except that smaller 
classes are pooled into an "others" category. The phenotypic proportions of males 

TABLE 2 

ACPH phenotypes in F1 from wild-caught females of the nasuta complex 

No. F1 with ACPI-I phenotypes 
I' ident. l'I' Deduced 

No. phenotypes 3,5 parental genotypes 

113-50 3 16 14 3,2 x 3,5 
1B- 13 3 41 27 3,3 x 3,5 
1B-21 3 7 14 3,3 x 3,5 
1B- 16 3,5 29 40 3,5 x 3,3 

3- 24 3,5 10 16 3,5 x 3,3 
1E-7 3,5 12 9 3,5 x 3,3 
1E-10 3,5 20 17 3,5 x 3,3 
1E-11 3,5 14 14 3,5 x 3,3 
1E-2 3,5 17 31 3,5 x 3,3 

4-117 3,5 27 14 3,5 x 3,3 

193 196 

1A-5 3,5 7 12 7 3,5 x 3,5 
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TABLE 3 

ODH phenotypes in F1 from wild-caught females of the nasuta complex 

No. F1 witJ1 ODii phenotypes 
~ ident. ~~ Deduced 

No. phenotypes 3,4 4 parental genotypes 

lB-21 3,4 13 8 3,4 x 3,3 
lB-16 3,4 41 27 3,4 x 3,3 

3-24 3,4 18 8 3,4 x 3,3 
1A-5 3,4 12 14 3,4 x 3,3 
lE-2 3,4 19 29 3,4 x 3,3 
lE--15 3,4 8 7 3,4 x 3,3 

4--117 3,4 26 15 3,4 x 3,3 

137 108 

lB-50 3,4 8 16 6 3,4 x 3,4 
lB- 13 3,4 18 37 13 3,4 x 3,4 
1E--7 3,4 7 9 5 3,4 x 3,4 
lE--11 3,4 9 13 6 3,4 x 3,4 

42 75 30 

and females in the two localities where both were collected were not significantly 
different from one another. Statistical comparisons of locality differences were 
made after pooling values from males and females. In general, the difference 
between the observed numbers and Hardy-Weinberg expectations is very small. 
There is a significant excess of Est F heterozygotes in Fiji, V anua Levu (locality 
6), and a significant Est F heterozygote deficiency in two Samoan localities, in 
Upolo (2) and Savaii (3). For the ACPH and ODH systems in all localities there 

T ABLE 4 

Observed and expected EST F phenotypes of wild-caught flies from Samoa and Fiji 

Locality 

Observed (&expected) No's. with EST F phenotypes 

1,4 2 2,4 2,8 4 4,8 N 

Samoa (1) 'i' 'i' 

Samoa (2) 'i' 'i' 

Samoa (3) 'i' 'i' 

25 58 29 
(26.0) (56.0) (30.0) 

38 36 28 
(30.7) (505) (20.8 ) 

68 84 63 
(56.3) (107.4) (51.3) 

112 

102 

215 

Fiji (4) 'i' 'i' 

Fiji (5) 'i' 'i' 

Fiji (5) <; <; 

Fiji (6) 'i' 'i' 

Fiji (6) <; <; 

3 18 142 
(0.9) (22.1 ) (140.0) (others= l.O ) 

2 37 182 3 
(2.0) (40.8) (183 .0) (others=0.2) 

1 22 123 5 
( 1.0) (22.4) (122.6) (others=6.0) 

3 52 129 1 
(4.6) (48.8) (130.7) (others=0.9) 

25 49 
(2.1) (20.8) (51.1) 

164 

226 

152 

185 

74 
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TABLE 5 

Observed and expected ACPH phenotypes of wild-caught flies from Samoa and Fiji 

Observed (&expected) No's. with ACPH phenotypes 

Locality 2,3 2,5 3,4 3,5 N 

Samoa (1) 'i' 'i' 71 33 6 110 
(69.5) (35.9) (4.6) 

Samoa (2) 'i' 'i' 60 36 4 102 
(60.5) (34.7 ) (5.0) (others= 1.8 ) 

Samoa (3) 'i' 'i' 2 151 56 6 215 
(150.6) (56.9) (5 .4) ( others=2.1) 

Fiji (4) 'i' 'i' 83 60 20 163 
(783 ) (69.4) (15.4) 

Fiji (5) 'i' 'i' 112, 90 2,3 22,5 
(109.6) (94.9) (20.5 ) 

Fiji (5) ti ti 78 63 11 152 
(78.9) (61.2) (11.9) 

Fiji (6) 'i' 'i' 94 79 10 184 
(97.6) (72,.1 ) (13.3) (others= LO) 

Fiji (6) ti ti 37 30 7 74 
(36.5) (30 9) (6.6) 

were no significant discrepancies between observed and expected phenotypic 
proportions. 

In the comparison of allele frequencies between and within the regions of 
Samoa and Fiji it is interesting that there is generally one allele that occurs in a 
frequency greater than that of all other alleles throughout both regions. This 

TABLE 6 

Observed and expected ODH phenotypes of wild-caught flies from Samoa and Fiji 

Observed (&expected) No's. with ODl-1 phenotypes 

Locality 2,3 3,4 4 N 

Samoa (1) 'i' 'i' 60 42 10 112, 
(58 .5 ) ( 44.9) (86) 

Samoa (2) 'i' 'i' 56 31 8 95 
(53.9) (35 .3) (5 8) 

Samoa (3) 'i' 'i' 111 86 16 214 
(111.6) (85.3) (16.3 ) (others=0.8) 

Fiji (4) 'i' 'i' 97 23 121 
(98.2) (20.7) ( 11 ) (others= 1.0) 

Fiji (5) 'i' 'i' 190 33 3 226 
(188.8 ) (35.5) (1.7) 

Fiji (5) ti ti 3 104 26 2 135 
(104.0) (26.3) (17) (others=3.0) 

Fiji (6) 'i' 'i' 144 37 2 184 
(144.4) (36.3) (2.3) (others=1.0) 

Fiji (6) ti ti 57 15 1 74 
(57.1 ) (14.9) (1.0) (others=1.0) 
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TABLE 7 

Est F allele frequencies in the Drosophila populations from Samoa and Fiji 

Est F allele frequencies 

Locali ty 4 N individuals 

Samoa (1) 'i' 'i' 0 .482 .518 0 112 
Samoa (2) 'i' 'i' 0 .549 .451 0 102 
Samoa (3) 'i' 'i' 0 .512 .488 0 215 

Fiji (4) 'i' 'i' 0 .073 .924 .003 164 
Fiji (5) 'i' 'i' .002 .093 .896 .009 226 
Fiji (5) $ $ 0 .082 .898 .020 152 
Fiji (6) 'i' 'i' 0 .1 57 .840 .003 185 
Fiji (6) $ $ 0 .169 .831 0 74 

occurs, with the exception of Est F in Samoa, in all regions and for all enzyme 
systems. There is, however, considerable variation in the frequencies of these 
"majority" alleles. 

The results of tests for significance in frequency differences of majority alleles 
are presented in Table 10. Diversity between Samoa and Fiji was analyzed by an 

TABLE 8 

Acph allele frequencies in the Drosophila populations from Samoa and Fiji 

Acph allele frequencies 

Loca];I:)• 4 N individuals 

Samoa (1) 'i' 'i' 
Samoa (2) 'i' 'i' 
Samoa (3) 'i' 'i' 

0 
.009 
.005 

.795 0 

.770 0 

.837 0 

.205 

.221 

.158 

110 
102 
215 

Fiji (4) 'i' 'i' 
Fiji (5) 'i' 'i' 
Fiji (5) $ $ 
Fiji (6) 'i' 'i' 
Fiji (6) $ $ 

0 
0 
0 
0 
0 

.693 0 

.698 0 

.720 0 

.728 .003 

.703 0 

.307 

.302 

.280 

.269 

.297 

163 
225 
152 
184 

74 

~ 

TABLE 9 

Odh allele frequencies in the Drosophila populations from Samoa and Fiji 

Locality 

Odh all ele frequencies 

4 N individuals 

Samoa (1) 'i' 'i' 0 .732 .277 112 
Samoa (2) 'i' 'i' 0 .753 .247 95 
Samoa (3) 'i' 'i' .002 .722 .276 214 

Fiji (4) 'i' 'i' .004 .901 .095 121 
Fiji (5) 'i' 'i' 0 .914 .086 226 
Fiji (5) $ $ .011 .878 .111 135 
Fiji (6) 'i' 'i' .003 .886 .111 184 
Fiji (6) $ $ .007 .878 .115 74 
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TABLE 10 

Results of analysis of divergence among the island populations, using 
frequencies of majority alleles 

Enzyme system Fiji vs. Samoa comparison lnb:aregional comparison 

EST F p < .01 P < .05 (Samoa 1 vs. Samoa 2 and 3) 
ODH p < .01 Not significant 
ACPH p < .05 Not significant 

F test of between-region vs within-region variances. The significance of variations 
within regions was determined by a multiple range test using expected variances 
as the source of error variances. There is an apparently significant level of diver
sity in majority allele frequencies between Samoa and Fiji in all three systems: 
Est F, Acph and Odh. Possibly this is the result of simple geographic divergence 
due to distance. A more appealing alternative, however, is that similarity in fre
quency within a region has evolved through general uniformity in adaptive con
ditions, and that the regional differences have come about through selection in the 
adjustment to different ecological conditions. The only case of significant intra
regional variation was in Samoa [locality ( 1), in American Samoa, vs localities 
(2) and (3) in Western Samoa] for Est F. Smaller and fewer ecological differ
ences within regions might be expected to result in fewer cases of allele frequency 
differences than those observed between regions. If there existed local niche 
differences, the similarity of major allele frequencies within regions suggests a 
considerable amount of migration of this species in the regions. 

There were five systems of EST, two of APH, and one of APH, which were 
not treated quantitatively. Some of these were clearly variable and the others 
looked monomorphic (see starred and dotted band systems in Figure 2). Con
sidering both the systems treated quantitatively and those without quantitative 
treatments, the rough proportion of polymorphic loci can be estimated. If poly
morphism is defined as a majority allele frequency being less than 0.95, three 
esterases and two alkaline phosphatases, in addition to the three systems already 
described, would be considered polymorphic. No variation was observed in two 
esterases, and the system of three-banded alcohol dehydrogenase, which showed 
some variation, could not be considered polymorphic. By this criterion, then, eight 
out of eleven (73%) enzyme systems studied are polymorphic in the populations 
of this Drosophila species sampled. 

DISCUSSION 

Since the physiological adaptive significance of none of these enzyme systems 
is known, discussion must be limited to aspects of polymorphism which can be 
studied by an analysis of the frequency data. The analysis of the majority allele 
frequencies indicates that the same alleles are predominant in all enzyme systems 
in all populations. There are, however, differences in the frequencies of these 
alleles which appear to be correlated with the distance between collection locali
ties. That is, there are generally small differences within each region, but between 
regions there are significant variations in majority allele frequencies. It is not 
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possible to prove definitely that selection is responsible for maintaining the pat
tern of variations observed in all populations. However, selection is one of the 
most likely mechanisms to explain the pattern observed. 

There are several ways in which selection may be acting on the enzyme poly
morphisms. Heterotic selection would be possible if it were of a type which did 
not result in large deviations of adult genotype frequencies from Hardy-Weinberg 
expectations. Such a type would include major selective influence in fertility and 
fecundity differentials or relatively weak selection in the course of development of 
fertilized eggs through mature adult stages, or the combination of both. 

Another alternative mode of selection is frequency-dependent selection under 
which reversal of selective advantage occurs in a shift of allele frequency from 
above to below the point of equilibrium. Existence of this type of selection was 
demonstrated with Est 6 alleles in D. melanogaster (Kojima and Yarbrough, 
1967; Yarbrough and Kojima, 1967). With this mode of selection, an allele fre
quency with a large deviation from its equilibrium value will be rapidly returned 
to a value near the equilibrium and selective differentials among genotypes be
come smaller as the equilibrium point is approached. 

A likely mechanism for the maintenance of alleles with frequencies below a 
few per cent in a population is the balance between mutation and selection against 
the homozygotes of these alleles. 

A final point is the apparent lack of null alleles in the enzyme systems under 
present consideration. Null alleles, the products of which do not display in vitro 
catalytic activity, are expected to occur in the homozygous form if the frequencies 
of such alleles are high and if the homozygotes are viable. [Stock cultures of 
D. melanoga.ster and natural populations of D. aldrichi and D. mulleri have been 
shown to contain null alleles at some esterase loci as demonstrated by Johnson 
( 1964) ; Richardson, Kambysellis and Johnson ( 1968)]. If the frequency of a 
null allele is not high or null allele homozygotes are not viable, only heterozygotes 
of null and non-null alleles may be present in population samples, and these 
heterozygotes will be classified as non-null allele homozygotes. This will result 
in an apparent excess of homozygotes and a deviation from Hardy-Weinberg 
ratios. Null alleles are a possible explanation for the apparent excess of Est F 
homozygotes in the two Samoan localities. In other cases, even if null alleles were 
present, their frequencies must be very low. 

SUMMARY 

Electrophoretic variation of several enzymes in a Drosophila species of the 
nasuta subgroup was investigated using wild-caught flies from two South Pacific 
island groups, Samoa and Fiji. Variation in some of the enzyme systems and popu
lations analyzed was found to be controlled by two high frequency alleles (5% 
or more in some populations) per system, while in other cases there was only one 
allelle in high frequency with other alleles in extremely low frequency. In some 
systems no variation could be found. An estimated 73 per cent of the enzyme 
systems that are apparently controlled by single genetic loci were found to be 
polymorphic in this species. 

Some F1 offspring of wild-caught females were analyzed to verify the Men
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delian one-locus-inheritance in some of the variation. Allele frequencies deter
mined from the observed enzyme phenotypes produced Hardy-Weinberg expected 
values that were generally in very good agreement with those observed. The 
genetic diversity among the populations within and between the Samoa and Fiji 
island groups was investigated using frequencies of majority alleles. The diversity 
was highly significant between island groups and there was one enzyme system 
which showed significant divergence of allele frequencies among islands within 
a group. Possibilities for maintaining the observed pattern of enzyme variations 
were discussed. 
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X. New Picture-Winged Drosophila From Hawaii1 

D. ELMO HARDY
2 

AND KENNETH Y. KANESHIRd 

INTRODUCTION 

Approximately 50 percent of the species of Hawaiian Drosophila have macula
tions of some sort in the wing and many are highly ornate. These obviously com
prise numerous species groups and with the present state of our knowledge, it is 
possible to set up rather few clear-cut species complexes. It becomes obvious that 
species complexes can not be established on external morphological characters 
alone. It appears that convergence and parallelism of characters has occurred fre
quently in the native Drosophila. Dr. Hampton L. Carson has been conducting 
intensive comparative studies of the chromosome sequences of picture-winged 
species and he is building a phylogeny based upan analyses of the chromosomal 
inversions (Carson, Clayton and Stalker, 1967). Also, his conclusions have been 
corroborated by K. Y. Kaneshiro based upan his comparative studies of phallic 
structures of picture-winged species. The major purpase of the present paper is to 
describe the new species which have been used (and will be used) for these 
studies. 

This study deals with some of the complexes of picture-winged species which 
have the labella fleshy, not armed with spines, processes or with a sclerotized 
black rim on the margin. One group, the adiastola complex, is characterized by 
having the front basitarsus of the male broad and flattened laterally (fig. 9d, 
Hardy, 1966:216) and the wings predominantly brown to black with hyaline 
spots (figs. 28b, 29a and 30c). Also a large heterogeneous grouping consisting of 
several complexes of flies is characterized by having a prominent subbasal brown 
mark on wing, an apical and basal spat in cell R1 , a large spot over m crossvein, 
and usually large, often confluent, spots at apices of veins R2 +3 , RH s and M 1 + 2 • 

Many species have a narrow to broad mark near middle of cell R1 (pilimana-like) 
and many have a complete band across wing at level of m crossvein (hawaiiensis
like) . 

Also, a small group (semifuscata complex) of modified mouthparts species is 
being treated which have the entire front partion of the wing from the margin 
over them-cu crossvein brown, lacking hyaline marks; the thorax reddish brown 
to black in ground color, rather densely pollinose, not palished black or yellow to 
rufous with brown vittae. 

We are also including one new species (inciliata) of the haleakalae complex 
(black rim on la bell um, palished black with pale apex on scutellum, apex of wing 
brown to black and a brown mark on m crossvein); and two strange species, 

1 Published with the approval of the Hawaii Agricultural Experiment Station as Technical 
Paper No. 952. 

2 Department of Entomology, University of Hawaii, Honolulu. This work was supported by 
National Institute of Health Grant No. GM 1064-0-05. 

Studies in Genetics, No. 4, 1968. 
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hamifera n . sp. and primaeva n. sp., which fit none of the known groups. The 
latter is not a picture-wing, although the entire wing is colored brownish yellow 
and a faint indication of a brown mark is present over m crossvein. It is included 
here since it is a highly significant species from the standpoint of phylogenetic 
studies, and appears to represent the most primitive species which has been studied 
to date. 

We have made considerable progress in gaining an understanding of the 
picture-winged species. Detailed ecological and behavioral studies have demon
strated that the majority of the species of these groups breed in rotting bark, fruits, 
flowers and leaves of several genera, and many species of Lobelliaciae (predomi
nantly Clermontia). Also, it is now possible to predict fairly accurately where 
flies will be found and the collection techniques have been drastically revised. The 
most successful techniques are use of special baits and visually searching out 
flies in their resting or congregating places. Sterilized banana baits seeded with 
yeasts which have been isolated from rotting Clermontia bark are strongly attrac
tive to many of the species. These are smeared on tree trunks and limbs in special 
environments which can be determined only by highly trained field personnel. 
The baits, if properly aged, are usually effective within minutes after they are 
put out and the flies are collected individually by "popping" a vial over each fly. 
They fly up directly into the vial and experienced collectors capture a high per
centage of the flies they go after. 

The visual techniques is unique for our situation here. We have learned that 
the adults frequent certain types of habitats in the forest: underside of branches 
which extend in a horizontal, or more or less horizontal, position; main trunks of 
trees ; Cibotium fern fronds; etc. Under adverse dry conditions, adults may hide 
in cracks in bark or in "pockets" formed by abnormal branches or roots. These 
flies are exceptionally well camouflaged and are extremely difficult to see in their 
natural environment. They are most readily "spotted" in profile. Collecting these 
flies requires very keen eyesight, much knowhow and considerable luck. 

We are indebted to the following for their valuable assistance in the field work: 
Drs. H. L. Carson, F. Clayton, W. B. Heed, M . P. Kambysellis, H. T. Spieth, L. H. 
Throckmorton and messrs. J . K. Fujii and J . P. Murphy. We are also indebted to 
Miss Geraldine Oda for preparing the illustrations and to Mrs. Ora Mae Barber 
for typing the manuscript. 

D. pilimana-like and D. hawaiiensis-like Complexes 

The D. pilimana-like species treated here are characterized by having three 
brO\'\'Il spots in cell R, , one at base of cell, one near middle, and one at apex; by 
having one spot each at apices of veins R2 +3, R,+s and M 1 +2 (or with these marks 
fused together over the wing apex); and one spot over the m crossvein, as in 
figure 3h. Vein R. +s lacks a brown marking in the median portion. Also, by hav
ing the mesonotum predominantly brown, cinereous to yellow-grey vittate and 
front tarsi and usually tibiae of the male conspicuously ciliated (figs. 3a and 24b). 

The previous concept of pilimana in the literature included a complex of 
species. The cytological studies of Dr. Hampton L. Carson, and the cross mating 
and genetic isolation experiments performed in the laboratory have demonstrated 
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that several distinct species belong in this complex and it appears evident that 
each of the major Hawaiian Islands may have a distinct species of the pilimana 
complex. Typical pilimana is apparently confined to the Island of Oahu. 

The D. hawaiiensis-like species are characterized by having a subbasal brown 
spot, large confluent spots at apices of veins R2 +3, R<+s and M i+2 and with a 
transverse band across the middle of the wing at the level of them crossvein (fig. 
6c) or at least with a spot in the middle of vein R4 +5 and over them crossvein (fig. 
23b). The front tarsi and usually tibiae of the male are conspicuously ciliated as 
in figure 6a and 7a. 

Members of these groups of species are readily attracted to baits seeded with 
yeasts isolated from rotting Clermontia bark. The best techniques for collecting 
these flies is by use of baits and by use of the visual technique described in the 
introduction. 

No host associations have been made and the breeding habits in the field are 
not known for any of the pilimana-like and hawaiiensis-like species. Several of 
the species have, however, been established in laboratory cultures and do well on 
Wheeler-Clayton medium (Wheeler and Clayton, 1965, Drosophila Information 
Service 40:98) . 

This is obviously not a natural grouping and probably several species groups 
are included in this concept. This treatment is only one of convenience to bring 
together the species which have a pattern of wing markings similar to that of 
pilimana and hawaiiensis. When more complete genetic studies have been made, 
it is probable that only a few of these species will be considered in the pilimana 
complex and hawaiiensis complex. It is also possible that species which are found 
to be genetically closely related may come from both the pilimana-like species 
and from the hawaiiensis-like species as treated in this study. 

Key to 
D. pilimana-hawaiiensis complexes 

1. Wing with transverse band across middle at level of m crossvein 
or with spot in middle of R4 +5 (figs. 7c, 12b and 21c). _____ _________________ _ 
------------------------------ --- --- -- -------D . hawaiiensis-like species___________________ ___ 26 
Not as above (figs. 1 b, 3b and 24c) ........ D. pilimana-like species________ 2 

2 ( 1) Front tihia of male with dorsal ciliation (figs. 1 a, 2a and 3a) ·---·- ··--- - 6 
Front tibia lacking ciliation. Front basitarsus with clumps of black 
hairs in various arrangements or lacking ciliation (figs. 9a, 16a and 
17a) ·····-- -·· ····--·-------- __________ ___________ ----------·····-------·--- .. . ·-_-·--·-----__ __-- -----·--· . 3 

3 (2) Front basitarsus with clumps of black hairs in various arrangements 
(figs. 9a, 9e and 16a) -------·---- ---·--------- -- ------------------------------------- ------------ 4 
Front tarsi lacking ciliation (fig. 17a). Each palpus with two yellow 
hair-like bristles arising on ventroapex, one of these is much longer 
than the palpus (fig. 17c). Mesonotum rufous, tinged faintly with 
brown but not distinctly vittate. Wings with a faint brown mark be
fore middle of Cell R1 (fig. 17b) ·----------- Maui ·----------.prostopalpis n . sp. 

4(3) Front basitarsus with a fascicule of long black hairs near middle of 
basitarsus (fig. 9e) ········---- Molokai, Maui ·· -- -------- fasciculisetae Hardy 
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Front basitarsus V'iith a line of dorsal hairs at base or a clump of hairs 
just before apex (figs. 9a and 16a) ... ................... ................................ 

5 ( 4) Basitarsus with a line of about six long black dorsal hairs near base 
(fig. 9a) .................................................... Maui .............. lineosetae n. sp. 
Basitarsus with a clump of dorsal hairs just before apex (fig. 16a) .... 
............... ...... ......................... .. .......... Maui ........................pilatisetae n. sp. 

6 (2) Cell R1with a brown marking near middle...................... ............. ..... 7 
Cell R1lacking brown markings except at extreme base and at apex 
(figs. 1 b and 25d). (Note that due to the sexual dimorphism in the 
wing of punalua, the males would fit here while the females would 
fit above; key is based on males) .......................................................... 18 

7(6) Crossvein r-m not covered by an isolated brown spot (figs. 4b, 24c 
and 26b). Thorax marked with brown at least on disc of scutellum, 
except in vesciseta. Preapical dorsal bristle of front tibia much 
smaller than first oral bristle ........... ...... ............................ ................... 8 
Crossvein r-m covered by an isolated brown spot (fig. 26f). Thorax 
entirely rufous. Preapical dorsal bristle of front tibia large, almost 
equal to first oral bristle (fig. 26e) ...... Hawaii .......... ochracea Grimshaw 

8 ( 7) At least disc of scutellum marked with brown. Preapical dorsal 
bristle of front tibia conspicuous, at least equal in size to apical ven
tral bristle . .. ... ................. ..... .. ... .. ... ... ......... ....... . .... ... ..... ..... ...... ..... .. ... ... 9 
Thorax entirely rufous. Preapical dorsal bristle of front tibia tiny, 
about half the size of the apical ventral bristle and scarcely differen
tiable from the short setae on the tibia. Ornamentation of front 
legs as in figure 26a and wings marked as in figure 26b ............... . 
. ..... ... .. ... ..... .. .... .. . .. . ..... ... .. . . ....... .. ......... .. ... ..... ... .. Maui ........ vesciseta n. sp. 

9(8) Mesonotum yellow in ground color with or without brown vittae. 
Pleura all yellow or with a small brown spot below wing base .. ..... ..... 10 
Mesonotum brown in ground color with cinerous to yellow-gray pol
linose vittae. Pleura conspicuously marked with brown to black........ 13 

10(9) Brown spot in cell R1elongate, half as long as cell and equal in length 
to M1+2 between r-m and m crossveins. Wing long and slender, 
rather pointed. (Questionable placement, only female definitely 
known) ....... ......................... Lanai, Oahu? ............ lanaiensis Grimshaw 
Not as above..................................................... ....... .............................. 11 

11 (10) Mesonotum rufous, faintly tinged with brown but not with distinct 
vittae. Disc of scutellum brown ............... ... .................... ................ ...... 12 
Mesonotum with prominent dark brown to black vittae. Scutellum 
with a brown stripe on each side, yellow down the middle. Front legs 
as in figure 24g .......................... ...... Hawaii ........ engyochracea Hardy 

12 ( 11 ) Basal third of front tibia bare of cilia; cilia of front basitarsus curled 
(fig. 24b). Subbasal wing spot large and conspicuous, filling basal 
cells to r-m crossvein; r-m about opposite end of vein R1 •. . ....•••• ••... 

........... .............. .... ............ ... .......... ........ Hawaii ...................... sproati n. sp. 
Front tibia ciliated to base; cilia of basitarsus straight or nearly so 
(fig. 19a) . Subbasal wing spot small and r-m situated well beyond 
apex of R1 (fig. 19b) .... ............................ Kauai ... ............. se;uncta n. sp. 
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R

13(9) Subbasal wing spot small, extending scarcely into basal portion of 
cell R5 and not involving r-m crossvein (fig. 22c and 3h) .......... ........ 14 
Subbasal spot large and conspicuous, extending into the upper por
tion of cell M2and involving the r-m crossvein (fig. 3b) .................... 17 

14(13) Basal portion of front tibia devoid of long cilia (figs. 3g, 8a, 13a). 
Sub basal wing spot prominent (fig. 3h). Entire hind margins of 
terga 2-5 brown .................................................................................... 15 
Cilia on front tibia extending to base of segment. Subbasal wing spot 
reduced to a narrow streak of brown (fig. 22c) . Terga entirely yel
low on sides, apical brown bands narrow, not reaching lateral mar
gins (fig. 22b) .............. .......................... Maui .................. sodomae n . sp. 

15(14) Front tibia and tarsus with long, straight, dorsal cilia, the hairs are 
two or more times longer than the preapical dorsal bristle. Front 
basitarsus about one-half as long as the tibia (fig. 3g) ................. .. . 
.............................................................. Oahu ............ pilimana Grimshaw 
Cilia of front legs short, those on tibia are shorter than preapical 
dorsal bristle; those on tarsus are curved. Preapical dorsal bristle 
large, two times apical ventral bristle. Front basitarsus about two-
thirds as long as the tibia (fig. 8a) ................................................. ..... 16 

16 ( 15) Hind tarsi brown to black. Second spot on vein Rz +3 at middle of cell 
1 brown and almost directly above m crossvein (fig. 13b) . Spots at 

apices of veins R2+a, R<+ 5 and M,+2 not confluent (fig. 13b) .......... 
.............................................. .... .................. Maui .... ........ orphnopeza n. sp. 
All tarsi yellow. Second spot on vein R2+3 at about basal two-fifths 
of cell R1 and distinctly in front of m crossvein (fig. 8b). Entire 
apex of wing brown (fig. 8b) ................ Maui, Lanai ........ limitata n. sp. 

17(13) Apical half to two-fifths of front tibia devoid of long hairs (fig. 5b). 
Pleura almost all dark brown to black. Pollinose vittae on meso
notum indistinct (fig. 5a) ........................ Kauai ............ glabriapex n. sp. 
The dorsal cilia on front tibia extend almost to the preapical dorsal 
bristle (fig. 3a). Pleura conspicuously marked with yellow and yel
low-grey vittae distinct on mesonotum (fig. 3c) ............................... . 
.......................................................... .... Maui ..... ..... ............ discreta n. sp. 

18(6) Front with a dense patch of setae on each side. Proclinate bristle 
small, anterior reclinates not discernible and posterior reclinates and 
ocellars rudimentary, scarcely larger than surroundings setae (fig. 
20b) ................................................ Hawaii ..... .............. . setosifrons n. sp. 
not as above................................. ........................................ ................... 19 

19 ( 18) Front tibia with long dorsal cilia from base to preapical dorsal 
bristle .................................................................................................... 20 
Front tibia with cilia only on the apical two-thirds or only on the 
basal one-fourth to one-third ........................... ................................ ... 23 

20(19) Front basitarsus one-half as long as tibia and with three dorsal cilia 
(fig. 25b). Only median brown vitta distinct, lateral markings 
rather faint and interrupted at the suture ...... Oahu ...... uniseriata n. sp. 
Basitarsus nearly two-thirds as long as tibia and with about twelve 
dorsal cilia. Three dark brown vittae extend entire length of meso
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notum ----------------------------------------------------------------------------------------------- -- --- 21 
21 (20) Wing with a small hrown spot on cell Rs distinctly beyond level of m 

crossvein. Subbasal wing spot large, extending to r-m crossvein. 
Crossvein r-m about opposite end of vein R1. Lower face, clypeus 
and lower margin of gena brown to black. Palpal bristle elongate, 
yellow, hair-like, much longer than segment (fig. 11a) _________ __ ______ __ _ 

----------------------- -- ---------------- -- -- ----------- Hawaii -------------------- macrothrix n. sp. 
No such spot in Rs ---------- ---------------------------------------------------- -------------------- 22 

22(21) Apical bristle on palpus about equal in length to segment. Crossvein 
r-m situated well beyond end of R1 (fig. 2c). Mesonotum with three 
broad, brown vittae (fig. 2b) ·-----------··------- ---Hawaii ----···· digressa n. sp. 
Palpi of male devoid of distinct bristles; a moderately strong apical 
bristle is present in the female. Crossvein r-m situated opposite end 
of R1 . Mesonotum with four narrow brown vittae ·---···-·-···-······-------· 
------------------------------ ---------------------------·····------ Oahu ··-···----------Punalua Bryan 

23( 19) Front tibia with only two anterior or dorsal cilia just before apex or 
with ciliation extending over the apical two-thirds (figs. 15a and 
83a, Hardy, 1965:253) ··---------------------------------------------- -- --------------------·· 24 
Front tibia with a row of 5-6 long dorsal hairs on basal one-fourth 
to one-third and basitarsus with short erect dorsal hairs extending 
the entire length (fig. 1a) -···-····-------------- - Hawaii··---······· basisetae n. sp. 

24(23) Front tibia with only two long dorsal or anterior cilia just before the 
apex ---------·····--------------······-··-····---------·-·····-··---·-····-------- ·-····----------···------- 25 
Front tibia with numerous long dorsal and anterior ciliation extend
ing over the apical two-thirds (fig. 83a, Hardy, 1965:253). Meso
notum with submedian brown vittae extending the entire length and 
with a brown vitta on each side····-··--------- Oahu ........ distinguenda Hardy 

25 (24) Front tibia with two prominent preapical anterior cilia and tarsus 
with three long straight anterodorsal cilia evenly arranged down the 
segment (fig. 5a) -------- ·····-------·--·Hawaii······---·· · paucipuncta Grimshaw 
Front tibia with two erect cilia on the dorsal surface just before the 
preapical dorsal bristle and tarsus with numerous long black hairs 
extending down the anterodorsal and posterodorsal surfaces ________ __ __ 
------------------ ···-----------··········----······· ·· --- Oahu ·· ·---------·--------------- inedita Hardy 

26 ( 1) Front tibia of male lacking long ciliation ·····-----------------····--·---·····------- 27 
Front tibia with long dorsal ciliation -···--···---···-·········------·-······------------- 31 

27 (26) Front basitarsus flattened laterally with a dense clump of strong dor
sal hairs extending over the apical half of the segment ···-····-----------
-- -- ----·--····· -------- ··-······------ -- ----·······-· Oahu ··-· ·· ·------------- tarphytrichia Hardy 
Front basitarsus not flattened on apical half. Ciliation extends over 
entire length of the segment ---------········----·····------·······-------------·······----- 28 

28(27) Mesonotum yellow except for a dark brown vitta down the middle. 
Crossvein r-m situated at middle of cell 1st M 2 and surrounded by a 
small brown spot. Front tarsi with very sparce ciliation (fig. 22a) 
--- ·····-------- --- -------- ----······· ···-·-··----·-···-········ Oahu ·---·--------··· spaniothrix n. sp. 
Not as above ----·-····------------··········-······-··-·····-----···-·------------------------·-·····- 29 

Z9 (28) Mesonotum with a broad yellow vitta down the middle, hind portion 
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yellow in ground color. Propleura yellow. Cilia of front basitarsus 
long at base, gradually shortened toward the apex (fig. 6a) ...... ..... . 
-------------------------------------------------------------- Oahu -- ---------------------- gradata n. sp. 
Thorax ahnost entirely dark brown to black with a rather faint nar
row grey median vitta on mesonotum ----------- --------------------------------------- 30 

20(29) Spot in middle of R1 +5 situated basad of spot on R2+a (fig. 144b, 
Hardy, 1965: 376) ---------------- -- --------------Kauai---------------- musaphila Hardy 
Spot in middle of R4 +5 situated directly below spot on R2+3 (fig. 
108b, Hardy, 1965:229) ------------ ------Hawaii ________ hawaiiensis Grimshaw 

31 (26) Crossvein r-m situated at or near middle of cell 1st M2, penultimate 
and antepenultimate sections of vein Mi+ 2 equal in length (meas
ured to break opposite m-cu crossvein) , a prominent isolated brown 
spot present on r-m crossvein. Elongate anterodorsal and postero
dorsal cilia extend over front tarsus and entire tibia (fig. 7 a, 10a and 
12a) except in silvarentis (fig. 21c) ------------ -- --------------- ------------------ ----- 32 
Crossvein r-m situated well before middle of 1st M2, if an isolated 
brown spot is present on r-m (fie.ripes) the front femur and tibia are 
strongly bent (fig. 4a) . Cilia of front tibia usually not as above__________ 36 

32(31) Median portion of cell R1 brown (figs. 12b and 21c) ------------------------ 33 
Cell R1 hyaline except at apex and base (fig. 10b). Mesonotum 
rufous with four brown vittae as in figure 1 Oc ____ Maui ____ liophallus n. sp. 

33(32) Thorax brown to black in ground color, densely greyish pubescent 
on mesonotum and with four brown vittae on mesonotum. Disc of 
scutellum brown -------- ------------------ ------------------------------------------ ------ -- ------ 34 
Thorax rufous in ground color. Mesonotum with faint brown me
dian vitta. Scutellum entirely rufous. Aedeagus toothed (fig. 12d) 
------------------------------------------------- ----- Maui -- ------------------ odontophallus n. sp. 

34(33) Palpi, except for moderately strong apical bristle, not covered with 
long setae (figs. 7f find 21a) ------------- -- ------------- --- -- -- ---------------------- ------- 35 
Palpi with a long, slender apical bristle and covered with long setae 
(fig. 7b). Front tibia and tarsus with long anterodorsal and postero
dorsal ciliation. ---------------------------------------- Maui __________ hirtipalpus n. sp. 

35 ( 34) Legs dark brown to black with only a single row of cilia on the pos
terodorsal surface of the front tibia and tarsus (fig. 21b) --- --- ---------
---- ---------------------------------------- -------- Hawaii ---- -- -------------------- silvarentis n . sp. 
Legs mostly yellow to light brown with two rows of cilia extending 
down the anterodorsal and posterodorsal surfaces of the front tibia 
and tarsus (fig. 21£) --------------------Maui, Molokai--- --------- villitibia Hardy 

36(31) Brown marking at or near middle of cell R1 narrow, usually about 
equal in length to them crossvein (figs. 4c, 14b and 18b) ---------------- 38 
Brown marking in cell R1 elongate, equal to half the length of the 
cell and equal or slightly longer than the section of vein M 1 +2 be
tween the r-m and m crossveins (fig. 27b) ------------ ------------------------------ 37 

37(36) Front tibia with dorsal cilia from about apical two-fifths to the pre
apical dorsal bristle (fig. 68a, Hardy, 1965: 225) . Mesonotum with 
three brown to black vittae extending the full length, scutellum 
brown to black on the disc ---------------- Hawaii ________ conspicua Grimshaw 
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Front tibia with a row of dorsal and anterodorsal ciliation extending 
the entire length of the segment (fig. 27a). Mesonotum yellow in 
ground color with three brown to black vittae extending the full 
length (fig. 27c) .................................... Maui .................. virgulata n. sp. 

38 ( 36) Front femur and tibia normal in shape, not contorted ........................ 39 
Front femur and tibia conspicuously flexed (fig. 4a). Femur nar
rowed at apex, tibia narrowed at base and with a dense brush of 
black dorsal hairs at base. Crossvein r-m covered with a brown spot 
(fig. 4b) ............................................ Oahu ........................ fiexipes n. sp. 

39(38) Front tibia and tarsus devoid of ciliation except for four long black 
hairs at the base of the tibia (fig. 171d, Hardy, 1965:428). Vein 
M 3 +4 with a broad brown streak extending nearly four-fifths its 
length (fig. 171e, Hardy, 1965:428) ........ Hawaii .... prolaticilia Hardy 
Front tibia and tarsus with at least three and usually numerous long 
cilia extending throughout each segment (fig. 109a, Hardy, 1965: 
301; 14a and 18a) . Vein Ma+• without brown markings............ ........ 40 

40 ( 39) The transverse band across middle of wing at level with m crossvein 
is parallel-sided (fig. 14b), the mark in cell R1 is not broader than 
the rest of the band. Preapical dorsal bristle of front tibia prominent, 
about two times longer than the ventral bristle................................ 41 
The brown mark in cell R1 is two or more times broader than the 
mark near middle of vein R •+»forming a brown triangle which 
connects with the brown band over them crossvein (fig. 18b) . Pre
apical dorsal bristle of tibia minute, smaller than the ventral bristle.. 44 

41 (40) Front tibia with only three or four long cilia on the dorsal surface 
and three on the basitarsus (fig. 109a, Hardy, 1965:301) ............... . 
........................................................ Oahu .................... hexachaeta.e Hardy 
Front tibia and basitarsus with numerous dorsal cilia extending the 
entire length of each segment ................................................................ 42 

42 ( 41) Coxae and femora dark brown to black. Cross band situated at apical 
three-fifths of wing ................................ Kauai ............ villosipedis Hardy 
Legs yellow. Cross band near middle of wing.... ............. ..... .................. 43 

43 ( 42) Dorsal surface of front basitarsus densely covered with curled cilia 
arranged in three rows (fig. 61b, Hardy, 1965:208) ....................... . 
...................................................... Hawaii ........................ ciliaticrus Hardy 
Basitarsus with a single complete row of about six anterodorsal cilia 
and with two or three rather inconspicuous dorsal cilia at middle of 
segment (fig. 14a) ................................ Maui ................ orthofascia n. sp. 

44(40) Costal fringe extends one-half the distance between apices of R.+, 
and Mi+2· Palpi, mouthparts, coxae, femora brown ......................... . 
........................................ .................... Maui ····-··-··-······----··- recticilia n. sp. 
Costal fringe longer, about three-fourths the distance between apices 
of R,+ 5 and Mi +2· Palpi, mouthparts, coxae, femora yellow ........... . 
.................................... Oahu .............. n . sp. or pale specimens of above? 

Drosophila basiseta.e n. sp. (Figs. ta-e) 

This species appears closely related to paucipuncta Grimshaw and is differen
tiated by the characteristics of the front leg; by having five to six long black 
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Fm. 1. Drosophila basisetae n. sp.: a, front tibia and tarsus; b, wing; c, palpus; d, male 
genitalia (lateral); e, hypandrium (ventral). 

dorsal hairs near the base of the front tibia and lacking long ciliation on the front 
basitarsus. Compare figures 1a and 15a. Also, the pleura are yellow except for a 
streak of brown across the upper portion of the mesopleura and each palpus has 
several, apparently three or four, closely appressed long, yellow setae at the apex 
(fig. 1c). 

Male. Head: Front dark brown below the level of the proclinate bristles, upper 
portion yellow on the orbits and down the middle and yellow-brown with a golden 
sheen in the submedian areas. Face slightly raised down the median portion and 
projected slightly on the epistomal margin. Clypeus, palpi and mouth-parts yel
low. Labella fleshy. Mentum setose on apical two-fifths to one-half. Each palpus 
has a clump of closely appressed, moderately long yellow setae at the apex (fig. 
1c). Anterior reclinate bristles small, less than two tilnes longer than the setae 
down the sides of the front and situated half-way between the proclinates and the 
upper reclinates. Upper reclinate and ocellar bristles about equal in size. Pro
clinates equal to the upper bristle of the oral margin. Third antennal segment 
yellow-brown, second brown on the dorsum. Arista with about ten dorsal rays and 
four ventral in addition to the small apical fork and with the inner surface setose 
over most of the length.Thorax: Predominantly yellow, tinged with brown on 
the mesonotum and distinctly brown, tinged with yellow on the disc of the scutel
lum. Pleura yellow except for a narrow rim of brown along upper margin of each 
mesopleuron. Anterior sternopleural bristles about opposite the second supraalars. 
Lower humeral bristle about two-thirds as long as upper. Anterior sternopleural 
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bristle two-thirds to three-fourths as long as posterior. Legs: Yellow except for 
brown apical tarsomeres. Front tibia with six moderately long black dorsal hairs 
on basal one-fourth to one-third and about four fine anterodorsal, brownish yellow 
hairs at base. Front basitarsus about half as long as tibia and with short erect 
dorsal hairs over most of its surface (fig. ia). Preapical dorsal bristle of front 
tibia small, shorter than the ventral apical bristle. Wings: Subhyaline with the 
apical spots on veins R2+3, R4 +s and M,+2confluent with a large, rather dumbbell 
shaped mark over them crossvein and a prominent subbasal spot (fig. ib). The 
r- m crossvein is situated just before the apex of vein R,. The costal fringe extends 
approximately three-fifths the distance between the apices of veins R2+s and 
R<+s· The third costal section is slightly over four times longer than the fourth. 
Abdomen: First tergum and base of second clear yellow. Anterolateral margins 
of terga 3-6 yellow, abdomen otherwise subshining dark brown to black. Genitalia 
as shown in figures id and ie. The shape of the aedeagus (fig. id) and hypand
rium (fig. ie) would place this species in the paucipuncta group. The apical 
sensilla are minute. 

Length: body, 4.6 mm.; wings, 5.6 mm. 
Female: Similar to male except for sexual characters. Ovipositor has not been 

studied. 
Length: same as in male. 
Holotype male, allotype female and four paratypes (two of each sex) from 

Mountain House above Naalehu, Hawaii, 2750' elevation, December i9, i967. 
Holotype collected by K. Y. Kaneshiro, allotype collected by J. Tenorio and para
types collected by H . L. Carson, G. Ota, and K. Y. Kaneshiro. Also one paratype 
male, Olaa Forest Reserve, Hawaii, November 26, i965 (J. K. Fujii). 

Type and allotype in B. P. Bishop Museum, paratypes in the University of 
Hawaii collection. 

Drosophila digressa n . sp. (Figs. 2a-e) 

We are unable to relate this to any known species of Drosophila in the key 
(Hardy, i964:84); it would run imperfectly near megasticta (couplet 37) hut it 
obivously fits close to nothing in this section of the key. The wing markings differ 
from all known species of Hawaiian Drosophila by having a small spot of brown 
at the middle of vein R. +s but lacking a brown mark in the middle of cell R, (fig. 
2c). This species shows some resemblance to engyochracea Hardy and pururlua 
Bryan, but the details of the wing and thoracic markings are very different and 
the ornamentation on the legs is distinctive. It should be noted that because of the 
continuation of the brown marking from the m crossvein over the middle of vein 
R•+s this species would not fit well beyond couplet 2i of the key. 

Male. Head: The front is yellow in ground color, tinged with golden brown 
through the interfrontal areas. The upper portion of the occiput is brown covered 
with grey pollen, the remainder is pale yellow-white as are the genae and the 
face. The palpi are yellow, tinged with brown, each has a long slender bristle at 
the apex equal in length to the upper reclinate bristles of the front. The clypeus 
is pale yellow, the mouthparts are yellow. The mentum has about four setae ar
ranged from the middle to the apical third of the segme;nt. The first oral bristle 
is strong, equal or larger than the proclinate bristle of the front. the second oral 
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is rather short seta-like, scarcely half as long as the third. The lower reclinate 
bristle is about two-thirds as long as the proclinate and is situated slightly above 
the latter. The face is just slightly raised along the median portion, flattened 
below just before the epistoma. Thorax: Yellow in ground color with three broad 
vittae extending down the mesonotum (fig. 2b) and with a dark brown to black 
spot covering the posterodorsal portion of each mesopleuron. The scutellum has 
a large dark brown spot over the disc, the margins are yellow. The metanotum is 
yellow. A small spot of brown is present on the upper portion of each pteropleuron 
beneath the wing base and a narrow line of brown extends along the posterodorsal 
margin of each sternopleuron. The border of the posterior spiracle is brown. 
Legs: Pale yellow except for a faint tinge of brown near apices and bases of hind 
tibia. The front tibia has twelve to fifteen cilia arranged in two irregular rows 
down the dorsal surface from near the apical one-fourth to the base of the segment 
(fig. 2a). The preapical dorsal bristle is about equal in length to the apical ventral 
bristle. The front basitarsus is elongate, approximately two-thirds as long as the 
tibia and bears about eleven long black cilia arranged in two irregular rows down 
the entire length of the subsegment. The second tarsomere bears two dorsal cilia 
and the third bears one. The hind tibiae are indistinctly banded, by the faint 
marking of brown near the base and another just before the apex of the segment. 
Wings: Largely hyaline with brown spots at the apices of veins R2+ 3, R+s and 
M1+2, a large dumbbell shaped brown mark over them crossvein which extends 
as a fainter marking through the middle of cell Rs across vein R4 +5 into the 
lower portion of cell R3 • The subbasal wing spot is rather small (fig. 2c). The 
r-m crossvein is situated near the basal fourth of cells 1st M 2 and beyond a point 
just opposite the tip of vein R,. The third costal section is over four times longer 
than the fourth and the costal fringe extends just beyond the middle of the dis
tance between the apices of veins R•+a and R•+s· The wing is slightly pointed at 
the apex. Abdomen: Predominantly brown with large lateral spots on the terga; 
the brown coloring on the posterior margins of each tergum extends along the 
lateral margin to the base of each segment. The genitalia are as in figure 2d. The 
aedeagus is narrow and quite elongate, the parameres are covered with minute 
setae and each having an elongate apical sensillum (fig. 2d). 

Length: body, 5.0 mm.; wings, 5.75 mm. One paratype measures 4.0 mm. for 
the body and 4.15 for the wings. 

Female: Similar to male, except for sexual characters. The ovipositor is elon
gate, about two times longer than the cerci, entirely black and blunt at apex 
(fig. 2e). 

Holotype male, Bird Park, Kilauea, Hawaii, August 24, 1965 (K. Y. Kane
shiro). Allotype female, Upper Olaa Forest, Hawaii, July 28, 1966, J13B4 (K. Y. 
Kaneshiro). Two paratypes, both males, from Upper Olaa Forest, Hawaii, col
lected November 26, 1965 and July 28, 1966 (J. K. Fujii andK. Y. Kaneshiro) . 

Type and allotype in B. P. Bishop Museum, paratypes in the University of 
Hawaii collection. 

Drosophila discreta n . sp. (Figs . 3a-f) 

This species runs to pilimana Grimshaw and has been included in the previous 
concept of that species (Hardy, 1965:415). Dr. Hampton L. Carson has demon
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strated that it is cytologically distinct. D. discreta is differentiated from pilimana 
by having the subbasal wing spot larger, extending into cell 1st M 2 and extending 
over the r-m crossvein (fig. 3b) rather than the sub basal spot being comparatively 
small, extending over the upper edge of the base of cell R5 but not extending to 
the r-m crossvein (fig. 3h). The other wing spots are more prominent in discreta, 
especially the submedian spot in cell R1 (fig. 3b). The second oral bristle is strong 
in discreta, subequal in length to the first bristle and two or three times longer 
than the upper setae of the oral margin. In pilimana, this bristle is about half the 
length of the first bristle and about one-half longer than the other setae. The front 
basitarsus of discreta is more elongate than in pilimana, being about two-thirds 
as long as the tibia rather than approximately one-half as long. Also, the front 
tibia of discreta has about 18 long, dorsal cilia extending to about the basal one
sixth of the segment (fig. 3a) rather than approximately 12-14 cilia ending at 
about the basal third of the segment (fig. 3g) as in pilimana. The median yellow
grey pollinose vitta on the mesonotum of discreta is narrow compared to that of 
pilimana, being about half the width of the brown vittae (fig. 3c) rather than 
about equal in width (fig. 3i). 

The females very closely resemble those of fasciculisetae but are differentiated 
by the pale colored antennae and pal pi. 

D. discreta would also fit near limitata n. sp. from Maui but have longer hairs 
on the front tibiae and tarsi as in figure 3a, by the large subbasal spot on the wing 
extending to the base of the r-m crossvein (fig. 3b) , by the small preapical dorsal 
bristles of the front tibiae of discreta (compare figs. 3a and 8a) ; the differences 
in the male genitalia (figs. 3e and 8e) and the chromosomal differences as being 
discussed by Dr. Carson. 

Male. Head: Shaped as in other members of this complex. The front is dark 
brown on the lower portion, lighter brown above a level with the proclinate 
bristles. The orbits are covered with yellow-brown pollen. The vertex and upper 
occiput are brown, tinged with yellow, the remainder of the occiput is yellow. 
The genae, except for a pale brown spot below each eye margin, the clypeus, palpi 
and mouth parts are pale yellow. The face is white, raised down the median por
tion and vertical as seen from direct lateral view. The second oral bristle is large, 
subequal to the first and two or three times longer than the oral setae. Each palpus 
has a thin yellow-brown apical bristle, subequal in length to second oral. The an
terior reclinate bristle is three-fourths to four-fifths as long as the proclinate but 
is much thinner; this bristle is situated slightly above the proclinate. The first 
antennal segment is yellow, the second and third are brown, tinged with yellow. 
The arista usually has nine to ten dorsal rays and three ventral rays in addition 
to the rather small apical fork. The inner surface of the arista has six or seven 
prominent setae on the apical half. Thorax: Predominantly brown in the ground 
color of the dorsum with yellow markings around the margins and mostly yellow 
on the pleura with brown markings across the upper portions of the mesopleura, 
sternopleura, pteropleura and on the hypopleura and metapleura. The metano
tum is yellow to rufous, tinged lightly with brown on the sides and sometimes on 
the upper margin. The scutellum has a large brown spot extending over the disc, 
the margins and ventral portion are yellow. The anterior dorsocentral bristles are 
situated just slightly behind a line drawn between the second supraalar bristles. 
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The pattern of markings on the mesonotum are as in figure 3c. These consist of 
a pair of rather broad submedian brown stripes extending most of the length of 
the mesonotum and a pair of lateral brown stripes extending to the posterior mar
gin from behind the suture; these are separated by rather narrow yellow-grey 
vittae. Legs: Entirely yellow, except for slight discolorations of brown before the 
apices of the hind tibiae. The front basitarsus is rather elongate, about two-thirds 
as long as the tibia and the ornamentation is as in figure 3a. About 18 rather long 
erect dorsal cilia are present extending from just below the preapical dorsal bristle 
to about the basal sixth of the segment; these are mostly arranged in pairs. About 
a dozen long dorsal cilia extend over the entire length of the basitarsus and one 
preapical pair each is located on tarsal subsegments 2--4 (fig. 3a). Wings: The 
markings are as in figure 3b. The subbasal brown mark is especially large and 
distinctive. The costal fringe extends nearly three-fourths the distance between 
the apices of veins R•+a and R<+s· The third costal section is 3.5 times longer than 
the fourth. Abdomen: Dark brown except for prominent yellow-grey spots cover
ing the anterolateral portions of each tergum. The genitalia are as shown in figure 
3e. The ninth tergum is narrow and is developed into a truncate protrusion at the 
ventral portion. Each of the parameres has a minute apical sensillum. 

Length: body,4.7mm.; wings,5.0mm. 
Female: Fitting the description of the male except for sexual differences and 

resembling very closely the females of fasciculisetae but differing by having the 
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Fm. 3. Drosophila discreta n. sp.: a, front leg; b, wing; c, mesonotum; d, head; e, male 
genitalia; f, ovipositor. Drosophila pilimana Grimshaw: g, front leg; h, wing; i, mesonotum. 
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antennae and palpi paler in color (yellow, to yellow tinged with brown, rather 
than brown to black). Tills is best seen in living or freshly killed specimens. The 
ovipositor is as in figure 3f. 

Length: body, 5.4mm.; wings, 5.8mm. 
This species is in culture. Holotype male, Waikamoi, Maui, February 1, 1964, 

S27.5 (H. T . Spieth). Allotype female, same locality, 4200', June 28, 1965, C125.1 
(H. L. Carson). The type series is taken from cultures nos. C125.1C, C104.1, 
PM29 and FA-1. These were established from iso females collected at Waikamoi, 
Maui, 4200' elevation. 

The species has been collected at Waikamoi, Kipahulu Valley, Puu Kukui and 
Keanae. It has been taken on many different occasions from October, 1964, to 
October, 1966, by the following collectors: H. L. Carson, H. T. Spieth, K. Y. 
Kaneshiro, J . P. Murphy, J. K. Fujii, and D. E. Hardy. 

Type, allotype and a series of paratypes in the B. P. Mishop Muesum. Para
types in the collections of the U . S. National Museum, British Museum (Natural 
History), and the University of Hawaii. 

Drosophila fiexipes n . sp. (Figs. 4a-d) 

This unusual species would run to ciliaticrus Hardy because of the markings 
on the wing and because of the ciliated front tibiae. The two species are apparently 
not related, however. It is obviously much more closely related to punalua Bryan. 
The development of the front legs, however, is very different (fig. 4a), the wing 
markings differ strikingly, the head is differently shaped and it also differs in 
other respects. 

Male. Head: Almost square as seen in direct lateral view, the anterior portion 
of the front is not produced, and the face is vertical. The front is yellow in ground 
color along the eye orbits and with a narrow, less distinct line of yellow extending 
two-thirds the length of the front beyond the median ocellus. The lower margin 
of the front is also yellow in ground color, tinged with brown on the sides. The 
remainder is brown, tinged with black in the upper interfrontal areas. The orbits 
and the ocellar triangle are densely yellow-grey pollinose. The upper portion of 
the occiput is tinged with brown. The remainder of the occiput is yellow, covered 
with yellowish pollen. The genae, clypeus, palpi and mouthparts are yellow. The 
face is white, faintly tinged with yellow. The apical bristle on the palpus is small, 
about two times longer than the setae on the outside surface of the segment. The 
second oral bristle is small, seta-like, slightly larger than the other setae of the 
vibrissal row. The first bristle is large, equal or slightly longer than the proclinate 
bristles of the front. It should be noted in one paratype the seta which is present 
immediately above the strong bristle on the oral margin is bristle-like, slightly 
larger than the second bristle of the oral margin. The anterior reclinate bristle is 
approximately equal in size to the proclinate and is situated above the latter. The 
third antenna! segment is yellow-brown except for the yellow base, the second 
segment is yellow except for the dark-brown dorsal surface, the basal segment is 
yellow. The aristae appear to be unusual, in all specimens studied they extend 
laterad across the front of the eyes and each has nine to ten dorsal and about 
eight ventral rays in addition to the small apical fork, and the inner surface is 
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FIG. 4. Drosophila fiexipes n . sp.: a, front leg; b, wing; c, pattern of marks on abdominal 
segments; d, male genitalia. 

setose along its entire length. Thorax: Predominantly yellow with four brown 
vittae extending down the mesonotum, rather similar to the figure of gradata 
and as in that species the median, posterior and lateral portions of the mesonotum 
are yellow in ground color, covered with yellowish pollen and the scutellum is 
discolored with brown in the mediam portion, broadly yellow on the margins. 
The pleura are largely yellow in ground color, tinged with brown through the 
middle portion of each mesopleuron; the upper portion of each sternopleuron and 
pteropleuron and on the metapleuron above the spiracle; the rim of the spiracle 
is brown to black. Legs: Entirely yellow, each front femur is rather strongly nar
rowed and distinctly curved downward on the apical portion. The front tibia is 
narrowed toward the base and almost arcuate on the dorsal surface (fig. 4a) . 
The front basitarsus is slender and elongate, about four-fifths as long as the tibia. 
The front tibia is flattened on the dorsal surface, has a dense clump of black hairs 
at its extreme base and has an abundance of long hairs extending down the an
terodorsal surface, a row of densely placed shorter hairs down the posterodorsal 
surface, and with scattered short erect hairs over the dorsal surface on the apical 
half of the segment. The front basitarsus has an abundance of moderately long 
erect cilia over the posterodorsal, anterodorsal and dorsal surfaces. The second 
and third tarsomeres each have a few scattered dorsal hairs. The preapical dorsal 
bristle of the front tibia is small, not differentiated from the other setae. Wings: 
Marked as in figure 4b. The mark in the middle of cell R1 extends rather wedge
shaped into the upper portion of cell Rs and is indistinctly joined to the large spot 
extending over the m crossvein but is not directly in line with this spot. The r-m 
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crossvein is situated well beyond the apex of vein R1 and near the basal two-fifths 
of cell 1st M 2, also the isolated brown spot over the r-m crossvein is distinctive. 
Abdomen: Predominantly yellow with a large dark brown to black ,almost tri
angular mark, in the middle of each segment and with the extreme lateral margin 
of each tergum brown to black (fig. 4c). The genitalia are as shown in figure 4d. 
The preapical protuberance of the aedeagus is narrow and quite distinctive. The 
parameres are narrow, each with a minute apical sensillum. 

Length: body, 4.0 mm.; wings, 4.5 mm. 
Female unknown. 
Holotype male, Niu, Oahu, 800', August 21, 1965, C142.4 (H. L. Carson). 

Four paratypes, two same data as type; one Mount Kaala, Oahu, collected in trap, 
April 22, 1965 (K. Y. Kaneshiro); and one from Palikea, Oahu, May 11, 1966 
(K. Y. Kaneshiro). 

Type in the B. P. Bishop Museum, paratypes in the collections of the U.S. Na
tional Museum, British Museum (Natural History) , and the University of 
Hawaii. 

Drosophila glabriapex n . sp. (Figs. 5a-d) 

This species differs from pilimana and other members of this complex by hav
ing th:e apical two-fifths of the front tibia devoid of cilia (fig. 5b) and the ciliation 
is not confined to the median portion of the segment. It also differs by having the 
pleura almost entirely dark brown to black and the yellow-grey vittae on the 
mesonotum very thin, scarcely differentiatable (fig. 5a) . The wing markings are 
like those of discreta. The large subbasal spot differentiates both from typical 
pilimana. 

Male. Fitting most details of other members of this complex. Head: The an
tennae are brown, faintly tinged with yellow, and the palpi are brownish yellow. 
The clypeus is yellow, tinged faintly with brown on the sides. The second oral 
bristle is one-half to two-thirds as long as the first. Thorax: Predominantly 
brown, a very narrow yellow-grey median vitta extends almost the entire length 
of the mesonotum, this is about equal in width to the space between the rows of 
acrostichal setae. A very faint indication of a grey vitta is also present on each 
side, in line with each dorsocentral row (fig. 5a). The propleura are yellow, tinged 
lightly with brown. The remainder of the pleura are dark brown to black, nar
rowly marked with yellow along the sutures. Legs: Colored as in other members 
of this complex. The front tibia has about a dozen dorsal cilia which extend from 
just beyond the middle to a bout the basal one-sixth of the segment (fig. 5b); 
these are mostly arranged in pairs. The front basitarsus is about half as long as 
the tibia and has 13-14 long black dorsal cilia extending over the apical five
sixths of the segment, most of these are arranged in pairs. The second tarsal seg
ment has two pairs of long cilia. Segments three and four each have 3-4 dorsal 
cilia at or near the apex. Wings: I see no significant differences in wing markings 
or venation between gl.abriapex and discreta (refer to fig. 3b). Abdomen: Marked 
:i.s is typical of this complex, predominantly brown with yellow-grey pollinose 
anterolateral margins on the terga. The genitalia are as shown in figure 5c. The 
aedeagus of glabriapex is very similar to that of pilimana with the preapical pro
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FIG. 5. Drosophila glahriapex n . sp.: a, mesonotum; b, front leg; c, male genitalia; d, ovi
positor. 

tuberance of the aedeagus slightly different (fig. 5c). Each of the parameres is 
rounded at its apex and has a minute apical sensillum. 

Length: body, 4.0 mm.; wings, 4.5 mm. 
Female: Closely resembling discreta but differentiated by the predominantly 

brown to black pleura and by the indistinct submedian vittae on the mesonotum. 
The ovipositor is as in figure 5d. 

Length: body, 4.5 mm.; wings, 5.0 mm. 
Holotype male, Mohihi Stream, Kokee, Kauai, May 16, 1966 (J.P. Murphy). 

Allotype female, same locality as type, July 18, 1966, J7B (K. Y. Kaneshiro). 
Twenty-two paratypes, 20 males and 2 females, from the following localities in 
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FIG. 6. Drosophila gradata n. sp. : a ,front leg; b, mesonotum; c, wing; d, male genitalia; 
e, aedeagus; f, ovipositor. Drosophila hawaiiensis Grimshaw: g, front leg; h, aedeagus. 
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the Kokee region of Kauai: same data as type; June 1966-July 7, 1967 (J. P . 
Murphy and K. Y. Kaneshiro), Kokee, 3600', June 23, 1964 (H. L. Carson), 
Halemanu Valley, 4000'; no date given (K. Y. K. Y. Kaneshiro and J. K. Fujii). 

Type and allotype in the B. P. Bishop Museum. Paratypes in the collections of 
the U.S. National Museum, British Museum (Natural History) and the Univer
sity of Hawaii. 

This species has been collected almost entirely on baits; one specimen was col
lected on a slime flux on an "Ohia" tree (Metrosideros collina). The species has 
not been reared and is not in culture. 

Drosophila gradata n . sp. (Figs. 6a-f) 

This species fits very close to hawaiiensis Grimshaw and was included in the 
previous concept of that species (Hardy, 1965:299). It is apparent now that we 
have a complex of species close to hawaiiensis, the typical species is apparently 
restricted to the island of Hawaii. D. gradata is differentiated from hawaiiensis 
by the distinct gradation of the cilia on the front basitarsus of the male; these 
hairs are elongate at the base of the segment and gradually become shorter toward 
the apex (fig. 6a). In hawaiiensis the cilia are all nearly equal in length (fig. 6g). 
Also, gradata is a paler colored species, with a broad yellow vitta extending down 
the middle of the mesonotum and with the hind portion of the mesonotum yellow 
and the pleura conspicuously marked with yellow; the propleura are all yellow. 
In hawaiiensis the thorax is almost entirely dark brown to black with a rather 
faint narrow grey vitta extending down the middle of the mesonotum and with 
the hind portion of the mesonotum brown to black in ground color, covered with 
grey pollen. The pleura are all black. 

Male. Head: The front is predominantly dark brown, often tinged with black 
in the upper interfrontal areas. The eye orbits are yellow in ground color covered 
with yellow-grey pollen. The vertex and the ocellar triangle are dark brown to 
black covered with grey pollen. The upper occiput is yellow-brown in the median 
portion, yellow on the sides and lower portions. The genae, clypeus, palpi and 
mouthparts are yellow, a small spot of brown is present at the lower margin of 
each eye. The apical bristle of the palpus is about equal in length to the second 
oral bristle. The face is white, with a faint tinge of yellow, and is distincly raised 
down the median portion. The antennae are predominantly dark brown to black, 
the first segment is yellow and the second is tinged with yellow on the lower 
portion and the apex. The arista has six dorsal and three ventral rays in addition 
to the apical fork. The second oral bristle is three-fourths as long as the first. The 
anterior reclinate bristle is about two-thirds as long as the proclinate and is situ
ated distinctly a hove the latter. Thorax: The mesonotum is yellow with prominent 
brown to black markings forming a pattern of four vittae, which are separated by 
a very narrow line of yellow on each side, in line with the dorsocentral bristles; 
the posterior portion of the mesonotum and the scutellum are yellow in ground 
color densely covered with yellow pollen (fig. 6b). The metanotum is pre
dominantly brown, tinged with yellow in the median portion, yellow on the sides. 
The propleura are yellow and yellow markings are present on the posteroventral 
portions of the sternopleura, over the pteropleura, the hypopleura, metapleura 
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and along the hind margin of each sternopleuron. The dorsal portion of the 
scutellum is yellow except for a faint tinge of brown medianly; the posteromedian 
portion is brown in ground color. Legs: Yellow in the type except for a faint tinge 
of brown on the coxae. In some specimens the femora are faintly tinged with 
brown. The legs are not ornate except for the densely ciliated tarsi. The long hairs 
are arranged over the dorsal surface of the first two tarsomeres as in figure 6a, 
with the longest hairs at the base of the basitarsus and gradually reducing in 
length to the apex of the second joint. The preapical dorsal bristle of the tibia is 
almost equal in length to the ventral apical bristle. The front basitarsus is about 
one-half as long as the tibia . Wings: The venation and markings are very similar 
to those of hawaiiensis (fig. 6c) . We see no difference which would separate these. 
Abdomen: Similar to hawaiiensis with the brown to black posterior band on each 
tergum extending along the lateral margin so that the yellow lateral spots are 
isolated and do not extend to the margin and the lateral margins are broadly 
black. The genitalia are as shown in figure 6d. The aedeagus is similar to that of 
hawaiiensis in that the preapical protuberance is insignificant, it is differentiated 
horn hawaiiensis by the deep depression at the preapical end (compare figs. 6e 
and 6h) . The parameres of gradata and hawaiiensis are indistinguishable. 

Length: body and wings, 4.5 mm. In paratype specimens the length of the 
body and wings varies from 4.0 mm to 4. 75 mm. 

Female. Fitting the description of the male except for sexual characters. The 
bristle at the apex of the palpus is, however, distinctly shorter, much shorter than 
the second oral bristle. The ovipositor is shaped as in figure 6f. 

Holotype male, allotype female from a culture. The original stock was collected 
at Kupaua Valley (Niu Section), Oahu, August 30, 1965, C144.2A (H. L. Car
son) . Paratypes about 75 specimens, sexes rather evenly distributed from the 
following localities on the island of Oahu: Opaeula, March-May, 1959, some col
lected in methyl eugenol traps (D. E. Hardy and W . C. Mitchell); Maunawili, 
December, 1950, in protein hydrolysate bait trap (P. L. Gow); Waianae, De
cember 10, 1949, "ex trap" (G. Mainland); Palikea, May 11 , 1966 (K. Y. Kane
shiro); Haleanau Valley, Mount Kaala, April 21 , 1949, in banana trap (G. 
Mainland) and "Manoa Valley" 1947, no collector given, probably taken by 
G. Mainland. 

Type, allotype and a series of paratypes in the B. P . Bishop Museum, paratypes 
in the collections of the U. S. National Museum, British Museum (Natural His
tory), and the University of Hawaii. 

Drosophila hirtipalpus n. sp. (Figs. 7a-f) 

This species is closely related to villitibia and was for a short time included 
in the concept of that species until chromosomal evidence showed that actually 
two species were involved. Both species can be collected in the same areas and 
even in the same mironiche. D. hirtipalpus is differentiated from villitibia by 
having the palpi covered with moderately long setae and with the apical bristle 
long and hair--like rather than the palpus being covered with short setae and the 
apical bristle only moderately strong and straight (compare figs. 7b and 7f) . 
Ciliation on the front tibiae and tarsi are similar in both species (fig. 7a.) 
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.196mm 

7c 
3.0mm 

7e 

Fm. 7. Drosophila hirtipalpus n. sp.: a ,front leg; b, palpus; c, wing; d, male genitalia; e, ovi
positor. Drosophila villitibia Hardy: f, palpus. 



194 The University of Texas Publication 

Male. Head: Front brown to dark brown with yellow pollinose margins around 
the orbits. Face yellow, tinged with brown; clypeus, palpi and mouthparts light 
brown, tinged with yellow. Labella fleshy, Mentum setose on apical two-thirds. 
Each palpus has a long, hair-like apical bristle slightly longer than the segment 
and is covered with moderately long setae (fig. 7b). Anterior reclinate bristle 
about one-half the length of the posterior reclinate and situated closer to the 
proclinate than to the upper reclinate. Second and third antenna! segments brown, 
tinged with yellow. Arista with seven to eight dorsal rays and four to five ventral 
rays in addition to the apical fork. Thorax: Predominantly brown in ground color 
with four indistinct dark brown to black longitudinal vittae. Mesonotum densely 
yellow pollinose. The sternopleura and pleura are distinctly marked with dark 
brown to black markings. Anterior sternopleural bristles about two-thirds as 
long as the posterior sternopleurals. Lower humeral bristles just slightly shorter 
than upper humerals. Scutellum dark brown to black on disc. Legs: Coxae and 
femora brown to dark brown, tibiae and tarsi brown, tinged with yellow. Ciliation 
on front tibiae and tarsi similar to that of villitibia, long cilia extending down each 
anterodorsal and posterodorsal surface (fig. 7a ) . Front basitarsus about three
fifths as long as tibia. Wings: Similar to villitibia. Costal fringe ends near the 
middle of the distance between the apices of veins R2 +3 and R•+s· Crossvein r-m 
is situated about middle of cell 1st M 2 and is covered by an isolated brown spot 
(fig. 7c). Wing markings and venation are as in figure 7c. Abdomen: Dark brown 
with a large oval-shaped spot covering the sides of the terga. Genitalia are very 
similar to those of villi tibia and are as shown in figure 7 d. 

Length: body, 5.0 mm; wings, 5.5 mm. 
Female. Fitting the description of the male except for sexual characters. The 

ovipositor is as in figure 7 e. 
Holotype male, allotype female and paratypes all taken from laboratory 

culture number J66C4. Original female collected on February 22, 1967, Waika
moi, Maui (J. P. Murphy). 

Type, allotype and some paratypes in the B. P . Bishop Museum. Other para
types deposited in the collections of the U.S. National Museum, British Museum 
(Natural History), and the University of Hawaii. 

Drosophila limitata n. sp. (Figs. Sa-£) 

Because of the rather small subbasal brown mark on the wing, this species 
would fit near typical pilimana. It is readily differentiated, however, by the short 
cilia on the front tibiae and tarsi, by the large preapical dorsal bristle of the 
front tibia (Fig. Sa); by the more elongate basitarsi of the front legs and by the 
position of the second brown mark on vein R2 +3• Also the face is distinctly yellow. 
The ciliation of the front legs rather closely resembles that of ciliaticrus but the 
wing characters and other details are distinctly different; ciliaticrus has a con
tinuous brown band across the middle of the wing, etc. The overall shape of the 
aedeagus (fig. Se) is quite different from that of pilimana, it most closely re
sembles that of ochracea. The apical sensillum of the parameres is much thicker 
and longer than that of pilimana. For comparison of leg and wing characters refer 
to figures 4g and 4h. As pointed out by Dr. Carson (1967, Proc. Nat. Acad. Sci. 
5 7 ( 5): 1280-12S5) this species is very distinctive cytologically. 
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Fm. 8. Drosophila limitata n. sp.: a, front leg; b, wing; c, mesonotum; d, male genitalia; 
e, aedeagus; f, ovipositor. 
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Male. Similar in most respects to pilimana. Head: The front is brownish yellow 
in ground color covered with yellow-brown pollen. The front is lighter in color, 
yellow faintly tinged with brown, on the anterior margin rather than darker in 
color as in other members of this complex. The antennae are yellow, tinged with 
brown over the third. The face is yellow-white; the clypeus, palpi and mouth 
parts are yellow. The bristle at the apex of each palpus is dark brown to black, 
about equal in length to the second oral bristle. The second oral is about two
thirds as long as the first and approximately two times longer than the setae of 
the vibrissal row. Thorax: The pattern of the cinereous markings on the meso
notum is as in figure Sc. The median vitta is approximately equal in width to the 
submedian brown vittae. The pleura are conspicuously marked with yellow es
pecially over the propleura, the lower portion of the mesopleura, across the hypo
pleura. The metanotum is brown to black on the sides, yellow in the median 
portion. Legs: The front basitarsi are about two-thirds as long as the tibiae, and 
each has about S-10 sets (anterodorsal, dorsal, and posterodorsal) of cilia extend
ing almost the full length down the dorsal surface. The preapical dorsal bristle 
of the tibia is large, two times longer than the ventral apical bristle and conspicu
ously longer than the dorsal cilia. The cilia are comparatively short, shorter than 
the preapical dorsal bristle, and are rather closely placed over the anterodorsal, 
dorsal and posterodorsal surfaces of the tibiae and tarsi (fig. Sa) . The cilia on the 
tarsi are curved at their apices. The dorsal hairs on the front tibia extend from 
near the preapical dorsal bristle to the basal one-sixth to one-seventh of the seg
ment (fig. Sa). Wings: The markings are similar to those of pilimana except that 
the spots at the apices of the veins are usually confluent and fill up the entire 
wing apex (fig. Sb) . Abdomen: As in other members of this complex. The geni
talia are as shown in figure 8d. The aedeagus has a distinctive shape (fig. 8e), 
each of the parameres has a thick and elongate apical sensillum. The ninth 
tergum is covered with minute setae. 

Length: body, 4.5 mm; wings, 5.0 mm. 
Female. Differentiated from pilimana by the yellow-white face; by having 

a grey vitta extending down each side of the mesonotum in line with the dorso
central row; and by having the entire apex of the wing covered by a brown mark 
similar to that of the male (fig. Sb), rather than having isolated spots at the ends 
of the veins. The ovipositor plates are blunt at apices, shaped as in figure Sf. 

Length: as in the male. 
The specimens in stock culture vary in size from body and wing length of 

3.S mm to 5.0 mm. 
Holotype male, and allotype female from Keanae Valley, Maui, 1500', July 21, 

1965, stock C134.4A and E. Respectively (H. L. Carson). Paratypes are at hand 
mostly from the same culture as the type. This species is established in laboratory 
stock. Specimens are also in the paratypes series from Haelaau, Maui, June 16, 
1966, GSOB6, (K. Y. Kaneshiro), and Ridge above Kipahulu Valley, Maui, June 
21, 1967 (K. Y. Kaneshiro). 

Type, allotype and some paratypes in the B. P. Bishop Museum. Remainder of 
the paratypes in the collections of the U. S. National Museum, British Museum 
(Natural History), and the University of Hawaii. 
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Drosophila lineosetae n. sp. (Figs. 9a-d) 

This species fits close to fasciculisetae Hardy, but is separated by the differences 
in the ornamentation of the front tarsi as shown in figures 9a and 9e. D. lineo
setae also fits near pilatisetae n .sp. but is differentiated by having a line of about 
six long black dorsal hairs near the base of the front basitarsus rather than having 
a clump of dorsal hairs before the apex of that tarsomere (fig. 16a). 

Male. Head: Front brown, orbits yellow, tinged with brown. Vertex and upper 
occiput brown to black covered with brownish grey pubescence. Lower portion 
of occiput, genae, except for a narrow black rim along the eye margin and a 
narrow line down the vibrissal row, face and clypeus yellow. Palpi, mentum and 
labella brown, tinged with yellow. Palpi broad, scarcely over two times longer 
than wide, and with a fine apical bristle which is approximately equal in length 
to the anterior reclinate bristle which is hair-like. Mentum with few scattered 
hairs on apical third. Anterior reclinate bristles two-thirds to three-fourths as 
long as the proclinates and situated distinctly above the latter. Two strong bristles 
present at the upper portion of each vibrissal row. First antenna! segment brown, 
second brown on dorsal portion. Arista with seven dorsal and three ventral rays 
in addition to the apical fork, and with setae along the apical two-thirds of inner 
surface. Thorax: Predominantly yellow in ground color with four brown vittae 
extending down the mesonotum, these are separated by yellow-grey pollinose 
vittae. Each pleuron with dark brown to black markings on upper portion of 
sternopleuron, mesopleuron and pteropleuron. Disc of scutellum dark brown to 
black, margins yellow. Metanotum brown on the apical tarsomeres. Front tibiae 
lacking ciliation. The preapical dorsal bristle is scarcely larger than the api
coventral bristle. Front basitarsus about three-fifths as long as tibia, with ap
proximately six long hlack bristles arranged in a line near base of segment, as in 
figure 9a. Remainder of basitarsus lacking ciliation except for one anterodorsal 
hair at apex. Other tarsomeres with anterodorsal cilia. Wings: Predominantly 
hyaline, faintly tinged brownish yellow with a prominent subbasal brown spot 
extending across wing into basal portion of cell R5, a faint indication of a brown 
spot is also present in the median portion of cell R,, this is probably variable; in 
one of the paratypes there is no indication of this mark; with another dark brown 
spot broadly covering apices of veins R2 +s, R,+ 5 and M 1 +2 , and with a prominent 
rather dumbbell shaped mark over the m crossvein. The costal fringe extends 
slightly beyond the middle of the distance between the apices of veins R•+ 3 and 
R<+ s· The r-m crossvein is situated near the basal one-fourth of cell 1st M. (fig. 
9b). Abdomen: Predominantly dark brown to black, yellow in ground color and 
covered with yellow-grey pollen on the anterolateral margins of each tergum. 
Genitalia are as shown in figure 9c. The ninth tergum is narrow and is covered 
with minute setae only at the dorsal and ventral portion. The parameres are quite 
rounded at the apex, each having a minute apical sensillum. 

Length: body and wings, 4.5 mm. 
Female. Fitting the description of male except that the wing is more intensely 
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Fm. 9. Drosophila lineosetae n. sp.: a, front leg; b, wing; c, male genitalia; d, ovipositor. 
Drosophila fasciculisetae Hardy: e, front leg. 

distinct than in male. Ovipositor short, extending scarcely beyond apices of cerci 
(fig. 9d). 

Length: body and wings, 5.25-5.4 nun. 
Holotype male and allotype female and two male paratypes, Haelaau Valley 

(Puu Kukui) , Maui, January 23-24, 1967, J57 (J. P. Murphy and K. Y. Kane
shiro). 

Type in B. P. Bishop Museum, paratypes in the University of Hawaii collection. 
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Drosophila liophallus n. sp. (Figs. 10a-e) 

This species appears closely related to villitibia and to odontophallus n. sp., but 
is readily differentiated from these by having cell R1hyaline except at the extreme 
apex and at the base (fig. 10b) , and by having the mesonotum rufous in ground 
color with four longitudinal brown vittae as shown in figure 10c. 

Male. Head: Fitting the description of odontophallus except that the lower 
portion of the front is more distinctly flattened; the palpi are much shorter and 
thicker, scarcely over two times longer than wide, rather than three to four times 
longer than wide, and are yellow-brown, rather than yellow; and the apical bristle 
of the palpus is short and black, about equal in thickness but much shorter than 
the second oral bristle. Thorax: Yellow in ground color with four longitudinal 
brown to black vittae on the mesonotum arranged as in figure 1 Oc. The posterior 
edge of each humerus is dark brown and a large dark brown spot is present on each 
side just behind the humerus. The scutellum is entirely yellow, the metanotum is 
predominantly yellow with a brown spot on each upper lateral margin. The 
pleura are pale yellow except for a spot of dark brown to black on the upper edge 
of each mesopleuron, a spot on the upper pteropleuron, a very narrow streak of 
brown to black on the posterior border of sternopleuron; and except for a brown 
to black border around each posterior spiracle. The extreme base of the halter 
is brown to black, the apical portion is yellow. Legs: Entirely yellow, the ciliation 
of the front legs is as in figure 10a, with approximately 12 elongate black hairs 
down each of the posterodorsal and anterodorsal surfaces of the tibia and 18 to 20 
shorter dorsal hairs extending the full length of the segment. The basitarsus has 5, 
7 and 5 hairs respectively on the posterodorsal, dorsal and anterodorsal surfaces; 
the second tarsomere has one anterodorsal, two dorsal, and one posterodorsal hair. 
Wings: Marked as in figure 10b, similar in most respects to that of odontophallus 
but with cell R1 clear except at the apex and at the base. Also the r-m crossvein is 
situated slightly before the middle of cell 1st M 2making the basal section of vein 
M1+2 slightly shorter than the penultimate section of that vein. Abdomen: 
Similar to that of odontophallus with prominent yellow anterolateral margins on 
the terga. The genitalia are as shown in figure 10d. The ninth tergum narrow, 
covered with minute setae; the aedeagus with a distinct preapical protuberance, 
the parameres each with a minute apical sensillum. 

Length: body, 5.0 mm; wings, 5.5 mm. Paratype specimens vary from 4.0 to 
5.0 mm for the bodyand4.5 to5.5 mm for the wings. 

Female. Fitting the description of the male except for sexual characters. Also 
cell R1 is tinged with brown through the median portion somewhat like that of 
odontophallus but not so distinctly marked. The ovipositor is as in figure 10e. 

The size range is similar to that of the male. 
Holotype male, Auwahi, Maui, 3700', July 25, 1966, J10G17 (H. L . Carson). 

Allotype female same locality, August 27, 1965, J7.3C (K. Y. Kaneshiro). 
Twenty-one paratypes, 17 males, 4 females, same locality and dates as type and 
allotype, collected mostly on sodom apple bushes (H. L. Carson, K. Y. Kaneshiro, 
J. K. Fujii). 

Type, allotype and some paratypes in the B. P . Bishop Museum. Other para
types in the collections of the U.S. National Museum, British Museum (Natural 
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History), and the University of Hawaii. 

Drosophila macrothrix n. sp. (Figs. 11a-d) 

Fitting close to digressa n. sp. but apparently not closely related. The types of 

10 0 
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IOd 

FIG. 10. Drosophila liophallus n. sp.: a, front leg (dorsal); b, wing; c, mesonotum; d, male 
genitalia; e, ovipositor. 



201 Hardy and Kaneshiro: New Hawaiian Drosophila 

both species were collected at the same locality and on the same date. D. macro
thrix is differentiated by having the extra spot in the wing situated at about the 
apical third of cell R3 and distinctly beyond a level with the brown mark over the 
m crossvein, also the brown mark over mis not dumbbell shaped, but is expanded 
on the lower portion and extends along vein M 1+2, the apical bristle of the palpus 
is much more elongate than in digressa and the dorsal surface of the front tibia is 
bare except for one row of long black anterodorsal cilia extending almost to the 
preapical dorsal bristle (fig. 11b), rather than having the dorsal surface setose 
and two irregular rows of long cilia on the tibia as in digressa (fig. 3a). The 
arrangements of the dorsal cilia is quite different in the two species as shown in 
figures 11 b and 3a. Also the markings of the pleura are distinctive, macrothrix 
has just a narrow streak of brown along the upper margin of each mesopleuron 
but has a prominent pale brown spot over the posterodorsal portion of each sterno
pleuron. Note, also the clypeus and lower margin of the face are dark brown, 
tinged with black. 

Male. Fitting the description of digressa in most respects and excepting the 
characters pointed out above. Head: The upper portion of the face is yellow, 
the lower one-third to one-half is brown, tinged with black. The palpi are yellow, 
the apical bristle is yellow, tinged with brown and is very elongate and curled, 
equal in length to almost two times the length of the palpus (fig. 11a) . The 
second and third antenna! segments are brown, tinged with black. Thorax: The 
brown vittae on the mesonotum are not as broad as in digressa, the median band 
does not noticeably expand on the posterior margin of the segment and does not 
fill the area between the dorsocentral bristles. Also, the lateral vittae are much 
narrower and are slightly interrupted at the suture. The median portion of the 
scutellum is dark brown to black, this coloring extends over the apex of the 
sclerite, in digressa it is yellow. Legs: The front tibia has about ten long antero
dorsal cilia extending from the base of the segment to just before the preapical 
dorsal bristle, two-three posterodorsal cilia are situated just before the preapical 
dorsal bristle and two dorsal hairs situated just in front of the preapical dorsal 
bristle; the front basitarsus has seven anterodorsal, long, black cilia extending the 
full length of the subsegment plus three posterodorsal cilia at apical third and one 
dorsal cilia at the apex. The second and third tarsomeres each have one antero
dorsal cilia (fig. 11b). Wings: The wing markings are as in figure 11c. The 
subbasal spot is larger than that in digressa and extends almost to the r-m cross
vein. The r-m crossvein is more basad in position than in digressa, situated ap
proximately opposite the end of vein R, rather than slightly beyond that vein 
and with the basal section of vein M,+ 2 slightly shorter than the apical section of 
vein Ma+ 4 , rather than being distinctly longer than this section as in digressa. 
The genitalia are as shown in figure 11 d. The anal plates are almost quadrate in 
shape viewed laterally; the ninth tergum only sparsely covered with minute 
setae. The aedeagus has a comparatively elongate basal apodeme; each of the 
parameres has a minute apical sensillum. 

Length: body and wings, 4.5 mm. 
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Frn. 11. Drosophila macrothriz n. sp.: a, palpus; b, front leg; c, wing; d, male genitalia. 

Female unknown. 
Holotype male, Bird Park, Kilauea, Hawaii, August 24, 1965, G5.2 (K. Y. 

Kaneshiro) . 
Type in the B. P. Bishop Museum. 

Drosophila odontophallus n. sp. (Figs. 12a-e) 

This species is closely related to villitibia Hardy but is readily differentiated by 
having the thorax rufous in ground color with a pale brown median vitta extend
ing the entire length of the segment and by the entirely rufous scutellum. In 
villitibia the thorax is brown in ground color, densely grey pubescent and with 
four brown vittae on mesonotum; also the disc on the scutellum is brown. The 
toothed aedeagus of odontophallus (fig. 12d) is also distinctive . 

Male. Head: The front is predominantly brown, tinged with yellow in the 
ground color, the eye orbits and the area immediately below the median ocellus 
are yellow. The interfrontalia are covered with brown pollen, the eye orbits are 
yellow-grey pollinose and a very narrow yellow-grey line extends from the 
ocellar triangle down the median portion of the front. The vertex and upper 
occiput are dark brown covered with grey pollen, the ocellar triangle is dark 
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Frn. 1Z. Drosophila odontophallus n . sp.: a, front leg (dorsal) ; b, wing; c, male genitalia ; 
d, aedeagus (apical one-third); e, ovipositor. 

brown to black, grey pollinose. The lower occiput and genae are pale yellow, a 
dark brown spot is present at the lower margin of each eye. The face is white. 
The clypeus, palpi and mouthparts are yellow. Each palpus has a slender pale 
brown bristle at the apex; this is about equal is length to the second oral bristle. 
The second oral is about three-fifths as long as the first. The anterior reclinate 
bristle is approximately two-thirds as long as the proclinate and is situated 



204 The University of Texas Publication 

distinctly above the latter. The face is distinctly raised down the median portion, 
slightly flattened below. The antenna! grooves are prominent. The arista has about 
eight dorsal and three ventral rays, in addition to the apical fork; the inner surface 
is setose to about the basal fourth of the joint. Thorax: Predominantly rufous in 
the ground color of the dorsum with a faint indication of a broad brown median 
vitta and with faint tinges of brown in the area laterad of the dorsocentral row; 
also the hind margin of each humerus is brown and a faint spot of brown is 
situated in the area immediately behind the humerus . The sternopleura are pre
dominantly brown to black, the propleura are yellow, the other sclerites are 
yellow in ground color indistinctly marked with brown. The metanotum is reddish 
brown in ground color, covered with grey pollen. The lower humeral bristle is 
subequal to the upper. The anterior sternopleural bristle is about two-thirds to 
three-fourths as long as the posterior bristle and several prominent bristle-like 
setae are situated between the two main bristles on the upper portion of each 
sternopleuron. Legs: Yellow, tinged with brown on the coxae, tarsi and on the 
femora and tibiae of the hind legs. In some specimens the hind legs are almost 
entirely brown, tinged rather faintly with yellow; in others the legs are almost 
entirely yellow, these specimens may be teneral. The dorsal surface of the tibia · 
and the first three tarsomeres are densely ciliate, the cilia extends to the base of 
the front tibia. The arrangement of the cilia over the tibia consists of about six 
elongate black hairs down the posterodorsal surface, ten shorter dorsal hairs, and 
five elongate anterodorsal hairs. The basitarsus has six elongate black hairs on 
each of the anterodorsal and posterodorsal surfaces and six shorter hairs on the 
dorsal surface. The second tarsomere has a 3-2-3 arrangement of the long hairs 
and the third has a 1-1- 1 arrangement (fig. 12a). The preapical dorsal bristle 
on the tibia is rather small, about equal in size to the apicoventral bristle. The 
basitarsus is just slightly over one-half the length of the tibia. Wings: Marked as 
in figure 12b. The subbasal wing spot is prominent, filling the apical half of the 
second costal cell and extending transversely across the wing into the basal portion 
of cell 1st M 2. The r-m crossvein is situated at the middle of cell 1st M 2. The 
costal fringe ends about half-way between the apices of veins R2+s and R<+•· 
Abdomen: The posterior and median portions of the terga are dark brown, the 
anterolateral portions are yellow. The genitalia are as shown in figure 12c. The 
aedeagus is very distinctive in that the ventral surface below the prominent 
preapical protuberance is "toothed" (fig. 12d). Also, the parameres are densely 
setose on the apical one-third, each with a minute apical sensillum. 

Length: body, 5.0 mm; wings, 5.75 mm. The paratypes range from 4.7 to 
5.0 mm for the body and 5.0 to 5. 75 mm for the wings. 

Female. Fitting the description of the male except for sexual characters. Also 
the dark marking in cell R1 is more extensive, filling the entire cell from just 
beyond the base to the apex. The ovipositor is as in figure 12e. 

Holotype male from Auwahi, Maui, August 27, 1965, collected on Sodom 
apple bush (Solanum sodomeum L. ), G7.3 (J. K. Fujii), allotype female from 
July 26, 1966, J10D2 (J. Grossfield). Ten paratypes, all males same data as type 
and allotype (H. L. Carson, K. Y. Kaneshiro and J. Grossfield). 

Type and allotype in the B. P. Bishop Museum, paratypes in the collections of 
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the U. S. National Museum, British Museum (Natural History) and the Uni
versity of Hawaii. 

Drosophila orphnopeza n. sp. (Figs. 13a-d) 

This species fits very close to D. limitata and these are obviously closely related. 
They are, however, cytologically distinct species and have been discussed by Dr. 
Carson (1967, Proc. Nat. Acad. Sci. 57(5):1280-1285). Dr. Carson says this 
belongs in the primitive chromosome group "like villosipedis." The specimens 
upon which the cytological studies were made are taken from the same locality 
and on the same date as limitata. D. orphnopeza. can be separated from limitata 
by the dark brown to black hind tarsi of both sexes, and by the position of the 
second spot on vein R2+a; in orphnopeza this is located at the middle of cell R1 

and is directly above them crossvein (fig. 13b). Also the front basitarsus has 5-6 
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FIG. 13. Drosophila orphnopeza n. sp.: a, front leg; b, wing; c, male genitalia; d, ovipositor. 
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sets of curved dorsal cilia which do not extend to base of tarsomere (fig. 13a), 
and the spots at the apices of veins R2 +3, R4 +5 and M 1 +2 are not confluent as in 
figure 8b. The male genitalia are as in figure 13c. Differences in the male genitalia 
will readily differentiate these two species (cf. figs. 13c and 8e). 

Length: body, 4.5 mm; wings, 5.2 mm. 
Female: Fitting the description of the male except for sexual characters. The 

best characters for differentiating the females would be the position of the second 
spot on vein R2 +3 and the darkened hind tarsi. The ovipositor is as in figure 13d. 

Length: body, 4.5-4.7 mm; wings, 5.2-5.4 mm. 
Holotype male, Waikamoi, Maui, September 22, 1966, J31C, (J.P. Murphy). 

Allotype female, Keanae Valley, Maui, 1500', July 21, 1965, C134.4D (H. L. 
Carson). Sixteen paratypes, 9 males and 7 females, Keanae Valley, Maui, 1500', 
July 21 , 1965, C134.4D (H. L. Carson); Waikamoi, Maui, September, 1966
August, 1967 ( J . P. Murphy and K.. Y. Kaneshiro); Puu Kukui Trail, West Maui, 
June 16, 1966, G80B (K. Y. Kaneshiro). 

Type and allotype in the B. P. Bishop Museum. Paratypes in the collections of 
the U.S. National Museum and the University of Hawaii. 

Drosophila orthofascia n. sp. (Figs. 14a-d) 

This species fits very close to ciliaticrus Hardy but is differentiated by the 
ornamentation of the front legs of the male. In ciliaticrus the dorsal surface of the 
basitarsus is densely covered with curled cilia arranged in three rather distinct 
rows. In orthof ascia only one complete row of straight black cilia is present on the 
basitarsus (fig. 14a). It also shows relationship to recticilia but the details of the 
vving markings, body coloration, and ornamentation of the legs will readily 
differentiate these as pointed out in the key above; also the palpi are different. 

Male. Head: The front is colored as in other members of this complex, opaque 
brown over the interfrontal areas, paler along the eye orbits. The upper third to 
two-fifths of the occiput is discolored with brown to black, the lower portion is 
yellow. The face is yellow-white, is raised in the upper portion, distinctly 
flattened above the epistoma. The clypeus and the mouth parts are yellow, faintly 
tinged with brown, the palpi are predominantly yellow, faintly brown on the 
bases and at the apices. One prominent apical bristle is present on the palpus, 
this is equal in length to the proclinate bristle of the front. The second oral bristle 
is well developed, two-thirds to three-fourths as long as the first. The anterior 
reclinate bristle is about two-thirds as long as the proclinate and is situated 
distinctly above the latter. The antennae are brown, tinged with yellow. The 
arista has seven or eight dorsal and three ventral rays in addition to the apical 
fork and the inner surface bears setae on the apical half to three-fifths. Thorax: 
Chiefly brown in ground color, rather densely covered with yellow-grey pollen; 
with four rather indistinct brown vittae extending down the mesonotum. The 
disc of the scutellum is brown, the margins are yellow. The propleura are yellow, 
the sternopleura are black except for a narrow yellow rim along the posterior 
margin. The other sclerites are marked yellow and brown. The metanotum is 
brown, tinged with rufous. Legs: Yellow, except for a faint tinge of brown on the 
coxae and on the apices of the hind tibiae. The preapical dorsal bristle of the front 
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FIG. 14 Drosophila orthofascia n. sp.: a, front leg; b, wing; c, male genitalia; d, ovipositor. 

tibia is well developed, distinctly longer and stronger than the apical ventral 
bristle and the dorsal surface of the tibia is densely covered with erect black cilia 
extending to the base of the segment. These hairs are approximately equal in 
length to the preapical dorsal bristle. The front basitarsus is about three-fifths as 
long as the tibia. The type has six straight black anterodorsal cilia extending 
almost the full length of the segment and three less conspicuous black dorsal cilia 
arranged at the middle of the segment. This arrangement obviously is variable; 
on paratype specimens the number of anterodorsals vary from five to eight with 
six being apparently the typical number; the number of dorsal cilia range from 
Oto three, the average being two. Wings: Marked as in figure 14b. The marking 
in the middle of cell R1 is approximately equal in width to the remainder of the 
transverse band across the middle of the wing. The basal section of vein R<+s is 
about equal in length to the r-m crossvein and the basal section of vein M 1 +2 is 
about one-half as long as the penultimate section of that vein. Abdomen: Dark 
brown to black on the posterior and lateral margins and down the median portion 
of each tergum with a prominent yellow spot on each side of the segment. The 
genitalia are as in figure 14c. The aedeagus with a pronounced preapical pro
turbance, each paramere with a minute preapical sensillum (fig. 14c). 
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Length: body, 4.5 mm; wings, 5.3 mm. 
Female: Fitting the description of the male except for sexual characters. The 

ovipositor is as in figure 14d. 
Holotype male, Auwahi, Maui, 3700', July 29, 1965, collected on sodom apple 

bush, G7.2 (K. Y. Kaneshiro). Allotype female same data as type, labelled 
"G7.2D." Thirty-seven paratypes, 33 males, 4 females, same data as type except 
some collected July 26, J10G (H. L. Carson). 

Type, allotype and some of the paratypes in the B. P. Bishop Museum, re
mainder of paratypes in the collections of the U. S. National Museum, British 
Museum (Natural History), and the University of Hawaii. 

Drosophila paucipuncta Grimshaw (Figs. 15a-c) 

Drosophila paucipuncta Grimshaw, 1901, Fauna Hawaiiensis 3(1):62; Hardy, 
1965, Insects of Hawaii, 12:404, figures 160a-c. 
This species has previously been known only from female specimens, collected 

at Olaa, Hawaii, in 1895. A series of specimens on hand from Pawaina, Hawaii, 
June-July 1965, 3000', collected on Clermontia yeast bait, C129.5 (H. L. Carson) 
and from Honaunau Forest Reserve, Hawaii, February 3, 1966, G25B14 K. Y. 
Kaneshiro) appear to be this species; the male has not been previously described. 

The coloration of the thorax seems to vary considerably, typically the thorax 
is predominantly rufous with a rather faint tinge of brown on the mesonotum and 
most specimens would key along with the female in couplet 119 of the key to 
Hawaiian Drosophila (Hardy, 1965:100). Some specimens on hand have the 
mesonotum completely dark colored and would run to couplet 97 of the key. It 
differs readily, however, from anything in this section of the key by lacking 

15 a 

FIG. 15. Drosophila paucipuncta Grimshaw: a, front leg; b, male genitalia (lateral); c, 
hypandrium (ventral). 
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modifications of the labella as well as by other details. In Dr. Carson's phylogeny 
based on the chromosomes, it fits near uniseriata n. sp. and based on morphological 
characters it does show resemblance to this species. The differences are pointed 
out in the discussion under uniseriata. The male fits the description of the female 
in most respects. The front tibia lacks ciliation except for two prominent preapical 
hairs on the anterior surface. The preapical dorsal bristle is small, about equal in 
size to the apical ventral bristle . The front basitarsus is slightly less than half as 
long as the tibia and has three long straight anterodorsal cilia evenly arranged 
down the subsegment. The second and third tarsomeres each have one long 
anterodorsal cilia (fig. 15a) . The face is pale yellow. Brown markings at apex of 
wings are usually confined to spots at tips of veins. The genitalia are as shown in 
figures 15b and 15c. The anterior gonapophyses are densely setose on the apical 
two-thirds, and the inner surface of the hypandrium just below the paramedian 
spine is also setose. The ninth tergum is gradually narrowed on the dorsal portion. 

Drosophila pilatisetae n. sp. (Figs. 16a-c) 

The wing markings are rather similar to those of pilimana and the species 
appears most closely related to fasciculisetae Hardy and to lineosetae n. sp. and is 
differentiated by having a clump of dorsal black hairs situated just before the apex 
of the front basitarsus (fig. 16a). 
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Frn. 16. Drosophila pilatisetae n. sp.: a, front leg; b, wing; c, male genitalia. 
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Male. Hea,d: Front brown, tinged with yellow, yellow along the orbits; upper 
vertex and occiput brown to black in ground color, remainder of occiput and the 
genae yellow; face white, raised down the median partion. Clypeus brown, tinged 
with yellow, palpi and mouthparts yellow, tinged faintly with brown. The labella 
are fleshy. The mentum has scattered setae on the apical half, the apical bristle on 
the palpus is almost as long as the proclinate bristles of the front and at least three
fourths as long as the palpus. The second seta of the vibrissal row is the strongest 
and is almost equal in size to the palpal bristle. Third antenna} segment is brown, 
tinged faintly with yellow. The second segment is brown over the dorsal portion. 
The aristae are comparatively short and have only five dorsal rays and two ventral 
rays in addition to the apical fork, the inner surface of the arista has about five 
moderately long hairs on the apical half. Anterior reclinate bristles about three
fifths as long as the proclinates and situated distinctly above the latter. 
Thorax: Yellow in ground color with four indistinct brown vittae on the meso
notum. The submedian stripes are separated by the yellow ground color and 
extend to slightly beyond the posterior dorsocentral bristles. The side stripes are 
represented by a dark brown to black spot before the suture and an elongate black 
mark behind the suture extending to just before a level with the pasterior dorso
centrals and these are separated from the submedian vittae by a narrow yellow
grey line of pallen extending down each dorsocentral row. Scutellum clear yellow. 
Pleura predominantly yellow, tinged with brown in the ground color on the upper 
portion of the meso-, sterno- and pteropleura. Lower humeri entirely yellow, 
lower bristle three-fourths as long as upper. Anterior sternopleural bristle ap
proximately three-fourths as long as the posterior. Legs: Entirely yellow, except 
for brown apical tarsomeres. Front tibiae lacking ciliation and with the preapical 
dorsal bristle rather small, extending just to the apex of the segment. Front 
basitarsus about half as long as tibia and with a prominent preapical dorsal clump 
of black hairs as in figure 16a. Wings: Predominantly subhyaline with large 
confluent spots of brown at apices of veins R2 +a, R4 +5 and M,+ 2 , a large spot over 
them crossvein which expands into the surrounding cells, a prominent subbasal 
spot which extends from the wing margin through the base of cell R3 and a rather 
faint brown spot in the middle of cell R1 and along the median portion of vein 
R2 +3; the latter is almost one-third as long as vein R2 +3 and nearly two times 
longer than them cro3svein (fig. 16b). The r-m crossvein is situated near the 
basal fourth of cell 1st Mz. Abdomen: Tinged with yellow at the base and other
wise dark brown, brownish yellow covered with grey pollen on the anterior 
corners of the terga. Genitalia are as in figure 16c. The shape of the preapical 
protuberance of the aedeagus would place this species in the hawaiiensis group. 
The parameres have scattered short setae on the apical end in addition to the 
apical sensillum. 

Length: body and wings, 4.4 mm. 
Female unknown. 
Holotypemale, G81HWaikamoi, Maui, June 17, 1968 (J. K. Fujii). 
Type in the B. P. Bishop Museum. 

Drosophila prostopalpis n. sp. (Figs. 17a-d) 

This species has pilimana-like markings in the wing except that the submedian 
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marking in R1 is more faint. It is differentiated from all other species in this gen
eral grouping by lacking ornamentation on the front tibiae and tarsi, by the long 
slender palpi each bearing two yellow hair-like bristles from the ventral apical 
portion (fig. 17c). 

Male. Head: Predominantly yellow except for the reddish brown eyes and 
black ocellar triangle. Front, yellow covered with golden pubescence faintly 
tinged with brown on the lower portion. Clypeus, palpi and mouthparts yellow. 
The smaller of the two yellow subhyaline hairs on each palpus is slightly longer 
than the proclinate bristles of the front and the longer of the two hairs is about 
one-third longer than the elongate, slender palpi; the latter are nearly five times 
longer than wide and are covered with short black setae (fig. 17c). The mentum 

1. 5 6 mm 

Fm. 17. Drosophila prostopa[pis n. sp.: a, front leg; b, wing; c, palpus; d, male genitalia. 
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has scattered black setae on the apical one-third to one-fourth. The labella are 
fleshy. Third antennal segment largely brownish yellow, basal portion yellow; 
second segment brown on dorsurn. Arista with eight dorsal and three ventral rays 
in addition to the small apical fork and with short setae on inner surface on apical 
three-fifths. Anterior reclinate bristle about two-thirds as long as proclinate and 
situated distinctly above the latter. Thorax: Rufous, tinged with brown on the 
mesonotum, lighter yellow in the ground color in the area down each dorsocentral 
line, but not distinctly vittate. Scutellurn rufous, tinged faintly with brown down 
the dorsum, ventral portion and metanotum clear yellow. Pleura yellow except 
for a tinge of brown along upper margin of each mesopleuron. Humeri yellow, 
faintly tinged with brown on hind margins. Lower humeral bristle about three
fourths as long as upper and anterior sternopleural bristle about three-fourths as 
long as posterior. Halteres pale yellow. Legs: Entirely yellow, not ornate (fig. 
17a). Front basitarsus about three-fifths as long as tibia. Preapical dorsal bristle 
on front tibia moderately developed, slightly larger than ventral bristle. Wings: 
Subhyaline, faintly tinged yellow-brown and with large isolated brown spots at 
apices of Veins Rz+3, R,+ 5 , and M1 +2 ; also, a brown spot over m crossvein; a large 
subbasal brown spot which fills the basal cells to the r-m crossvein as in figure 
17b; and with a rather indistinct brown marking before the middle of cell Ri. 
Abdomen: Largely brown; yellow over the first tergum and on anterolateral 
margins of terga 2-6. Genitalia are as shown in figure 17d. Aedeagus about two 
times wider at the apical two-thirds than the basal one-third. Parameres with 
minute apical sensilla. 

Length: body, 4.8 mm; wings, 5.5 mm. 
Female unknown. 
Holotype male, Puu Kukui, Maui, January 26, 1966 (J. P. Murphy) . 
Type in the B.P. Bishop Museum. 

Drosophila recticilia n. sp. (Figs. 18a-e) 

This species is close to ciliatricus Hardy and orthofascia n . sp. but is readily 
differentiated by the broad mark in cell R, which extends as a wedge-shaped mark 
into the upper portion of cell Rs connecting with the brown band on them cross
vein (fig. 18b); by the poorly developed preapical dorsal bristle on the front tibia 
which is distinctly smaller than the ventral apical bristle; and hy having two rows 
of long straight cilia on the front basitarsus (fig. 18a). It is closely related to 
silvarentis n . sp. (see discussion under that species). 

Male. Head: The front is opaque brown in the interfrontal areas, faintly tinged 
with yellow to rufous in the ground color. The eye orbits are yellow in ground 
color, faintly tinged with brown and rather densely covered with yellow-grey 
pollen. The vertex and upper occiput are dark brown to black in ground color, 
covered with dense grey pollen. This extends over and around the ocellar triangle 
ending in a point about half way down the middle of the front. The face is en
tirely white, the median portion is slightly raised and is vertical as seen from 
lateral view. The clypeus is brown, the palpi and mouthparts are yellow, tinged 
with brown. Each palpus has a series of three or four bristle-like setae along the 
outside edge of the apex. The apical bristle is the strongest but the other setae are 
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FIG. 18. Drosophila recticilia n. sp.: a, front leg; b, wing; c, palpus; d, male genitalia; e, 
ovipositor. 

much more developed than is usual (fig. 18c). The occiput is largely brown to 
black in ground color, only the lower portion behind the genae and the margins 
are yellow. A narrow border of brown extends along the lower margin of each 
eye. Thorax: Predominantly brown to black in ground color rather densely 
yellow-grey pollinose over the dorsum, mostly grey on the sides. The humeri, 



214 The University of Texas Publication 

lateral margins of the mesonotum and scutellum are yellow in ground color. 
Typically yellow vittae are not clearly indicated on the mesonotum, the ground 
color is completely obscured by the yellow-grey pollen; four rather indistinct 
brown pollinose stripes are present; the median pair extends just beyond the 
anterior dorsocentrals and the lateral marks extend from behind the suture to a 
point opposite the posterior dorsocentrals. The entire hind portion of the meso
notum is densely yellow-grey pollinose. In some specimens, a rather distinct 
yellow vitta extends down the median portion and a faint yellow line extends 
down the mesonotum in line with the dorsocentral bristles; these specimens may 
be slightly teneral. The scutellum is brown in ground color on the disc, yellow 
on the sides. The metanotum is dark brown to black, densely covered with grey 
pollen. The pleura are predominantly dark brown to black, marked with yellow 
along the lower margin of the mesopleuron and over the pteropleuron. The lower 
humeral bristle is about two-thirds as long as the upper. The anterior sterno
pleural bristle is about three-fourths as long as the posterior. Legs: Mostly yellow, 
distinctly tinged with brown on the coxae and faintly tinged with brown on the 
femora and just before the apices of the hind tibiae. Some specimens have the 
front femora predominantly brown, others have the legs entirely yellow. The 
dorsal surfaces of the front tibiae and first two tarsomeres are densely covered 
with long erect cilia. Those on the tibiae are arranged in three irregular rows, 
those on the tarsi are in two rows; the cilia on the tibiae extend to the base of the 
segment (fig. 18a). The preapical dorsal bristle of the tibia is minute, smaller than 
the apical ventral bristle and hardly differentiated from the small setae. Wing: 
Marked as in figure 18b. Characterized by the wedge-shaped mark extending into 
the middle of the wing from the middle of the third costal section ( 18b) . The 
subbasal wing spot is large and conspicuous and fills the apical three-fifths of the 
second costal cell. The costal fringe extends just slightly beyond the middle of 
the distance between veins R2+ 3 and R•+s· The entire wing apex is brown. 
Abdomen: Dark brown to black in the median, posterior, and lateral portions of 
the terga leaving a large yellow spot on each side, as is typical of other species of 
this complex. The genitalia are as in figure 18d. The aedeagus is like that of the 
hawaiiensis-group in that it is narrow and elongate and the preapical protuber
ance is small or almost absent. The parameres, each with a minute sensillum are 
rather elongate (fig.18d). 

Length: body, 5.0 mm; wings, 5.5 mm. 
Female. Fitting the description of the male except for sexual differences. The 

ovipositor is as in figure 18e. 
It should be noted that this species was included in the original concept of 

ciliaticrus (Hardy, 1965:207) . The specimen recorded as a paratype male from 
Olinda, Maui, is a specimen of recticilia. 

It should also be noted that a population from Oahu cannot at present be differ
entiated from recticilia, except that the specimens are typically more pale, the 
palpi, mouthparts and legs are yellow and the costal fringe appears to be longer. 
The specimens are not being included in the type series and this population will 
have to be studied in more detail to learn whether or not it is a distinct or sibling 
species. 

Holotype male, Waikamoi, Maui, June 17, 1966, G81C (J.P. Murphy). Allo
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type female, same locality, Sept. 12, 1965 (J. P . Murphy). A series of about 50 
paratypes predominantly males are on hand, same locality as type, collected June 
1965 to November 1966, G8.1, G81C, G81H, J33C and HH10.41 (J.P. Murphy, 
J. K. Fujii, H. L. Carson, K. Y. Kaneshiro, D. E. Hardy, and W. B. Heed). Speci
mens have also been collected from Kipahulu Valley, Maui, August 1967 (H. L. 
Carson, K. Y. Kaneshiro) . 

Holotype, allotype, and some paratypes in the B. P. Bishop Museum; the re
mainder of the paratypes in the collections of the U.S. National Museum, British 
Museum (Natural History) and the University of Hawaii. 

Drosophila sejuncta n. sp. (Figs. 19a-c) 

This species has wing markings rather similar to pilimana and fits in the 
engyochracea complex of species and appears closely related to sproati n. sp. from 
Hawaii. D. sejuncta is differentiated from sproati by having the front tibia ciliated 
to the base; the cilia of the front basitarsi straight or nearly so (fig. 19a); the 
subbasal wing spot small and r-m crossvein situated well beyond apex of vein R1 
(fig. 19b) . 

Male. Head: Front brown, golden brown pollinose, yellow in the ground color 
along the orbits. Upper median portion of occiput brown to black, remainder 
yellow. Genae yellow with a small brown spot just below the posteroventral 
margin of the eye. Face yellow-white, only slightly raised down the median 
portion. Clypeus and mouthparts yellow, labella fleshy. Palpi brownish yellow, 
each with a slender hair-like bristle at the apex. This is equal in length to the 
upper bristle on the oral margin. Third antenna! segment brown, tinged with 
yellow basally, and second segment brown on the dorsal surface. Arista with nine 
dorsal and three ventral rays, in addition to the apical fork and with about five 
prominent setae on the inner surface, on anterior half. Anterior reclinate bristle 
two-thirds as long as proclinate and situated distinctly above latter. Thorax! 
Yellow, tinged faintly with brown in the brown color of the dorsum, paler down 
the median portion and with faint indications of vittae laterally. Hind margin 
of each humerus tinged with brown. Disc of scutellum dark brown, margins and 
ventor yellow. Pleura yellow except for a small spot of brown below wing base 
and another at posterodorsal margin of mesonotum. Metanotum rufous. Lower 
humeral bristle about three-fourths as long as upper, and anterior sternopleural 
approximately three-fourths as long as posterior bristle. Legs: Entirely yellow. 
Front tibia with two rows of dorsal cilia extending from base to preapical dorsal 
bristle. Preapical bristle strong, nearly two times longer than ventral bristle. 
Front basitarsus approximately three-fifths as long as tibia and with numerous 
short slightly curved cilia extending down the dorsal and anterodorsal surface 
(fig. 19a). Wings: Principally subhyaline with brown confluent spots at apices of 
veins Rz+a, R•+s, and M1+2, a large brown spot over m crossvein, a small brown 
spot in the middle of cell R1 opposite m crossvein and a moderately small brown 
subbasal spot as in figure 19b. Crossvein r-m situated distinctly beyond the end 
of Vein R1and near basal third of cell 1st M 2 • Abdomen: Predominantly brown to 
black, yellow with yellow-grey pollinosity on anterolateral margins of terga. 
Genitalia are as shown in figure 19c. 
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FIG. 19. Drosophila sejuncta n. sp.: a, front leg; b, wing; c, male genitalia. 

Length: body and wings, 5.0 mm. 
Female unknown. 
Holotype male, Kokee, Kauai, December 28, 1966, berry patch flat, J52C 

(J.P. Murphy). 
Type in the B. P. Bishop Museum. 

Drosophila setosifrons n. sp. (Figs. 20a-c) 

This remarkable species would run imperfectly to the genus Nudidrosophila in 
the key to Hawaiian Genera but has distinct proclinate bristles and rudimentary 
upper reclinate and ocellar bristles. It should be noted that Nudidrosophila is 
apparently not a good genus. It is based on male characters and is probably not 
more than a species complex of strangely developed Drosophila which are charac
terized by lacking reclinate, proclinate or ocellar bristles on the head; by having 
microscopic pubescence or scales over the front; by having a series of fine laterally 
directed recumbant hairs on each side of the ocellar triangle and no preapical 
dorsal bristle on the front tibia. 

D. setosifrons differs from all known Drosophila by having a dense patch of 
black setae borne on a slight swelling on each side of the front, by having the 
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Fm. 20. Drosophila setosifrons n. sp.: a, front leg; b, head; c, dorsal view of front; d, wing; 
e, male genitalia. Drosophila pilimana Grimshaw: f, male genitalia. 
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upper reclinate and ocellar bristles tiny, scarcely differentiatable from the sur
rounding setae (fig. 20c). 

Male. Head: Slightly higher than long, with compound eyes narrowed on 
lower portions (fig. 20b). Front broadly yellow on the sides, brown in the median 
portion except for a small yellow triangle extending below the ocelli. The patches 
on the front and the arrangement of the bristles is as in figure 20c. The inner 
vertical bristles are comparatively small, approximately three-fifths as large as 
the outer. Occiput yellow, except for a tinge of brown on upper margin and in 
upper median area. Front yellow, face yellow-white, tinged with brown on the 
epistomal margin and slightly raised down the median portion but flattened and 
gently protruded on lower margin. Clypeus and palpi yellow, mouthparts brown 
except for yellow base of haustellum. Labellum fleshy. Mentum setose just before 
apex. Palpi lacking apical bristles and with only scattered short, black setae along 
upper margins. Antennae predominantly brown to black, first segment and base 
of third yellow. Arista with nine dorsal and four ventral rays in addition to the 
apical fork and setose along inner margin on apical half. Upper oral bristles 
strong, nearly two times longer than the proclinate bristles of the front, second 
oral bristle about equal in size to proclinates. Thorax: Chiefly yellow, mesonotum 
with four brown vittae, the lateral pair are indistinctly interrupted at the suture. 
Scutellum dark brown on the disc, yellow on margins and on ventor. Pleura 
mostly yellow, brown along the upper margin of each mesopleuron and tinged 
with brown on the upper portion of each sternopleuron and over the hypopleuron 
and metapleuron. Also the metanotum is yellow-brown. Anterior dorsocentral 
bristles situated about opposite the second pair of supraalars. Humeri yellow, 
lower bristle about three-fourths as long as upper. Anterior sternopleural bristle 
about two-thirds as long as posterior. Halteres yellow, marked with brown on 
their bases. Legs: Chiefly yellow, tinged with brown on apices of tibiae and on 
mid and hind femora and with apical tarsomeres dark brown. Front tibia with 
moderately long slightly curled cilia extending from base to just before preapical 
dorsal bristle. Preapical dorsal bristle of tibia short, subequal to apicoventral 
bristle. Front tarsi with moderately long dorsal cilia extending the full length of 
the segments. The basitarsus is approximately three-fifths as long as the tibia 
(fig. 20a). Wings: Predominantly hyaline with a prominent subbasal brown spot 
extending through the apical portion of the costal cell and through the base of cell 
Ri . Also, with a brown spot at apex of vein Rz+a filling the apical portion of cell 
R1. A large brown spot over the m crossvein and a small mark oYer the r-m 
crossvein. Wings long and slender, nearly four times longer than wide. Third 
costal section five times longer than fourth and costal fringe extending just beyond 
the middle of distance between apices of veins R2 +3 and R4 +s· Last section of vein 
M1 +0 equal in length to penultimate section. See figure 20d. Alxlomen: First 
segment and base of second tergum yellow. The genitalia are as shown in figure 
20e. The aedeagus has a prominent preapical protuberance; parameres are 
rounded at the apex and each with a minute preapical sensillum. 

Length: body, 5.5 mm; wings, 6.2 mm. 
Female unknown. 
Holotype male, Fern Forest, Kilauea, Hawaii, July 17, 1964 (L. H. Throck

morton) . 
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Type in the B. P. Bishop Museum. 
A female specimen on hand from Olaa, Forest Reserve, Hawaii, 3775', Septem

ber 3, 1965 (K. Kaneshiro) fits all of the characteristics of the male except for 
wing markings, and except for sexual characters. Also, the head bristles are nor
mal. The wings differ by having a complete cross band at a level with the m 
crossvein, and having pale brown spots at apices of veins R<+s and M1+2· This 
may be an unusual case of dimorphism but we are not considering this female 
as part of the type series. 

Drosophila silvarentis n. sp. (Figs. 21a-e) 

This species is closely related to hawaiiensis Grimshaw and recticilia n. sp. It is 
readily differentiated from hawaiiensis by having long cilia extending the entire 
length of the tibia (fig. 21 b) ; and from both hmvaiiensis and recticilia by having 
an isolated brown spot on the r-m crossvein (fig. 21c), and by having the legs 
mostly brown to dark brown. In recticilia there are two rows of long cilia on the 
front basitarsus but only one row in silvarentis (figs. 21band18a). 

Male. Head: The front is dark brown to black, densely covered with grey pollen 
around the eye orbits, the vertex, and the upper occiput. The upper half of the 
face is white, dark brown to black on the lower half. The clypeus and palpi are 
brown, the mouthparts are brown, tinged with yellow. Each palpus has a mod
erately strong apical bristle about two-thirds the length of the first oral bristle and 
is scattered with short black setae along the lower margins (fig. 21a). The 
antennae are dark brown to black, the arista having seven to eight dorsal rays 
and four ventral rays in addition to the apical fork, and the anterior surface is 
sparsely covered with short hairs. Two strong vibrissae are present on the lower 
angles of the face. Thorax: Predominantly dark brown to black in ground color, 
densely grey pollinose over the anterodorsal portion and sides of the mesonotum. 
The mesonotum around each lateral pair of dorsocentral bristles is marked with 
yellow, but otherwise yellow vittae are not indicated, four rather indistinct brown 
pollinose stripes are present, the median pair extends just beyond the anterior 
dorsocentral and the lateral pair extend from behind the suture to a point just 
beyond the posterior dorsocentrals. The scutellum is dark brown to black in 
ground color on the disc, yellow on the margins. The pleura and stemopleura 
are dark brown to black with no conspicuous yellow markings. The anterior 
stemopleural bristle is about one-half as long as the posterior. Legs: Mostly dark 
brown to black on the femora and coxae, and brown to light brown on the tibiae 
and tarsi. There are about 17 to 19 strong bristles on the posterodorsal surface 
and about 11 to 13 on the posteroventral surface of the front femur. The cilia 
on the tibia and tarsus are arranged in a single row on the anterior surface; the 
cilia extend from the base of the tibia down to the apex of the second tarsomere 
(fig. 21b). The preapical dorsal bristle of the front tibia is approximately equal 
to the apical ventral bristle. Wings : Marked as in figure 21c. A small isolated 
brown spot is present on the r-m crossvein which is situated slightly toward the 
apex of the wing rather than immediately beneath the break in the costa. The 
costal fringe extends just slightly beyond the middle of the distance between 
veins R•+a and~+•· Abdomen: Very similar pattern to that of recticilia except 
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FIG. 21. Drosophila silvarentis n. sp. : a, palpus; b, front leg; c, wing; d, male genitalia; 
e, ovipositor. Drosophila villitibia Hardy: f, front leg. 
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that brown markings are darker and the yellow spot is covered with grey pollen. 
The genitalia are as in figure 21d. The shape of the aedeagus would definitely 
place this species in the hawaiiensis species group. Parameres rounded at apex, 
each with a minute sensillum. 

Length: body, 5.0 mm.; wings, 5.5 mm. 
Female. Fitting the description of the male except for sexual differences. The 

ovipositor is as in figure 21e. 
Holotype male, allotype female and a few paratypes taken from laboratory 

culture from iso-female line K 18A 1. Original female collected at Humuula Saddle, 
Hawaii, July 13, 1967 (W. B. Heed) . Other paratypes collected on same date and 
locality (R. Iwamoto). 

Type, allotype and a few paratypes in the B. P. Bishop Museum. Other para
types distributed in the following collections, U. S. National Museum, British 
Museum (Natural History) , University of Texas Genetics Foundation, and the 
University of Hawaii. 

Drosophila sodomae n . sp. (Figs. 22a-e) 

This species belongs in the pilimana complex and fits nearest to limitata n. sp. 
It is differentiated by having the dorsal cilia extended all the way to the base 
of the front tibia (fig. 22a) rather than having the basal portion of the tibia devoid 
of cilia; by having the sides of the abdominal terga entirely yellow, rather than 
with a broad brown apical band extending into the lateral margins as in limitata; 
by having the subbasal wing spot reduced to just a narrow strip of brown 
(fig. 22c) , also by having the brown markings of the mesonotum more faint and 
the spots at the apices of veins R2+ 3, R, +5 , and Mi+2 not so distinctly fused 
together. 

Male. Head: Predominantly yellow, brown on the upper median portion of 
the occiput and over the ocellar triangle, the upper portion of the front is tinged 
with brown and a small brown spot is present at the lower margin of each eye, 
The face is yellow-white, is slightly raised down the median portion and 
flattened on the lower margin above the epistoma. The clypeus, palpi and mouth
parts are yellow, except for the upper portions of the labella which are brown to 
black. The apical bristle on each palpus is about equal in length to the second oral 
bristle. The second oral bristle is about two-thirds as long as the first . The 
antennae are yellow with a faint tinge of brown on the upper portion of the second 
segment. The arista has seven or eight dorsal and three ventral rays in addition to 
the apical fork. About six erect setae are present on the inner portion of the outer 
half of the arista. The anterior reclinate bristle is about three-fifths as long as the 
proclinate and is situated well above the latter. Thorax: Rather densely yellow
grey pollinose, more distinctly grey on the dorsum with the brown color showing 
through rather faintly. On the mesonotum are four rather faint brown vittae as 
in figure 22b. The disc of the scutellum is brown in ground color over the basal 
two-thirds of the median portion, the margins are broadly yellow. The pleura are 
predominantly yellow with faint brown markings on the upper portions of the 
mesopleura, sternopleura, and pteropleura. The median portion of the metanotum 
is brown in ground color. The anterior dorsocentral bristles are opposite the 
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FIG. 22. Drosophila sodomae n . sp.: a, front leg ; b, mesonotum; c, wing; d, male genitalia ; 
e, ovipositor. 
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second supraalars. The lower humeral bristle is subequal to the upper, and the 
anterior sternopleural bristle is three-fourths to four-fifths as long as the posterior 
bristle. The halteres are pale yellow. Legs: Entirely pale yellow. An abundance 
of erect dorsal cilia extend the entire length of the front tibia, these hairs are 
mostly straight and are approximately equal in length to the preapical dorsal 
bristle. The preapical bristle is about one-half longer than the apical ventral 
bristle on the tibia. The front basitarsus is approximately three-fifths as long as 
the tibia. The first three tarsomeres have an abnndance of cilia extending over 
their dorsal surfaces; these hairs are mostly straight and are about equal in length 
to those on the tibia (fig. 22a). Wings: The brown spots are rather small compared 
to most members of this complex (fig. 22c), the subbasal spot is reduced to a 
narrow transverse streak extending from the apex of the second costal section to 
the base of cell R3 • The second spot in cell R1 is situated slightly before the middle 
of the cell and distinctly before a line drawn from the m crossvein. The spots at 
the apex of the wing are not completely fused. The basal section of vein R•+5 is 
about equal in length of the m crossvein and the r-m crossvein is situated near 
the basal third of cell 1st M2 • The third costal section is almost four times longer 
than the fourth and the costal fringe extends two-thirds the distance between the 
apices of veins R2 +3 and R4 +s· Abdomen: Predominantly yellow with a narrow 
brown band along the posteromedian portion of each segment, extending in a 
narrow band across the median part of each tergum, with the sides of the terga 
entirely yellow. The genitalia are as in figure 22d. Aedeagus with a prominent 
preapical protuberance, basal apodeme broad. Parameres broad with sensilla 
about one-half as long as the segments, and preapical in position. 

Length: body and wings of type, 4.4 mm; length of other specimens ranging 
from that of type to 5.3 mm. 

Female. Fitting the description of the male except for sexual characters. The 
ovipositor is as in figure 22e. 

Holotype male and allotype female from Auwahi, Maui, August 27, 1965, 
collected on Sodom apple bush (Solanum sodomeum L.) (K. Y. Kaneshire). Seven 
paratypes, four males and three females, same data as type (K. Y. Kaneshiro and 
J. K. Fujii); also September 27, 1965, J16.3 (J. K. Fujii) and July 25, 1966, J10G 
(H. L. Carson. 

Type and allotype in B. P. Bishop Museum, paratypes in the collections of the 
U.S. National Museum, British Museum (Natural History) and the University 
of Hawaii. 

Drosophila spaniothrix n. sp. (Figs. 23a-c) 

This species would run to aglaia Hardy in the key to Drosophila (1965) but is 
not related to this species. It is readily differentiated by the differences in wing 
venation and markings, and by having only one (median) dark brown vitta on 
the mesonotum and having three longitudinal streaks of brown over the pleura. 
The fourth costal section is much shorter than in aglaia, the third section is slight
ly over four times longer than the fourth, rather than about 2.3 times longer. The 
wing markings would differ by having the entire apical fork brown and with this 
marking connecting along the wing margin with brown mark over m crossvein 
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FIG. 23. Drosophila spaniothrix n. sp.: a, front leg; b, wing; c, male genitalia. 

and also by having a complete band present across middle of wing (fig. 23b). The 
wing markings and venation are very similar to those of villitibia except that the 
mark in the middle of cell R1 is very faint. It differs from any of the species which 
have the r-m crossvein situated at the middle of cell 1st M2 by lacking ciliation on 
the front tibiae and having only a few cilia scattered over the front tarsi (fig. 23a). 

Male. Head: Predominantly yellow, front pale yellow down the sides and down 
the median portion. Mouthparts entirely yellow, labella fleshy. Apical bristles on 
palpus yellow-brown, slender, rather hair-like and approximately equal in length 
to the proclinate bristles of the front. Mentum with six or eight black preapical 
setae on each side. Anterior reclinate bristles three-fourths as long as proclinate 
and situated distinctly above the latter. The upper oral bristle rather strong, al
most as long as the proclinate bristles of the front. Thorax: Predominantly yellow. 
Mesonotum with a dark brown median vitta extending the entire length, this is 
expanded posteriorly and with the sides faintly tinged with brown but not dis
tinctly vitate. Hind margins of humeri brown. Scutellum brown on the disc with 
the margin broadly yellow. Pleura yellow with three lines of brown extending 
longitudinally. Lower humeral bristle subequal to the upper and anterior sterno
pleural bristle about three-fourths as long as posterior. Legs: Yellow, tinged with 
brown just before apices of hind tibiae and with apical tarsomeres yellow-brown. 
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Front tibiae lacking ciliation and with the preapical dorsal bristle rather small, 
about equal in size to the apicoventral bristle. Front basitarsus almost three-fifths 
as long as the tibia and devoid of cilia except for one anterodorsal hair near basal 
two-fifths and three to four anterior and anterodorsal hairs just before the apex. 
Other tarsomeres each with two to four long dorsal and anterodorsal hairs (fig. 
23a) . Wings: Subhyaline with a large brown mark covering the entire apex and 
extending along margin connecting with a broad mark over the m crossvein and 
this in turn connected with a mark extending across cells R., R3 and into R1. The 
mark in cell R1 is faint. A prominent sub basal spot is present and a spot is present 
on the r-m crossvein (fig. 23b). The r-m crossvein is situated in the middle of 
cell 1st M2 and the penultimate and antipenultimate sections of veins M1 +2 are 
equal in length. Abdomen: Predominantly brown dusted with grey-brown pollen, 
with the anterolateral margins of terga 2-6 yellow in ground color, covered with 
grey pollen. Genitalia are as shown in figure 23c. Each paramere somewhat 
pointed at apex and with a minute apical sensillum. 

Length: body and wings, 4.25 mm. 
Female unknokn. 
Holotype male, Pupukea, Oahu, June 11 , 1961 (H. L. Carson). 
Type in the B. P. Bishop Museum. 

Drosophila sproati n. sp. (Figs. 24a-e) 

This remarkable species fits near engyochracea Hardy but the two do not ap
pear to be closely related. D. sproati is readily differentiated by lacking dorsal 
cilia on the basal third of the front tibia and having curled cilia on the front 
tarsus; rather than having the dorsal cilia extending to the base of the segment 
and the cilia of the tarsus straight (figs. 24b and 24g) ; by having the palpi three 
or more times longer than wide and entirely yellow, rather than about two times 
longer than wide and blackened at the apices (figs. 24a and 24f); the subbasal 
wing spot large and conspicuous as in figure 24c, and the r-m crossvein situated 
almost opposite the end of vein R1; and by having the disc of the scutellum brown 
and the brown marking on the mesonotum rather variable not so distinctly 
defined as in engyochracea. The genitalia differ as in figures 24d and 24i. For 
comparison of the wing markings compare figure 24c with figure 87d (Hardy, 
1965:261 ). 

Male. Head: Similar in most respects to members of the pilimana complex. The 
genae, face, clypeus, palpi and mouthparts are entirely yellow except for a dark 
discoloration on the dorsal surface of each labellum. The front is entirely golden 
brown, slightly paler along the eye orbits. The palpi are rather slender, about 
three times longer than wide and equal in length to the mentum (fig. 24a). The 
apical bristle of the palpus is about equal in length to two-thirds of the segment. 
The second oral bristle is moderately strong, in the type it is about three-fourths 
as long as the first bristle; in some other specimens the two are subequal. The 
lower reclinate bristle is two-thirds to three-fourths as long as the proclinate and 
is situated distinctly above the latter. The first antenna! segment is yellow, the 
second and third are brown, tinged with yellow on the ventral portions. The 
arista has three ventral and seven or eight dorsal rays in addition to the apical 
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FIG. 24. DrosophiJa sproati n . sp.: a, palpus and mouthparts; b, front leg; c, wing; d, male 
genitalia; e, ovipositor. Drosophila engyochracea Hardy: f, palpus and mouthparts; g, front leg; 
h, mesonotum; i, male genitalia; j, ovipositor. 
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fork, also about seven prominent setae are arranged on the inner apical half of 
the arista. Thorax: Predominantly yellow. The pleura, metanotum, sides and 
median portion of mesonotum, and margins and ventral portion of scutellum are 
yellow. Typically the mesonotum has four rather indistinct brownish vittae ar
ranged one on each side of the dorsocentral row. The color of the mesonotum is 
obviously variable in this species, in some specimens brown vittae are distinctly 
developed very similar to those of engyochracea, in other specimens they are 
completely lacking and the entire mesonotum is rufous, very faintly tinged with 
brown. The disc of the scutellum is dark brown to black. The lower humeral 
bristle is about two-thirds as long as the upper and the anterior sternopleural 
bristle is about three-fourths as long as the posterior bristle. Legs: Entirely yellow 
except for preapical discolorations of brown on the tibiae, and a faint tinge of 
brown on the tarsi. Fifteen to 20 erect dorsal cilia are located on the front tibia 
arranged from just below the preapical dorsal bristle to about the basal third of 
the segment, these are arranged in two irregular rows. The cilia are about equal 
in length to the preapical dorsal bristle and the bristle is approximately equal to 
the ventral apical bristle. The first three tarsomeres have an abundance of moder
ately long curled cilia arranged over the anterodorsal, dorsal and posterodorsal 
surfaces (fig. 24b) . The front basitarsus is about two-thirds as long as the tibia. 
Wings: Marked as in figure 24c. The subbasal brown mark is large and conspicu
ous, involving the r-m crossvein and extending into the upper portion of the base 
of cell 1st M2. The spots at apices of veins R4 + 5 and M 1 + 2 are confluent and this 
coloring extends over the entire apical portion of cell 2nd M 2 • The costal fringe 
extends slightly beyond the middle of the distance between the apices of veins 
R2+s and R•+s· Abdomen : The first segment and the bases of the second tergum 
are yellow, faintly tinged with brown. The remainder of the terga are dark brown 
to black with prominent yellow-grey lateral spots on the anterior margins. The 
genitalia are as shown in figure 24d. Aedeagus with a prominent preapical pro
tuberance, parameres with minute apical sensilla. 

Length : body, 6.0 mm; wing, 6.4 mm. 
Female. Fitting the description of the male except for sexual characters. The 

ovipositor is as in figure 24e. 
Length, as in male. 
Holotype male and allotype female from Puulaalaau, Kohala Mountains, 

Hawaii, 3,500-4,000', August 29-30, 1966 (K. Y. Kaneshiro) collected at baits in 
rain forest, rainfall over 200" per year. 

Approximately 100 paratypes, 80 ~ ~ and 20 'i' 'i' same locality as type. (K. Y. 
Kaneshiro, H. L. Carson, J. K. Fujii and D. E. Hardy) (Collected August 4, and 
29-30, 1966). Specimens are also present from the following localities on the 
island of Hawaii, Kilauea, July 17, 1964, and March 16, 1966, collected at bait 
(W. B. Heed); Upper Olaa Forest, February 2, 1966-July 28, 1966 (K. Y. Kane
shiro and J . P. Murphy) ; and Pawaina, 3000', July 16, 1965 (H. L. Carson) . 

Type, allotype and a series of paratypes in the B. P . Bishop Museum. Other 
paratypes distributed in the following collections, U. S. National Museum, British 
Museum (Natural History), University of Texas Genetics Foundation, and the 
University of Hawaii. 

It is with pleasure that we name this species after Mr. William K. Sproat the 
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superintendent of the Kohala Ditch, Kohala Sugar Co. Mr. Sproat has spent much 
of his lifetime in the Kohala region and knows these mountains better than any 
other person. He has always been intensely interested in the plants and animals 
and has given assistance to a great many biologists over the years. His whole
hearted cooperation has been of tremendous help to us in studying the insects 
of this interesting region. 

Drosophila uniseriata n. sp. (Figs. 25a-g) 

This species shows considerable resemblance to D. paucipuncta Grimshaw. The 
wing markings, the cilia on the front tarsi, the body size, and some of the body 
markings are similar. The ornamentation of the front tibia is very different in 
the two; -paucipuncta has two rather weak preapical anterodorsal cilia and lacks 
the complete row present in uniseriata, also the predominantly brown scutellum 
and the distinct brown median vitta on the mesonotum will readily differentiate 
uniseriata. According to Dr. Carson's study, the chromosome banding is very 
similar to that of paucipuncta and the genitalia also show close relationship. It 
also resembles distinguenda Hardy, but is a much smaller species, body 4.25 mm 
rather than 6.5 mm; has a broad brown median vitta down the mesonotum rather 
than two submedian vittae; has just a single row of anterodorsal cilia on the front 
basitarsus and seven anterodorsal cilia evenly spaced the entire length of the tibia 
plus one dorsal hair at the base. D . distinguenda has approximately 12 long hairs 
scattered over the dorsal, anterodorsal and posterodorsal surfaces of the front 
basitarsus and about a dozen long hairs are arranged on the dorsal surface of the 
tibia from about the basal third to the apical one-fourth of the segment. Also the 
apical wing cloud is much larger in distinguenda, extending about two-thirds the 
distance from the apex to the m crossvein; in uniseriata the mark extends just 
slightly over one-third this distance. 

Male. Head: The front is brown, tinged with rufous in the ground color, the 
eye orbits are yellow. The upper median portion of the occiput is brown, the re
mainder of the occiput, the genae, face, clypeus, pal pi and mouthparts are yellow. 
The palpi are slender, over four times longer than wide and each has a clump of 
prominent setae on the outside surface of the apex (fig. 25a). The face is just 
slightly raised in the median portion, the lower part, above the epistoma, is 
flattened. The antennae are yellow-brown, the basal segment and the lower 
portion of the second are yellow. The arista has 8 or 9 dorsal and 4 or 5 ventral 
rays in addition to the tiny apical fork. The inner surface of the arista is setose 
over the apical two-thirds. Thorax: Rufous in ground color with a prominent 
brown median vitta extending the entire length of the mesonotum and with 
indistinct faint markings of brown on the sides (fig. 25c). Scutellum brown to 
black on the disc and over the apex and ventral portions, yellow on the postero
lateral margins. The metanotum is entirely yellow. The pleura are yellow except 
for a brown mark on the anterior portion of the mesopleuron and a slight dis
coloration of brown on the metapleuron. The rim of the posterior spiracle is 
brownish yellow. The lower humeral bristle is subequal to the upper and the 
anterior sternopleural bristle is two-thirds as long as the posterior bristle. Several 
prominent setae are present between the two bristles. Legs: Entirely yellow, front 
tibia with a row of about seven evenly spaced anterodorsal cilia extending almost 
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FIG. 25. Drosophila uniseriata n. sp.: a, palpus; b, front leg; c, mesonotum; d, wing; e, male 
genitalia; f, hypandrium (ventral); g, ovipositor. 
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the full length of the segment and one dorsal cilium at the base. The preapical 
dorsal bristle of the front tibia is about equal in development to the apical ventral 
bristle. The front basitarsus is about two-fifths as long as the tibia and has three 
long, black, evenly spaced cilia. The second tarsomere has one long black antero
dorsal cilia (fig. 25b). Wings: Marked with brown at the apex, over them cross
vein and also with a subbasal spot as in figure 25d. The third costal section is 
about six times longer than the fourth and the costal fringe extends nearly two
thirds the distance between the apices of veins R2 +3 and R•+» The r-m crossvein 
is situated just beyond a level with the apex of vein R1 and near the basal one
fourth of cell 1st M2 • Abdomen: The first tergum is entirely yellow except for a 
faint tinge of brown over the median portion. The second is yellow along the basal 
one-third to one-half of the segment, brown on the posterior and extreme lateral 
margins. The other terga are brown on the posterior and lateral margins and in 
the medium portion. The coloring of the terga is somewhat variable; in some para
type specimens the anterior border is entirely yellow. The genitalia are as shown 
in figures 25e and 25f. They are very similar to those of paucipuncta. The shape 
of the parameres and the apical portion of the aedeagus are quite different and will 
readily differentiate the two. As in paucipuncta, the apical three-fourths of the 
parameres and the inner surface of the hypandrium just below the paramedian 
spine (fig. 25f) are densely setose. 

Length: body, 4.0 mm; wings, 4.5 mm. 
Female. Fitting the description of the male except for sexual characters. The 

palpi lack the conspicuous clump of apical setae and the apical bristle is stronger 
than in the male, about equal in size to the first oral bristle. The ovipositor is as in 
figure 25g. 

Length: body, 4.25 mm; wings, 4.7 mm. 
Holotype male and allotype female, Kupaua Valley, Niu section, Oahu, 800', 

August 21, 1965, C144.5A (H. L. Carson) . Thirty paratypes, 25 males same date 
as type. This species is in culture. 

Type, allotype and some paratypes in the B. P . Bishop Museum. Remainder 
of the paratypes in the collections of the U. S. National Museum, British Museum 
(Natural History), and the University of Hawaii. 

Drosophila vesciseta n. sp. (Figs. 26a-d) 

This species would run to ochracea Grimshaw because of the all rufous thorax; 
the two, however, are not related. D. vesciseta is readily differentiated by the lack 
of an isolated brown spot over the r-m crossvein and a different arrangement of 
the wing markings as shown in figures 26b and 26f; by having the basal section of 
vein R<+s shorter than the m crossvein, rather than distinctly longer; by the 
rudimentary preapical dorsal bristle of the front tibia (compare figures 26a and 
26e); by the all black pal pi; ornamentation of the front legs (fig. 26a); differences 
in genitalia and other details. 

Male. Head: Entirely pale colored, except for a tinge of brown on the upper 
portion of the occiput. The front is golden yellow covered with silver-white 
pruinosity as seen in direct lights. The genae, eye margins, and major portion of 
the occiput are yellow; the face is white, faintly tinged with yellow. The clypeus 
and rostrum are yellow. The labella and palpi are black, the latter are rather 
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broad, about two times longer than wide. The face is rather flat, just slightly 
raised down the median portion and as seen from lateral view is concave on the 
lower portion just before the epistomal margin. The second oral bristle is about 
two-thirds as long as the first. The anterior reclinate bristle is one-half to three
fifths as long as the proclinate and is situated distinctly above the latter. The 
antennae are yellow, faintly tinged with brown. The arista has about ten dorsal 
and three to four ventral rays, in addition to the small apical fork, the basal half 
of the arista is yellow. Thorax: Entirely rufous. The lower humeral bristle is 
sub-equal in length to the upper. The anterior sternopleural bristle is three-fourths 
to four-fifths as long as the posterior bristle. The anterior dorsocentral bristle is 
two-thirds to three-fourths as long as the posterior and is situated approximately 
opposite the second supraalars. The entire thorax is rather densely yellowish 
pollinose, the ground color is faintly subshining. Legs: Entirely yellow except 
for a faint tinge of brown on the apices of the tarsi. The front tibia has moderately 
long dorsal cilia extending the entire length of the segment from the preapical 
dorsal bristle to the base. The preapical dorsal bristle is rudimentary, barely 
differentiated from the small setae of the tibia. The front basitarsus is about three
fifths as long as the tibia and has a rather dense cluster of long black hairs situated 
over the apical four-fifths of the dorsal surface (fig. 26a). The other tarsomeres 
are devoid of long setae. Wings : The brown spots are large and conspicuous. 
The subbasal spot extends to them crossvein. The second spot on vein R•+a is 
situated slightly before the middle of cell R, and is not in line with the spot over 
them crossvein. The spots at the apices of veins R4 +5 and M 1 +2 fuse together over 
the apex of the wing (fig. 26b). The third costal section is approximately three 
times longer than the fourth and the costal fringe extends three-fifths the distance 
between the apices of veins R•+a and R.+s· The basal section of vein R4 +5 is 
rather short, slightly less than the length of the m crossvein. Abdomen: Sub

26g 

.30mm 

26h 

.60mm 

FIG. 26. Drosophila vesciseta n. sp.: a, front leg; b, wing; c, male genitalia; d, ovipositor. 
Drosophila ochracea Grimshaw: e, frong leg; f, wing; g, male genitalia; h , ovipositor. 
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shining black at the apices of the terga, yellow on the anterior halves of the 
segments except for brown to black coloration extending anteriorly over the 
median portion of each tergum. The genitalia are as shown in figure 26c. The 
aedeagus resembles that of hexachaetae Hardy and is probably a closely related 
species. 

Length: body, 3.75 mm; wings, 4.0 mm. 
Female. Fitting the description of the male except for sexual characters. The 

ovipositor is as in figure 26d. 
Holotype male, allotype female and two male paratypes from Keanae Valley, 

Maui, 1500', July 21, 1965, collected on Clermontia, C134.1 (H. L. Carson). Also 
three male and five female paratypes from Kolea Stream, Maui, 1600', August 30, 
1967 (M. S. Carson) . 

TypB and allotype in the B. P. Bishop Museum. Paratypes in the collections of 
the U.S. National Museum, and the University of Hawaii. 

Drosophila virgulata n. sp. (Figs. 27a-e) 

This species belongs in the hawai.iensis complex and fits near conspicua Grim
shaw from the Island of Hawaii. It differs strikingly from this species by having 
the wings pointed at the apices (fig. 27b); with a narrow brown band across the 
wing at level with the m crossvein; the band is less than the width of cell Rs 
(fig. 27b); by having the brown mark in the middle of cell R1 not connected with 
the subbasal brown mark in the wing, the front tibia ciliated to the base (fig. 27a); 
two strong humeral bristles present; and the genitalia differ in the shapes of the 
parameres and the aedeagus (fig. 27d). D. conspicua has the wings rounded 
apically; the band across the wing is broad, about two times the width of cell Rs 
and the mark in cell R, connects with the subbasal mark over the r-m crossvein 
(in the males); front tibia with dorsal ciliation on apical two-fifths. 

Male. Head: Largely yellow, except for brownish red eyes, yellow-brown 
vertex and upper occiput; front golden pollinose with a very faint tinge of brown 
on interfrontalia, yellow along the orbits and down the middle. Clypeus, palpi 
and mouthparts yellow. Labella fleshy. Mentum with scattered setae over apical 
half. Apical bristle of palpus rather slender, equal to length of segment. First 
antenna! segment yellow; second brown on dorsum; third yellow-brown. Arista 
with eight dorsal and four ventral rays in addition to apical fork and with 
scattered short setae on inner surface extending over about the apical two-thirds. 
Anterior reclinate bristles about two-thirds as long as proclinates and situated 
opposite the latter. First oral bristle strong, slightly longer than proclinate. 
Thorax : Mesonotum with three prominent brown vittae extending the full 
length. Disc of scutellum yellow-brown, margin and venter, also metanotum, 
yellow. Pleura yellow except for large dark brown mark over upper mesopleuron 
and for a small brown mark below wing base. Extreme base of halter brown, 
remainder yellow. Anterior dorsocentral bristles opposite second supraalars. 
Lower humeral bristle two-thirds to three-fourths as long as upper. Anterior 
sternopleural bristle three-fourths as long as posterior. Legs: Yellow, except for 
faint tinge of brown on posteroapical portion of each hind femur, also the apical 
tarsomeres are brown. Front tibia with long dorsal cilia extending entire length of 
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Fm. 27. Drosophila virgulata n. sp.: a, front leg ; b, wing; c, mesonotum; d, male genitalia; 
e, ovipositor. 
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segment and long dorsal cilia extend over first three tarsomeres (fig. 27a). 
Basitarsus three-fifths as long as the tibia. Wings: Predominantly subhyaline, 
marked as in figure 27b. Third costal section slightly over four times longer than 
fourth and costal fringe extends half the distance between apices of veins Rz+a 
and R•+s- Crossvein r -m near basal fourth of cell 1st M 2 • Abdomen: Yellow tinged 
with brown on first two segments, otherwise dark brown to black except for a 
large yellow mark on anterolateral margins of each tergum. Genitalia as in 
figure 27d. The ninth tergum is setose over the entire surface, the ninth sternum 
(hypandrium) is elongate about two times as long as wide. The parameres are 
broad at the base, coming to a point at the apical end with a short sensillum arising 
from the apex, and densely setose on the apical one-third. 

Length: body, 4.5 mm; wings, 5.5 mm. 
Female. Similar to male except for sexual differences, also the dark mark in 

cell R1 does not connect with the sub basal mark. Ovipositor prominent and straight 
sided (fig. 27e). 

Length: body, 5.0 mm; wings, 5.7 mm. 
Holotype male, allotype female and 14 paratypes, six males, eight females, 

Waikamoi, Maui, September 22, 1966, J31C1 (J. P. Murphy). Also one female 
specimen same locality, August, 1958 (D. E. Hardy) which had been included 
in the paratype series of D. disjuncta Hardy. One male and one female, same data 
as type "F1generation" are teneral. The last three specimens are not being desig
nated as paratypes. 

Type, allotype, and some paratypes in the B. P. Bishop Museum. Remainder 
of the paratypes in the collections of the U.S. National Museum, British Museum 
(Natural History) and the University of Hawaii. 

Drosophila adiastola species group 

This complex of species is characterized by having the wings predominantly 
brown covered with numerous hyaline spots as in figures 28b, 29a, 30c, by having 
the front basitarsus of the male flattened laterally (fig. 23a, Hardy, 1965: 134), 
and by having a prominent preapical posterior bristle, which is typically much 
stronger than the other bristles of the femur and which is usually curved, present 
on the front femur of the male. 

It is apparent that species of this complex breed in rotting roots, leaves and 
bark of Clermontia, Cyanea, and probably other Lobeliaceae. They are readily 
attracted to yeasts cultured from rotting Lobeliads. 

This complex includes adiastola, spectabilis, peniculipedes and at least three 
new species. 

Key to adiastola species group 

1. Cell R1 with hyaline marks beyond base as in Figures 28b, 29a, and 
30c. At least face, pal pi and mouthparts and usually legs yellow..... . 
Anterior margin of wing entirely brown except for a spot in the base 
of cell R1 and one at base of second costal cell (fig. 9b, Hardy, 1966: 
216). Entire body and appendages almost entirely dark brown to 
black. ··········· --- -· ·· ·--·-- ------ -- ----·---- --- Maui, Molokai ----·--- spectabilis Hardy 

2 
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2(1) Entire wing marked with dark brown and hyaline spots as in fig
ures 28b and 30c ------------------------------------------------------------------------------------ 3 
Basal three-fifths of wing hyaline with faint brownish yellow mark
ings (fig. 29a) ------------------------------------Hawaii ---------------- ochrobasis n. sp. 

3(2) Mesonotum with a broad median vitta extending the entire length. 
Face entirely yellow to white ·--------·--·--·-----·------··-·----··-----····--··-----·---·· 4 
Median brown vitta not extending beyond suture in male, anterior 
portion of mesonotum yellow. Sides of face black along eye margins 
in both sexes and eye orbits brown to black over the front. Mentum 
setose almost to its base (fig. 30a). Wings, as in figure 30c and 30d. 
----------···---------------···-----------------·----·-- Hawaii ---------------- setosimentum n. sp. 

4(3) Mesonotum with four yellow vittae, a narrow brown vitta extends 
down each dorsocentral line (fig. 28g). Front predominantly yellow. 
Wings as in figure 28b -------------------------------------------------------------------------- 5 
Mesonotum brown with two yellow, white pollinose vittae. No 
brown vitta down the dorsocentral line. Front brown. Wings as in 
figure 162b (Hardy, 1965:409) ------------Maui ________ peniculipedis Hardy 

5(4) Mentum setose almost to its base (fig. 28a). Cell R1 of male with a 
single hyaline spot (about as wide as length of m crossvein) which 
extends across wing into cell 1st M2 and with a large sub-apical 
hyaline spot in cell Ra which continues across wing into 2nd M2 
(fig. 28b) ---------------------------------------- ---·Molokai ____________________ cilifera n. sp. 
Mentum setose only near the apex (fig_ 28f). Two hyaline spots 
near base of R1 : or if a small brown spot dividing the spot is absent, 
the hyaline mark measures two times the length of m crossvein. ---· 
------------------------------·-------------------Maui, Lanai---------------------- adiastola Hardy 

Drosophila cilifera n. sp. (Figs. 28a-e) 

This species fits near adiastola and has been confused in this concept. It is dif
ferentiated by having the mentum densely setose almost to its base (fig. 28a) and 
by the differences in wing markings as shown in figure 28b compared to figure 
b (Hardy, 1965:134); the presence of a single comparatively narrow hyaline 
spot near the base of cell Ri, only two distinct spots in cell 1st M 2 and the presence 
of a large preapical hyaline spot in cell Ra and the lack of a distinct hyaline spot 
on the apex of cell R, will differentiate cilifera. In adiastola the mentum is setose 
only near the apex (fig. 28f); cell R1 has two hyaline spots near the base, four in 
some specimens, a single long spot which is two times longer than the length of 
them crossvein, also three or four hyaline spots in cell 1st M2 , no preapical spot 
in cell Ra and a prominent apical spot in cell R1 • 

Male. Head: The front is yellow on the lower portion, yellow-brown above a 
level with the proclinate bristles, the vertex and upper occiput are brown, the 
lower portion of the occiput, the genae, clypeus, palpi and mouthparts are pale 
yellow. The face is white, tinged with yellow. The face is almost flat, just very 
slightly raised in the upper median portion, the outside surface of each palpus is 
densely covered with short black setae; the apical bristle is very short, scarcely 
differentiated from the setae. The cilia on the mentum are as in figure 28a. No 
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strong oral bristles are present, the strongest is approximately equal in size to the 
anterior reclinate bristle, two rows of setae are present on the upper portion of the 
oral margin. The anterior reclinate bristle is about half to three-fifths as long as 
the proclinate and is situated slightly above the latter. The antennae are yellow. 
The arista has about eight dorsal and three ventral rays in addition to the apical 
fork. Just a few short inconspicuous setae are present on the inner surface of the 
arista at about the apical fourth. Tlwrax: Fitting the description of adiastola. 
With four distinct yellow vittae extending down the mesonotum, separated by 

l.56mm 

28h 

FIG. 28. Drosophila cilifera n. sp.: a, mouthparts; b, wing of male; c, wing of female; d, male 
genitalia; e, ovipositor. Drosophila adiastola Hardy: f, mouthparts; g, mesonotum; h, wing of 
female ; i, male genitalia. 



240 The University of Texas Publication 

a thin brown line extending down each dorsocentral row. With the propleura 
and the sternopleura yellow except for a brown to black spot on the anterior 
margin of the latter and with the mesopleura, pteropleura and metapleura 
largely brown to black. The metanotum is reddish brown in the median portion, 
yellow on the sides. Leg: All yellow with a faint tinge of brown before the 
apices of the tibiae. The structural details of the front legs appear to be identi
cal to those of adiastola. We are unable to find any differences. Wings: Almost 
entirely brown with large hyaline markings as in figure 28b. Abdomen: Pre
dominantly black marked with yellow on the sides of the terga. The yellow 
markings are more conspicuous on the basal and apical segments. The genitalia 
are as shown in figure 28d. They are almost indistinguishable from those of 
adiastola (fig. 28i). The overall shape of the aedeagus and elongate basal apodeme 
of the aedeagus are characteristic of the adiastola group. 

Length: body and wings, 4.6 mm. 
Female. Similar in most respects to the male except for sexual characters, the 

apical bristle on the palpus is slightly better developed, however, and the wing 
markings are quite different. The latter are quite similar to adiastola. Compare 
figures 28c and 28h. The females of the two species are readily differentiated by 
the conspicuously setose mentum as described under the male. The ovipositor is 
as in figure 28e. 

Holotype male, Kawela intake, Molokai, 3600', November 17, 1964, (H. T. 
Spieth). Allotype female Keahiakalio, Molokai, 2800', July 15, 1963 (D. E. 
Hardy). Two male paratypes, one same as allotype, the other south of Hanalilo
lilo, Molokai, March 3, 1966, G31C1 (J.P. Murphy) . 

Type and allotype in the B. P. Bishop Museum. Paratypes in the collections of 
the U.S. National Museum and the University of Hawaii. 

Drosophila ochrohasis n. sp. (Figs. 29a-d) 

This species appears most closely related to setosimentum but the striking dif
ferences in wing markings (figs. 29a and 30c) will readily differentiate these. 
Also, ochrobasis differs as noted in the following discussion. 

Male. Fitting the description of setosimentum except that the eye margins are 
blackened on the upper orbits, the lower portion of the front is yellow, very faintly 
tinged with brown on the sides and the eye margins on the sides of the face are 
yellow. The markings of the thorax are very similar in the two differing mainly 
by having the large dark brown spot extending over the posterodorsal portion of 
each sternopleuron of ochrobasis, covering the area occupied by and behind the 
sternopleural bristles. The sternopleura are yellow except for a very narrow 
brown mark along the posterior margins. The legs of ochrobasis are predominant
ly yellow, tinged with brown, distinctly lighter in color than in setosimentum. 
Approximately the basal three-fifths of the wing is predominantly pale with faint 
transverse streaks of brown through the basal portion of cell R5 , through cell 1st 
M2 and through cell M. (fig. 29a). The apical two-thirds of the wing is predomi
nantly dark brown with a large hyaline spot at the apex of cell 1st M 2 and with 
the hyaline spot at the apex of cell Ri continuous with a band extending across 
cells R3 and R". Cell 2nd M. is entirely brown, the apices of cells R3and R5 are 
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FIG. 29. Drosophila ochrobasis n . sp.: a, wing of male; b, wing of female ; c, male genitalia; 
d, ovipositor. 

hyaline. The other details are as in setosimentum. Genitalia are as in figure 29c. 
They are very similar to those of setosimentum. 

Length: body and wings, 4.6 mm. 
Female. Very similar to the female of setosimentum. Can be distinguished by 

the slight differences in the wing markings (compare figs. 29b and 30d) . The 
ovipositor is as in figure 29d. 

Length: same as in male. 
Holotype male, Puu Hualalai, 5550', collected by sweeping in a large lava tube, 

June 13, 1966 (W. B. Heed). Allotype female, Kipuka No. 9, Saddle Road, Ha
waii, December 28, 1967, L22G4 (H. L. Carson). Paratypes from same locality 
as allotype collected by H. L. Carson, M. P. Kambysellis and C. Kanapi. 

Drosophila setosimentum n. sp. (Figs. 30a-f) 

This species is readily differentiated from other members of the adiastola com
plex by having the median brown fascia on the mesonotum abbreviated, not ex
tending anterior to the suture so that the anterior portion of the mesonotum is 
entirely yellow; also by having the sides of the face black along the eye margins 
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Fm. 30. Drosophila setosimentum n. sp. : a, head; b, m esonotum; c, wing of male; d, wing of 
female ; e, male genitalia ; f, ovipositor. 

and the lower lateral margins of the front and the eye orbits dark brown to black. 
The brown to black front legs and tarsi, the very prominent median portion of the 
face, and the presence of a grey pollinose vitta down the middle of the mesonotum 
and the distinctive wing markings will differentiate this species. 

Male. Head: The front is yellow in the anteromedian portion, opaque brown 
above. The sides of the front including the eye orbits are opaque brown, blackish 
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in ground color. Discoloration continues on to the extreme lateral margins of the 
face near the eye. The face is white, the median portion is conspicuously gibose. 
The prominent carina down the middle of the face extending between the 
bases of the antennae is very distinctive of this species. The lower lateral margins 
of the face are rather prominent and bear two rows of short bristle-like setae on 
the upper portion of the oral margin (fig. 30a). The eyes are truncate on lower 
margin. The palpi are densely black setose on the outer surfaces, the apical 
bristle is minute, scarcely two times larger than the setae. The mentum is densely 
setose over most of its length, similar to that of cilifera. The first antenna! segment 
is yellow, the second is yellow on the ventral portion, brown on the dorsum, the 
third segment is brown, tinged faintly with yellow in ground color. The arista has 
about eight dorsal and three ventral rays in addition to the apical fork. The 
anterior reclinate bristle is scarcely over half as long as the proclinate and 
is situated just slightly above the latter. Head shaped as in figure 30a, me
dian portion of front rather densely white pollinose as seen in indirect light. 
Thorax: Scutellum brown to black except for a thin line of yellow on each side 
which is continuous with the yellow band extending down each side of the meso
notum. The pleura are yellow except for a permanent brown to black spot cover
ing most of the mesopleuron and extending to the upper portion of the ptero
pleuron. The metanotum is yellow except for a faint tinge of brown on the median 
portion. Legs: The front pair are predominantly brown to black, faintly tinged 
with yellow in the ground color. The tarsi of all the legs are brown to black, the 
coxae, femora and tibiae of the middle and hind legs are yellow, faintly tinged 
with brown on the femora. The modifications of the front legs are similar to those 
of adiastola. I see no structural differences. The tarsi and the tibiae are dis
tinctly flattened on the posterior surfaces. The basitarsus has a row of seven or 
eight erect anterior cilia extending the full length of the tarsomere and also a 
less conspicuous row of five to six shorter anterodorsal cilia down the subsegment. 
The preapical posterior bristle of the front tibia is curved, and distinctly stronger 
than the posterodorsal bristles. Wings: Marked as in figure 30c. Abdomen: 
Predominantly dark brown to black, tinged with yellow down the median portion 
of the dorsum and on the sides of the posterior segments. The genitalia are as in 
figure 30e. They are characteristic of the adiastola group, the basal apodeme of 
the aedeagus is elongate, the parameres are narrow with a fine apical sensillum. 

Length: body, 5.0 mm.; wings, 4.7 mm. 
Female. Fitting the characteristics of the male except for sexual characters and 

except for differences in wing markings. The wing markings are as in figure 30d. 
The ovipositor is as in figure 30f. 

Holotype male, and allotype female from Awini Camp, Kohala Mountains, 
Hawaii, 2000' (?),August 2, 1966, 117 (J. K. Fujii). Paratypes, approximately 
75 specimens, predominantly males, same data as type. It should be noted these 
were collected feeding on the rotting bark of a large Clermontia bush. (Collected 
by K. Y. Kaneshiro, J. K. Fujii, and D. E. Hardy). Also about 25 paratypes, both 
sexes represented, from the following localities on the island of Hawaii: Puu 
Laa laau, Kohala Mountains, 3350-4-000', August 29, 1966 (J. K. Fujii and K. Y. 
Kaneshiro) ; Upper Olaa Forest, Hawaii, August 1952-February 1966 (K. Y. 
Kaneshiro, D. E. Hardy and W. B. Heed) ; Olaa Forest Reserve, 3775', September 
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3, 1965 (F. Kamiya); Kilauea Ranger Station, July 15, 1965 (L. H. Throck
morton and R. M. Brown). 

Type, allotype and a series of paratypes in the B. P . Bishop Museum. Re
mainder of the paratypes in the collections of the U.S. National Museum, British 
Museum (Natural History) and the University of Hawaii. 

Drosophila semifuscata complex of species 

The species of this complex are characterized by having the entire wing in
fuscated but with the anterior margin brown, with this marking occupying 
most of the cell R3 , extending around the wing apex and in most species extend
ing into cell R5 and over the m crossvein. These are moderately dull colored 
species, with the thorax reddish brown to black in ground color, densely grey 
pollinose; not polished black and not with brown vittae on a yellow background. 

Most of the specimens of this complex have been collected only by using visual 
techniques. They are extremely cryptic and difficult to see, we have rarely col
lected specimens by netting and to date have found no attractant which will lure 
them. No host information has been obtained and we have no idea where they 
breed. They are collected by looking for them on the undersides of overhanging 
(usually vertical) limbs. D. aethostoma n . sp. has been collected on Clermontia, 
but has not been reared from this host. D. acanthostoma has been collected hiding 
in crevices in the bark of Myrica faya trees. D. anoplostoma specimens have been 
collected on the bark of Myoporum sandwichensis tree. 

Key to the semifuscata species group 

1 Male with an elongate forked projection on the apex of the labellum 
(fig. 32a). Front basitarsus flattened laterally, densely setose on 
inner surfaces. Posterior median portion of mesonotum covered with 
long hair. Anterior dorsocentral bristle small, about one-fourth the 
size of, and situated just slightly in front of the posterior bristle, 
two-thirds the distance from the second supraalar bristle to tlle first 
postalar. Lower humeral bristle weak ... .......... .................................... . 
...................................................... Kauai ........................ aethostoma n . sp. 

Not as above·································· ······················································· 2 
2 ( 1) Labellum with three large black incurved spine-like bristles on upper 

edge (fig. 31a). Oral bristles small, seta-like ..... ......... ..................... .. . 
........................................ ................ Hawaii ................ acanthostoma n. sp. 
Labellum lacking bristles or curved spines. Oral bristles well de
veloped...................... .... ................. .... ............................... ............... ....... 3 

3 ( 2) Thorax, abdomen, coxae, femora all black in ground color ............... . 
...................................................... Maui ........................ anoplostoma n. sp. 
Mesonotum reddish brown, pleura rufous, tinged with brown. Legs 
rufous, abdomen predominantly yellow ........ Maui .... semifuscata Hardy 

Drosophila acanthostoma n. sp. (Figs. 31a-d) 

This species is differentiated from other members of this complex by having 
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three large black incurved spine-like bristles on the upper edge of the labellum 
of the male (fig. 31a). And by having the oral bristles of the male small, seta-like. 
We are unable to differentiate the females from those of anoplostoma n. sp. 

Male. An almost entirely black species. Head: Black in ground color, colored 
with grey-brown pollen on the front, grey pollinose on the face, upper occiput 
and vertex; with a faint tinge of yellow on the lower eye orbits and in the upper 
antenna! furrows. The clypeus is yellow on the lower lateral margins and is 
otherwise black, it is comparatively narrow. The palpi are brown. The mouth
parts including the mentum are shining black, tinged with rufous. In some para
type specimens, the mentum is yellow, tinged with brown. The mentum is bare 
except for about four scattered pale hairs just before the apex. The labellum has 
three strong spine-like bristles near the upper margin and the dorsal edge is 

310 

.4 mm 

31 c 

F1G. 31. Drosophila acanthostoma n. sp.: a, mouthparts and palpus; b, front leg; c, male 
genitalia; d, ovipositor. 
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heavily sclerotized (fiig. 31a). Each palpus is strongly expanded on the apical 
portion and almost truncate, scarcely over one-half longer than wide, and with 
a small apical bristle which is about equal in size to the setae on the lower occiput 
and one small preapical bristle, the palpus is rather densely setose. The oral vi
brissae are all about equal in size, no strong bristles are present on the upper 
portion. In a few paratypes, one or two of the uppermost setae of the vibrissal row 
are slightly stronger than the others but they are still small compared to the 
normal. The anterior reclinate bristle is three-fourths to four-fifths as long as 
the proclinate and is situated opposite the latter. The antennae are black, covered 
with grey pollen and pubescense. The arista has five or six dorsal and two or three 
ventral rays in addition to the apical fork. Thorax: Shining black in ground color, 
rather densely grey pollinose. No vittae or markings are present on the meso
notum, the lower humeral bristle is approximately three-fourths as long as the 
upper. The anterior dorsocentral bristles are approximately three-fourths as long 
as the posterior bristles and are situated opposite the second supraalars. The 
halteres are yellow. Legs: The coxae and femora are brown to black, tinged with 
yellow in the ground color and with the apices of the femora yellow. The tibiae 
and tarsi are yellow, the front tibia is not ornate although the outside surface is 
densely covered with short erect setae. The preapical dorsal bristle is approxi
mately equal in size to the apical ventral bristle. The front basitarsus is just 
slightly over half as long as the tibia and the entire dorsal surface is densely 
covered with moderately long black cilia. The second tarsomere has five long 
black cilia and the third has two (fig. 31b). Wings: Very similar to those of 
aethostoma except that the brown marking on the anterior portion of the wing 
is much more complete and extends to cell R5 and is continuous over the r-m and 
m crossveins. Abdomen: Entirely shining black in ground color, rather densely 
brownish grey pollinose. The genitalia are as in figure 31c. The basal apodeme 
of the aedeagus is elongate and almost rectangular in shape. The parameres are 
rounded at the apex and each has a moderately long dorsoapical sensillum. 

Length: body, 4.0 mm.; wings, 4.3 mm. 
Female. Fitting the description of the male except for sexual characters, also 

two prominent bristles are present in the upper portion of the vibrissal row. The 
palpi are normal in shape, not enlarged apically and one rather strong apical 
bristle is present, this is approximately equal in size to the lower reclinate bristles 
of the front. The ovipositor is as in figure 31 d. 

Length: body and wings, 4.5-4.75 mm. 
Holotype male, Forest above Paauilo, Hawaii, 3200', August 24, 1965, collected 

on trunk of M yrica faya (K. Y. Kaneshiro) . Allotype female, same data as type, 
August 25, 1965, G6.1 (K. Y. Kaneshiro). Forty-five paratypes, 28 males, 17 
females, predominantly same data as type (K. Y. Kaneshiro, J. K. Fujii and D. E. 
Hardy) . Some specimens have been collected at Bird Park, Kilauea, Hawaii, 
July 17-18, 1964-August 5, 1965 (L. H . Throckmorton and K. Y. Kaneshiro). 

This species also is apparently present on Maui. Three male specimens are on 
hand from Auwahi, Maui, 3000', June 17, 1965-August 27, 1965 (D. E. Hardy 
and K. Y. Kaneshiro) collected in the same habitat as specimens D. anoplostoma 
n. sp. These three specimens are not being designated as paratypes. 

Type, allotype, and a series of paratypes in the B. P. Bishop Museum. The re
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mainder of the paratypes in the collections of the U.S. National Museum, British 
Museum (Natural History) and the University of Hawaii. 

Drosophila aethostoma n . sp. (Figs. 32a-f) 

This species is readily differentiated from others which have the anterior por
tion of the wing brown, by the elongate forked projection from the apex of the 
labellum in the male (fig. 32a), by the flattened front basitarsi of the male, by 
having the posteromedian portion of the mesonotum covered with moderately 
long hair, rather than short setae; the anterodorsal bristles are small, about one
fourth the size of the posterior bristles and situated just slightly in front of the 
latter, two-thirds the distance from the second supraalar bristle to the first post
alar; and by the weak lower humeral bristles, as well as in other details. 

Because of the long extension from the labellum and the small anterodorsal 
bristles on the mesonotum, this species would resemble adventitia Hardy, from 
Kauai, but the development on the labellum, and the modifications of the legs 
and wing markings are very different, D. adventitia has the wings faintly but 
completely infuscated; the process on the labellum is not forked (figure 24a, 
Hardy, 1965: 137); the front basitarsi are not flattened and each has three promi
nent anterior cilia at apical third of tarsomere. 

Male. Head: The front is brown to black, rather densely grey pollinose. The 
lower margin of the front and the eye orbits below the proclinate bristles are 
yellow, tinged with brown. The upper interfrontal areas, the vertex, and the 
upper half of the occiput are black, densely grey pollinose. The lower portion of 
the occiput is yellow-brown in ground color, covered with grey pollen. The genae 
are extremely narrow. The space between the eye margin and the vibrissal row is 
scarcely more than the width of one row of eye facets, except on the hind portion 
of the gena (fig. 32b) . The lower margin of the eye is rather truncate (fig. 32b). 
The oral vibrissae are very weak, setae-like on the upper portion, and become 
stronger as the row procedes posteriorly towards the genal bristles. The face is 
mostly yellow-brown, tinged with black and is densely covered with grey pollen. 
A small keel extends down the median portion almost three-fourths its length. 
The lower portion is flat. The third antenna! segment is black, the second is brown 
to black on the dorsal portion, yellow below. The first segment is yellow, 
tinged lightly with brown. The third segment is comparatively short and thick, 
scarcely one-fourth to one-third longer than wide. The arista has six dorsal and 
three ventral rays in addition to the apical fork. The clypeus is brown to black 
and appears to be poorly developed compared to other species. It is inconspicuous, 
difficult to see without clearing the mouthparts. The palpi are yellow, tinged 
faintly with brown and the mouthparts are yellow, except for a brown to black 
tinge on the apical portion of the mentum. The mentum is polished, devoid of 
setae except just before the apex. The apical portion of each labellum is extended 
into a forked projection which bears spines and projections at the tips of these 
arms, as in figure 32a. The anterior reclinate bristle is about two-thirds as long 
as the proclinate and is situated just slightly above the latter. One prominent 
apical bristle on each palpus about equal in length to proclinate bristles of the 
front, also a secondary, rather prominent bristle is situated just before the apex on 
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.38mm 
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32d 

32f 

32e 

Fm. 32. Drosophila aethostoma n. sp .: a, mouthparts; b, head; c, front leg; d, wing; e, male 
genitalia; f, ovipositor. 
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the outside surface. This is equal in size to the lower proclinate bristles. Thorax: 
Predominantly brown to black in gronnd color, rather densely grey pollinose on 
the sides and anterior margin of the mesonotum, the pleura and over the me
tanotum. With the grey pollen extending down the median portion, fading into 
the brown pollinosity just beyond the suture; with the pollen extending from the 
sides along the margins of the suture and with a grey longitudinal vitta down each 
side the entire length of the mesonotum in line with the dorsocentral bristles. The 
scutellum is black, lightly grey pollinose on the disc, yellow on the margins . The 
pleura are brown to black except for a band of yellow extending along the lower 
margin of each mesopleuron, over the median portion of the pteropleuron to the 
posterior spiracle. The spiracle is yellow. The halteres are yellow, tinged faintly 
with brown at their bases. The lateral margins are yellow from the humerus 
across the notopleuron. The median portion of the mesonotum is distinctly 
flattened, in most specimens slightly depressed in the middle; the posteromedian 
portion is densely haired, these hairs are approximately equal in length to the 
anterior dorsocentral bristles. The anterior dorsocentral bristles are about one
third as long as the posterior bristles and are situated just slightly in front of the 
latter, about two-thirds the distance from the second supraalar bristles to the first 
postalar bristle. The space between the dorsocentral bristles is equal to approxi
mately the distance between two rows of acrostichal setae. The lower humeral 
bristle is poorly developed, in the type, it is one-third to one-fourth as long as the 
upper bristle and approximately two times longer than the other setae on the 
humerus. In some of the paratypes, the lower bristle is so tiny that it cannot be 
differentiated from the setae. Legs: The coxae and femora are predominantly 
brown to black, tinged with rufous and with the apices of the femora yellow. The 
tibiae are yellow, the front tarsi are brown, tinged lightly with yellow, and other 
tarsi are yellow, tinged faintly with brown. The front tibia is slightly arcuate on 
the inner surface. It is devoid of long cilia but the posterior surface is densely 
covered with short erect yellow setae. The preapical dorsal bristle is about equal 
in size to the ventral apical bristle. The front basitarsi are rather elongate and 
are strongly flattened laterally, they are three-fourths as long and equal in width 
to the tibia. The inner surface of each basitarsus is very densely covered with 
erect setae which are equal in width or slightly longer than the width of the seg
emnt. The posterior surface is also densely covered with short erect setae. The 
basitarsus also has about five or six dorsal cilia on the apical portion of the 
tarsomere. A pair each of moderately long black cilia are present on tarsomeres 
2-4 (fig. 32c) . Wings: Entirely infuscated but distinctly brown on the anterior 
margin through about the middle of cell R3 and around the apex of the wing, 
also brown over them and the r-m crossveins (fig. 32d). The third costal section 
is almost five times longer than the fourth. and the costal fringe ends at about 
tw<>-fifths the distance between the apices of veins R2+3 and R,+ 5 • The r-m cross
vein is situated just slightly beyond a level with the end of vein R1 and the basal 
section of vein R..+ 5 is about equal in length to them crossvein. Abdomen: En
tirely black covered with grey-brown pollen and with a narrow grey-white band 
on the posterior edge of each tergum. The genitalia are as shown in figure 32e. 
Aedeagus elongate with a broad but shortened basal apodeme. Parameres with 
dorsoapical sensilla arising from a slight protrusion of the dorsoapical portion. 

Length: body, 3.2 mm.; wings, 3. 75 mm. 
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Female: Fitting the general description of the male, the oral vibrissae are, how
ever, well developed; the second bristle is strong, equal in size to the proclinate 
bristles of the front. Also, the genae are not strongly narrowed as in the male. In 
the front median portion the distance from the eye margin to the vibrissal row 
would equal three to four rows of eye facets. The lower humeral bristle is also 
moderately developed, about half as long as the upper bristle. The ovipositor is as 
in figure 32f. 

Holotype male and allotype female, Alakai Swamp, Kauai, 4000', June 22, 
1966, G84B, collected on limbs of Clermontia (K. Y. Kaneshiro). Twenty-two 
paratypes, 18 males and four females from the following localities in the Kokee 
region of Kauai: same data as type; Koaie-Waialae, 4125', July 21 and July 19, 
1966, G83B, reared from Clermontia stems (D. E. Hardy, K. Y. Kaneshiro); 
Alakai Trail, June 1964 (L. H. Throckmorton) . 

Type, allotype and a series of paratypes in the B. P . Bishop Museum. The re
mainder of the paratypes in the U. S. National Museum, British Museum 
(Natural History) and the University of Hawaii collection. 

Drosophila anoplostoma n. sp. (Figs. 33a-c) 

This species is obviously very close to semifuscata Hardy and the only differ
ences we find is in body and leg coloration. D . anoplostoma is almost entirely 
black. The entire thorax is black in ground color, rather densely covered with 
grey pollen. In semifuscata the mesonotum is brown, tinged with yellow and the 
pleura are yellow, very faintly tinged with brown. The legs of anoplostoma are 
black except for the yellow tarsi and the yellow apices of the tibiae and femora 
and for a faint tinge of brown in the ground color of the tibiae. In semifuscata, the 
legs are entirely yellow. The ornamentation of the front basitarsi is as in semi
fuscata and as in figure 33a. The face is entirely black, in semifuscata the median 
portion of the face is yellow, tinged with brown. The palpi are brown, in semi
fuscata they are yellow. The mouthparts are dark brown to black, tinged with 
yellow. In semifuscata they are yellow, tinged with brown. The mouthparts of 
anoplostoma are as in figure 33b. The male genitalia are as in figure 33c. The 
abdomen of anoplostoma is entirely black, covered with grey pollen. In semi
fuscata the abdomen is predominantly yellow discolored with brown at the apices 
of the segments. 

Length: body, 3.6 mm.; wings, 3.9 mm. 
Female . Fitting the description of the male except for sexual characters. Also 

two strong bristles are developed on the upper portion of each vibrissal row. These 
are almost equal in size to the lower humeral bristle. 

Length: body, 3.8 mm.; wings, 4.2 mm. 
Type male from Auwahi, Maui, 3700', July 25, 1966, J10G (H. L. Carson). 

Allotype female same locality as type, June 18, 1965 (K. Y. Kaneshiro). Six 
paratypes all males, all same data as type and allotype, this series was collected 
on the limbs of Myoporum trees and on sodom apple bushes. 

Type and allotype in the B. P. Bishop Museum. Paratypes in the collections of 
the U. S. National Museum, British Museum (Natural History) and the Univer
sity of Hawaii. 
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Drosophila haleakalae complex 

Species of this group are characterized by having the body brown to black, the 
apices of the wing marked with brown, the apex of the scutellum usually with 
a yellow--white spot, the labellum of the male with a black rim and the legs lack
ing ornamentation. Also, a striking characteristic of the haleakalae-fungicola
polita complex of species is the presence of a rather dense clump of thick bristle
like setae on each posterolateral corner of the mesonotum (fig. 34a) between the 
postalar bristles. 

Members of this complex are apparently all fungivores. 

Drosophila inciliata n. sp. (Figs. 34a-e) 

This species appears to fit nearest to venusta Hardy, but runs imperfectly past 

'---:°196mm 

33c 

FIG. 33. Drosophila anoplostoma n. sp.: a, front leg; b, mouthparts; c, male genitalia. 
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couplet 80 (Hardy, 1965:93) since the sternopleura are chiefly black, not yellow, 
etc. The prominent dark brown spot occupying the apical third of the wing, the 
presence of only one humeral bristle and the elongate front basitarsi are very 
similar to venusta. D. inciliata differs by having the upper two-thirds of the front 
black, not yellow, the sternopleura and hypopleura dark brown to black, some
times tinged with yellow; the scutellum not entirely black (in some specimens 
with a faint tinge of yellow on the apex) , lacking a conspicuous yellow spot at 
the apex, mesonotum polished black, not brown. Also the brown marking on the 
m crossvein is very slight, not pronounced as in venusta and not extending along 
vein M s+ .. 

Fw. 34. Drosophila inciliata n. sp. : a, hind corner of mesonotum; b, wing of male; c, wing of 
female ; d, male genitalia; e, ovipositor. 
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Male. Head: The upper two-thirds of the front is polished black. The vertex 
and upper three-fifths of the occiput are black. The lower one-third of the face, 
the parafacilia, genae, lower two-fifths of occiput, clypeus, palpi, mouthparts and 
the antennae are yellow. The face is white, tinged faintly with yellow. The latter 
is almost flat, just slightly raised in the upper median portion. The apical bristle 
on the palpus is about equal in length to the bristles on the upper part of the 
vibrissal row. A short bristle is also present on each palpus just before the apex 
on the outside surface and scattered black setae are present around the apex and 
on the apical half of the outside surface. The mentum is bare except for four pale 
hairs in the middle just before the apex and for two yellow-brown setae on each 
side. The two uppermost bristles of the vibrissal row are rather well-developed. 
about equal in length to the anterior reclinate bristles of the front. In addtion to 
the bristles, two irregular rows of setae are present on the upper sides of the oral 
margin. The anterior reclinate bristles are about two-thirds as long as the pro
clinates and are situated distinctly above the latter. The second antennal seg
ment has two prominent dorsal bristles, these are equal in size to the anterior 
reclinates. The arista has approximately nine dorsal and three ventral rays in 
addition to the apical fork. The inner surface of the arista is setose over most of 
its length. Only the basal one-third to one-fourth is bare. Thorax: Entirely shin
ing black, grey pubescent on the sides, over the scutellum and the hind margin 
of the mesonotum and the metanotum. The apex of the scutellum is very faintly 
tinged with red. In some paratypes, the sternopleura are rufous, tinged with 
brown to black. In some the scutellum is entirely black, in others a small but dis
tinct rufous spot is present at the apex. Only one humeral bristle is present. This 
is equal in size to the presutural and approximately equal to the anterior dorso
centrals. The anterior sternopleural bristle is about one-third as long as the pos
terior bristle. The anterior dorsocentrals are situated just slightly behind a 
line drawn between the first supraalars. The halteres are pale yellow. Legs: 
Entirely yellow, lacking ornamentation. The front basitarsus is slender, almost 
four-fifths as long as the tibia. The preapical dorsal bristle of the front tibia is 
just slightly larger than the apical ventral bristle. Wings: A dark brown mark 
extends over the apical third and the m crossvein is narrowly marked with 
brown (fig. 34b), the wing is otherwise lightly infuscated. The third costal 
section is four times longer than the fourth and the costal fringe extends half of 
the distance between the apices of veins R,+s and R. +s- The r-m crossvein is 
situated near the basal one-third of cell 1st M2. Abdomen: Polished black, grey
brown pollinose over the first tergum and over the median portion of the second. 
The genitalia are as in figure 34d. The anal plates are attached to the ninth tergum 
at the anterior portion, and are pointed at the ventral portion where they are 
covered with short setae. The aedeagus has no preapical protuberence as in most 
of the picture-winged species. 

Length: body, 4.0 mm; wings, 4.3 mm. The male paratypes range from 4.0 mm 
for the body and 4.4 mm for the wing, up to 4.5 mm for the body and 5.0 mm for 
the wing. 

Female. Fitting the description of the male in most respects. Differing by having 
the sides of the clypeus, the apices of the palpi and the third antenna! segment 
brown, the apical wing marking smaller, occupying only about the apical one
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sixth of the wing and the brown marking over the m crossvein very prominent, 
well developed, forming a brown streak of brown which extends into the median 
portion of cell R5 (fig. 34c). The ovipositor blades are as in figure 34e. 

Length: body, 5.2 mm; wings, 5.8 mm. The female paratypes range from the 
size of the allotype down to 4.0 mm for the body and 4.5 mm for the wing. 

Holotype male, Waikamoi, Maui, 4000', July 23, 1965 (D. E. Hardy) . Allotype 
female same data as type, July 8, 1965 (K. Y. Kaneshiro). Thirteen paratypes, 
8 males, 5 females, same locality as type, collected July 1964-0ctober 1965 
(L. H. Throckmorton, J . P. Murphy,D. E. Hardy,H. L. CarsonandH. T. Spieth). 

Type and allotype in the B. P. Bishop Museum, paratypes in the collections of 
the U.S. National Museum, British Museum (Natural History) and the Univer
sity of Hawaii. 

Miscellaneous Species 

Drosophila hamifera n. sp. (Figs. 35a-h) 

This species ohviously fits very close to D. (Hypenomyia) varipennis (Grim
~haw) and it would appear that Grimshaw was possibly correct in setting Hy
penomyia as a distinct genus. In light of the extraordinary range of divergence of 
morphological characters found in the Hawaiian species, however, we feel that it 
is best to treat this, at least temporarily, as nothing more than another unusual 
species group of Drosophila. D. hamifera will not run to Hypenomyia in the 
present key (Hardy, 1965:31) since the key character used was the clumping of 
the oral bristles in two distinct rows and hamifera has only one row of oral 
bristles. It does have in commcm with varipennis the very strange development of 
the front tibia of the male (fig. 35c), the predominantly brown wings, with 
marked sexual dimorphism, and the unusual spade-like development of the male 
aedeagus (fig. 35g). In the key (Hardy, 1965: 83) this species would run to 
couplet 34 and could be included by modifying this couplet to read as follows: 

34(31) Wing predominantly brown, with numerous hyaline spots (Hardy, 
1965, figs. 23b and 126b) or with the costa strongly arched and with 
transverse hyaline marks across the wing (fig. 35e) in the male and 
the female wings almost entirely pale brown (fig. 35d). Front 
basitarsus of male flattened laterally (fig. 35b) ········----- -·----- ·-·--··· ··--- - 35 
Wings predominantly hyaline, etc. -· ····-··- ····--···--·····-- former couplet 35 

35 (34) Wings irregularly spotted (figs. 28b, 29a and 30c), costa not arched. 
Front tibia without strong dorsal hook. Oral bristles poorly developed 
···-··-······-···········-·· ·········-· ·---· ············---····- adiastola complex of species 
(Refer to treatment of this group.) 
Wings of male with transverse hyaline bands and with the costa 
strongly arched (fig. 35e) , in the female almost entirely pale brown 
(fig. 35d). Front tibia of male with a strong dorsal hook (fig. 35c). 
Three strong, equal-sized oral bristles (fig. 35a) --------·- Maui ---------
·······-··· ······-··----··---·-·· ·--- ---····· ··--· ······-········-·····-······-··········· ···· hamifera n. sp. 

D. hamifera is readily differentiated from varipennis by having only three 
strong bristles in a single row on each side of the oral margin (fig. 35a) rather 
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than having a dense clump of bristles arranged in two rows on each side; by 
having the costal margin strongly arched and with hyaline streaks extending 
transversely across the wing from the costal margin (fig. 35e). Rather than 
having the anterior portion of the wing entirely brown and with a longitudinal 
streak, hyaline mark and a few scattered spots through cell R5 as in figure 217e 
(Hardy, 1965: 524). Also the face of hamifera is principally brown to black 
whereas that of varipennis is entirely yellow, the third antenna} segment is en
tirely brown to black in hamifera and is yellow in varipennis. The species also 
differ in other details. 

Male. Head: The lower half of the front is yellow, the eye orbits above the 
reclinate bristles is brown to black in ground color, covered with grey pollen. 
The upper interfrontal areas are golden brown. The ocellar triangle is black 
covered with light grey pollen. The occiput is black, the sides, around the eye 
margins are black in ground color covered with grey pollen. The coloration 
extends onto the genae bordering the lower margin of the eye. The sides of the 
occiput, except the margins are yellow and a narrow streak of yellow extends 
through the middle of each gena, the oral margin is black. The upper portion of 
the face is yellow, the lower half to two-thirds is black in ground color, densely 
grey pollinose, the face is slightly raised down the median portion. Three strong 
oral vibrissae are present on each side, these are equal in size (fig. 35a) . The 
clypeus and the mentum are brown. The latter has numerous setae just before 
the apex and a few scattered setae near the basal third. The palpi are yellow and 
densely setose. Each palpus has a small inconspicuous apical bristle, scarcely two 
times larger than the setae. The labella are rather ornately developed, setose along 
the lower surface and with the apical portion produced into flat, blunt processes 
on the upper surface (fig. 35a) . The anterior reclinate bristles are about two-thirds 
as long as the proclinate and are situated distinctly above the latter. The first two 
antenna} segments are yellow, tinged with brown. The third segment is dark 
brown, tinged with yellow at its base. The arista has six or seven dorsal and three 
ventral rays in addition to the apical fork. The inner surface of the arista is bare. 
Thorax: The mesonotum is yellow to rufous in ground color, brown on the sides 
and in the posteromedian portion between the dorsocentral bristles, the latter 
mark extends as a brown median vitta to a level approximately opposite the hind 
margins of the humeri. The scutellum is brownish yellow. The pleura are pre
dominantly brown to black, tinged with rufous. The metapleura and metanotum 
are rufous. The anterior dorsocentral bristles are situated approximately in line 
with the second supraalars. The two humeral bristles are approximately equal in 
size. The anterior sternopleural bristle is subequal in size to the posterior bristle 
and a prominent bristle like seta is present between these. The halteres are brown 
on their bases, yellow on their apices. Legs: Predominantly black, the apices of 
the femora, the narrow bases of the tibiae and the median portion of the middle 
and hind tibiae are yellow, also the middle and hind tarsi are yellow. The front 
tibiae are comparatively short and thick. The dorsal surface is smooth and 
polished; a row of fine rather short yellow-brown anterodorsal cilia extend from 
the base of the segment to about opposite the hook. The preapical dorsal bristle is 
represented by a strong hook as in figure 35c. The front basitarsus is about two
thirds as long as the tibia and is distinctly flattened laterally somewhat similar to 
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that of the adiastola complex of species. The flattened portion has numerous short 
erect setae on the posterior surface and about three or four short anterodorsal 
cilia near the apical third of tarsomere. The ventral surface of the basitarsus is 
densely covered with short black bristles. Wings: The costal margin is greatly 
arched, the wing is broadest at a level with them crossvein. A large hyaline spot 
extends from near middle of cell R1 to near the basal portion of the cell. This 
extends across cells R3, Rs and 1st M2. Another transverse hyaline streak extends 
across the wing from the apex of cell R1 to the median portion of cell 2nd M 2 and 
a hyaline streak extends across the apices of cells R3 and R,. A small round 
hyaline spot is present in cell Rs just before the r-m crossvein and two small 
hyaline spots are present in cell R5 just before a level with them crossvein (fig. 
35e) . The r-m crossvein is situated well beyond the apex of vein R1 , almost at 

35f 

.38mm 
FIG. 35. Drosophiln hamifera n. sp .: a, head; b, front leg; c, hook on front leg; d, wing of 

male; e, wing of female; f, male genitalia ; g, aedeagus; h, ovipositor. 
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the middle of cell 1st M 2 and the basal section of vein Mi+2 is almost as long as the 
penultimate section of that vein. The third costal section is slightly over three 
times longer than the fourth and the costal fringe extends about half the distance 
between the veins R2 +s and R4 +s· Abdomen: Entirely shining black in ground 
color covered with brown pollen. The genitalia are as shown in figure 35f and 35g. 
The apex of aedeagus is flattened and is rounded as seen in dorsal view (fig. 35g). 
The parameres are rudimentary and their presence can be detected only by the 
presence of the apical sensilla which are normally present on well-developed 
parameres. 

Length: body, 6.2 mm; wings, 6.5 mm. 
In the paratype specimens, the body length varies from 6.2-6. 7 mm. 
Female. Fitting most of the description of the male except for sexual characters. 

The occiput is predominantly rufous, tinged with brown in the ground color along 
the upper lateral margins, the thorax is almost entirely brown, tinged with rufous, 
and with a very narrow yellow-grey pollinose vitta extending down each dorso
central line. The legs are paler colored than in the male. The femora are entirely 
yellow except for tinges of brown on the apices. The front tibia is dark brown to 
black except for the yellow base and except for a tinge of yellow in the median 
portion. The middle and hind tibiae are as in the male. The wing markings are 
very different from that of the male. The wings are almost entirely pale brown 
and with markings as in figure 35d. The subbasal spot is dark brown and extends 
almost to the r-m crossvein. The ovipositor is as in figure 35h. 

Holotype male, Waikamoi, Maui, March 11, 1966, G34A (W. B. Heed) . 
Allotype female same locality, June 28, 1965, C125.29 (H . L. Carson) . Fourteen 
paratypes, 8 males, 6 females, mostly from the same locality as type, September 
1962-April 1966, some collected on Clermontia, bearing collection numbers 
S65.6B, G41A, G51A, G12.2 and C125.29 (H. T. Spieth, W. B. Heed, J. P . 
Murphy, H . L. Carson, and K. Y. Kaneshiro). Specimens also have been collected 
at Paliku, Haleakala Crater, 6500', July 25, 1963 (D. E. Hardy) and Puu Kukui 
Trail, Maui, August 4, 1964, 4400', collected on Lobelia (probably Clermontia), 
C110.1 (H. L. Carson) . 

Type and allotype in the B. P. Bishop Museum. Paratypes in the collections of 
the U S. National Museum, British Museum (Natural History), and the Uni
vers1t} · of Hawaii. 

Drosophila primaeva n. sp. (Figs. 36a-c) 

This species resembles quasianomalipes Hardy, the two occur in the same 
habitat, and this has been referred to in field notes and in genetic studies 
(unpublished) as "sp. nr. quasianomalipes." The two are apparently not related; 
primaeva differs in a number of important respects. The oral vibrissae are very 
strong (fig. 36a), the uppermost bristle is equal in size to the upper frontoorbital 
bristles; two or more secondary vibrissae are also well-developed; in the ano
malipes complex of species and quasianomalipes the uppermost bristle is usually 
about equal in size to the lower fronto-orbitals. The labellum of primaeva has a 
heavily sclerotized black rim around the apex (as in polita-haleakalae complex); 
in the anomalipes complex the dorsobasal margin is narrowly sclerotized but the 
apical portion of the labellum is entirely fleshy. The males of D. primaeva also 
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possess the following distinctive features : Bristle at apex of palpus long and slen
der, about equal in length to the segment; arista with only two ventral rays; front 
coxae lacking clumps of black setae or spines and femora without unusual 
chaetotaxy; front tibiae are straight, not bent, and lacking the peculiar apico
ventral process which is distinctive of the anomalipes complex; wings uniformally 
tinged brownish yellow, very slightly darker along them crossvein, but lacking 
distinct brown markings; genitalia with well-developed parameres, elongate basal 
apodeme of the aedeagus, dense clump of short erect setae at ventral portion of the 
cerci, elongate apical portion distad of the preapical protuberance and setae 
confined to the posteroventral part of the ninth tergum. In the anomalipes com
plex the palpal bristle is short, the arista has three or four ventral rays, the front 
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FIG. 36. Drosophila primaeva n . sp.: a, head; b, male genitalia; c, ovipositor. 
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coxae and femora have distinctive arrangements of black bristles or setae, the 
anterior surface of the front tibia is arcuate and the apicoventral portion is raised 
into a distinctive striated knob; wings distinctive, marked with brown; and geni
talia with small parameres, short basal apodeme of very elongate and narrow 
aedeagus, cerci without a dense clump of erect setae at the ventral portion, portion 
of aedeagus distal to preapical protuberance very much shortened, and long setae 
found throughout the ventral margin of the ninth tergum. 

From preliminary cytological studies which have been made by H. D. Stalker 
(unpublished) , it is possible that this species may be a representative of one of 
the most primitive of Drosophila in Hawaii. One arrangement in chromosome 5 
closely resembles the sequence in certain mainland species. 

Male. Front entirely opaque brown pollinose, faintly tinged with yellow, es
pecially along the sides, predominantly bare, with a few scattered short black setae 
on the anterior portion and with short black setae along the orbits on the lower 
half of the front. Ocellar triangle and upper median portion of occiput dark brown 
to black, tinged with yellow on the type and some other specimens, and in some 
cases entirely black in ground color, covered with grey-brown pollen. Sides and 
lower portion of occiput, genae and face yellow. Clypeus, palpi and mouthparts 
yellow, except for the conspicuous black rim at apex of each labellum (fig. 36a). 
The mentum has about eight prominent black setae just beyond the middle. 
Antennae yellow-brown, darker dorsally. Aristae each with about eight dorsal 
and two ventral rays in addition to the rather small apical fork; inner surface of 
arista bare. Lower reclinate bristles less than one half as long as the proclinates 
and situated distinctly above the latter. As noted above the oral vibrassae are 
strong (fig. 36a). The lower lateral margins of face slightly produced, at bases of 
upper vibrissae. Thorax: Entirely rufous, tinged faintly with brown on the 
dorsum and covered with yellow pubescence. Anterior dorsocentral bristles situ
ated about opposite the second supraalars. Lower humeral bristles large, about 
three-fourths as long as the upper. Anterior sternopleural bristle about four-fifths 
as long as the posterior and with a prominent bristle between the two which is 
approximately half as long as the anterior. Legs: Yellow, lacking ornamentation. 
Wings: Evenly tinged yellow-brown, slightly darker over them crossvein. Third 
costal section 4.5 times longer than the fourth and costal fringe extending slightly 
over half the distance between apices of veins R2 +3 and R4 +5 • Abdomen: 
Predominantly yellow, black on apices of terga and brown to black down the 
median portions of terga 3-5 . Genitalia are as shown in figure 36b. The cerci have 
a small clump of short erect setae at the ventral portion. Aedeagus with a promi
nent preapical protuberance and with very short setae on the ventral surface just 
below the preapical protuberance. The basal apodeme is large and elongate 
making for a small phallosomal index and the parameres are well developed with 
a fine apical sensillum. 

Length: body, 4.6-5.0 mm; wings, 4.9-5 .6 mm. 
Female. Fitting the description of the male except for sexual differences. 

Mesonotum and disc of scutellum more distinctly tinged with brown. Labellum 
not rimmed and apical bristles of palpi only about half as long as segment. 
Ovipositor is as in figure 36c. 

Length: body and wings, 5.7-6.1 mm. 
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Holotype male, Mohihi Stream, Kokee, Kauai, 4000', June 25, 1965 (K. Y. 
Kaneshiro). Allotype female, Mohihi, Kauai, September 6, 1965 (J. K. Fujii) 
CF~ reared in laboratory). Eighteen paratypes, eight males, 10 females from the 
following localities in the Kokee-Alakai Swamp area of Kauai: same as type and 
allotype, December 29, 1965 (K. Y. Kaneshiro and D. E. Hardy); Kokee, Kauai, 
August 27-30, 1959, banana bait trap (J. W . Beardsley); Berry Flat trail, 
May 10, 1967 (K. Y.Kaneshiro); AlakaiSwamp, July 10, 1928 (E. H. Bryan Jr.); 
and Keaku Cave, July 12, 1928, 4600' (E. H. Bryan Jr.). 

Type, allotype and some paratypes in the B. P. Bishop Museum. The remainder 
of the paratypes deposited in the collections of the U. S. National Museum, 
British Museum (Natural History) and the University of Hawaii. 

Miscellaneous Notes on Picture-Winged Species 

Drosophila n.eogrimshawi NEW NAME 
ldiomyia grimshawi Bryan 1934:435, preoccupied by Drosophila grimshawz 

Oldenberg, 1914:23. 
As pointed out by Hardy, 1965:539, the only character for differentiating 

ldiomyia Grimshaw from typical Drosophila Fallen has been the presence of an 
extra crossvein in cell R5 • It has now been clearly demonstrated by Carson, et al., 
1967: 1284, that this is not a generic character and it has been necessary to sink 
ldiomyia as a synonym of Drosophila. Carson has found that two species presently 
in the genus ldiomyia are chromosomally closely related to a very distinct group 
of Drosophila species near D. adiastola. Also, based on D. grimshawi whose 
polytene chromosome sequences were chosen as an arbitrary standard, he found 
that I. perkinsi differs from the former by only 11 inversions whereas D. adiastola 
is 17 inversions away. 

Drosophila n.eoperkinsi, NEW NAME 
ldiomyia perkinsi Grimshaw, 1901:51, preoccupied by Drosophila perkinsi 

Grimshaw, 1901 :59. The latter is now placed in the combination Grim
shawomyia perkinsi (Hardy, 1965: 538) 

Drosophila silvestris (Perkins), NEW COMB. 
ldiomyia silvestris Perkins, 1910, Fauna Hawaiiensis 3 ( 6) : 700. 
I. nigrifacies Hardy, 1965, Insects of Hawaii, 12:550. NEW SYNONYM 
ldiomyia nigrifacies was based upon the male sex and silvestris upon the 

female; after obtaining progeny from a single wild female, it became clear that 
these are synonyms. 

We are proposing Drosophila subsilvestris NEW NAME for D. silvestris Bas
den, 1954:630. 

Drosophila n.eopicta, NEW NAME 
ldiomyia picta Grimshaw, 1901 :55, preoccupied by Drosophila picta Zetter

stedt, 1847:2567. 

Drosophila nigra Grimshaw 
Drosophila (Hypenomyia) reburra Hardy, 1965:522, NEW SYNONYM. 
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D. nigra was based upon the female and reburra upon the male; we have since 
associated the sexes. 

Drosophila hexachaetae Hardy 
Drosophila neglectaHardy, 1965:383, NEW SYNONYM 

In the original description, it was noted that neglecta is very closely related to 
hexachaetae but apparently differs by having the thorax predominantly brownish 
yellow and by the position of the three cilia on the anterodorsal surface of the 
front tibia . It has been found that the color of the thorax is quite variable, ranging 
from yellow to brownish yellow. The position of the three cilia on the anterodorsal 
surface of the front tibia is also variable. Upon inspection of this character in the 
progeny from a single female, it was found that there are typically three cilia 
which are arranged in varying positions along the anterodorsal portion of the 
segment. They may be equidistant from each other, or two may be closer to the 
apex with one close to the base. In a few specimens, there are four cilia arranged 
along the segment. 
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XI. Metaphase Configurations in Species of the Hawaiian 
Drosophilidae1 

FRANCESE.CLAYTON2 

The cooperative project on the genetics of the Hawaiian Drosophilidae has 
made possible investigations on various aspects of the speciation and evolution of 
the endemic Drosophila. The extensive field work and improved rearing methods 
in the laboratory have provided material for significant salivary chromosome 
studies by Drs. H. L. Carson and H. D. Stalker (Carson, 1966; Carson & Stalker, 
1968; Carson, Clayton, and Stalker, 1967) and for the determination of metaphase 
configurations by this author. The present investigation is a report of karyotypes 
for 352 strains of endemic Hawaiian Drosophilidae, including 59 species not 
previously reported. 

MATERIALS AND METHODS 

Karyotypes were determined by analysis of squash preparations from larval 
brain tissues and adult testes. Both types of tissues were stained in aceto-orcein 
and squashed in fifty percent acetic acid. Males, when brought into the labora
tory, were placed on a high-protein medium (Wheeler and Clayton, 1965) ; it 
was found that the testes of males dissected immediately after collection contained 
few dividing cells and cytological preparations were much better if the males fed 
on the Wheeler-Clayton medium for several days prior to dissection. 

It has been suggested (Clayton, 1960) that chromosome complements may be 
determined for Drosophila species which are not easily reared in the laboratory 
if spermatogonial metaphases are examined. Miller (Miller and Stone, 1962; 
Miller and Roy, 1964) has used both spermatogonia and primary spermatocytes 
in his studies of the chromosomes of the Drosophila affinis group. Spermatogonial 
metaphases, however, were seldom found in testes of the Hawaiian Drosophilidae 
and the chromosome determinations from adult males were made almost entirely 
from dividing primary spermatocytes. Fortunately, in males of Hawaiian species 
spermatogenesis is active for long periods of time. For example, first meiotic fig
ures were abundant in the testes of one Drosophila perkinsi which had been col
lected as an adult four months prior to dissection. 

During the time that this investigation was carried out in the laboratory at the 
University of Hawaii, temporary squash preparations were made as material be
came available. During other periods, brain smear slides were prepared by as
sistants at the University of Hawaii when larvae were dissected for the salivary 

1 This investigation was supported, in part, by Public Health Service Research Grant GM
10640 from the National Institutes of Health, grant GB-711 from the National Science Founda
tion, and by the University of Arkansas Graduate School through a Biomedical Sciences Support 
Grant from the N a.tional Institutes of Health. 

2 Department of Zoology, University of Arkansas, Fayetteville. 

Studies in Genetics, No. 4, 1968. 
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glands. These slides were frozen and stored for later analysis. The success of this 
method has made possible the karyotype determination for many strains and 
species not otherwise available. 

All photographs were taken on Kodak High Contrast Copy film using a phase
contrast microscope with the 97X Dark-M objective. The figures have all been 
enlarged to the same extent. Several of the drawings include chromosomes which 
are not in focus in the photographs. 

RESULTS AND DISCUSSION 

Metaphase configurations for species and strains of the Hawaiian Drosophilidae 
which have not been reported previously are listed in Table 1. This summary in
cludes the karyotypes of 352 strains, including 59 species which are reported here 
for the first time. Of these, 52 species are in the genus Drosophila; the other seven 
are in the genera Antopocerus, Titanochaeta, and Scaptomyza. All determina
tions given in the Table were from larval metaphases except where a symbol, 
( #) with the collection number, indicates an adult male. The species listed in 
the Table have been described by Hardy (1965, 1966) and by Hardy and Kane
shiro ( 1968. This Bulletin) . 

One species, D. atroscutellata, is included in Table 1 although its chromosomes 
were reported earlier (Clayton, 1966). At the time the metaphase configuration 
was determined, this species was designated as "n. sp. dark scutellum" but it has 
since been described by Hardy (1966). The metaphase of D. brunneipennis was 
determined from a single spermatogonial cell in which the five pairs of rods were 
quite distinct but the presence of the dots was questionable. The individuals listed 
with D. crassifemur were tentatively identified as this species although some may 
be a closely related species, D. amplilobus. The metaphase configurations for 
these two species are identical. New or unidentified species have been included 
in Table 1 only when it was known that the species had not been reported pre
viously. Three of these, "new species near caccabata'', "modified proboscis", and 
"bristle foot' ', possess V-shaped chromosomes in their karyotypes. Both "im
migrans-like" species are listed since the metaphases of the two differ. The un
identified Antopocerus species from Maui is included since the chromosome de
termination was made from larval neuroblasts and all other determinations of 
Maui species were from primary spermatocytes. 

As reported by Carson, Clayton and Stalker (1967), D. perkinsi from Waika
moi, Maui had five pairs of rods and a pair of dots in larval metaphases but, in 
adult males, metaphase I cells had five groups of three chromosomes in addition 
to the XY chromosomes. This species has not been reared successfully in the 
laboratory, but, in 1966, four larvae were obtained from a wild-caught female. 
One larva was allowed to pupate to obtain a voucher specimen; the other three 
were sacrificed for the cytological studies. No additional larvae have been ob
tained from perkinsi females collected at Waikamoi. In September 1967, three 
females and one male, tentatively identified as D. perkinsi, were sent to the au
thor by Dr. H. L. Carson from his collections in Kipahulu Valley, Maui. The 
male was sacrificed and meiotic cells contained the same "triploid" condition re
ported for the strain from W aikamoi. The females deposited large numbers of 



TABLE I 

Karyotypes of species of the Hawaiian Drosophilidae 

Species J\Ictaphase Collection No. Locality 

Drosophila 
adiastola 5R, 1D C139.1A Hanalilolilo, Molokai ("') 

J24L2; L18P62 Waikamoi, Maui ~ K72B5 
K22L9 

Waikamoi Stream, Maui 
Paliku, Haleakala, M aui 

..... 
0 
~ 

L5B21 Kipahulu Valley, 3100', Maui 
K94G13 Kaiholena Gulch, Lanai ~ 

•amplilobus 

*arwplasloma 

IV,3R, 1D 

5R,1D 

WH47.1 

J99CJO 

Halcmanu, Kauai 

Auwahi , Maui 

S' 
~ :::r
~ asketos/oma 

atroscutellata1 

6R 

5R, 1D 

K23A2 
G98B3, B4 

C99 

Silversword Loop, Haleakala, Maui 
Haleakala Crater, Maui 

Kokee, Kauai 

t")

:::ra 
;3 

•balioplera 5R, 1D J51B8 
J57C4 

Keanae Valley, Maui 
Kaulalewclewe, Maui 

0 

"' 0 

J88BJ 6, Bl 7 Kipahulu Valley, E. Maui ~ 
K86BJ, B2 Halawa Valley, Molokai ~ 

K94G6 Kaiholena Gulch, Lanai t:l 
'basise/ae 5R, ID Ll9B33, B34· Mountain House, Hawaii 

'1 
0 
rn 

'bos/rycha 

• brunneipennis 

5H,1D 

5R, ID? 

J97N2, N3 

K53Gf 

Halawa Valley, Molokai 

Wiliwilinui Ridge, Oahu 

0 
"O:::
;

•ciliaticrus 5R, 1D J29Bl I Puu Laalaau , Hawaii 

' cilifera 5R, 1D G42B5 Hanalilolilo, Molokai 

claviselae 5R,1D J76M5; L18P12; J76M5 Waikamoi , Maui 

•comatifemora 5R, ID L1G15 Kipah ulu Valley, 3100', Maui 

conspicua 5R, 1D Ll9G4,B22 Mountain House, H awaii to 
Ol 
U'\ 
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Karyotypes of species of the Hawaiian Drosophilidae 

Species l\Ietaphase Collection No. Locality 

crassifemur? 

crucigera 

*din7.inuens 

*discreta 

disjuncta 

IV, 3R, 1D 

SH, JD 

5R, 1D 

SR, 1D 

5R, 1D 

K33G31- G35 ; K46B2 
C133.9 

J98A11 ; FC1A7 A, 7B, 7D 

K36G6 
K24Gl , G'~ 

K37B5, G6 
K4t G6, G7, G10, G12, G15 

K91G2 
K38G6, G24, G25 

K76C1, G2 
G58E3, K5C1 , CZ, C3, C4, C6, CB, 

cm, 013, C14, C15, C16, C17, 
C20, C21 , C22, C23, C24, C26, 

C27, C28, C29 

C140.15t 

K73G1, G12 
K29L2; C104.1; Fa-1; C125.1 
(PM-4); C125.1 (PM-13) 

L1G82, G83, G88, G90, G91 , G94, 
G96, G97, G102; L6N1 

L4G3 

K25A1 
K73B1 
J51B17 
L3G3 

L4G5, G6, G7, G8, GlO, G12, G15, 
G17, G18, G19 

L1G41 , G44, G45, G46, G47, G49 

Kipuka at BM 5108, Saddle Rd. , Hawaii 
Pauahi, Hawaii 
W aikamoi, Maui 

Aihualama Stream, Manoa, Oahu 
M anoa Falls. Oahu 
Pia Valley, Oahu 
East Wailupe Gulch, Aina R aina, Oahu 
Lulumahu Stream, Oahu 
Kului Gulch, Oahu 
Pukele Stream, Palolo, Oahu 
Mauna Kapu, Oahu 

Waikmnoi , Maui 

Waikamoi Stream, Maui 
W aikamoi , Maui 

Kipahulu Valley, 3100', Maui 

Kipahulu Valley, 2900', Maui 

Waikamoi , Maui 
Waikamoi Stream, Maui 
Keanae Valley, Maui 
Kipahulu Valley, 2500', Maui 
Kipahulu Valley, 2900', Maui 

Kipahulu Valley, 3100', Maui 

~ 
~ 
;::! 

~ 
~

~ 

~ 
"ti 
~ 
<;)-< 

2 
5· 
;::! 



Species 

engyochracea 

fasciculisetae 

• f uscoamoeba 

•glabriapex 

•gradata 

grirnshawi 

hawaiie r1si., 

*heteroneura 

• hexachaetae 

'hirtipalpus 

l\ letllplwsc Collection No. Locality 

SH,1D 

5H, 1D 

SH, 1D 

5R, 1D 

5R, 1D 

SH, 1D 

SR, tD 

5H, 1D 

5H, 1D 

5H, 1D 

G5 1, GSZ, GS4, GSS, GS6, GS8, 
G61, G6Z, G64, G6S, G66, G67, 

G68, G7S , G76, Gl 14; LSB9, B11 

G5.1u 

JZ3J1 

GZ8BZ8 

J53C4· 

C144.ZA 
GSSCS 

K38GZ3 

PYJ .3 
K4-0G4· 

L1G63; L5B1Z, B1 3 
J44C1; KZ9G8; K75P15 

J88B18 
J88aB1 

J10D I, G1; J99CZ, C3, CS, C6, CB 
KZ8G1; K94GZ, G3 

K96GS 
J4.6M1 
J78M1 
KSOMZ 

K57G1 
KHBZ, Gl , G6, G9, G1 O; J14B8, B1 3 

K58G7 
0143.1 
J15J3 

G90A104 

K37B3, B4· 

J66C4; KZ9L1 

Kipuka Puau lu, Hawaii 

W aikamoi , Mau·i 

Palikea, Oahu 

Hal emanu Stream, Kokee Park, Kaua i 

Kupaua Valley, Oahu 
Palikea, Oahu 
Kului Gulch, Oahu 

Olinda, Maui 
Kolea Stream, Maui 
Kipahulu Valley, 31 00', Maui 
Wajkamoj , M aui 
Kipahulu Valley, E. Maui 
Forest above Hana Ranch, Maui 
Auwabi , Ma ui 
Kaiholena Gulch, Lanai 
Pal iakeae Gulch, Lanai 
Lanaihale, Lanai 
Lanai City, Lanai 
South of Hanalilolilo, Molokai 

Kipuka Kekake, Hawaii 
Kipuka Puaulu , H awaii 
Puu-oo Volcano Trail, H awaii 
Paauilo, Hawaii 
Kipuka Ki, Hawaii 

Hualalai , H awaii 

Pia Valley, Oahu 

Waikamoi , M aui 

~ 
IS"

'...;: 
O' 
~ 

f 
~ 

~ 
~ 
0 
Cl 

~ 
0-tJ 
d 
0"' 

'"Og: 
Cl 

to 
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TABLE l-Co11tinucd to 
Karyolypes of species of th0 Hawa iia n Drosophilidae 

0) 

Spccit•s 1\ l (•tnpl1a&C' Collection No. 1.cx:nlity 

,. infuscata2 

'limitata 

•hophallus 

•melanocephala 

nu1ruca 

• mitchelli 

.. neogrinuhawi 

,. neopicla 

*'nigra 

nigrifacies 

'oahuensis 

•obscuripes 

ochracea 

5H,1D 

6H 

5H,1D 

5H, 1D 

6H 

5R,1D 

5R,1D 

5H,1D 

5R, 1D 

5R, 1D 

5H,1D 

5H,1D 

5R, 1D 

K78Gl 
Ll9Gt7 

G80B6 
J88Bll 

C l34'.4·A, 4E, 4F, 4G 

JlOGt 

G4·.6t; J2,~Lt 

Gubler 12/30/61-; 54; HS 19.2; 
HTS20.2 

G25C12 

K53B2 

G97H7t ; K22L20-24· 
Ll3G12-21 

K75P30 

G79A1t 
J62B2 
K3Bl 

K15N1, N5; K33G3; K46G6; 
K66P2, P5; K64G3, G6 

7/16/65t 

G97B6t ; K22L1 - 7; K22L34--38 

K32G1 
K62G7 
K2B1 

J20B3, G28 
K78G10 
K81G1 
L19B29 _______ 

Waimea Reservo ir, Kamuela , Hawaii 
Mountain House, Hawaii 

Kaulalewelewe, W . Mau i 
Kipahulu Valley, E. M aui 
Keanae Valley, Maui 

Auwahi, Maui 

Waikan1oj, Maui 

Kipuka Puaulu, Hawaii 

Honaunau Forest Resene, Hawaii 

Wiliwilinui Ridge, Oahu 

Paliku, Haleakala, Maui 
Kipahulu Vall ey, 6600', Maui 

Waikan-1oj, Maui 

Mt. Hualalai, Hawaii 
Honaunau Forest Reserve, Hawaii 
First Kipuka, Ilualalai, Hawaii 
Kipuka at BM 5108, Saddle Rd., Hawaii 

Wiliwilinui Ridge, Oahu 

Paliku, Haleakala, Maui 

Kipuka at 2200', Saddle Road, Hawaii 
Stainback Highway, Hawaii 
South slope, Hualalai, Hawaii 
Puu Laalaau, Hawaii 
Waimea Heservoir, Kamuela, Hawaii 
Mud Lane, H awaii 
Mountain House, Ha_w_a_i_i_________, 

~ 
('> 

~ 
~
~

.Q_ 

~ 
~ 
~ 
<:Jo 

~ 
5· 
;::s 



Species 
- l\foll.lph n ~c Coll cclion N o. Localit y 

' ochrobasis SH, ID G90Al 00 t X adiastola (GS 1A6) 'i1 llunlaJaj, llawa ii 
K 15N3 ; K33G J, G20, K4'6G I ; Kipuka at BM 5108, Saddle Hoad, H awa ii 

L22G 4·, G5, G7 
K77C6 Alakahi Strea m, S. Koha la, H awa ii 

•odonlophallus 5R, 1D JJOGi· Au wa hi , Maui 

•orphnopeza 5J\ , JD C134.4D Keanae Va ll ey, Maui 
K75 G9 W ajka1noi, M aui I CJ 

' orthofascia 5H, ID G7.2D ; JI OB5, G23, G24, G25 , G26 Au wa hi , Maui ~ 
paucipun.cta 5H, ID J6G13 H onaun a u Fores t Hesc1·vc, H awa ii 

..... 
0 

K2B5 So uth slope, Hualala i, H awaii ~ 

K4B3 Pawa in a, J-I awa ii ~ 
K62G 13, G 14·, G 16 Sta i11bac k Hi ghway, H awa ii 

~ • percnosorn a? 

'perkinsi? 

5H, ID 

5V, 1J 

G70H11 

L1 3G9- 11 

Kilauea, H awa ii 

l(jpahulu Valley, 6600', Ma ui [ 
picticornis 5H, 1D J7B1 Mohihi , Ka ua i ~ 

~ 

pilirnana 5R, 1D 

J95C8; K5 lC2 

K38G10 

Kokee, Kauai 

Kului Gulch, Oahu 
0;:; 
~ 

K5C32 Mauna Kap u, Oahu 0 

planitibia 5R, 1D J66C16; J67C5; J9 1N l 'i1 X J91N2-3t t W aika :rnoj, Mnui ~ 
• prirnae va 5R, 1D J8JC1 Kokee, Kaua i 0-G20.3B Mohihi , Ka uai tl 
pro lat icilia 5H, JD K2B6 

J62B5, Bi l 
K78G5 

South slope, I-Iualala i, H awa ii. 
H onaunau Forest Reserve, H awa ii 
W aimea Hese1·voi r, Ka muela, H awai i 

8 
V> 
0 

'"O 
::-: 

K69G3 Saddle Roa d, H awaii 5" 
L19B12 Mountain H ouse, H awa ii 

punalua 5H, 1D K24G 7 Manoa Falls, Oahu 
K53B4, B5, B6, B7, G2, G4 Wi.liwilinui. Rid ge, Oahu 

K.38G3, G27 Kului Gulch, Oahu 
K20M1 , M 2, M3 Palikea, Oahu 
KC35, C3 6, C37 

K91G4 
M auna Kapu, Oahu 
L ulumahu Stream, Oahu 

to 
Ol 
<.O 

K.7 6G3 P u.kele Stream, P alolo, Oahu 



0 
T ABLE 1-Continued 

Karyotypes of species of the Hawaiian Drosophilidae 

Species l\'letaphasc Collection No. Locality 

*quadrisetae? 

• recticilia 

• setosinien/uni 

• silvarentis 

*sproati 

* truncipenna 

• uniseriata 

*vesciseta 

*villitibia 

*virgulata 

new or unidentified species: 

*n. sp. near semifuscata 

*n. sp. semifuscata-like 

*n. sp . near caccabata 

5R,1D 

5R, 1D 

5R,1D 

5R,1D 

5R,1D 

6H 

6R 

5R, 1D 

6R 

5R,1D 

5R,1D 

5R,1D 

IV, 3R, 1D 

G28E4 

G8.1H; K72B4 
L3G2 

J20G2 
J17H11 
K4B2 

K78G3 
K78G17 

L21B1, B2 
L19B41 

K18A1, A2, A3, Ml , M3, N4; K47G2 

K59G1 
L19B37, B38 

J20Gf ; J20B7, BS, B11 , B1 8, G19, 
G24; J29H2, H3, H5, B1 , B7 

FC1A.5t 

C144.5A 

K+OG2 

K39BJ O; K25G1; K75G1 3 

J31C1 

C129.2 

G7.5t 
J8Bt 

C134.2 

Palikea, Oahu 

W aikamoi, Maui 
Kipahulu Valley, 2500', Maui 

Puu Laalaau, Hawaii 
Awini cabin, Kohala, Hawaii 
Pawaina, Hawaii 
Waimea Reservoir, Kamuela, Hawaii 
East of Puu Oho, S. Kohala Mts., Hawaii 
Puu Huluhulu, Volcano Nat'!. Park, Hawaii 
Mountain House, Hawaii 

Humuula Saddle, Hawaii 

Olaa Forest, Kilauea , Hawaii 
Mountain House, Hawaii 
Puu Laalaau, Hawaii 

Waikamoi, Maui 

Kupaua Valley, Oahu 

Kolea Stream, Maui 

Waikamoi, Maui 

Waikamoi, Maui 

Pawaina, Hawaii 

Auwahi , Maui 
Waialae Trail, Kauai 

Keanae Valley, Maui 

to 
'-I 

~ 
~ 
~· 

3 
~· 

-Q. 

~ 
~ 
~ 
~ 
~· 
s· 
;:s 



Species l\ Ietaphasc Collection No. Locahty 

•n. sp. im.m.igrans-like 

• im.m.igrans-like n. sp. 

*''biseriata-like'' 

•"modified proboscis" 

"'bristle foot" 

Antopocerus 
'aduncus 

•diamphidiopodus 

•entrichocnem.us 

*tanylhrix 

"aduncus or diamphidiopodus' '? 

Scaplomyza ( Bunostom.a) 
anom.ala 

*hamata 

palmae 

varifrons 

Ti1anochaela 
*bryani 

*n. sp. "gold antennae" 

5R,1D 

JJ, 4R, 1D 

5R, 1D 

2V, 1R, 1D 

IV,3H, 1D 

6R 

6R 

6R 

5H, 1D 

6R 

IV, 3R, 1D 

2V, 1R, lD 

IV,3R, 1D 

1V, 3H, 1D 

1V, 3H, 1D 

2V, 1R, 1D 

K2B4 
C129.2 

L19B42 

G44B5 

G61C3 

G62C3 

C140.5t; FC1.19t 

FC1A.9t; FC1C.1t 

C1406t 

K78G11- 16 

L1G19- 28 

WHS.10 
WH31.11 

WH18.21 

WH45.4

Ci l8.26 
C103.6 

WH28.1 

C137.14 

C140.3t 

South slope, Hualalai , Hawaii 
Pawaina, Hawaii 

Mountain House, Hawaii 

Hanalilolilo, Molokai 

Berry Flat Trail, Kauai lj 
~ Kokee, Kauai 

W aikamoi , Maui 

Waikamoi , Maui 

W aikamoi , Maui 

Waimea Reservoir, Kamuela, Hawaii 

Kipahulu Valley, 3100', Maui 

Tantalus, Oahu 
Kokee, Kauai 

Kokee, Kauai 

Paauilo Exper·iment Station, Hawaii 

Keanakolu, Hawaii 
Opaeula, Oahu 
Tantalus, Oahu 

Puu Kolekole, Molokai 

Waikamoi, Maui 

~ 
.§ 
~ 

~ 
(") 

~ 

Ci 
0 

0I "' 
~ 

~ 
.Q., 
t:J 

' i 
.... 
(/> 

;" 

0 

• Metaphase configuration recorded here for the first time . 
t Metaphase configuration determined from adult male . 
1 Recorded previously as n. sp. "dark scutellum. " 
2 Y clu-omosome is J-shaped. 
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eggs and larvae were available for cytological analysis. Prophase, metaphase, and 
anaphase stages were observed in neuroblasts from eleven larvae. All chromo
some configurations consisted of five pairs of V's and one pair of J's. The differ
ences in gene arrangements in the salivary chromosomes between these two popu
lations are described by Carson and Stalker (1968). As they point out, no con
sistent morphological differences have been found between the W aikamoi and 
the Kipahulu Valley strains and these two populations are presently being con
sidered as chromosomal races. 

Photographs and drawings of meiotic chromosomes from primary spermato
cytes are given in figures 1through4. The first metaphase of D. crucigera (figure 
1) shows the bivalents of the four autosomal rods and the dot as well as the XY 
chromosomes. This figure is typical of cells observed from species with the primi
tive configuration of five rods, one dot. This photograph may be compared with 
the first metaphase of D. perkinsi shown in figure 2. This "triploid" appearance 
of the autosomes has been observed in preparations from over 100 Waikamoi 
males, from the single male collected in Kipahulu Valley, and from F 1 males of 
the Kipahulu Valley strain. The first anaphase of D. grimshawi (figure 3) shows 
the typical appearance of the chromatids in species with rod-shaped chromo
somes. For comparison, a first anaphase cell of D. perkinsi from Kipahulu Valley 
is given in figure 4. 

Somatic chromosomes from Kipahulu Valley perkinsi larvae are shown in 
figures 5 and 6. From the examination of a large number of larval neuroblasts it 
became evident that one arm of each V-shaped chromosome is largely heterochro
matic and that satellites, which may represent the dot chromosomes, are associ
ated with the I-shaped chromosomes. In figures 7 and 8, the chromosomes of a 
new species, designated "immigrans-like", are presented. The haploid set of this 
species consists of four normal-length rods, one dot, and one extremely long 
j-shaped chromosome. The shape of this large chromosome could not be deter
mined from metaphase plates but in anaphase stages the I-shape was apparent. A 
similar configuration was described by Dobzhansky (1944), who found that the 
metaphase chromosomes of D. pallidipennis pallidipennis from Brazil consisted 
of four pairs of rods, one pair of very small dots, and a pair of very large V's. The 
arms of the V-shaped chromosome were unequal in length but the combined 
length of the two arms was greater than all other chromosomes in the haploid set. 

Fm. 1a, 1b. D. crucigera (G58E3), Palikea, Oahu. Metaphase I, primary spermatocyte from 
adult male. XY chromosomes indicated by arrow in figure 1a. 

Fm. 2a, Zb. D. perkinsi (L13G9-11), Kipahulu Valley, Maui. Metaphase I, primary sperma
tocyte from adult male. XY chromosomes indicated by arrow in figure 2a. One set of "triploid" 
autosomes out of focus in the photograph. 

Fm. 3a, 3b. D. grimshawi (PK-9), Puu Kolekole, Molokai. Anaphase I , primary spermatocyte 
from adult male. 

Fm. 4a, 4b. D. perkinsi (L13G9-11) , Kipahulu Valley, Maui. Anaphase I, primary sperma
tocyte from adult male. 
(All photographs were taken at an original magnification of 1Z1ZX with phase contrast micro
scopy. Some chromosomes have been shown in the drawings which were not in focus in the 
photographs.) 
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TABLE 2 

Metaphase configuration in four genera of the Hawaiian Drosophilidae 

Drosophila llntopocerus Scaptomyza Titanochaeta TOTAL 

l\Ietaphase Species St.rains Species Strains Species Su·ains Species Su·ains Species Strains 

5R, 1D so 430 1 S1 431 
6R 7 29 3 7 10 36 

1V, 3R, 1D 4 11 10 33 15 45 
1J, 4R, 1D 1 1 

2V, !R, 1D 3 7 4 13 s 21 
2V,2R, 1D 

5V, 1J 

TOTAL 97 480 4 s 14 46 2 2 117 536 

Patterson and Mainland ( 1944) reported the same configuration for the sub
species, D. p. centralis, from Mexico. 

In Table 2, karyotypes are summarized for 536 strains of 117 different species 
of the Hawaiian Drosophilidae. Four genera are represented; two of these, An
torxxerus and Titanochaeta, are endemic to the islands of Hawaii. This tabula
tion includes those metaphases given in Table 1 as well as all karyotypes pub
lished previously (Clayton, 1966; Carson, Clayton, and Stalker, 1967) . One un
identified species of Antopocerus, which was reported in 1966, has not been in
cluded in Table 2 in order to avoid the possibility of duplication with the species 
listed in Table 1. Species of the genus Titanochaeta have been characterized as 
Scaptomyza-like by Hardy (1966), Takada (1966), and Throckmorton (1966) 
and their metaphases are also consistent with the two karyotypes found among 
the Hawaiian Scaptomyza species. Forty-six strains of fourteen Scaptomyza 
species have been analyzed; the most common haploid set, found in ten species, 
consists of three rods, one V-chromosome, and one dot. The other four species 
have haploid sets consisting of one rod, two V's, and one dot. These configurations 
for the endemic Hawaiian species are consistent with the two types described for 
non-endemic species; Scaptomyza adusta has one V, three rods, and one dot 
(Metz, 1916; Sturtevant, 1921; Clayton and Ward, 1954) and Scaptomyza pal
lida has two V's, one rod, and one dot (Metz, 1916; Sturtevant, 1921; as grami
num). 

F10. 5a, 5b. D. perkinsi (L13G9-11), Kipahulu Valley, Maui. Larval metaphase with five 
pairs of V-shaped chromosomes and one pair of J 's. J-shape not apparent in photograph. Note 
satellites attached to the J-shaped chromosomes. 

Fm. 6a, 6b. D. perkinsi (L13G9-11), Kipahulu Valley, Maui. Larval anaphase showing one 
diploid set; the other set is out of focus in the left portion of the photograph. 

F10. 7a, 7b. New species "immigrans-like" (L19B2), Mountain House, Hawaii. Larval ana
phase with one large J-shaped chromosome and several normal-length rods in focus in the 
photograph. The drawing in figure 7b includes those chromosomes out of focus in figure 7a. 

FIGURES 8a, Sb. New species "immigrans-like" (L19B2), Mountain House, Hawaii. Larval 
anaphase showing the two large J-shaped chromosomes. The drawing in figure Sb shows the 
complete anaphase configuration, including those chromosomes not in focus in the photograph. 

(All photographs taken at an original magnification of 1212.X with phase contrast microscopy.) 
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In the genus Drosophila, only eight of the Hawaiian species examined to date 
have reduced chromosome numbers. Four of the species (D. parva, D. amplilobus, 
D. crassifemur and D. nasalis) are Scaptomyza-like for several characters. On 
the basis of internal morphology (Throckmorton, 1966) and mating behavior 
(Spieth, 1966), parva, crassifemur, and nasalis should be classified with the 
Scaptomyza. The fourth species, D. amplilobus, was described by Hardy (1966); 
it can be distinguished from crassifemur only by differences in male genitalia. 
Cytologically these species may also be associated with the Scaptomyza since all 
have Scaptomyza-type metaphases. If these four species are excluded from con
sideration of metaphases with the genus Drosophila, there are only four, of the 
93 species examined, with reduced chromosome numbers. The reduction in num
ber in each of these species may be explained by fusion of chromosomes accom
panied by centromere loss. The unidentified species listed as "bristle foot" and 
the "new species near caccabata" have single fusions resulting in haploid sets 
consisting of three rods, one V, and one dot. D. ischnotrix and the "modified 
proboscis" species have two fusions with haploid sets of two V-shaped chromo
somes, one rod, and one dot. Since D. ischnotrix may be placed with the "modified 
proboscis" group, these two species may have fusions with a common origin. 

Patterson and Stone (1952) summarized the karyotypes of 215 species in the 
genus Drosophila; of these, 150 species belonged to the subgenus Drosophi.la. 
Since all Drosophila species endemic to Hawaii seem to be within this subgenus, 
the comparison in Table 3 includes only those species from Patterson and Stone 
which are in the subgenus Drosophila. The tabulation of endemic species from 
Hawaii excludes the Scaptomyza-like species: parva, amplilobus, crassifemur, 
and nasalis. 

The stability of the chromosome number among species of the Hawaiian Dro
sophila is evident from the figures given in the Table. Among the 93 Hawaiian 
species, only four show a reduction from the primitive haploid number of six; 

TABLE 3 

Comparison of chromosome numbers and shapes in the subgenus Drosophila 

Non-endemic species" Endemic species 

No. Percent No. Percent 

Haploid chromosome number: 
Seven 0.7 0 
Six 81 54.0 89 95.6 
Five 36 2,4.0 2 2.2 
Four 29 19.3 2 2.2 
Three 3 2.0 0 

Chromosome shapes : 
5R.1D 53 35.3 80 86.0 
6R 7 4.7 7 7.4 
3R, 1V, 1D 11 7.3 2 2.2 
1R. 2V, 1D 15 10.0 2 2.2 
Other 64 42.7 2 2.2 

umber of species 150 93 

• From Patterson and Stone ( 1952) 
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among the non-endemic species, approximately 45% have reduced chromosome 
numbers. Further evidence of the karyotypic stability may be seen by the high 
percentage of species which retain, not only the primitive chromosome number, 
but also the primitive configuration of five rods and one dot. Only thirteen of the 
Hawaiian species, approximately fourteen percent, have altered metaphase con
figurations, whereas, almost 65 percent of the non-endemic species have altered 
karyotypes. 

In their analysis of karyotype evolution, Patterson and Stone concluded that 
the majority of visible changes in metaphase configurations were the result of 
fusion with loss of centromere, added heterochromatin, or pericentric inversion. 
They summarized the minimum number of occurences of each type of change 
within the genus Drosophila and each of the subgenera, with the basic assumption 
that any particular alteration occurred only once in each species group. Their re
sults, therefore, would represent the minimum number of times each type of 
alteration had occurred during karyotypic evolution. In the subgenus Drosophila 
they estimated a minimum of 32 fusions in their analysis of 150 species; only 
four of the 93 Hawaiian species have karyotypes which were altered probably by 
chromosome fusion with loss of a centromere. However, two of these species have 
two V's which would increase the number of fusions to six unless, as mentioned 
previously, the two "modified proboscis" species share these fusions in common. 

Of the thirteen Hawaiian species with altered chromosome configurations, nine 
changes may be explained by the addition of heterochromatin. Seven species have 
karyotypes consisting of six pairs of rods, which would indicate the addition of 
heterochromatin to the dots. The D. perkinsi strain from Kipahulu Valley, with 
five V's and one J, apparently has heterochromatin added to all chromosomes. As 
mentioned earlier, one arm of each chromosome appeared to be largely hetero
chromatic. Although only one larva of the "immigrans-like" species has been 
examined, a number of dividing cells were available for analysis . The long arm 
of the I-shaped chromosome appeared to be heterochromatic. Among the species 
considered by Patterson and Stone, the alteration of karyotype by added hetero
chromatin occurred a minimum of nineteen times among species in the subgenus 
Drosophila. 

An interesting feature of the chromosome evolution among the Hawaiian 
species is, not only the remarkable stability in retention of the primitive karyo
type, but that two of the species with altered configurations have such unusual 
metaphases. The visible structural changes which have occurred among the 
species may be explained on the basis of added heterochromatin or chromosome 
fusion with centromere loss. 
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XII. Observations on the Biology and Nutrition of 
Drosophila disticha, Hardy, an Indigenous 

Hawaiian Species' 

FORBES W. ROBERTSON,
2 

MICHAEL SHOOK, 

GERRY T AKEi AND HARRY GAINES 

INTRODUCTION 

It is well established that the Drosophila fauna of Hawaii is unique in the 
abundance of indigenous species. Many of these appear to differ ecologically from 
the American and European species whose ecology is sufficiently well known to 
allow a comparison. This difference lies in the utilization of decaying vegetable 
material as a habitat for the larvae (Heed, This Bulletin) . An additional char
acteristic of this group of species, no doubt connected with their particular habi
tat, is their failure to grow well or at all under laboratory conditions, so that their 
potential value for ecological genetics cannot be exploited. The present paper 
describes a systematic approach to this problem. D. disticha was chosen for study 
on account of its abundance and the ease with which all its stages, including eggs, 
can be collected in the wild. Heed (This Bulletin) reported that fallen leaves of 
Cheirodendron constitute the principle habitat of this species. Since this kind of 
habitat appears to be common to many other Hawaiian species, an understand
ing of the biology of, perhaps, a typical representative will help us to understand 
the biology of many others as well. The experiments described here have not 
solved the problem of successful laboratory culture but they have provided basic 
information about the biology and nutrition of the species which can form a sound 
basis for future work. 

The specific requirements for population growth may be broken down into 
components for separate study and may be summarized as follows: 

(i) Egg production. For successful egg production several conditions must be 
met. The diet of the adults must be adequate, the oviposition surface must 
provide the right olfactory and tactile stimuli, while other factors may 
play a part, such as the handling of flies after capture, anaesthetization, 
mutual stimulation due to crowding many flies in vials, etc. 

(ii) Larval growth. The requirements for larval growth may be elucidated in 
two ways: (a) by providing the right substrate and conditions for growth 

1 This work has been supported by research grant No. GM 10640 to the University of Hawaii 
and grant no. GM 11609 to .the University of Texas from the National Institutes of Health, 
and by GB-711 to the University of Texas from the National Science Foundation . 

2 Member of the Agricultural Research Council Unit of Animal Genetics, University of 
Edinburgh, Scotland. 

Studies in Genetics, No. 4, 1968. 
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of the particular micro-organisms which directly or indirectly provide the 
essential nutriments; (b) by supplementing a standard, defined axenic 
medium, known to be adequate for many species of Drosophila, with vari
ous extracts, compounds, etc., suspected to contain needed nutrients. 

EXPERIMENTAL RESULTS 

(1) Egg Production. The eggs of D. disticha are inserted into the fallen leaves 
of Cheirodendron with the aid of a powerful ovipositor and an excessively muscu
lar oviduct. Eggs are only laid in the leaf when it reaches a certain stage of de
composition or ripeness indicated by development of a pale brown colour and 
a characteristic slightly sour smell, probably derived from aromatic constituents 
of the leaf. Eggs are laid randomly over the surface on whatever side of the leaf 
happens to be uppermost. They can be easily dissected out with a needle under a 
binocular. It appeared likely that the volatile compounds in the leaf attract fe
males to the oviposition site and also stimulate oviposition and so different ex
tracts were prepared from the leaf to test the latter possibility. 

The stimulating affect on oviposition was tested by supplying flies with wooden 
spoons carrying a layer of 3% agar to which was added various fractions . When 
plain agar was exposed to flies newly brought in from the wild no eggs were laid 
but when the agar was mixed with extracts, produced by treating leaves with 
various organic solvents, as described later, and combined in their naturally oc
curring proportions (Fraction I), then as many eggs were laid on this as on 
Cheirodendron leaves supplied to a control group (Figure I). Also, when flies 

0 
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Fm. 1. The daily egg production of recently collected female D. disticha when supplied with 
either 3% agar supplemented with the combined organic solvent extract (I) of the Cheirodendron 
leaf or with a Cheirodendron leaf. Key: x-leaf; o---agar +Fraction I. 
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were offered a choice of two oviposition sites in which the agar was supplemented 
with either the organic solvent Fraction (I) or a water soluble extract of the 
whole leaf, (Fraction II ), almost all of the eggs were laid on the agar which con
tained Fraction I (Table 1). Other observations have shown that 3% agar con
taining 50% crude leaf juice, prepared by squeezing the leaves, is as effective in 
stimulating oviposition as Fraction I. The flies will also lay regularly on filter 
paper to which the leaf juice has been added; they have also been seen feeding on 
this. Flies will not lay eggs on similar filter paper supplied only with sugar solu
tion. 

There is therefore little doubt that the combined organic solvent extract of the 
Cheirodendron leaf contains one or more compounds, which stimulate oviposition. 

Although these experiments have solved the problem of oviposition stimulus we 
are still faced with the problem of why egg laying is not maintained at the initial 
level. Figure 1 shows that although the curve of egg productions is the same for 
oviposition on the Cheirodendron leaf and the supplemented agar, the daily pro
duction, which starts at about five per female, falls in the next few days to a very 
low level. Many experiments have confirmed this pattern. The reason for this is 
unknown but some possibilities may be considered. 

The decline in egg production could be due to food shortage. Although various 
bacteria and yeasts occur on the moist surface of the Cheirodendron leaf perhaps 
these are inadequate to keep egg production high and the female fly may feed 
elsewhere. Alternatively some aspect of behaviour may be involved in switching 
off egg production. When flies are brought into the laboratory and confined in 
vials there is generally a high level of activity, especially vigorous wing-beating 
best described as "buzzing". Since egg production is under endocrine control 
which may be influenced by neural activity it would be unwise to conclude that 
adult nutrition must be the sole factor responsible for the decline. 

An attempt to clarify the situation was made by setting up an oviposition ex
periment under field conditions. Seven cages about 13 inches each side were used; 
three sides were covered with nylon mesh, two with aluminum sheet and the 
third with glass. The floor of each cage was covered with numerous Cheirodendron 
leaves, which had been cleared of eggs the night before, using rubber gloves to 
handle them. Twenty pairs of newly-caught disticha were introduced into each 
cage. These were sexed and separated without etherization, i.e. by aspiration, and 
then transferred to the cages as quickly as possible. The cages were set up in the 
area on Maui where the flies were trapped. At 24-hour intervals leaves were re
moved and examined for eggs; fresh egg-free leaves were put into the cages and 
dead flies were noted. Table 2 shows the average eggs per female during the seven 

TABLE 1 

Oviposition preferences with or without alternative supplements to 3'% agar 

Supplement Eggs laid " Supplement Eggs laid" 

Fraction I 29 Fraction I 25 
Fraction II 2 il 0 

• 10 females were allowed to lay eggs for a 24 hour period. Fraction I refers to the combined organic solvent extracts; 
Fraction II refers to the water soluble extract. 
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TABLE 2 

Average eggs per female in 7 cages each started 
with 20 pairs of flies per cage 

Day Number 2 3 4 5 

Eggs/ SJ 0.91 0.53 0.41 0.42 0.35 

Number of S'S' 130 123 11 6 109 99 

The estimates refere to the total number of eggs laid in the leaves divided by the number of females surviving at 
the end of each 24 hour period. 

days of the experiment allowing for the mortality of females which is shown in 
the bottom line of the table. 

Under these conditions, which are the nearest we can get to natural ones, daily 
egg production is very low, starting at about one egg per female per 24 hours and 
declining thereafter to 0.5 - 0.3. The starting value is much less than we found 
in the laboratory, about five eggs per female, suggesting that such a high value 
may be atypical and due to some abnormal stimulation due to handling. If this 
is so then the apparent dramatic decline in the laboratory experiment after the 
first day may represent the return to more normal levels of about 0.5 egg per 
female per day. The slightly higher value on day 1 in the field experiment could 
also be due to handling. 

We may tentatively conclude, therefore, that the daily egg production of 
disticha may be very low and of the order of one egg per female per day. If this is 
indeed so and if we recall that a species like melanogaster for example may lay 
up to 90 eggs per female during the peak period of production, we must regard 
the low output of disticha as an adaption to its particular vegetable habitat. The 
number of ovarioles per ovary in a sample of wild females was found to be 6
a total of 12-compared with a total of about 44 in melanogaster (Robertson, 
1957), so there is structural evidence for an intrinsically low rate of egg produc
tion in disticha. 
(2) Larval nutrition. 
(i) Microbial components of the diet. 

It is well-known that larvae of the species of Drosophila so far studied grow on 
yeast which provides all the nutrients needed for complete development. Since 
there was a possibility that some particular kind of micro-organism might supply 
essential constituents for disticha a survey of the microbial contents of the adult 
crop and larval gut was carried out as follows. To determine the adult diet, crops 
from a number of wild females were dissected in sterile water, transferred indi
vidually to tubes containing 10 ml. sterile water and the crops dispersed with a 
glass rod. The suspension was shaken vigorously before pipetting 1 or 0.75 ml 
aliquots onto sterile agar plates of either wort agar, malt/yeast extract or Sabou
roud maltose agar. Malt/yeast extract agar was found to be the most convenient 
single substrate for demonstrating both yeast and bacterial growth. If the con
centration of micro-organisms in the crop is very high, 10 or 100 fold dilutions 
of the crop suspension are advisable. The resulting colonies were examined for 
growth form and abundance and samples of the apparently different types were 
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streaked on slopes of malt/yeast extract agar for identification by visual inspec
tion, staining reaction and ability to ferment a variety of sugars. The principle 
species isolated in this way have also been grown in liquid culture on malt/yeast 
extract solution for ~3 days at 23°C, after which the cells were spun down and 
used to feed adults or larvae either alive or as autoclaved supplements to the 
axenic medium. 

To determine larval diet a number of larvae of different size were re{noved 
from the leaves and the gut dissected out, dispersed in sterile water and plated 
out in the same way as described for the adult crop. Also, to determine the type 
of microbial population present on a leaf surface at the stage at which eggs are 
laid on a leaf, individual leaves have been applied to slopes of malt/yeast agar 
and the resulting array of colonies scored. 

It is important to note that adult crops should be taken from recently caught 
flies, say, within an hour or two of capture, or from flies which have been cooled 
to about 0°C, if there is to be a longer delay; otherwise differential digestion of the 
contents may lead to a misleading interpretation. Two samples of flies were 
studied, both collected at W aikamoi, but at different times. The data from the 
first group of 16 females are set out in Table 3 and the data from tl1e second group 
of 10 males and 10 females are described in Table 4. In the first group, the growth 
form of the cells and the colony morphology indicated the presence of three dis
tinct types of yeast and one bacterium. Two of the yeasts were identified as mem
bers of the genus Torulopsis and gave a definite gram positive reaction, whereas 
the third, apparently of the genus Candida, gave an unexpected gram negative 
reaction. The isolated yeasts were tested for carbon assimilation, fermentation 

TABLE 3 

The distribution of yeasts and bacteria in the crops of female D. disticha collected in 
early June at Waikamoi, Maui 

Bacteria Yeasts Yeast-like 

~No. :;\fotile-Ro<ls Candida T orulopsis Rhodotorula Geotrichum 

1 + + 
2 + + 
3 + + 
4 + + 
5 + + + 
6 + + 
7 + + 
8 + + 
9 + + 

10 + 
11 + 
12 + 
13 + + 
14 + + + 
15 + + 
16 + + 

Total• 14 5 9 

• The totals refer to plates with 5 or more colonies of a particular type of micro-organism. 
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and nitrogen assimilation. The carbon and nitrogen assimilation tests were car
ried out with Difeo yeast nitrogen base and Difeo carbon base medium, according 
to standard procedure. The fermentation tests were carried out with standard 
Difeo beef extract media, Dunham tubes and b.c.d. indicator. Geotrichum candi
dum was also found; this is a yeast-like organism which commonly grows in the 
presence of yeast. 

The true yeasts have been tentatively identified as Torulopsis candida, Toru
lopsis emolii and Candida brumptii, all members of widely occurring genera. The 
species of Rhodotorula has not yet been identified but it is almost certainly un
important since it occurred only in one individual. Fourteen of the crops carried 
yeasts--either Candida or Torulopsis-but never both. This apparent restriction 
to one or the other type of yeast is unexpected. If confirmed as a regular feature 
it will shed light on feeding habits and perhaps the distribution of the yeasts 
concerned. In addition, in 14 of the original plates, bacteria were present in 
abundance and, as far as can be determined, only one species was involved
highly gram negative rods 0.5 X 1-2 microns in size. 

In the second sample collected about 9 weeks later, summarized in Table 4, we 

TABLE 4 

Presence of yeast and bacteria in adult D. disticha collected in late August at Waikamoi, Maui 

Bacteria Yeast and yeast- like 
Non-motile ::.\lotile Bacteria-red No \ViLh 

Crop ::\1'o. rods rods (Pseudomorias? ) hyphae hyphae Rhodotorula Geolrichum 

1 'i' ++ 1 
2 'i' ++ + 
3 'i' ++ + 
4 'i' ++ + + 
5 'i' 20 5 
6 'i' ++ + 
7 'i' ++ + 
8 'i' ++ + 
9 'i' ++ ++ 

10 'i' ++ ++ 
Totals 8 0 7 2 2 

11 0 ++ + 
12 0 ++t ++ ++ 
13 0 ++ 5 
14 0 ++t ++ 
15 0 + ++ 3 
16 0 ++ 11 
17 0 ++ ++ 
18 0 ++ 3 
19 0 ++ 
20 0 + 
Total' 4 9 2 0 

• The totals refer to plates with 5 or more colonies of a particular type of micro-organism. The numbers refer to 
col~nies per test plate. + =25 to 50 colonies; + + =50 or more colonies. 

t Cocci.+Filamentous. 

0 
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find some resemblances and also some differences. As before females carried a 
high yeast content in the crop and also an abundant supply of apparently one 
kind of bacterium, which however appeared to consist of non-motile rods, whereas 
in the earlier test the rods were motile. In males the yeast content was lower; 5 
out of 10 males had no detectable yeast or yeast-like organisms in the crop. A 
further sex difference turned up in an apparent difference in the type of bac
terium, generally motile rods in males, non-motile rods in females; if such is con
firmed it suggests that males and females may feed at different sites, a fact which 
would diminish competition between them if food supplies were generally short. 

The evidence from the larval gut presented a very different picture. The data 
are summarized in Table 5. Out of a total of 40 larvae examined all carried at 
least one of several recognizably different bacteria while yeasts were isolated 
from only three larvae and, in two of these, only a single colony was found on the 
plate, and this was quite possibly a contaminant. Hence in larvae yeasts are 
virtually absent and the intestinal flora is represented by bacteria. In 25 cases 
only one type of bacterium was found, in 14 cases there were two and in 1 case 
four. Thus the larval bacterial flora shows a pattern of restriction to one or two 
forms, reminiscent of what was found in the crop yeasts. It is also worth noting 
that samples 1-14 refer to larvae from leaves which had been kept in the labora
tory for about 2 weeks, whereas all the rest are from larvae removed from newly 
collected leaves. Only from the first group were motile gram negative rods isolated 
(Table 4). Such a contrast may reflect either differences in the flora arising from 
maintenance in the laboratory or differences according to the time and site of 
collection. The bacteria include a range of types including filamentous forms, 
cocci, motile and non-motile rods. They may include variants of the same species 
since in some cases the colonies appear identical except that some are smooth and 
others rough, while in others the cells appear alike except some are motile and 
others are not. 

Microscopic inspection of many of the gut contents showed plant debris, 
tracheids, etc., suggesting that the bacteria are breaking down the plant material 
in the intestine and outside in the leaf thereby releasing nutrients which are as
similated by the larvae. The contrast between adult and larval diet is particularly 
striking since there is no case for implicating yeasts in the latter. Bacteria which 

TABLE 5 

Distribution of different types of micro-organisms in the larval gut of D. disticha 
larvae from W aikamoi, Maui 

Number of larvae 
Larvae kept L'lrvae 

Classification of lan·ac in laboratory newly collected 

Total 14 26 

With one type of bacterium IZ 13 
With two types of bacterium z 1Z 
With three types of bacter ium 
With four types of bacterium 

VVith one type of yeas t a lso present z 
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are generally present in the adult crop resemble one of the types commonly found 
in larvae but whether this is the same species has yet to be determined. Since the 
larval diet is so different from what has been found necessary for other species of 
Drosophila, of which we have experience, it is perhaps not surprising that the 
problem of laboratory culture should be so formidable. 
(ii) Larval diet. 

When we discovered that bacteria play a major role in the larval diet, attempts 
were made to grow larvae by transferring eggs to pure cultures of various bac
teria, yeasts or mixtures of the species isolated from either larval gut or adult 
crop. The results are summarized in Table 6. The micro-organisms were cultured 
on malt/yeast extract. The larvae were inspected daily for growth and survival. 
None of the cultures allowed growth beyond the second instar. Minor differences 
were apparent in how much growth was achieved before death occurred in this 
instar. Thus pure culture of these micro-organisms does not provide the nutrients 
necessary for growth and we might expect that compounds present in the Cheiro
dendron leaf play a major role. 

The next approach was to supplement defined axenic medium with various 
preparations. The medium used throughout all these experiments was Medium C 
(Sang 1956). This provides a very adequate diet for Drosophila melanogaster 
and many other species though, in some cases, minor modifications of some con
stituents are needed. Eggs were sterilized and introduced into the media by the 
method described by Robertson ( 1960). Eggs were dissected out from the leaves 
and the chorion removed by suspension in a saturated solution of calcium hypo
chlorite, washed in sterile water, treated with 3% sterile Cetavolon solution, 
washed again with sterile water and then transferred to sterile petri dishes lined 
with black filter paper. Eggs were transferred aseptically to tubes of sterile medi
um or transferred to sterile agar plates to allow the larvae to hatch before intro
ducing them into the tubes of medium. 

The times of treatment with hypochlorite and Cetavolon must be determined 
afresh for each species. Eggs of disticha appear to be much more sensitive to the 
solutions than the eggs of melanogaster and so the times were reduced to 8 minutes 
in hypochlorite and 10 minutes in Cetavolon. Even so there was considerable 
variation from test to test in the proportion of eggs which failed to hatch. In such 

TABLE 6 

The growth of larvae on cultures of different yeasts and bacteria grown 
on malt/yeast-extract medium 

1\Iicro-organism Larval-growth "' 

Geolrichum candidum 
Candida brumptii 
T orulopsis emolii 
T orulopsis candida 
Rhodotorula sp . 
Bacteria (motile rods ) 

0 

+ 
+ 
o;+ 

0 
01+ 

• Key: 0 =No growth beyond instar I. 
+ =Survival to small-sized instar II larvae. 

+ + =Survival to well-grown instar II larvae. 
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cases development in the egg was apparently complete and the larvae with fully 
formed mouth-parts could be seen moving but apparently unable to penetrate the 
egg membrane, which presumably had been toughened or otherwise physically 
altered by the treatment; larvae thus imprisoned remained viable for several days. 

D. disticha differs from melanogaster and other familiar members of the genus 
in other respects as well. When eggs are allowed to hatch on agar-plates there is 
appreciable loss of larvae due to a strong tendency on their part to burrow deep 
in the agar and become inaccessible. Those which do not burrow tend to crawl up 
the side of the dish where they come to rest and die apparently due to dessication. 
No doubt such differences in behaviour are related to their habitat. It is an ad
vantage to a larva to burrow into the middle of a leaf as soon as possible after 
hatching to avoid predation by mites and various carnivorous larvae of Diptera 
which are commonly present. The reason for the apparent dispersal reaction is 
quite obscure. As a result of these unfortunate habits many more eggs must be 
handled than will eventually be set up in a test. 

No growth takes place on Medium C and the larvae die in the first instar. To 
this medium was added a variety of complex extracts of plant and animal origin 
in the hopes that these might supply missing nutrients. Certain pure compounds 
were also added because these have been reported to be necessary for some species 
of insects. The results of this more or less pragmatic series of experiments are set 
out in Table 7. 

None of these complex supplements, when added to Medium C at levels of 
10-20% of the dry weight of the medium, supplied the necessary constituents to 
allow development to be completed although well-marked differences in growth 
between some of them were noted. Thus addition of neopeptone and a certain 
phospholipid concentrate allowed growth to proceed to the second instar and when 
both were present together larvae grew to a larger size before dying. Also a com
mercial brewer's yeast/mushroom extract led to good growth to the second instar. 

TABLE 7 

The effects of supplementing the standard medium with various concentrates and compounds 

Supplcrnen t Growth .. 

1. Nil 
2. Inositol. p-amino-benzoic acid , methionine, a-amjno butyric acid 
3. Yeast extract 
4. Malt 
5. Malt + a-amino butyr ic acid 
6. Malt + brewer's yeast/mushroom extract 
7. Malt + eopeptone 
8. Malt + food formula No. 37806 (Standard Process G.) 
9. Malt -1- phospholi pid concentrate 

10. Neopeptone 
11 . Neopeptone + a-ami no butyric acid 
12. Phospholipicl concentrate 
13. eopeptone + phospholipid concentrate 

0 
0 
0 
0 
0 

+!++ 
+
01+ 

0 

+ 
+ 
+

+1++ 
• Key: 0 = No growth beyond instar I. 

+ =Survival to small-si£ed instar II larvae. 
++ =Survival to well-grown instar II larvae. 
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The addition of methionine, alpha amino benzoic acid, inositol and para-amino
benzoic acid did not lead to better growth than on unsupplemented Medium C 
alone. Supplement of the medium with liquid grown bacteria and or yeasts of the 
species which were isolated from the larval gut or adult crop did not permit 
growth either. In the case of the more adequate supplements the larvae at first 
grew fairly fast, burrowed vigorously through the medium, and appeared normal. 

The next step was to see whether the Cheirodendron leaf could supply the 
missing compounds or whether its composition is so different from that of Medium 
C that the composition of the latter may be seriously at fault. This approach re
quired an analysis of the leaf into its major constituents and the addition 
of the more important fractions, singly or together, to the standard medium. If 
the leaf supplies essential nutrients we might first ask whether these are present 
in the water soluble fraction, which would include vitamins, amino acids, etc., 
or whether fat soluble constituents are involved. 

To answer this question the leaves were fractionated as follows: a typical 
sample of leaves of the type in which eggs are laid was dried in a forced draft for 
about 24 hours at a temperature not exceeding 37°C., to minimize loss of volatile 
constituents and decomposition of labile compounds. The dried leaves were finely 
ground in a Waring blender and stored. Extraction by organic solvents was 
carried out with a Soxhlet apparatus. 30 grammes of the dry ground leaves were 
placed in a Whatman's extraction thimble and fractionated by a series of 8 
organic solvents, starting with the solvent of lowest polarity and followed by 
solvents of increasing polarity; Table 8 lists the solvents in order of use. Each 
extraction was carried out with 200 ml solvent under gentle refluxing for at 
least 20 hours. After each extraction the apparatus was allowed to cool and the 
extract with washings was stored in the freezer. 

With the aid of a rotavap speed evaporater each of the 8 fractions, prepared 
with the organic solvents, was concentrated to a volume of 100 ml, a convenient 
volume corresponding to the material contained in 100 leaves on the average. The 
evaporation of the solvents under water was carried out in a water bath at 37°C. 
and 1.0 ml aliquots of each concentrate were used to determine the amount of dry 
matter in the different extracts. Hexane and isopropyl alcohol were found to be 

TABLE 8 

List of solvents used in the soxhlet extraction of Cheirodendron leaves 

Order of 
extraction Organi c soh·enl 

Dielectric 
con-;tant · 

Boi ling 
point" 

1 H exa ne 1.89 69.0°C 
z Petroleum ether 4.00 30.0°-60.0°C 
3 Chloroform 4.81 61.3 °C 
4 Dichloromethane 9.08 40.1 °C 
5 Isopropyl alcohol 18.3 8Z.3°C 
6 Acetone Z0.7 56.5°C 
7 Acetonitrile 36.4 8Z.0°C 
8 M ethanol 3Z.6 64.7°C 

• Values for dielectric constants and boiling points obtained from Handbook of Chemistry and Physics, Chemic.al 
Rubber Publishing Co., Cleveland, Ohio. 
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the most efficient extractors. Amounts of the separate organic extracts were com
bined in the proportions in which they occur naturally and were taken up in 
acetone. This mixture was combined with an equal volume of water and, im
mediately before use, the acetone was removed by evaporation. This is referred 
to as Fraction I. The concentration was such that 0.25 ml corresponded on the 
average to the extractable material in a single leaf. 

Water extraction was carried out by mixing the residue from the organic ex
tractions with 200 ml de-ionized water, pH 6.4, at room temperature. After 
several blending treatments the mixture was filtered through Whatman No. 42 
paper with the aid of suction. The residue was re-extracted with water and both 
extracts were combined and frozen. This constituted Fraction II, the water soluble 
components. 

Water soluble Fraction II was examined for carbohydrates and amino acids. 
The total amount of carbohydrates was estimated by comparing the reaction of 
the extract and of various sugars of known concentration to alpha napthol and 
concentrated sulphuric acid. Reference solutions contained mixtures of rhabinose, 
rhamnose, galactose, glucose and fructose in known concentrations. The amount 
of total carbohydrate present was indicated by the intensity of a reddish purple 
ring. The carbohydrate was estimated as 0.0138 g per 1 ml of Fraction II or per 
leaf and this in turn worked out at about 4.3% of the average dry weight of a 
single leafor about 1.4% of a wet leaf. 

The analysis of the carbohydrates was carried out by descending chromatog
raphy. The strips, 55.75 ems by 3.5 ems wide, were spotted with 10 or 20 micro
liter samples and irrigated for 20 hours with the developing solution of butanol, 
acetic acid and water in the ratio 4: 1: 5. A Modified Tollen's reagent of silver 
nitrate in acetone, followed by spraying with sodium hydroxide, proved to be the 
mo:;t sensitive and reliable indicator for the carbohydrates present. The relative 
amounts present were estimated by visual comparisons with standards of known 
concentration and are valid only as a general guide to a relative concentration. 
The survey suggested that at least 20 carbohydrates were present in appreciable 
amounts in the water soluble fraction. Many of these are complex, probably de
rived from a breakdown of cellulose and, for the time being, must be disregarded 

TABLE 9 

Masses of solid materials separated by successive extractions of Cheirodendron leaves 
with organic solvents 

I\Iass of residue obtained from 
Extrnc lion med.imn 1 ml of concentrated extract (I\ Tg) P ercentage 

Hexane 16.6 29.2 
Petroleum ether 0.9 1.6 
Chloroform 10.3 18.1 
Dichloromethane 2.2 3.9 
Isopropyl alcohol 23.9 42.0 

.Acetone 0.9 1.6 
Acetonitrile 0.4 0.7 
Methanol 1.7 3.0 

T otal 56.9 mg. 
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for technical reasons. Attention is confined to the sugars present, especially the 
simple ones, since these are most relevant to the metabolic requirements of bac
teria in the larval gut. On present provisional evidence it appears that fructose, 
raffinose, glucose, rhamnose, sucrose, maltose, ribose, lactose and possibly galac
tose are present and of these, fructose, raffinose and glucose are the most abundant 
in the order listed. Table 10 lists the visual estimates of the amounts present. 

The analysis of Fraction II for amino acids was started with paper chroma
tography but preliminary trials gave such poor resolution and such clear evidence 
of interference from carbohydrates and other compounds that this procedure was 
abandoned. Instead 10 ml of Fraction II and 20 ml of a 4% solution of hydro
chloric acid were gently refluxed for about 52 hours. The hydrolysed mixture 
yielded some black solid material, probably humin, and this was removed by 
filtration. To remove excess HCl the hydrolysate was evaporated with a rotovap 
to a small volume, de-ionised water was added and evaporation repeated. The 
same procedure was carried out several times and the final product was brought 
to a final volume of 10 ml; the pH of this solution was less than 2.0. Definite 
separation of at least 11 amino acids by paper chromatography indicated that the 
hydrolysis was effective. The hydrolysate and also the unhydrolysed fraction 
were run through a Technicon amino acid analyser and this showed there was 
no appreciable difference in relative abundance of amino acids in the hydrolysed 
versus the unhydrolysed fractions except that the separation was better in the 
former. 

Thus, to summarize, we have three fractions-Fraction I containing the com
bined organic solvents, Fraction II the water-soluble constituents, which were 
not separated when added as supplements, but which have been analysed into 
carbohydrates and amino acids and the residual insoluble residue, and Fraction 
III which is presumably made up principally of cellulose. 

The crude analysis of an average Cheirodendron leaf from Waikamoi, at the 
stage when eggs are deposited, is shown in Table 11. 

Each of the major fractions was added singly or in combination with one or 
the other or both of the alternatives to Medium C and the effects on larval growth 

TABLE 10 

Rr value and concentration of principal sugars, separated from Frai:tion II 
Butanol-4: Acetic acid-1 : water-5 

Rr ,·alues Sugars l\fg. per leaf equi,·alent 

0.045 
0.089 
0.121 
0.158 
0.192 
0.254 
0.318 
0.339 
0.394 

tRaffinose 
Lactose 
Maltose 
Sucrose 

tGlucose 
tFructose 

Ribose 
? 

tRhamnose 

1.4* 
0.7 
0.7 
0.7 
1.3 
1.5 
0.7 
0.3 
1.2 

• Weights are based on visual comparison with known standards. 
t Confu-med with standard references. 
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TABLE 11 

Crude analysis of the Cheirodendron leaf 
~~~~~~~~~~~ 

Gram 
Percentage 
cornposi tion 

Average wet weight of 1 leaf 0.9008 
Water content 0.6008 
Combined organic solvent extracts (I ) 0.0569 
Carbohydrate in aqueous fractions (II ) 0.01 38 
Protein, amino-acids, other water solubles (II ) 0.0138 
Insoluble residue (III ) 0.1968 
Discrepancy due to error O.OZ18 

66.7 
6.4 
1.4 
1.4 

Z1.8 
Z.3 

are summarized in Table 12. None of these modifications allowed completion of 
normal growth although there was some evidence for longer survival and better 
growth when two were combined or when samples of all three fractions were 
added, so there is at least some evidence that the leaf contains constituents which 
can be used by the larvae. Further evidence for the complementary action of 
supplements appeared when the water-soluble Fraction II was combined with 
preparations of Torulopsis or Candida and these led to better growth than when 
only one of the complex supplements was added. 

The failure to effect complete development on any of these complex supple
ments suggests that we may not be dealing simply with lack of a few specific 
compounds but that the basic Medium C may be so unlike the composition of the 
leaf that we should have to re-design it rather drastically. Table 13 provides evi
dence which may support this view. The amino acid analysis of the water extract 
of Fraction II, expressed in percentage terms, is compared with the correspond
ing values for the protein source (casein) in Medium C. There are some well
marked differences. In the leaf arginine, serine, threonine, aspartic acid, glycine 

TABLE 1Z 

The effects on larval growth of supplementing the standard medium with leaf 
extracts with or without addition of yeast 

Supplement ( fractions) 

II 
III 
I+ II 
J+III 
II+ m 
I+II+m 
II+ Torulopsis 
II+Candida 
I+ II+ Torulopsis 
r+ II+candida 
Leaf homogenate 

Growth• 

01+ 
0 

01+ 
+ 
o;+ 
+ 
+ 

+1++ 
+!++ 
+ 
+ 
0 

•Key: 0 = No growth beyond instar I. 
+ =Sw-vival to small-sized instar II larvae.

++ =Survival to well-grown instar II larvae. 
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TABLE 13 

Percentage amounts of total amino acids present in acid hydrolysate of the Cheidodendron 
leaf compared with the amino acid compe>sition e>f casein 

Casein composition 

Arginine 
Histidine 
Lysine 
Tyrosine 
Tryptophan 
Phenylalanine 
Cystine 
Methionine 
Threonine 
Serine 
Leucine 
Isoleucine 
Valine 
Glutamic acid 
Aspartic acid 
Glycine 
Alanine 
Proline 
Hydroxyproline 
Unknown 

(a-amino-butyric acid?) 

Cheirodcndron 

12.0 
3.7 
7.2 
1.7 

very low 
1.1 
0.0 
0.0 
8.8 
9.5 
3.7 
1.72 
5.7 

1!2.0 
10.0 
10.55 
10.28 
3.3 
0.0 
1.7 

Casein Difference 

3.15 + 8.85 
2.69 + 1.09 
7.15 + 0.05 
5.48 - 3.78 
1.09 - 1.0 
5.50 - 4.40 
0.34 - 0.34 
2.94 - 2.94 
3.78 + 5.02 
5.72 + 3.78 
8.40 - 4.70 
6.31 - 4.59 
6.47 - 0.77 

19.35 - 7.35 
5.88 + 4.12 
1.76 + 8.79 
2.78 + 7.50 

11.00 - 7.70 
0.0 
0.0 + 1.7 

and alanine are relatively more abundant than in casein, while tyrosine, phenyl
alanine, methionine, leucine, isoleucine, glutamic acid and proline are relatively 
less abundant. In addition alpha amino butyric acid, present in the leaf, is absent 
in casein. Thus the amino acid composition of the leaf is sufficiently different 
from that of casein to suggest that amino acid imbalance could contribute to the 
inadequacy of this medium. Hence the first step in the design of the new basal 
medium would be to provide a protein source with an amino acid composition 
approximating to that of the leaf. 

It is also quite possible, however, that we are dealing with rather extensive 
metabolic differences between disticha and the species of Drosophila whose nutri
tion has been so far examined. Hitherto our experience of axenic culture in the 
nutrition of Drosophila has been restricted to fast growing species which feed on 
yeast, whereas, in disticha, only bacteria are present in the gut. This may be re
lated to the low sugar content in the leaf. The nutrition of a species like disticha 
may have more in common with that of soil-living nematodes than of the yeast 
feeding Drosophilae. This is not particularly encouraging since culture on de
fined media of such nematodes is notoriously difficult. 

As well as the need to redesign the basal medium with an amino acid composi
tion corresponding to that of the leaf it may be necessary to reduce the total con
centration of nutrients generally. There is little doubt that the growth rate of 
disticha is very slow. Figure 2 shows the average weight increase for a number of 
larvae growing in Cheirodendron leaves in the laboratory at 23°C. Over a period 
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Fm. 2. The average growth rate of larvae of D. disticha in Cheirodendron leaves kept in the 
laboratory at 23°C. Larvae were removed from leaves in which eggs had been laid overnight, 
at the sta.ted intervals, weighed and discarded. 

of 25 days the larvae reached a weight of 1.4 mg. In a similar period melano
gaster would have almost completed a couple of entire life cycles. Field observa
tions do not suggest that crowding of larvae in leaves is an important source of 
food shortage. It is always easy to find suitable leaves without eggs or larvae. 
Although, so far, there is little evidence of competition, the concentration of 
nutrients in the leaves may be so low as frequently to impose severe restrictions 
on growth. 

This suggestion is not inconsistent with evidence we have of the variation of 
body size of wild flies . 100 females were caught at Wai.kamoi within a small area 
in a period of half an hour. Thorax length was measured as described elsewhere 
(Robertson & Reeve 1952); the distribution of body size is shown in figure 3. We 
know from laboratory experience (Milne & Robertson, 1963) that when flies are 
grown under optimal conditions there is very little individual variation and the 
distribution is more or less normal. Hence if we find high variability we can con
fidently infer that the variation is due to environmental rather than genetic causes 
and, in particular, to variation in diet and temperature. In the case of disticha 
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FIG. 3. The variation in body size among 100 female D. disticha collected at the same time 
from one small area of the W aikamoi rain forest, Maui. 

we can probably regard temperature variation as unimportant and hence varia
tion in adult body size must be due to variation in food supply during larval 
growth. 

The range in body size is very great; the largest individuals exceed the smallest 
by about 6 standard deviations and the largest and smallest individuals are about 
40% larger or smaller than the mean. Thus only a small fraction of the popula
tion attains its potential maximum size and this variation presumably arises from 
differences in the quality and quantity of the nutrients in different leaves. If 
disticha larvae are adapted to a diet in which the nutrients are very dilute, com
pared with Medium C, it is possible that this fact, combined with their possibly 
inherent slow rate of growth, may lead to the accumulation of toxic compounds 
on Medium C or, on the other hand, there may be extensive metabolic differences 
about which we can hardly speculate at this stage with much profit. 

3. Volatile compounds in the leaf. 

Preliminary experiments have been carried out to discover whether the com
pounds responsible for the characteristic Cheirodendron smell can be extracted 
and concentrated, since this would make it possible to study various aspects of 
behaviour and attempt selective trapping in the field. The procedure was as 
follows: About 600 grammes fresh frozen leaves were crushed, transferred to a 
10 litre distilling flask, acidified with 20% H 2S0 4 to free the salts of acidic com
pounds, and distilled to yield the acid and neutral volatile constituents. This 
fraction was then made alkaline with NaOH and distilled until about half the 
mixture had passed over. This contained the neutral compounds while the alka
line solution remaining in the flask contained the salts of the acid compounds. 
This solution was then made acid with 20% H 2S04 to free the acids, and distilled. 
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The leaf slurry remaining after removal of the first fraction was treated with 
15% NaOH to free basic compounds and the alkaline solution was distilled. The 
various fractions or the total distillate were extracted with ether and dried with 
anhydrous MgS04 • The ether was removed by careful distillation using conven
tional and micro-distillation apparatus. 

The characteristic Cheirodendron smell is particularly associated with the first 
fraction and this appears to be derived mostly from the neutral compounds though 
there is also a perceptible odour in the acid fraction. The basic fraction is virtually 
free of Cheirodendron smell as far as human reactions are concerned. 

4. The diet of adult flies. 

Although we know where the larvae live we do not know where the adults 
feed, whether they are restricted to the liquid exuding from the Cheirodendron 
leaf with the accompanying bacteria and yeasts, or whether the flies feed on other 
substrates as well. This is a general problem with respect to the Hawaiian Dro
sophila fauna. Ideally we should like to determine from the composition of the 
crop on what and where the fly had been recently feeding. This problem can be 
tackled in disticha and other species by running chromatograms of crops from 
adult flies which are then examined for ultra-violet fluorescence or by appropriate 
staining and compared for colour and Rr value with chromatograms which are 
prepared from various substrates which are possible candidates for adult food 
supply. This general method was tested with disticha. The specific question asked 
was whether, with this approach, we could answer the question "does the disticha 
adult feed on the Cheirodendron leaf?" 

It turned out that the organic solvent extracts (Fraction I) fluoresce when 
chromatograms are run in the appropriate solvent system. After much trial and 
error it was found that the best solvent system for allowing fluorescent discrimi
nation was butanol, acetic acid and water in the proportions 4: 1: 5. The eight 
organic extracts can be classified into two groups according to the fluorescence, 
which is in turn correlated with the degree of polarity. Extracts 1, 2, 3 and 4 
fluoresce a reddish pink in ultra-violet light and the fluorescence is particularly 
intense in extracts 1 and 3. The other extracts glow greenish yellow after the dried 
material on the filter paper is sprayed with methylated sodium hydroxide--a 
reagent developed for the identification of certain steroids. After this treatment 
extract 5 glows much more brightly than extract 6, 7 and 8. This greenish yellow 
fluorescence is not confined to the organic extracts but can also be detected in the 
aqueous extract (Fraction II). When crops from adult flies were spotted onto 
paper, generally 20 at a time, and run in parallel, spots and areas were detected 
with colours and positions corresponding to those obtained with the organic 
extracts. 

In the course of various attempts to detect the presence of material which did 
not fluoresce well, it was found that purple pink spots were developed in chroma
tograms of extracts 3 and 5 when sprayed with 0.1 % ninhydrin, possibly indi
cating amino acid derivitives. When chromatograms of crops were treated in the 
same way they also showed similar coloured spots and it turned out that this 
method was sensitive enough to require as little as three crops. 

The combined evidence from the comparisons of chromatograms from crops 
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and from the C heirodendron leaf does not prove that the fly feeds on this substrate 
alone since other plant material may contain similar compounds. But if it turns 
out that alternative substrates differ sufficiently in the composition of their 
chromatograms, when these are viewed in ultra-violet light or developed with 
appropriate sprays, then crop comparisons could prove a valuable method 
of associating particular substrates with particular species of Hawaiian Dro
sophilae for which we have at present no or only the slenderest evidence as to 
where the flies feed. Ultra-violet fluorescence has the advantage that very small 
quantities of materials are needed and, by altering the wave length of excitation, 
considerable levels of discrimination can be achieved for many compounds. 
Suitably developed this general method of detection could prove useful for en
tomologists and ecologists faced with problems similar to those encountered by 
students of the Hawaiian Drosophilae. 

DISCUSSION 

The balance of evidence suggests that our failure to devise conditions for the 
complete development of disticha may not be due entirely to lack of a few essen
tial compounds which, once supplied in adequate amounts, would allow normal 
growth. It seems more likely that we are dealing with extensive metabolic dif
ferences between disticha and the other species of Drosophila so far examined. It 
looks as if disticha may have an inherently low metabolic rate and a correspond
ingly slow growth rate although we shall not be certain about this until we have 
an entirely adequate diet for comparison. If growth rate is inherently low this is 
directly related to the low concentration of nutrients in the Cheirodendron leaf, 
together with the presence of particular bacteria. Their presence in the leaf tissue 
no doubt assists in decomposition while bacterial activity in the larval gut may 
lead to further decomposition of the leaf material. Whether or not the bacteria 
are digested and used as food is unknown. At least we can say that a live culture 
of the bacteria grown on a malt-agar substrate is quite inadequate for growth of 
disticha larvae. 

If there are extensive metabolic differences between disticha and the yeast 
feeding species it would be valuable to have this contrast fully worked out, espe
cially if the situation in disticha is similar to that of many other Hawaiian Dro
sophilae which exploit plant substrates. We would like to know whether a few 
changes in certain metabolic pathways could account for the differences or 
whether extensive reconstruction would be needed. The answer to such questions 
would be relevant to the general problem posed by the adaptive radiation char
acteristic of the Hawaiian Drosophilae. 

There is one curious feature of the nutrition experiments which must be noted. 
In a number of the treatments larvae grew quite well into the second instar and 
certainly grew faster in such cases than the larvae grown at the same temperature 
in Cheirodendron leaves kept in the laboratory. If the diet is adequate for growth 
to the end of the second instar why should it not be equally adequate for growth 
to pupation? Some possibilities are worth considering. 

Firstly, the evidence might be taken at its face value to suggest that the nu
tritional requirements in the later stages of larval life are different from those 
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at an earlier stage. It will be recalled that the eggs are laid in the leaves at a par
ticular stage of ripeness, which the fly almost certainly detects by the charac
teristic smell. As the larvae grow the leaf progressively decays and its composition 
changes due to microbial activity and no doubt the activity of the larvae as well. 
Thus there is a fairly regular correlation between the age and developmental stage 
of the larva and the chemical composition of its changing environment and it is 
at least conceivable that the food supply for first and third instar larvae are so 
different that a diet which will maintain growth at an early stage is inadequate 
for older larvae. 

Secondly, it is possible that death at late second instar, and perhaps earlier, is 
due to the accumulation of toxic materials, either excreted into the medium and 
later ingested, or accumulated internally. The concentrated nature of the axenic 
medium and the possible amino acid imbalance could be involved here. 

Thus although the solution to our immediate problem lies in the future, these 
experiments and observations on D. disticha, in the laboratory and in the field, 
have opened up a considerable field of enquiry with ramifications in several di
rections. Perhaps the most lasting impression left at the end of this survey is the 
closeness and subtlety of the interrelations between the animal and its environ
ment and the conviction that, in due course, the puzzle will fall together into a 
coherent and comprehensible pattern. 
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SUMMARY 

(1) Various aspects of the biology, nutrition and growth of the indigenous 
Hawaiian Drosophila disticha, Hardy have been studied in the laboratory and in 
the field. 

(2) Oviposition is induced by volatile constituents in the fallen leaf of Cheiro
dendron, in which the fly lays its eggs and completes its subsequent development, 
and these constituents can be extracted by organic solvents. 

(3) Under approximately natural conditions the rate of egg production is ap
parently low, about one egg per day. There are about six ovarioles per ovary, only 
about one-quarter the number in D. melanogaster. It is suggested that disticha 
may have an inherently low rate of egg production, although the upper level is 
unknown. 
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(4) The microbial contents of the crop in adult flies and the gut in larvae has 
been studied in a number of wild individuals. In adults, yeasts, including species 
of Torulopsis and Candida are of major importance. Generally one type of bac
terium is also present in large quantities. A sex difference in crop composition was 
noted among wild flies. 

(5) Larvae differ from Drosophila species hitherto studied in that the intestinal 
flora is almost entirely bacterial and only two or three species are present in most 
cases. Yeasts are virtually absent. Similar bacteria have been isolated from the 
tissues in the leaf. 

(6) When larvae are grown on live cultures of such bacteria and also yeasts 
on an agar substrate they die in the first or second instar. 

(7) The nutritional requirements of larvae have been studied by culturing 
them in an axenic defined medium developed for D. melanogaster, with or with
out a variety of supplements, which include preparations of bacteria and yeast 
found in the gut or crop, various complex extracts found useful in growing diffi
cult fungi, various compounds reported as essential for other insect species, and 
also different components of the Cheirodendron leaf. On the axenic medium 
larvae die in the first instar. Some of the supplements, especially combinations 
of two or more, have allowed growth well into the second instar, but complete 
development has never occurred. 

(8) The gross chemical composition of the Cheirodendron leaf has been de
termined by use of various solvents to produce an organic Fraction (I) made up 
of a combination of eight extracts, derived by Soxhlet extraction with solvents of 
increasing polarity. A water soluble Fraction (II) and an insoluble residue (III) 
were prepared from the dry leaf after Soxhlet extraction. The water soluble frac
tion was further analyzed for carbohydrates and amino acids. The total carbo
hydrate and the protein content in the wet leaf worked out, in each case, at about 
1.4%. 

(9) Comparison of the amino acid analysis of Fraction II with the composition 
of casein, which is used in the axenic medium, indicated substantial differences 
which could contribute to the inadequacy of the latter. 

(10) Records of growth rate of larvae in leaves kept in the laboratory implied 
a very slow rate of growth. This may be genetic and could reflect an adaptation to 
the low level of nutrients in the leaf. 

(11) Measurement of thorax length of wild flies revealed a high level of varia
tion, suggesting that most individuals fall short of their potential maximum size, 
due to inadequate larval diet. 

(12) A method has been developed of comparing the chemical composition of 
the crop contents with various substrates suspected to be a food source. This evi
dence is based on the colour and position of fluorescent material viewed in ultra
violet light, in chromatograms of crops and food substrates. Other methods of de
tection were also used. This technique has considerable possibilities for tracking 
down food sources in many insects. 

(13) The data are discussed in relation to adaptation and the possibilities for 
future research. 
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XIII. Visual Stimuli in the Biology of the Hawaiian Drosophila1 

2
JOSEPH GROSSFIELD

INTRODUCTION 

The objectives of the work reported here have been twofold: the contribution 
of environmental parameters to the speciation phenomenon of the endemic Ha
waiian flies, and the elucidation of some quantitative information concerning the 
utilization of a particular substrate, fungi, by these organisms. The data were 
accumulated during the six-months period, February to July 1966, when the au
thor was a participant in the Hawaiian Drosophila project currently being carried 
out at the University of Hawaii by a number of investigators. 

Voucher specimens of all fungal rearings were sent to be pinned and placed 
in the Drosophilidae collection of the University of Hawaii. If duplicate specimens 
were available they have been maintained in the author's personal collection. I 
thank Dr. D. E. Hardy for species identifications of the flies, and Dr. Baker, both 
of the University of Hawaii, for fungus identifications. 

Dissections of Wild Females (Table 1) 

All females were dissected after being kept in the laboratory for at least a week, 
one month for the Idiomyia. Eggs were infrequently deposited by females later 
shown to be uninseminated. Antopocerus aduncus females from both Maui and 

TABLE 1 

Percentage wild females inseminated (I) (n =number of females dissected) 

Species Island % 1 No. collections 

A. aduncus Maui 25 60 3 
Molokai 2 100 

27 63% 

A. diamphidiopodus Maui 2 100 1 
Molokai 2 0 2 
Lanai 3 100 2 
Hawaii 2 0 I 

9 56% 

D. disticha Maui 79 67 5 
Lanai 43 44 3 
Molokai 35 54 2 
H a\·vaii 3 67 1 

160 58% 

1 This work was supported, in part, by USPHS research grant no. GM-11609 to The University 
of Texas and no. GM-1064-0 to The University of Hawaii. 

2 Present address: Department of Biological Sciences, Purdue University, Lafayette, Indiana. 

Studies in Genetics, No. 4, 1968. 

I 
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Molokai were inseminated at a lower level (63%) than one might have expected 
from the abundance of males of this species in the forest. A smaller sample of 
A . diamphidiopodus showed a similar level of insemination ( 56%) as did D. 
disticha (58% ) . The D. disticha females from Lanai, however, showed the lowest 
insemination rate, a level which persisted through several collections. That this 
rate may be valid and not merely due to sampling error is suggested by the fact 
that D. hydei from the same location, Lanaihale, Lanai, also showed a low level 
of insemination, 18 % ( n = 11 ) . 

This latter species was sampled at the same time as the first D. disticha sample 
but subsequent collections yielded few D. hydei. 

D. mimica (94%, n = 16) and D. engyochracea (50%, n = 14) from Hawaii 
were inseminated at a level commensurate with the number of such females which 
oviposited in the laboratory, a situation not found for any of the Idiomyia: hetero
neura, 0%, n = 1; clavisetae, 100%, n = 3; perkinsi, 100 % , n = 1; and melano
cephala, 100%, n = 1. 

D. GRIMSHAW! Experiments (Table 2) 

An attempt was made to test four strains of D. grimshawi for their ability to 
mate in darkness. A problem encountered was the establishment of replicable 

TABLE 2 

Insemination rate of D. grimshawi in light (LD) and dark (DD) 

Strain 

C134.7D 

Locality 

Keanae 
Valley, 
Maui 

Age at 
start 

(days) 

9-33 

Expos. 
(days) 

1-8 

Type 
matfr1g 
I' cf' 

One pair 
10 5 
20 10 

No. No. 
l'I' l'I' 
In Diss. 

70 66 
142:j: 110 
60 49 

LD 

% 1 

22.7 
20.9 
26.5 

'Ji 
l'l'Rt 

94.3 
77.5 
81.7 

No. 
l'I' 
In 

40 

DD 

No. 
l'I' ~ ~H-}Diss. % 1 

33 82.5 

Auwahi Maui 9-33 1- 8 One pair 
10 5 
20 10 

272 
80 

114 
40 

225 
80 
71 
33 

22.7 82.7 
25 .0 100.0 
26.8 62.3 
12.1 82.5 

54* 38 70.4 

PY 1.3 Olinda, 
Maui 

5-48 t-5 One pair 
10 5 
20 10 

234 
71 
65 
20 

184 
71 
51 
16 

23.4 78.6 
22.5 100.0 
25.5 78.5 

6.2 80.0 
60 46 76.7 

PK-9 Puu 9-32 
Kolekole, 
Molokai 

1- 7 One pair 
10 5 

20 10 

156 
16 

158 

40 

138 
16 

133 

35 

21.7 88.4 
18.8 100.0 
15.0 84.2 

17.1 87.5 

108 94 
25* 21 

87.0 
84.0 

Total: 
214 
876 

184 
731 

15.8 
20.9 

85 .9 
83.4 287 232 80.8 

* Under red filter. 

±~~~~~~e:5~£~~~~~~;:rsi· :46. 
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control values. Although the variance was high, the four strains showed a com
parable LD insemination rate. No significant correlation between egg deposition 
and insemination was found. 

Ages above 9-10 days gave similar values, up to the oldest flies tested, 48 days. 
Variance between vials was too high to estimate an optimum age, or length of 
exposure. It is estimated that 15-20-day-old flies together for 4-7 days gave the 
most repeatable results. No inseminations were recorded for flies in the dark or 
an equivalent situation, under red filters. The overall LD insemination rate of 
20.9% is similar to the laboratory rates of insemination of D. melanica (21.6'%), 
D. pavani (15.5%), D. innubila (26.3% ), and D. subbadia (17.4%). Since more 
than 1000 D. grimshawi females were dissected, the LD insemination value of 
about 21 % seems to represent a reasonable estimate of this species laboratory in
semination level, under current conditions. 

No significant difference between LD and DD survival rates ( % females re
covered) was observed. Attempts to start a stock from a D. grimshawi female cap
tured at Manoa Falls, Oahu were unsuccessful and therefore no tests of this species 
from a third island were possible. This D. grimshawi female was captured by June 
April Grossfield. 

W aikamoi Fungus (Table 3) 

My first field trip to the Waikamoi site on Maui, resulted in the finding of a 
large (18" by 6") fungus. The fungus, Polyporus sulphureous, grew on Metro
sideros polymorpha (ohia) about 4Yz feet from the ground along the bank of a 
stream, surrounded by Cibotium, Clermontia, and Broussaisia. A small Cheiro
dendron tree grew in the area. The site is across a footbridge, at the end of the 

TABLE 3 

Drosophila nigella 
Larvae from 1 inch "square" \4 inch thick piece of Polyporus sulphureous* 

Vial ,L 2Lt 3s-r .,s L:t'. ,L§ Total 

No. 1st and 2nd instar 
larvae introduced 60 30 30 30 30 30 210 

No. 3rd instar to sand 23 13 11 15 19 6 87 
% 1st and 2nd instar 

that developed to 3rd 38.3 43.3 36.7 50.0 63.3 20.0 41.4 
No. eclosed 8'i'-10o" 6'i' -4o" 2'i'-6 o" 6'i'-5 o" 8'i'-5 o" 2'i'-1o" 

Total 18 10 8 11 13 3 63 
% eclosed 78.3 76.9 72.7 73.3 68.4 50.0 72.4 
% 1st and 2nd instar 

larvae to adult 30% 30% 26.7% 36.7% 43.3% 10.0% 300% 
% difference between 

% 3rd instar and 
% eclosed 40.0 33.6 36.0 23.3 :5.1 30.0 31.0 

• All data in this table were accumulated by June Grossfield . 
t L=:large vial; S=small vial. 
t Middle piece of fungus and juice added. 
§ Bottom piece of fungus added. 
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jeep trail from the pumphouse on the main Waikamoi road. This is the Waikamoi 
site near Olinda, Maui as described by Spieth ( 1966) . 
Experimental 

Twenty-six D. nigella females were caught on the undersurface of the fungus. 
Of these, 22 were isolated in small vials, each with a small piece of the under
surface of the fungus. Each piece had been checked for eggs before placing it in 
the vial. Twenty-one of these vials yielded at least 1 egg deposited, with four of 
the 21 showing many eggs deposited. Five vials yielded some 3rd instar larvae 
which were placed on sand, yielding 28, 1, 3, 6, and 6 adults per vial. One of the 
vials resulting in 6 imagoes had been started with 12 third instar larvae-a loss of 
50%. 

This first trip also furnished a large piece of the upper portion (orange) of the 
fungus which, after being placed on sand, yielded large numbers of D. busckii 
and a species of Phoridae. 

The second trip to W aikamoi furnished a pie-shaped slice through all layers of 
the fungus. This fungus bleeds a milky juice, pH 6 as measured in the field, when 
cut between the middle (hard) and bottom (spongy) layers. Both these layers 
are white. 

The larval instars seemed to be differentially distributed in the layers of the 
fungus. Eggs and first instar larvae were on and in the white bottom spongy layer, 
2nd instar larvae were in the harder whitish middle portion, while 3rd instar 
larvae were in the upper orange portion. That these last mentioned larvae ac
tually spent more than a transitory period in the upper surface could be argued 
for by the fact that no 3rd instar larvae were found whose gut region was not 
noticeably orange. The entire fungus was permeated with tunnels opening at the 
sides or upper surface of the fungus. 

A one-square-inch piece of fungus bottom, 14-inch thick yielded 210 first and 
second instar larvae which were distributed (Table 3) into vials of (Wheeler
Clayton, 1965) medium. Third instar larvae were removed from these and placed 
into vials of moist sand and the number of eclosed adults recorded. A loss of 60% 
of the larvae prior to 3rd instar and 30% of pupae prior to eclosion is indicated. 
It is interesting to note that the consistently higher values and the values with 
the least difference between the number of larvae and the number of pupae result 
from the vial which had the juice of the fungus and the middle piece added. The 
amount of Wheeler-Clayton food available (60 larvae/L vial vs. 30 larvae/L vial) 
does not seem to make a great deal of difference. 

Innoculations in the field, with a sterilized platinum loop, of portions of the 
fungus onto Sabouraud dextrose agar yielded the following results: top and middle 
portions, no growth; bottom portions, some growth; juice, much yeast growth, 
similar to growth from bottom sample. In addition, some juice drippings from the 
fungus were caught in vials of liquid Wheeler-Clayton medium and transported 
back to the laboratory. The Drosophila larvae survived the trip quite well in the 
liquid medium, together with larvae having slender piercing mouthparts-identi
fied as predator larvae by Dr. William B. Heed. This liquid food was poured into 
petri dishes and the predator larvae observed at work. I would estimate that 4-0% 
of the Drosophila larvae were attacked. D. nigella finally emerged from these 
plates, but apparently no predator larvae made it through. Soil samples taken at 
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a point underneath the fungus yielded pupae which eventually resulted in D. 
nigella and A. aduncus. The remainder of the fungus sample placed on sand 
yielded 54 females and 62 males of D. nigella. Sabouraud agar plates exposed at 
various spots on and around the fungus in the field failed to show any growth. 

While the Polyporus fungus resulted in D. nigella egg deposition in the labora
tory, this was not the case for D. melanoloma from either Waikamoi or the Molo
kai mushroom area (see below) . The Molokai mushrooms ( Agaricus sp.) did not 
enhance oviposition of either species. The addition of imported Shitake mush
rooms aided oviposition of both species slightly. Most fungus feeder larvae die at 
the 2nd instar, in the laboratory. 

The vast majority of D. nigella reared from fungus brought to the laboratory 
eclosed between 1300 and 1500. This is interesting in view of the fact that the 
mist generally rolls in shortly before 1300 at the fungus site. Presumably the 
flies eclose at a period of maximum environmental humidity. This holds as well 
for D. ananassae from the Pacific islands with afternoon rains as well as for con
tinental species and their "dawn" eclosion. 

Fungus Observations and Rearings (Tables 4 &: 5) 

The Waikamoi Polyporus was observed and collected from for a period of four 
months. During this period it devolved from a good niche for fungus feeders to a 
dry and barren state. My work at the site no doubt contributed to its demise. Three 
species of fungus feeding Drosophila used the fungus, D. nigella, D. melanoloma, 
and a new species near D. melanoloma but differing in that its front legs are 
ciliated and black, the third antenna} segment is red, and the labellar rim is 
reddish. (Identified in Table 4 as mel-like.) These three species were the only 
ones regularly present on the undersurface of the fungus. A variety of species 
alighted on the top surface and appeared to feed for long periods of time. Many 
species in the immediate vicinity of the fungus were never seen to have anything 
to do with the fungus . Collections from the bottom of the fungus yielded mainly 
females of the three species mentioned above, while the males were on fern fronds 
around the fungus or in bark crevices in the tree supporting the fungus . The major 
stations of these fungus feeder males seemed to be moss encrusted crevices and 
the area of leaf litter on the forest floor below the fungus. These crevices usually 
abounded in predator flies, Dolichopodids for the most part with a few Lispo
cephala. Their abundance usually indicated many drosophilids in the area. Do
lichopodids would scurry out from crevices perpendicular to the top surface of the 
fungus and attempt to catch flies feeding there. These predators did succeed in 
capturing some of the fungus feeders but on several occasions when they attacked 
"picture wing" species they were rebuffed or the prey made good an escape. On 
one occasion D. melanoloma males were seen fighting on the top of the fungus. 

Daily observations on the fungus for a week at the end of April, 1966, revealed 
that environmental factors such as light, humidity, and temperature are fairly 
constant. The presence of Drosophilids however, could not be predicted on this 
basis-a finding typical of Hawaiian collecting. All factors may seem perfect but 
the flies are just not there. 

Another bracket fungus, small and white, turning brownish with older speci



TABLE 4 

Sequential fungus collections at Waikamoi Polyporus site 

Species w
Collection Area 

number T• l\.H.· L.Lt Condition of fungus top (on fungu s) bottom area (ne:lr fungus 
0 
O'l 

G27 60 heavy 6--7 Leathery surface; moist 2 layers none D. n;gella'2 D. mediana 
mist of shelf growth 

G30 54 drizzle 6- 9 Moist; solid but dripping a little juice none D. disLichaCi D. dislicha 
D. mediana 
D . comatifemora 
D. iki 
A. aduncus 
D. araiotrichia 

G34 56 89% 7-10 A bit dry and ragged at edges. 2-3 7-1 0 D. adiastola '2 '2 D. melanoloma D. cilifemorata; polita 
predators in bark crevices D . cilifemorata Ci complex '2 ; new sp. 
above fungus A. aduncusCi cf. melanoloma 

G39 62 84% 7-8 No longer leathery, rat.her soft and D. melanoloma Ci D. melanoloma D. melanoloma 
64 79% 8-10 worn, pieces hanging loose; fighting D. mel.-like D. mel.-like 

many predators A. aduncusCi D. nigella D. disticha 
D. cilifemorata 
A. aduncus 

48 94% 6--7 No predators or Drosophilids none none none 

G41 58 94% 7-10 Very wet, some chunks dripped none none D. melanoloma 
to ground D. mel-like 

A. aduncus 
D. disticha 

G51 53 94'% 7- 8 More chunks on ground; covered none none none 
with Collembola-Poduridae? 

G52 60 89% 6- 7 Drying up ; predators on fungus none none D. disticha 
drizzle A. aduncus 

D. (T. ) petalopeza 
none:t: 

G65 63 94% 7-8 Dry, few predators none none none 

-• R.H. =relative humidity. 
t L.L. = light level of the vicinity. . 
:1: G52 was a one·week collecting trip and there was nothing on the fungus other than the predator flies on the first day; at the end of the week even the area near the fungus was devoid of 

flies, even though some were present at the start of the week. 
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TABLE 5 

Fungus rearings 

Collection Days-col leclion 
Substrnle Island nwnber to emergence Species 

Hard woody fungus, 
white bottom Hawaii G36D 63 Sc;ara solispina 

3t t 5 'i' 'i' 
Small, 3-6" white folded 

rubbery fungus Maui 39D 36 D. melanoloma 
4 tt 3'i''i' 

Hard woody fungus M aui G39D 42 Chironomidae 13 'i' 'i' 
Agaricus sp. Molokai G44D 27 D. melanoloma 

Zt t 3 'i' 'i' 
Mod. proboscis sp.? 

3'i' 'i' 
Bolelus sp. Molokai G44D 2,8 D. melanoloma? 1 'i' 
Polyporus sulphureous Maui G27D 21 D. busckii ; Phoridae 

58'i' 'i' 62 t t 
G28D 40 D. nigella 

58 'i' 'i' 6Zt t 
+ larvae in Table 3 

Dolichopodidae 'i' 'i' 

mens, was present on many fallen limbs in the Waikamoi area. Many D. me
lanoloma females and a few males were captured in and around the folds of the 
growth. Eggs were present on specimens of the fungus examined in the lab and 
eclosions of this species resulted. In a portion of the forest about twenty yards 
east of the Upper Flume larvae were seen crawling in the water at the base of 
one of these fungi on a dead ohia limb. The maximum distance they crawled 
along the limb away from the fungus was one to two inches; they would then 
return to the fungal body. This obseravtion was made during a steady rain. 

The first sample of the Waikamoi Polyporus taken to the laboratory yielded 
D. busckii and Phoridae. The second and subsequent samples yielded D. nigella 
and a few female Dolichopodids. 

Other laboratory rearings from fungi collected in the field can be found listed 
in Table 5. The Molokai fungi are of particular interest. The fungi were collected 
from a pine forest floor on the road to Puu Kolekole, elevation 3375'. The area 
has very little ground cover and is littered with pine needles. These gill mush
rooms (Agaricus and Boletus) abound. Sweeping over the litter yields many D. 
melanoloma, and some D. dolichotarsis and D. hirtitarsus. These species as well 
as some small predator flies were crawling slowly or hopping on the pine needle 
litter. Capture of those beasts which flitted from litter to mushrooms as well as of 
those on the mushrooms resulted in only D. melanoloma, about 90% females. 

This pine area lacks the endemic vegetation usually associated with the Ha
waiian Drosophilid fauna, e. g. Cheirodendron, Clermontia, and yet apparently 
provided a niche for the fungus feeding Drosophila. It would seem that the evo
lution of the fungus feeders is an interesting problem in view of the fact that they 
are not apparently restricted to endemic vegetation. Finding them in a pine forest 
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tends to ascribe to them a certain invasive potential, lacking, in the same sense, in 
a Cheirodendron species. 

The Waikamoi Polyporus seems to be a niche for a fungus feeder, D. nigella, 
and Dolichopodid adults. Predatory larvae are present in the fungus together with 
D. nigella larvae. The sequence of events at this site seems to be: oviposition on 
the undersurface by D. nigella at a certain stage of development of the fungus, 
followed by development of the embryos and the spreading of different larval 
instars into the three layers of the fungal body. Third instar larva emerge at the 
top surface and are washed onto the ground where they pupate. The coexistence 
of the Dolichopodids and Drosophila apparently as both larvae and adults, is an 
interesting linked food chain arrangement. 

In an attempt to garner an impression of the movement of fungivores around 
the Waikamoi fungus, 44 marked (with nailpolish) males were released at the 
fungus . Of these, 2 were captured in bark crevices above the fungus 2 hours later 
and one was caught near the fungus the next day. Similar mark and release of 8 
"picture wings" behind the Kilauea cabin (Hawaii) gave no recaptures, but 4 
marked D. engyochracea males released in Bird Park, Hawaii yielded one recap
ture six hours later. A. aduncus males (28) released in the Waikamoi area gave 
three recaptures four hours after release, with very many males present in the 
forest. The marking of specimens in the field was facilitated by the use of C02 

"cork-pops" for anesthetizing flies . This technique was suggested by Dr. Guy Bush 
and has since been modified by Dr. Herman Spieth. 

Light Readings (Table 7) 

The information in Table 7 is derived from the light readings taken with a 
Honeywell 1°/ 21 ° Spot Meter, usually used in portrait photography. This im
plies that the spectral sensitivity of the light sensitive element matches the human 
eye fairly closely (i.e., peaks at about 5 70 mu) . The equivalents in light "inten
sity" represented by the light level numbers in Table 7 are as follows: (Manu
facturers calibration) 

Light Level # Candles/ Square Foot Footcandles 

3 .08 .31 
4 .16 .63 
5 .31 1.3 
6 .63 2.5 
7 1.3 5 
8 2.5 10 
9 5 20 

10 10 40 
11 20 80 
12 40 160 
13 80 320 
14 160 640 

Candlepower units are not a particularly meaningful biological measurement; 
workers in photosynthesis use instruments which measure light intensity as p. 
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TABLE 6 

Light traps 
-

Island Collection number O\·emight minimum Species 

Hawaii 

Molokai 

Maui 
Maui 

G35D 

G42D 

G39D 
G52D 

54° 

54° 

55 ° 

47 ° 
47° 

A. diamphidiopodus, 1 Ci 
A. diamphidiopodus-like, 1 Ci 
D. neutralis-type. 3 2 2 
D. conformis, 1 Ci 
D. disticha, 1 Ci 
A. diamphidiopodus, 1 Ci 
A. entrichocnemus, 2 Ci Ci 
Tipulidae 
A . aduncus, 1 Ci Tipulidae 
A. aduncus, 3 Ci Ci, 22 2 

watts/cm•, a measurement which is convertable to quanta. The readings pre
sented for the flies then are qualitative but not quantitative measurements. 

The vicinity readings were generally taken as a scan of about 150° of the area 
around the fly, regardless of whether the fly was at eye level or near the ground. 
Spot readings refer to readings of individual insects that were later captured for 
identification. Much data exists, therefore, concerning the ones that got away. 
This "information" is not included in the table but is discussed below. Tempera
ture was measured at both ground level and overhead (about seven feet) as was 
relative humidity, using a sling psychrometer. The first column of Table 7 lists 
species and their most frequently chosen light level. For species where a reason
able number of confirmed readings was obtained, the number of flies "read" at 
each light level is indicated by the number in parentheses. 

Area scans do not vary greatly when done in similar locales on different islands: 
leaf litter underneath Sadleria fern gives a reading 3-4, leaf litter uncovered by 
undergrowth 6-8, with tree trunks generally the same, eye level (5Yz feet) 7-9, 
overhead 10-14. The overhead readings of 14 are for areas such as Waikamoi, 
Maui where sunlight can filter through. The Olaa Fern Forest, Hawaii is not 
such a place and there the overhead reading was 7. Sites such as Auwahi, Maui 
where there is little enclosure, can go up to 18+ when the sun is out. Open 
meadow such as that found in portions of Bird Park, Hawaii gives a reading of 
13-14. The distance at which the photocell is used can affect the readings; taking 
a reading of a fly at a distance of one foot gives a value % of a unit lower than a 
reading taken from five feet away. The farther away, the higher the reading is 
due to increases of incident light impinging on the instrument. The vast majority 
of individual fly readings reported here were taken at a distance of two to three 
feet from the insect. 

Readings in Table 7 (light level column) which are not separated by commas 
indicate a situation where an individual fly was "spotted" at one light level and 
then flew to another and perhaps a third. The reading for a D. mimica male is il
lustrative: a reading of a leaf surface was made to see if the light level on the leaf 
were such that it might indicate why a fly was not sitting on it. The light level 
was 13%. The male alighted on the leaf surface, wandered about a moment, then 



w-TABLE 7 0 

Light readings and environmental factors 

Tempernlure Hel. humidity Light level s 
Species & preferred 

light jnten sity Island & coll. no. ground overhead ground overhead in vicinity spot reading Site 

Antopocerus aduncus MauiG30D 54 53 drizzle drizzle 6--9 7%. Underside of fern. 
6 & less (5 Ii Ii) G39D 47 47 drizzle drizzle 9-10 9%. *Leaf top, Clermonlia. 
6--7 (7 Ii Ii) 
7-8 (1 'i') G41D 59 58 89% 94% 

10- 11 
7- 10 

10, 10. 
8%, 9%, 9Y3. 

Clermonlia twig. 
Clermonlia and tree 

"'-3 
;:r
(I) 

fern underside. ~ 
8- 9 (1 'i') G52D 60 60 drizzle drizzle 6- 7 2@ 5%,5%, 6. +Branch & leaves, ;:i 

B roussaisia & tree 
fern. 

t=:;· 
(I) .... 

9-10%(8'i' 'i' + few Ii Ii) G52D 62 62 89% 79% 8-10 3%( Ii), 6 :j:As above. 
~. 
~ 

@6%,9('i'), 
9%,6%. 

.Q.. 

A. longiseta Molokai G42D 61 63 89% 79% 10-12 10 y3. Under fern leaf. ~ 
Drosophila mimica 

7 & less (2) 

Hawaii G35D 

1:30 pm 

61 

68 

61 

68 

89% 

71% 

89% 

67% 

10- 12 

9-10 

10, 10%, 9%, 
9%, 9,8%. 
7, 8%, 7% , 

§Leaf Osmanthus, top 
or bottom. 

As above. 

~ 
"' 
"ti 
I:: 

8%. ~ 
7- 8 (1) 6:00 pm 60 61 89% 84% 4--5 4%. '[As above. ~· 

~ 
8-9 (4) 7- 8. On ground leaf 

litter; see text. 

..... 

I s· 
;:i 

9-10% (3) 
D. imparisetae HawaiiG35D 68 67 71% 75% 9-11 9Y3,9%,8%, As above. 

8. 
D. engyochracea H awaii G35D 68 67 71% 75% 9- 11 8, 8%, 9, 7. Treetrunk ; moss. 
6 & less (1) 5%,6@6%, 7. Leaves. 
6--7 (15 ) J4D 66 65 80% 85% 7-8 3@6%,2@ 

6%,2@7. 
7-9 (3) 



Species & preferred 
light intensi ty Island & coll. no. 

Temperature 

ground overhead 

Rel. humidity 

grOlUld overhead 

Light levels 

in vicinity SJX>t reading Site 

D. lruncipe nna MauiG52D 60 60 94% 94% 9- 11 3@10%. U nder Broussaisia leaf. 
G52D 58 59 94% 89% 9- 11 9Y3 , 10. As above. 
G65D 64 63 drizzle drizzle 7-11 7 to 4Y3. 

D. crucigera Oah u G77D 70 71 95% 95% 5-9 6, 5, 6Y2 . Tree trunk & leaves. 
D. grin1shawi Oahu G77Dt 70 71 95% 95% 5-9 6Y2. Leaf top. 

Mau iG74C 76 76 74% 74'% 7- 11 7. Tree trunk, bark. (j') 

D. punalua Oahu G77D 70 71 95% 95% 5-9 8%. T ree branch. ~ 
"'D. lelraspilota Hawaii J5D1 71 71 rain ra1n 7-9 7. Tree branch. "'~ 

D. ochracea HawaiiJ6D 68 69 85% 85% 7- 9 sy3, 6Y3, 6% , 
7, 7, 6; 6Y3 to 

Tree fern. ~ 

~ 

D. mimica-likc HawaiiJ6D 69 70 89% 89% 5-6 
6% to5%. 
5%,5%, 4, Freycinetia, on ferment

~ 
1:; • 
i:: 

6% , 6% . in adventitious root. l::i..... 
D. prola ti cilia 
D. ciliatricu s 

HawaiiJ6D 
Maui JlOD 

68 
68 

69 
68 

85% 
85% 

85% 
85% 

7-9 
7- 8 

5%, 6, 5% . 
7%, 7%, 1y3. 

Tree fern . 
Moss at tree base. 

"' §· 
D . punalua-likc MauiJ10D 68 68 85% 85% 7-8 8%, 8%,8%. As above. ~ 
ldiomyia perkinsi Molokai G43D 61 60 94% 94% ~8 7. Tree trunk smeared 

with banana bait. 
l::i
;:s 
~ 

7 & less (13) MauiG52D 60 59 94% 89% 6- 10 3%. Under leaflet of 
7% to 9 (6) 
11 (1) G52D 60 60 94% 94% 7- 9 6%, 6% , 7, 7, 7. 

tree fern. 
Underside "hapu." 

~ 
2 

G52D 58 59 94% 89% 7- 8 7Y3, 7%; 10 to T ree fe rn . ~: 
9 to8%. ;:s 

G53D 62 62 94% 94% 8-11 7. on "hapu ." ~ 
G65D 64 63 drizzle drizzle 7- 11 9, 8, 11. Tree fern branches. 0 

rJ> 

J9D 74 75 rain rain 7-8 7, 7, 8, 6%, 7. Tree fern, Ohia 
branches (all ~ ~ ) . 

0 
>o::r.....-J9D 74 75 r aln slopped 7-8 5,5%,5. All ~ ~ . P> 

I. planitibia MauiG51D 54 54 drizzle drizzle 6-11 9, 9. T ree fern . 
G52D 58 59 94% 89% 7-10 10. As above. 

I. clavisetae MauiG65D 64 64 94% 94% 8- 10 5. As above. 

-* No flies at banana bait; light level 11-12. wt 1 ~ on banana bait at 10. ....... 
:t 2 9 on banana bait at 9. ....... 
§Id' at 13 2/3 moved to 111/ 3 then flew to a leaf at a lower position (see text) . 
! Evening; few flies on leaves, but many flying. 
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crawled onto the underside of the leaf (reading 11 ¥3). It wandered about for a 
moment and then flew off to a lower level leaf where it was captured in a vial. 
I. perkinsi, D. truncipenna, and D. ochracea reveal another situation wherein in
dividual flies, while sequentially escaping me, alighted on spots of successively 
lower illumination. The data also show that some flies can be tempted by bait 
into light levels slightly above their preferred norm. Bait was generally smeared 
onto the center of a white board. That this norm might be different for males and 
females is indicated by the question mark by the summary of the A. aduncus data. 
I. perkinsi males seemed to go to lower light levels when rain ceased. 

Some general observations of light effects arise from collections in back of the 
Kilauea cabin and at Bird Park, both on Hawaii. The picture wing flies start 
"coming out" at levels of 5-7, and will sit on bait boards and spots near bait at 
readings of 8-10, to the extent that no flies were on the half of the bait board that 
was in direct sunlight (14-15). At Bird Park the same general thing occurred. 
Patches of leaf litter hit by full sunlight contained few if any flies in the litter 
and none flying over it, while similar or even the same patches in the shade or 
when the sun was obscured by drifting clouds had flying activity over them and 
flies in the litter. This same correlation between "sun spotting" and flying ac
tivity occurred at Lanaihale, Lanai, the Polyporus fungus at W aikamoi, the 
Molokai mushroom field, and at the edges of the forest at Honaunau Forest Re
serve, Hawaii. There also seemed to be more fermenting Freycinetia at the edges 
of this forest reserve than towards the inner, more uniformly dim interior of the 
forest. Picture wings seem to be more sensitive than other groups of species in the 
light impinging upon them, and consequently their capture is more easily ef
fected if no such change in light path occurs. Collections at Wiliwilinui, Oahu, 
and on Molokai (G42) support the general reading of 8-10 for picture wings. 

Light readings in the area of the various fungi were in the 6-7 range with ex
ception of the field of mushrooms on Molokai where they ran 8-10 with 12--13 
in sunny spots. 

The W aikamoi Polyporus had a top surface reading of 2--5 and a bottom read
ing of 2--4. The darkest crevices held Dolichopodid predator flies which on occasion 
ran out on the fungus surface. 

The use of light traps, (Table 6), resulted in the finding that Antopocerus, at 
least, are out during darkness and at relatively low temperature. Marked flies 
were placed in the traps both during daylight hours and prior to darkness. It was 
found that about 60% of them were capable of escaping within a few hours. The 
rate of escape was less during darkness, probably owing to reduced activity be
cause of darkness and/ or low temperature. Collecting during darkness, both after 
sun:;et and before dawn, revealed very little activity, with the vast majority of 
insects being less than a foot off the ground. 

The week spent on Maui (April 27-May 4) allowed observation at dawn and 
dusk, i.e. , at the onset of light and darkness, respectively. The dawn observations 
revealed a gradual increase in the activity of the flies . Evening observations were 
a marked contrast, with intense feeding and flying activity which appeared to 
cease shortly after the sun was below the horizon. During this period the flies 
moved quite quickly and capture of the same species was more difficult than dur
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ing the day. The usual creeping up to a feeding site, whether natural or a bait, 
was reduced and replaced by a quick hop or zooming flight. 

Other Field Observations 

As mentioned above, the Honaunau Forest Reserve area (elevation 2350') 
provided some data on the relationship between sun spotting and fly activity. This 
area has a great deal of Freycinetia arborea, with some plants having areas of 
fermentation on them similar to slime fluxes . Portions of what appeared to be 
adventitious roots and apical meristematic areas were broken and these points 
were rotting and soft. The juice had a pH of 8 to 9, measured in the field, and was 
somewhat useful as bait for D. ochracea and D. prolaticilia, when applied to tree 
fern fronds. More females than males were caught on the rotting plants, while 
the opposite was true on tree fern smeared with the juice. 

A find of a large stand of Freycinetia (by M. Carson) in an open area at the 
outskirts of the forest revealed that measurable differences of humidity exist be
tween dark crevices (light reading 6, R. H. 95 % ) and a relatively open area of 
intertwined vines two feet out (light reading 10-11, R.H. 81 % ) . 

An observation of a D. ciliatricus male at Auwahi, Maui (elevation 3700') is 
interesting in this connection. The Auwahi area is one with essentially single trees 
or clumps of trees dotted in pasture land furrowed by gullies. The male was about 
six inches from the ground, on a tree trunk, when a strong gust of wind came 
along and blew his wings forward, in front of his head. When the wind ceased, 
the fly crawled down into a crevice in the rock. Humidity was measured at both 
spots and was the same, 85 % . Light level at the crevice was 3-4, while the tree 
trunk was 6-7. Whether this was a phototactic or geotactic response is unknown. 

An observation at the edge of the Pawaina Fern Forest (elevation 3100'), Kona 
Coast, Hawaii is also of some interest. A small fly was seen on a baitboard (fer
menting baby banana food prepared by J . Murphy) waving its wings in typical 
Chymomyza fashion, (Sturtevant 1921 , p. 61; Spieth, 1952) . When captured it 
proved to be a female D. tetraspilota. It will be informative to check additional 
specimens of this species for the same behavior. 

DISCUSSION 

The data and observations recorded are sufficient for a cursory examination of 
aspects of the biology of Hawaiian Drosophilidae. The correlation of information 
between field and laboratory conditions is a major point in any understanding 
of the Hawaiian example of speciation in this group. 

The level of insemination of wild females indicates that by no means are all 
such flies fecundated. The consistently low level of the Lanai D. disticha may re
flect sampling at periods following mass eclosions, triggered perhaps by a certain 
rainfall level, and the resultant high proportion of young flies in the population. 
Alternatively, females may not be receptive to males unless feeding or oviposition 
sites are readily available. The possibility exists that feeding may act to trigger 
secretion from the corpus allatum, and this in turn may determine whether a fe
male is receptive to male overtures (Manning, 1967). This mechanism would be 
efficient for species relying on discrete food and/ or oviposition sites, such as rot
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ting leaves, fruits, etc. The suggestion (Spieth, 1966) that female reluctance to 
courtship in the laboratory reflects the fact that most females are already insemi
nated appears open to modification. This reluctance may mean either that fe
males are not receptive to courtship at all, or that males in the laboratory are not 
sufficiently stimulatory. Insufficient information precludes the possibility of 
clearly distinguishing between these possibilities at present, but several comments 
can be made. 

A relationship between larval food site and oviposition stimulus seems to exist 
for certain fungivorous species of Hawaiian Drosophila. The mark and release 
studies indicate primarily that such studies are feasible with these insects, with 
more than two collectors participating. In a merely indicative fashion these few 
attempts do indicate a relatively low mobility of flies away from good sites. Lack 
of a specialized food source is cited as one line of evidence for describing the "pic
ture wing" species as primitive (Spieth, 1966) . These species do rather well in the 
laboratory in terms of mating. Although the control (LD) insemination value for 
D. grimshawi (a picture wing species) is only 21 %, it is not a value completely 
foreign to laboratory reared species (see Grossfield, 1966) . The apparent failure 
of this species to mate in the dark is presumably due to the use of wing display in 
courtship and the failure of perception of visual cues associated with such display. 
Failure of individuals to perceive movement as well as signaling activities of 
others may possibly play a role in the inhibitory effect darkness has on insemina
tion. 

Field observations made at light-dark or dark-light transitions revealed an 
evening peak of activity, while collecting in the field after darkness showedlittle 
activity indeed. The findings that D. grimshawi apparently has a mating activity 
peak about 1700-1800 (Spieth, 1966, p. 266) and does not mate in darkness seem 
to agree with these field observations. The idea of circadian behavior patterns is 
strengthened by the finding of a daily rhythm in secretory activity of the corpus 
allatum in Drosophila (Rensing, 1964) . The fact that D. nigella emerges from 
the pupal state at a time coinciding with a period of peak ambient moisture is an 
indication of an environmental "cue-in". The effect of light on the activity of 
these insects, the "sun spotting" activity, may be another such behavioral pa
rameter. This kind of assocaition of phenomena can only be supported by the 
demonstration that distinctive cues exist in the environment. A brief but definite 
shift in the ratio of blue to red light following sunset (Johnson et al. , 1967) is the 
type of environmental trigger necessary. It remains to be determined whether 
these insects' sensory reception allows them to make use of it. 

The Waikamoi fungus illustrates a use of specialized food and oviposition site. 
The presence of D. busckii may have served to prepare the fungus for the endemic 
fungivores or the occurrence of this cosmopolitan species there may be entirely 
coincidental. At any rate, at a certain stage in the life cycle of the fungus, it is 
a proper stimulus for D. nigella oviposition. The Molokai mushrooms used by 
D. melanoloma were also those at a certain stage of decay. Each fungivorous 
species seems to have its preferred oviposition substrate but these species can use 
different fungi on different islands for feeding. Larvae are differentially dis
tributed in layers of a fungus where such distribution is possible, and the survival 
of imagoes is apparently dependent on the microroganisms present in the host 
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plant. It is of interest in this respect to note that two of the most common trees in 
Hawaii, Koa (Acacia Koa Gray) and Ohia (Metrosideros macropus) do not seem 
to be used as either feeding or oviposition sites by any species and that extracts 
of both these plants have been shown to possess very effective antibacterial prop
erties (Bushnell et al., 1950). Any reduction in microbial flora may prevent 
leaves from rotting and reaching a stage where they can support the yeasts 
necessary for larval growth. 

The findings reported here agree with previous work (Spieth, 1966) concern
ing the differential distribution of males and females in and around fungi and in 
the dispersal of fungivore larvae from fungi. Spieth observed larvae of D. f ungicola 
(name changed to D. fungiperda, Hardy, 1966) skipping to the ground, while this 
work reports on D. nigella. 

The Molokai mushroom area is of interest on one level owing to the availability 
of fungi for future, more quantitative studies on factors such as larval survival. 
A loss of about 50% of D. nigella larvae prior to third instar and another 10% be
tween third instar and adult is rather high. Whether predator larvae account for 
40% of this is a moot point. If not, then strong larval selection is indicated. Sig
nificantly, laboratory experiments (del Solar and Palomino, 1966) have shown 
a tendency for Drosophila females to oviposit in food previously occupied by 
larvae with a resultant increase in the density of preadult forms. The present 
work is taken as confirmation of these authors' suggestion that this situation, with 
respect to the fungivores, exists in nature. These fungivores have also provided 
some data from natural populations, on the intensity of preadult selection. 

The yeast in the juice which promoted larval survival was also successful in 
attracting D. canipolita when used as bait in Bird Park, Hawaii. This species is a 
member of the polita complex of fungivores . So it would seem that related but 
distinct groups of fungivorous species can use the same substrate as food, but 
rather sharp separation occurs at a choice of oviposition site. 

On a second level, the finding of the fungivores in a pine forest has some impli
cations for evaluating the invasion potential of fungus species in areas unoccupied 
by forms dependent on stands of endemic vegetation. Significantly, Throckmorton 
(1966) suggests that this group reflects a distinct exploitation of resources and 
represents a line separate in origin from those species relying on native flora other 
than fungi. 

The effect of light on the biology of the Hawaiian Drosophiloids is clearly 
multiple. The Honaunau Forest Reserve had more rotting Freycinetia in sun 
spotting areas while the leaf litter in areas of constant or even intermittent but 
intense sunlight was relatively barren. These are examples of the effect of light 
energy on the formation and continuation of microniches via an effect on plant 
metabolism involving photosynthetic, respiratory, and photoperiodic processes. 
There may also be a killing effect, by a small amount of UV radiation that reaches 
the earth's surface, of bacteria on leaf surfaces but not of those in intercellular 
leaf spaces (Barnes, 1965). This aforementioned possibility would well be worth 
field measurements of UV, in view of the number of Hawaiian Drosophiloid 
species which oviposit in leaves but do not deposit eggs on leaf surfaces. 

Other than this kind of indirect environmental effect, what function can light 
perform by way of cues to these insects? Is there a differential effect of wavelength 
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and/ or intensity? The shift in wavelength ratio after sunset cited above is one 
type of cue that may be correlated with field responses of these flies, while the 
preference of particular light levels of species or groups of species is an alternate 
mode of response observed. 

The significance of these light responses with respect to the orientation of flies 
in the field seems clear but for information allowing a distinction between photo
tactic parameters of their behavior. Humidity and temperature appear to be 
"boundary conditions" delineating the extremes within which the range of re
sponse to other environmental variables occurs. 

Speciation of the Hawaiian Drosophiloids involved several isolating mechan
isms among which temporal and habitat isolation (Ehrman, 1962) are indicated 
by data in this study. Time from eclosion to maturity and/or fecundation may 
well depend on differential sensitivity to stimuli arising from food and/ or ovi
position sites, while sensitivity to the spectral and/ or energy content of light 
would determine the orientation of these insects in different microhabitats. 

SUMMARY 

1. Field and laboratory observations suggest that certain of the Hawaiian 
Drosophila have an evening peak of mating and general activity. A morning peak 
is not evident, owing to the gradual shift in light level cues in the environment. 

2. Temperature and humidity seem to serve as boundary conditions within 
extremes of which the flies orient to environmental cues such as light intensity 
and spectral distribution. 

3. Under conditions approximating those in the field, 40% of fungivorous 
larvae do not survive to 3rd instar, and another 5%, as minimum estimates, do 
not emerge from the pupa case. Predation may play an important role with 
respect to these values. 

4. Light intensity plays an important role in the biology of the Hawaiian flies, 
both with respect to development of microflora and the orientation of these in
sects in microhabitats. Particular species orient themselves in spots of specific 
and consistent light intensity. As an example, "picture wing" species seem to 
prefer light levels of 2.5 to 10 candles/ square foot. 

5. Fungivorous species are able to use different substrates for feeding but are 
more selective with respect to oviposition sites. These species can be found to 
exploit areas unavailable to other groups of species by virtue of a lack of endemic 
vegetation. 

6. It is suggested that response to oviposition stimuli and light levels had con
tributed to speciation in the Hawaiian Drosophila. 
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XIV. Evolutionary Implications of the Mating Behavior of the 
Species of Antopocerus (Drosophilidae) in Hawaii1 

HERMAN T. SPIETH
2 

The genus Antopocerus, as delimited by Hardy ( 1965), consists of a group of 
nine closely related Hawaiian species physically characterized by their unique 
antennae, especially those of the males (Fig. 1). The female antennae (Fig. 2) 
are much less modified although the first segment is somewhat enlarged and the 
aristal rays are shorter and more numerous when compared to those of the genus 
Drosophila. The Antopocerus species are moderately large, ranging in body 
length from 4.6 mm. (A. orthopterus) to 6.4 mm. (A. longiseta) and with wing 
lengths of 4.8 mm. (A. orthopterus) to 6.75 mm. (A. longiseta ). 

FIELD BEHAVIOR 

All species of the genus are denizens of dense forests of Hawaii in areas where 
the rainfall is typically more than 100 inches per annum. The adults are shy 
and secretive, restricting their activities during the day to areas of high humidity 
and low light intensity, typically wthin three or four feet of the ground, prefer
ring the dense sub-layer of ferns and small shrubs. The adults can often be ob
served sitting singly on the undersides of fern fronds, on the frond stems of large 
tree ferns, and on horizontally oriented shrub or tree branches. During the late 
afternoon as the light intensity decreases and the relative humidity increases 
they may move somewhat higher up in the vegetation. They have been observed 
in the early morning, when a steady precipitation is occurring, to be at consider
able distances from their preferred daytime sites. They possess the ability to fly 
rapidly and vigorously; apparently during the dawn period, if a heavy cloud 
cover exists and rain is falling, they do move about considerably. 

FIG. 1. Antopocerus aduncus, antenna of male ; FIG 2: Antopocerus diamphidiopodus, antenna 
of female. 

1 This investigation was supported, in part, by Public Health Service Research Grants GM
10640 and GM-11609 from the National Institutes of Health, and by Research Grant GB-711 
from the National Science Foundation. 

2 Department of Zoology, University of California, Davis, California. 

Studies in Genetics, No. 4, 1968. 
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They are never found in gregarious assemblages, but appear to be solitary in 
their behavior. As any collector can testify, they possess high ability to detect 
movement, and are quick to take flight and dive into denser, less well lighted 
vegetation. 

Few data are available concerning the feeding habits of the adults. Infre
quently they visit fermenting baits used by collectors. A. cognatus was observed 
feeding upon the surface of rotting Heimerliodendron bruonianum leaves but 
individuals of the Antorxxerus species do not seem attracted to substances such 
as bleeding and fermenting tree fern stumps, decomposing lobeliad flowers, 
fruits and leaves or fungi all of which attract numerous individuals of other 
species of Hawaiian drosophilids. 

Heed (this Bulletin) has shown that most of the Antopocerus females lay 
their eggs only in the fallen decomposing leaves of Cheirodendron gaudichaudii. 
Cheirodendron trees never form dense stands, but rather are scattered throughout 
forests dominated typically by Metrosideros polymorpha and Cibotium spp. A. 
tanythrix also uses decaying leaves of Tetraplasandra sp., and A. cognatus to 
date has been reared only from !lex anomala. All of the larvae feed and mature 
within the decaying leaves and eventually pupate in the soil. 

ADVERTISING 

Males of many species of Hawaiian drosophilids select particular sites within 
the forest and advertise their presence to other individuals, either visually by 
utilizing specific movements or presumably by pheromones (Spieth, 1966). 
Neither field nor laboratory studies have yielded any evidences that the Anto
pocerus males engage in such activities. Apparently the individuals of the two 
sexes of Antopocerus meet by chance as a result of their normal activities in 
flying about and sitting on the vegetation. 

AGONISTIC BEHAVIOR 

Many Hawaiian drosophilids exhibit aggressive behavior toward other individ
uals, including not only other members of their own species but also those of 
other species and in a few instances of other genera and orders; ritualized aggres
sive movements and postures have been evolved by many species (see Spieth, 
1966). Antopocerus species rarely exhibit any such aggressive behavior although 
occasionally, under the confined conditions of the laboratory, curling has been 
observed. Such behavior has not been seen in the field, but it should be noted that 
the finding of two Antopocerus adults in close proximity is extremely rare due 
to their solitary behavior. 

BASIC MALE COURTSHIP BEHAVIOR 

The male mating behavior of each of the species displays a basic pattern inti
mately related to their unique and aberrant antennae. The behavioral elements 
shared by all are as follows : 

The male orients upon a female, apparently by visual means alone, and 
quickly assumes the head-under-wings posture at the rear of the female. Simul
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taneously he depresses his head and elevates his abdomen with the result tha1 
the body slants forward at an angle of about 15°-20° with respect to the sub
strate. His fore tarsi are directed forward with the entire length of each tarsus 
in contact with the substrate. Immediately thereafter he drums the fore tarsi 
rapidly against the substrate, using each leg alternately. Such male leg drumming 
occurs in pulses, alternated with wing movements that are specific for each 
species (see individual species descriptions). After a variable period of leg drum
ming and wing action the male rears sharply upward and forward, thrusting 
his head and thorax above the female's abdomen but under her wing vanes. This 
forward and upward rearing action results in (1) the lifting of the male's forelegs 
from the substrate so that he is then exclusively supported by his meso- and 
metathoracic legs and (2) the pushing and sliding of his head along the under 
surface of the female's wing vanes, thus forcing her wings laterally and upward 
from their resting positions. The male's aristae and second antennal segments 
serve as the articulation surfaces against the female's wing vanes. After lunging 
and having achieved a "forward" stance, the male then proceeds to engage in 
further, complex courtship behavior. (See individual species descriptions.) 

Infrequently the male may interrupt his courtship at the rear of a nonreceptive 
female and circle about her, facing her as he moves with a rapid hopping type 
motion and simultaneously engaging in specific wing movements . 

SPECIES SPECIFIC MALE COURTSHIP pATTERNS 

The males of each of the species of Antopocerus display specific courtship 
behaviors in addition to the basic pattern described above. These are as follows: 
A. aduncus Hardy 

At head-under-wing position the wings of the male are raised upward approxi
mately 35° and forward 80° with the vanes rotated almost goo with respect to 
the horizontal plane. From this extended position the wings are then simultane
ously flicked forward to 90°-110° two or three times in rapid succession. After 
one or more bouts of wing flicking which alternate with foreleg pawing, the male 
rears upward and his lifted forelegs (Fig. 3) are partially folded and extended 
forward with the fore coxae pointing downward, the femora forward, up and 
outward above and beside the female's abdomen. The tibiae, which are slightly 
concave, point downwards and forward alongside the female's abdomen with 
the tarsi extended forward and inward under her abdomen. Both legs are then 
vibrated rapidly, but the male's wings are held stationary at the 80° extended 
position. After a vibratory bout he drops back to the head-under-wing posture 
and repeats the entire sequence. 

A . diamphidiopodus Hardy 

At head-under-wings posture the male repeatedly flicks both wings upward 
45° and forward go 0 After several bouts of wing flicking, alternating with fore• 

leg pawing, he rears upward with his lifted forelegs (Fig. 5) folded and extended 
forward with the fore coxae pointing downward, the femora upward and forward, 
and the tibiae and tarsi hanging directly downward. His wings are then vibrated 
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Frns 3--11. Fore legs of males of the Antopocerus species. 
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at extremely high speed forward and backward in long sweeps of about 170° arc. 
Immediately after the wing vibrations start, the male curls the tip of his abdomen 
upward and forward and extrudes a droplet of fluid from the anal papillae. 
Simultaneously he draws his fore tarsi with a cleaning (moistening?) type 
motion between his labellar lobes and then repositions the folded forelegs so that 
the downward directed tibial-tarsal elements are so placed that the tips of large 
tufts of setae on the distal end of the first tarsal segment and the short second 
(Fig. 5) are in contact with the posterior en:d of the tip of the female's abdomen, 
and the three distal tarsal segments of each leg as a unit are turned laterally 
away from the median plane. The forelegs are then rapidly vibrated with the 
result that the tibial-tarsal elements move up and down in small amplitude. After 
a brief burst of vibration, the forelegs are thrust slightly farther forward, and the 
terminal three tarsal segments are turned inward an:d under the tip of the female's 
abdomen, followed immediately by a slight upward lifting motion. After a vibra
tory bout of several seconds the male may drop back to the head-under-wing 
posture and repeat the entire sequence. 

A. entrichocnemus Hardy 

At head-under-wings position the male spreads both 'Wings outward approxi
mately 30°. From this extended position the wings are simultaneously flicked 
forward to 170° from the resting position three to six times. After several bouts 
of wing flicking alternating with foreleg pawing, he then rears upward and his 
lifted forelegs (Fig. 10) are folded with the coxae directed downward, the femora 
upward and forward over the female's abdomen, and the tibiae and tarsi directed 
backward and oppressed against the femora. The folded forelegs are then vibrated 
vertically in small amplitudes, and gradually lowered until at least the double 
rows of tibial setae (Fig. 10) make contact with the tip of her abdomen. Simul
taneously with the leg vibrations both wings are vibrated at extremely high speed 
forward and backward in sweeps of about 90°-100° arc and also the articulating 
membrane surrounding the anal papillae is exposed. After a vibratory bout the 
male may drop back to the head-under-wing posture to repeat the entire sequence. 

A. longiseta (Grimshaw) 

The courtship of A . longiseta is essentially similar to that displayed by A. 
aduncus except for the following movements: 

1. When the male's wings are flicked to their extreme forward position they 
are always vibrated in tiny amplitude for a fraction of a second whereas only 
occasionally is such vibration observed in aduncus. 

2. When the longiseta male vibrates his forelegs (Fig. 4) against the abdomen 
of the female, he extends both wing vanes horizontally to 90° and vibrates them 
up and down in tiny amplitude. This entire movement is lacking in aduncus. 

A. orthopterus Hardy 

The courtship of A . orthopterus is essentially similar to that displayed by 
A. diamphidiopodus except for the following: 
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1. The wing flicks involve slightly less raising of the male's wing vanes, and 
a somewhat larger forward movement. This is a quantitative difference which 
is difficult to measure accurately. 

2. The foreleg setal ornaments of orthopterus are located on the distal end of 
the tibia as well as on the first tarsal segments (Fig. 7). When the male thrusts 
his forelegs forward for vibrating at the tip of the female's abdomen, they are 
lowered so that the tibial setae are in close proximity with the tip of the female's 
abdomen while the terminal three tarsal segments are turned directly outward 
90° from the median plane and parallel with the substrate. If this were not done 
the spatial relations of the downward pointed tibial-tarsal section of the legs 
would cause the fore tarsi to be jammed against the substrate as he assumes the 
vibratory posture. 

A. tanythrix Hardy 

The courtship of A. tanythrix is essentially similar to that displayed by A. 
diamphidiopodus and A. orthopterus. Details of how the forelegs are utilized in 
vibration against the female have not been ascertained but the peculiar structure 
of the fore tarsi is quite similar to that of diamphidiopodus. (Compare Figs. 5 
and 6). 

A. villosus Hardy 

At head-under-wing posture the male spreads his wings outward approximately 
30°. From this extended position the wings are simultaneously flicked forward 
to 150° from the resting position several times. The male alternates 1:-outs of wing 
flicking with foreleg pawing. The remainder of the courting sequence has not 
been observed but these preliminary positions correspond with those of entri
chocnemus and, since the male foreleg ornamentation and segmental structure 
are basically similar to those of entrichocnemus (Figs. 10 and 11 ), it can reason
ably be presumed that the remainder of the courtship will involve vibrating of 
the fore tibia against thedorsum of the female's abdomen. 

FEMALE COURTSHIP PATTERNS 

Females utilize a variety of actions to indicate their nonreceptivity. When a 
male approaches and attempts to achieve the head-under-wing posture the 
female may rapidly decamp. If she does not flee the presence of the male, she 
may depress her abdomen and wing tips so that he is unable to achieve his court
ing stance. More often, however, the male succeeds in assuming the head-under
wing position and then the female kicks vigorously with her hind legs. If the 
male still persists with his courting sequence, she typically raises her abdomen 
thus preventing the male from engaging in his foreleg courting movements. 

Receptive behavior has been observed only in the case of A. aduncus females. 
Such individuals stand immobile, a characteristic of all l'eceptive females of the 
endemic Hawaiian species, and allow the male to proceed with his courtship. 
The aduncus female holds her abdomen parallel to the substrate and the visual 
(to the observer) elements of the acceptance response are (1) the slight spread
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ing of the female's wings and (2) the extrusion of the ovipositor. These are 
characteristic acceptance responses of Hawaiian drosophilids but the aduncus 
female does not drop her body against the substrate as is characteristic of many 
species. Further, the extrusion of the ovipositor by the Antopocerus aduncus 
females is relatively slight, approximately 1 mm. in comparison to the 2-3 mm. 
extension displayed by other large Hawaiian drosophilids such as the picture 
wings. During copulation the females may move about, fending off other indi
viduals, a quite uncharacteristic behavior for an Hawaiian drosophilid but regu
larly displayed by species from other areas. The male during copulation may 
grasp the female's abdomen with both his fore and middle legs or alternately 
the foreleg tarsal claws may hold onto the dorsal surface of the female's wing 
vanes. The male's hind tarsi are always crossed under the tip of the female's 
abdomen and during the first part of the copulatory act his hind tarsi rub the 
lateral surface of the female's abdominal tip. Five copulations of aduncus have 
been timed and they varied in duration from 14'11" to 18'55" with an average 
of 15'36". 

ANALYSIS OF MATING BEHAVIOR 

Of the nine species belonging to Antopocerus, seven have been observed in 
courtship and as shown above the males display in common a basic courtship 
pattern. Additionally males of each species observed possess specific behavioral 
patterns that distinguish them from each of their relatives. Analysis of these 
differences show that each species, however, falls into one of three different types 
or patterns which are correlated particularly with the setal ornamentation and 
general structure of the male's fore tibia and tarsi. 

Male pattern I: 

The male, after he has reared upward and forced the female's wings apart, 
extends his forelegs forward with the tarsi under the female's abdomen and 
rapidly vibrates them against her venter. A. aduncus and longiseta display this 
type of behavior. Both species possess relatively unspecialized fore tarsi, with a 
long basitarsal segment and with the second and third segments Lmdifferentiated 
and of decreasing length. Tarsal ornamentation is relatively simple, consisting of 
long setae concentrated mainly on a portion of the distal half of the first segment 
(Figs. 3 and 4). Neither species utilizes abdominal tip display nor high speed, 
large amplitude wing vibrations. 

Male pattern II: 

The male, after he has reared upward and forced the female's wings apart, 
extends his forelegs forward with the tibia and tarsi hanging directly downward 
just behind the tip of the female's abdomen. The legs are then vibrated rapidly 
with the specialized setae of the basitarsus and/ or tibia striking against the 
female's abdominal tip. The distal three tarsal segments are divaricated away 
from the body of the female . After a vibratory bout the forelegs are moved farther 
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forward and the distal three tarsal segments are turned inward and under the tip 
of the female's abdomen, serving to lift upward the female's abdomen. 

At the same time that these actions are occurring, both wings are vibrated at 
extremely high speed in long forward and backward sweeps, the tip of the male's 
abdomen is curled upward and a droplet of fluid extruded from the anal papillae. 
A. diamphidiopodus, orthopterus and tanythrix display this type of behavior. All 
three species possess male tarsi that are fundamentally similar in structure and 
setal ornamentation (Figs. 5, 6, and 7). The basitarsus is moderately long, some
what enlarged at the distal tip. The second tarsal segment is short, the third 
longer than the fourth. A clump of elongated setae are borne on the distal end 
of the first segment and on the second segment of diamphidiopodus and tanythrix, 
while orthopterus has a clump of long hairs on the end of the tibia. Hardy (1%6) 
indicates that A. cognatus is morphologically very similar to diamphidiopodus,, 
and this includes the fore tarsal structure and ornamentation (Figs. 5 and 8). 
The mating behavior of cognatus has not been observed but the similarity of the 
male's forelegs to those of the other three species of Type II indicates a high 
probability as to the pattern of mating behavior it must display. 

Male pattern III: 

The male, after he has reared upward and forced the female's wings apart, 
extends his folded forelegs over the dorsum of the female's abdomen, with the 
tarsi and tibia oppressed against and under the femur. The folded forelegs are 
then vibrated rapidly in tiny amplitude, and gradually the whole leg is lowered 
until the two "lateral" rows of long tibial setae (Fig. 10) come into contact with 
the dorsum of the female. At the same time the three distal tarsal segments of 
each leg are curled around and under the tip of her abdomen. Simultaneously 
with the foreleg movements the wings are vibrated in long sweeps at an ex
tremely rapid rate, and the articulating membrane surrounding the anal papillae 
and the genitalia of the male is exposed. Type III behavior is displayed by A. 
entrichocnemus and villosus. The final portion of the repertoire of the villosus 
behavior has not been observed but up to that point it corresponds in all details 
with that of entrichocnemus. Males of both of the species have forelegs that are 
similar in structure (Figs. 10 and 11), i.e. , the fore tibia bear a row of long setae 
along each anterodorsal and posterodorsal surface, the basitarsus is long, the 
second segment is short but normal in shape, the third and fourth are also rela
tively short. 

The mating behavior of the rare species D. arcuatus (Fig. 9) has not been 
observed, but the male has forelegs that are somewhat similar to those of diam
phidiopodus and its relatives, especially cognatus. (See Figs. 9, 5 and 8). 

Phylogeny of Mating Types 

The pattern of courtship behavior displayed by the Antopocerus species clearly 
indicates the close relationship of the genus to other endemic Hawaiian members 
of the genus Drosophila. Distinctive behavioral elements which the Antopocerus 
species share in common with other Hawaiian Drosophiloids are (1) the accept
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ance responses of the female as displayed by A. aduncus, (2) the male's use of 
both wings for display, (3) the extrusion by some males of an anal droplet, and 
(4) the actions of the male's forelegs while he is courting at the rear of the female. 
The most common and widespread method by which Hawaiian Drosophiloid 
males use their forelegs during courtship is to vibrate their fore tarsi under and 
against the venter of the female's abdomen while they are at the rearward or 
head-under-wings position. This type of tarsal action obtains especially for those 
species whose males possess distinct and unique tarsal ornaments, i.e., the bristle 
tarsi, spoon tarsi, and forked tarsi groups, as well as a number of the modified 
mouthpart pecies. This seems to be the primitive method of use of the male fore
leg as a courting element and is also shown by numerous other non-Hawaiian 
species belonging to the subgenus Drosophila such as the virilis group. As Throck
morton (1966) has shown, the Hawaiian Drosophiloids are more closely related 
to the subgenus Drosophila than to any other section of the genus Drosophila. 

It is therefore reasonable to conclude that the Type I behavior is the most 
primitive within the genus Antopocerus and that the Type II and III species have 
been derived from Type I ancestors. Significantly males of both Type II and III 
do, during the terminal portion of courtship, utilize their distal three tarsomeres 
so that they are brought into contact with the female's venter. 

SPECIES DISTRIBUTION 

The geographical distribution of the nine Antopocerus species (Table 1) reveals 
a number of significant features, i.e.: 

(1) Except for A . dUrm.phidiopodus none of the species iS known to exist on 
more than one of the islands. 

(2) Five of the species live on Maui, three on Hawaii, two on Molokai and one 
each on Oahu and Lanai. 

(3) None of the species has been found on Kauai or West Oahu. 
(4) The two species which display the most primitive type of mating behavior 

are restricted to Maui and Molokai. 
McDougall (1964) has shown that the major Hawaiian islands (Kauai, Oahu, 

Molokai, Lanai, Maui, and Hawaii, Fig. 12) decrease in age from west to east 
with lavas from Kauai being at least 5.6 million years old while the oldest lavas 
from Hawaii (Kohala area) are less than a million years old. The present islands 

TABLE 1 

\V. E. w. E. Kohala Kon a Volcano 
Species l\Iating type Kauai Oahu Oahu Lanai l\1olokai 1\ Iaui Maui (I-law. ) (!Iaw. ) (Haw.) 

aduncus absent absent x x 
longiseta absent absent x 
arcuatus II? absent absent x 
cognatus II? absent absent x x 
diamphidiopodus II absent absent x x x x x x 
orthopterus II absent absent x 
tanythrix absent absent x x x 
entrichocnemus III absent absent x x 
villas us III absent absent x x 
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of Oahu, Molokai and Maui have each been created by the fusion of two major 
shield volcanoes, i.e., a western and an eastern one. In all three islands the western 
shields are aproximately 300,000 years older than the eastern shields. The islands 
of Maui, Molokai, and Lanai are unique also in that during their existence they 
have at three different times been fused together into a single land mass for con
siderable periods. Each of the periods of island fusion was due to the level of the 
sea retreating, probably as a result of extensive glaciation and the concomitant 
withdrawal of vast amounts of water from the ocean basins. Stearns (1966) 
believes that during these periods of sea level retreat the climate of the islands 
was cooler than normal, the rainfall increased, and the rain belts moved lower on 
the islands with the results that the forests moved down the slopes of the moun
tains. This would, of course, affect the distribution of the Drosophiloid fauna on 
the various land masses. However, Kauai, Oahu and Hawaii are surrounded by 
such deep oceanic waters that the changing oceanic levels that occurred during 
the Pleistocene would not have resulted in land connections being created be
tween each of these three islands and any of the other islands. Thus the present 
distribution of the species complex has in part at least involved colonization across 
reaches of open ocean (Table 2) . 

Since the developmental stages (eggs and larvae) occur in the leaves of Cheiro
denxl.ron, and rarely in those of Tetraplasanxl.ra and /lex, it is difficult to conceive 
that migrations of the immature stages could have occurred by seaborne means. 
Presumably the adult flies must have been transported by aerial means in at least 
some instances. 

The lack of any records of the genus from West Oahu and Kauai is not due 
either to inadequate collecting efforts or to unsuitable habitats. Numerous experi
enced collectors (beginning with Perkins in the last century and including during 
the last two decades especially Hardy and his colleagues) have diligently collected 
in these areas without discovering a single individual of Antopocerus. Further
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TABLE 2 

Estimated ages of Hawaiian Island areas• 

Kauai 
West Oahu (Waianae Mts.) 
East Oahu (Koolau Mts.) 
West Molokai 
East Molokai 
West Maui ("Wailuku Mts.) 
East Maui (Haleohala) 
Hawaii (Kohala Mts. ) 
Hawaii (Mauna Kea ) 
Hawaii (Mauna Loa) 
H awaii (Puu VVaawaa) 

Jv[i ll ion years 

5.6-3.8 
3.4--2.7 
2.2--2.5 

1.8 
1.5- 1.3 
1.3- 1.15 

0.8 
< 1.0 

0.6 
< 0.5 

0.4 

•From Steams 1966. The data were derived by employment of the K-Ar technique. Although the samples are rela
tively few in number the results are of real significance in showing the relative ages of the island landmasses. 

more both areas not only have a rich fauna of endemic Drosophiloids, equivalent 
to that of any of the other Hawaiian areas or islands, but also the food sources of 
Antopocerus (i.e., Cheirodendron, Tetraplasandra and !lex) are abundant, es
pecially on Kauai. The conclusion is, therefore, that the genus Antopocerus is not 
now represented on West Oahu and Kauai and in all probability never was 
present in these areas. 

DrscussrnN 

A striking feature of the genus Antopocerus is the adaptive relationship of the 
structure of the male's antennae to his mating behavior. When the courting male 
lunges forward and upward over the abdomen of the female, he forcibly spreads 
her wings apart 45° and up 15°-20°. His erected and forward directed antennae 
bear the force of the lunge as they slide against the under surface of the female's 
wing vanes. The antennae (Fig. 1) are physically adapted for this function: (1) 
the first antennae segments are elongated and also enlarged in diameter; (2) the 
aristae are elongated, enlarged and whiplike, and (3) the aristal setae are short 
but numerous, restricted to the dorsal surface except for an occasional short 
ventral seta near the distal tip in the primitive species. When the male lunges, 

TABLE 3 

Approximate distances between (I) Hawaiian Islands and (II) native rain forest areas of 
Hawaiian Islands 

I ( miles) II (miles) 

Kauai-Oahu 70 90 
Oahu-W. Molokai 25 
Oahu-E. Molokai 50 
Molokai- W . Maui 8.5 19 
Molokai-Lanai 9 20 
W. Maui-Lanai 9 19 
E . Maui- Hawaii 30 40 



330 The University of Texas Publication 

his erected antennae are so positioned that the aristae are directed forward with 
the setose dorsal edge turned latero-ventrally and the median surface of the third 
segment facing upward. Thus the bare medioventral surfaces of the basal three
fourths of the aristae and the distal, "velvety" median surface of the third seg
ment serve as the articulating elements against the female's wing vanes. Further, 
the elongated first segment which extends upward and forward prevents the 
female wing vane from pressing against the dorsal surface of the male's vertex, 
thus protecting the large setae located on it. Clearly the normal Drosophiloid 
antenna would be poorly adapted for such vigorous lunging movements as the 
AntofJOcerus males display. Selection pressure for the evolution of the Antopocerid 
type of antennae could not have arisen, however, until the ancestral stock first 
developed the peculiar male lunging behavior. AntofJOcerus thus provides a clear 
instance of how behavior may evolve before structural evolution can occur. 

As shown above, three unique types of mating behavior are displayed by the 
various species within the genus. Those species whose mating behaviors have not 
been studied (i.e., cognatus and arcuatus, see Figs. 8 and 9) display sexually 
dimorphic male characters so similar to those of the other species which have 
been studied that they can tentatively be placed as to type of mating behavior. 
An analysis of the distribution of the species displaying each of the types of 
mating behavior, combined with a consideration of the total distribution of the 
species, provides an insight into the origin and historical development of the 
genus. 

The Type I mating behavior which is considered the primitive type (see above) 
is displayed by only two allopatric species, i.e., aduncus which is restricted to 
Maui and longiseta which is restricted to Molokai. Their mating behaviors indi
cate that these two species are closely related. 

The islands of Maui and Molokai are deemed to be less than two million years 
old (Table 2). During the Pleistocene these two islands plus Lanai were fused 
into a single landmass at least three times (i.e., during early, middle and late 
Pleistocene) due to the retreat of the sea level. At present Maui and Molokai are 
separated by a narrow channel (8.5 miles). Likewise both islands are separated 
from Lanai by about the same distance (9.0 miles). Nevertheless neither species, 
i.e., aduncus or longiseta, has been found on Lanai and neither seems to have 
been able to invade and establish itself on both Molokai and Maui, nor have they 
been able to invade Oahu and Hawaii. Thus it seems logical to conclude that the 
ancestral stock of AntofJOCerus arose in the Molokai-Maui-Lanai area. The most 
primitive descendants of the ancestral stock are now represented by two allopatric 
species which display low colonizing ability and are restricted to Maui and 
Molokai. 

The Type II mating behavior is known to be displayed by three species, i.e., 
diamphidiopodus, orthopterus, and tanythrix, and presumably by cognatus and 
possibly by arcuatus. A. diamphidiopodus has the widest distribution of any of 
the species, being found on Molokai, East and West Maui, Lanai, and Hawaii. 
The distribution of this species on the first three islands can be attributed perhaps 
to the fact just noted that during the Pleistocene these islands were repeatedly 
joined into a single landmass. Hawaii, however, has always been separated from 
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the other islands by an ocean barrier and the presence of diamphidiopodus on this 
island clearly indicates that the species has been able to cross the ocean barrier. 
Further its widespread distribution indicates that it is probably the most ecologi
cally tolerant of all the species, a conclusion further supported by its presence on 
Lanai which is a relatively low island with only a relict montane forest of the 
kind that the Antopocerus species need. Perhaps other species previously in
habited Lanai but have been exterminated as the island has eroded and the 
climatic conditions have changed thus reducing the montane forest. In addition 
to diamphidiopodus, two other species, cognatus and tanythrix, are found on the 
island of Hawaii and both are restricted solely to Hawaii. 

The overall structure of tanythrix and especially the male's foreleg (Fig. 6) 
indicates that it may well have evolved from a diamphidiopodus type ancestor 
that invaded Hawaii. 

Hardy (1966) notes the close morphological relationship of cognatus and 
diamphidiopodus. The structure of the male foreleg (Figs. 5 and 8) indicates that 
these two species must have a quite similar courtship behavior. Further Kenneth 
Kaneshiro (personal communication) notes that in the Kilauea area near Volcano 
and the Saddle Road areas above Hilo three populations have been collected con
forming respectively to cognatus, diamphidiopodus and an intermediate popula
tion between the two species. In sum, parsimony would suggest ( 1) that diamphi
diopodus originally evolved in the Maui-Molokai-Lanai area and (2) that the 
species has colonized Hawaii at least three times with the first successful coloni
zers evolving into tanythrix and a later second invasion evolving into cognatus. 
A still later invasion of diamphidiopodus has not only established the species 
itself on Hawaii but the isolating mechanisms of cognatus have not as yet evolved 
to the level that gene flow is prevented between the two species. 

A. orthopterus is known only from East Maui. Its mating behavior is the most 
specialized of the Type II species. Since it is restricted to East Maui it appears to 
be a poor colonizer when compared to diamphidiopodus. It is plausible to suggest 
that diamphidiopodus and orthopterus diverged from a common ancestor. As 
noted above West and East Maui arose as separate islands with East Maui about 
300,000 years yormger than West Maui; these islands fused during the early 
Pleistocene and then were separated for a period of time and again fused from 
the middle Pleistocene to the present. It is an attractive hypothesis that during 
the first period of fusion an ancestral Type II species inhabited the entire area
then during the separation this stock evolved into diamphidiopodus on West Maui 
and orthopterus on East Maui. 

A. diamphidiopodus evolved into an ecologically tolerant, aggressive species 
that later was able to colonize not only Molokai, East Maui, and Lanai but also 
Hawaii while orthopterus remained restricted to East Maui. 

The Type III mating behavior is known to be displayed by entrichocnemus 
and villosus, two species known only from West and East Maui. Additionally, 
Kenneth Kaneshiro (personal commrmication) informs me that an rmdescribed 
species with ciliation on the entire male fore tibia and with a few ciliae at the 
apex of the basitarsus has been collected from Molokai and East Maui. The struc
ture of the male foreleg of this new species would suggest relationship to the 
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Type III flies. Present data are insufficient to deduce any relationships between 
the species of Type III other than the fact that the extraordinary ciliation of the 
male villosus foreleg indicates a high level of specialization. 

The question can be posed as to evolutionary relationships of the three mating 
types. Thus if Type I represents the primitive Anlopocerus behavior, have both 
other types been derived independently from Type I or sequentially? If sequen
tially which of the two, Types II or III, is intermediate? As noted above, when 
the Type I male vibrates his forelegs during courtship, the femora are extended 
forward, upward and slightly outward above and beside the posterior portion of 
the female's abdomen. The fore tibiae extend downward and forward alongside 
the female's abdomen. The tibiae are slightly concave on their "inner" surface 
which enables them to "fit" against the rounded sides of the female's abdomen. 
Significantly the tarsi of both Type II and III males are also slightly concave 
even though they are employed in quite a different manner when courting. The 
males of Type I lack any long setae along the sides of the fore tibia and the 
second tarsomere is longer than the third (Figs. 3 and 4). Type II and Type III 
males, excepting tanythrix, all possess some long setae along the sides of the tibia 
which give them the appearance of having a row on each side (Figs. 5, 7, 8, 9, 
10, 11). A. villosus has the greatest number and orthopterus the fewest. Further, 
males of both types have second tarsomeres that are shorter than the third tarso
meres but those of Type II are clearly shorter and more specialized than are those 
of the Type III males. The Type II tarsi as a unit are clearly more modified from 
the primitive type than are the Type III tarsi but both types might well have 
diverged from an ancestral stock not too different from arcuatus. 

On the island of Kauai the food plants used by Antopocerus are abundant but 
intensive collecting has resulted in no known representatives of the species being 
found, which indicates that the genus most probably never has existed on Kauai. 
Since Kauai is the oldest of the major Hawaiian islands that currently are in
habited by the endemic Drosophiloid fauna, it can logically be suggested that the 
genus Antopocerus must be younger than Kauai. The age of Western Oahu 
(which to date has not been shown to be inhabited by any representative of 
Antopocerus) has been estimated by McDougall (1964) to be from 3.4 to 2.7 
million years (Table 2). There remains the possibility that Antopocerus will 
eventually be found on Western Oahu since one species, arcuatus, is found on 
Eastern Oahu and the only separation between the two areas of Oahu is the low, 
flat valley between the two major volcanic shield mountains, the eastern Koolau 
range and the western W aianae range. These ranges lie roughly parallel to each 
other, the distance between the crests of the respective ranges being approxi
mately 15 miles. East Oahu appears to have a maximum age of 2.5 to 2.2 million 
years and if arcuatus has not been able to cross to Western Oahu this reduces the 
maximum possible age of the genus to less than 2.5 million years. However, as 
shown above, A. arcuatus which is found on East Oahu is a specialized species 
while A . aduncus and A. longiseta (the primitive members of the genus) are 
restricted to Maui and Molokai respectively. Since other more specialized species 
also live on these two islands (see Table 1) it appears that ecologically the two 
primitive species are able to compete with the more specialized ones and thus the 
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deduction can be made that the primitive stock has not been able to colonize 
across expanses of ocean. Further this would indicate that, since Molokai has a 
maximum age of 1.8 million years and Maui 1.3 million years, the genus Anto
pocerus must be less than 1.8 million years old. 

Throckmorton (1966) in his study of the relationships of the Hawaiian Dro
sophilidae noted that Antopocerus species share characteristics of the ovipositor, 
ejaculatory bulb, and ejaculatory apodeme with other species groups whose 
males possess tarsal ornaments, i.e., the bristle tarsi, the spoon tarsi and the forked 
tarsi. In other respects Antopocerus seems neutral. The mating behavior is also 
neutral, but it in no way presents any evidence that would contravene Throck
morton's phylogeny. 

SUMMARY 

In sum, Antopocerus appears to be a monophyletic genus that arose as the 
result of a behavioral change in the mating behavior which sufficed to create the 
selection pressure resulting in the evolution of structural modifications that differ
entiate the genus. The genus evolved in the Molokai-Maui-Lanai portion of the 
Hawaiian islands and therefore must be less than 1.8 million years old. The 
primitive species are still restricted to this area but subsequent evolution has 
produced more specialized species which have been able to colonize Oahu and 
Hawaii. All evidence indicates that speciation within the genus has occurred as 
a result of geographical isolation. With respect to number of species and to the 
distribution of its species, Antopocerus appears to be the "simplest" of the major 
species groups of the endemic Hawaiian Drosophiloids. It therefore can serve 
perhaps as a paradigm for the understanding and analysis of the other more 
complex species groups. Unfortunately as yet it is impossible to rear the species 
under laboratory conditions. Whenever this becomes possible the Antopocerus 
species should serve as ideal material for further analysis of the basic pattern of 
Drosophiloid evolution in the Hawaiian islands. 
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XV. Polytene Chromosome Relationships in Hawaiian 
Species of Drosophila. I. The D. grimshawi subgroup1 

2 3 3
HAMPTON L. CARSON ' AND HARRISON D. STALKER

This paper is the first in a series which will describe the sequential relation
ships in the polytene chromosomes of certain Hawaiian Drosophilidae. The 
species concerned belong to the general picture-winged group of the subgenus 
Drosophila (Hardy and Kaneshiro, 1968) . 

In this publication, we present a chromosome atlas which will provide recog
nition characters for the polytene chromosomes of those species which are most 
closely related to Drosophila grimshawi (the D. grimshawi subgroup) . Twenty
nine such species are included here. Subsequent papers will deal with the three 
other subgroups of picture-winged flies which may now be recognized. These are 
the D. pla:nitibia subgroup, the D. punalua subgroup and the D. adiastola sub
group. A preliminary paper on the chromosomal relationships among Hawaiian 
Drosophila (Carson, Clayton and Stalker, 1967) dealt with members of all four 
subgroups; ten species of the D. grimshawi subgroup were included there. These 
species are shown at the base of the diagram (Figure 1) in the cited paper. Thus, 
data are being presented here for the first time for 19 species. 

MATERIALS AND METHODS 

Drosophila specimens were collected on the six major Hawaiian Islands from 
1963-68. Each wild female captured was placed as soon as possible on sugar food 
(Spieth, 1966) and returned to the laboratory in a refrigerated case. 

Each female was then placed individually in a shell vial containing a special 
food mixture (Wheeler and Clayton, 1965). To each vial, a strip of tissue, mois
tened with a sterile mixture of Karo syrup, water and yeast extract, was added as 
an oviposition site. The laboratory temperature was held at approximately 63°F. 
From each such isofemale line, an attempt was made to obtain aceto-orcein smears 
of the salivary glands of seven F1 larvae. This affords an approximately 63/ 64 
probability that four wild autosomes and three wild X chromosomes of the parents 
have been observed, assuming there to have been only one wild male parent. 
When fewer than seven smears were examined, the first female larva was chosen 
and two wild autosomes and two wild X chromosomes were recorded from each 
such wild female. 

Table 1 gives the geographical origin of the strains examined. Each locality is 
identified by its nearest position on U. S. Geological Survey topographical maps. 
When a locality is first mentioned in the Table, the approximate altitude of the 

1 Published with the approval of the Director of the University of Hawaii Agricultural Experi
ment Station as Technical Paper No. 955. 

2 Geneticist, Department of Entomology, University of Hawii, Honolulu (1967-68) . 
3 Department of Biology, Washington University, St. Louis, Missouri. 

Studies in Genetics, No. 4, 1968. 
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FIG. 1. Position of inversions in chromosome X (above) and chromosome 2. The photographs shown are of the Standard gene order of Drosophila 
grimshawi from Auwahi, Maui. The distal end of the chromosome is to the left in each case. Each inverted arrangement shown (see Figure 4) can be 
derived directly from this Standard by inverting the piece as indicated. The only exception to this is arrangement Xab of Drosophila crucigera. In this 
case, the Xa inversion must be followed by Xb, which overlaps it. 
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collecting site is given. This is followed by strain numbers of the newly-examined 
strains. Those listed in Carson et al. 1967 are not repeated here. The right-hand 
columns show the numbers of wild chromosomes examined according to the 
method outlined in the previous paragraph. 

The gene sequences observed so far in all the chromosomes of all strains of 
D. grimshawi collected at Auwahi, Maui, have been arbitrarily chosen as Stan
dard; it is exemplified by the laboratory strain known as G1 , collected on June 17, 
1965, by K. Y. Kaneshiro (see Table 1, Carson et al., 1967). Each new sequence 
found in the same or some other species is then described in terms of what seg
ments of the D. grimshawi Standard sequence would need to be inverted in order 
to produce the observed gene order. In both this paper and those on the other 
subgroups, no species has been included unless the gene orders in all its chromo
somes can be completely and accurately described in terms of the D. grimshawi 
Standard sequences. 

A set of photographic chromosome maps, made according to the method of 
Stalker (1965) was prepared for the D. grimshawi Standard. To facilitate com
parison between chromosomes of unknown sequence and the Standard, a com
pound microscope fitted with a drawing tube (Wild-Heerbrugg Instruments, 
Inc.) was used. With this device, the image of the unknown sequence under the 
microscope can be observed as if projected onto a black table surface. A cut-out 
photograph of the homologous chromosomal Standard is matched, band for band, 
to this image at table level, after being adjusted to approximately the same magni
fication by a zoom lens. The positioning of the breaks for inversions fixed in the 
homozygous state can be accurately determined in this manner. 

When a species or strain was found to be homozygous for an inversion relative 
to the Standard, a photographic print of the Standard map of the chromosome 
concerned was marked with the break points. The photograph was then cut by 
scissors at these points, the piece inverted and realigned with the rest of the chro
mosome with cellophane tape. Although occasional interspecific differences in 
puffing pattern were noted, these do not interfere with the usefulness of the maps 
made in this manner. These rearranged prints were then mounted and serve as 
base maps for the species concerned. They are on file at the Department of 
Biology, Washington University, and will be made available on request. Such 
maps, however, could be easily prepared from replications of the photographs in 
Figures 1-3. 

RESULTS 

Description of inversion break-points 
The positions of the inversion breaks are given in Figures 1-3. On the figures, 

each chromosome is shown with its distal end to the left. Each inversion is repre
sented by two break-points. Inversions are given letter designations, more or less 
in the order of discovery. The lower-case designations a-z have been used first. 
As more are necessary, the alphabet has been used a second time (a2-z2 ) . Thus, 
inversions a and a2

, for example, are separate occurrences and bear no relation
ship to one another. In examining the figures, it will be noted that certain letters 
are not found; these have been retained for use for inversions in the other sub
groups. 
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TABLE 1 w w 
Strains of Drosophila species of the D. grimshawi s ubgroup examined for giant chromosome sequences 

Ntmiber of wild chromosomes observed 

A utosomes X ch1·ornosomcs 

Spec ies Local iLy and slralns cxaminccP 
T his 
paper 

Carson 
el al. 1967 Total 

This 
paper 

Carson 
et al . 1967 Total 

D. balioplera Ka ulalewelewe, W. Maui (3000') J57C4 4 4 3 3 
Keanae Valley, Maui (1500' ) J51B8 4 4 3 3 
Kipahulu Valley, Maui (2100') J88B16, 17 
Halawa Valley, Molokai (1600') K86B1 , 2 

8 
8 

8 
8 

6 
6 

6 
6 

'-3
;::r.. 
~ 

Kaiholena Gulch, Lanai (MOO' ) K94G6 
TOTAL 

4 
28 

4 
28 

3 
21 

3 
21 

c:::: 
;::s 
~ . 

D. boslrychal Halawa Valley, Molokai, J97N2, 3 8 8 6 6 ~ 
~ 

So. Hanalilolilo, Molokai (3000' ) J58M12 
TOTAL 

4 
12 

4 
12 

3 
9 

3 
9 

.... 
"' ::::.· 
~ 

D. ciliaticrusl Puu Laalaau, Kohala Mts. , Hawaii (3300' ) J29B11 2 2 1 1 
~ D. conspicua1 Pawaina, Hawaii (3000' ) 4 4 3 3 

Mt. House, Hawaii (2700' ) L19G4, 6; L1 9B22, 28 16 16 12 12 ~ 
D. crucigera1 

D. discretai 

TOTAL 

Oah u and Kauai, Totals 
Kaulalewelewe, W. Maui , J57C3 

16 

4 

4 
4923 

20 
492 

4 

12 

3 

3 
3703 

15 
370 

3 

>:> 

"' 'tl 
!:: 

Waikamoi, Maui, C104.1 ; FA-1; PM-4, 13, 21-23, 
29; K29L2; K73G1, 12 

Kipahulu Valley, Maui (3000-4000') L1G64, 82, 
83, 88, 90, 91 , 94, 96, 97, 102; L4G3; L6N1; L11P4 

38 

46 

38 

46 

30 

35 

30 

35 

~ 
§" 
.....
c; · 
;::s 

TOTAL 88 88 68 68 
D. disiuncta1 Kaulalewelewe, W. Maui 17 17 11 11 

Uluini Stream, Maui (1600') 4 4 3 3 
Keanae Valley, Maui, J51 B12--15, 17 18 4 22 14 3 17 
Kipahulu Valley, Maui, L1G41, 42, 44-47, 49, 51, 

52, 54-56,58,61 , 62, 65- 68, 75, 76, 114;L4G5-<l, 
10, 12, 13, 15, 17- 19; L5B9, 11 ; L6N51; L11P23 150 150 113 113 

Waikamoi , Maui, J76M4; K25A1; K73B1 8 8 7 7 
TOTAL 176 25 201 134 17 151 



D. fasciculisetCJ£1 Kipuka Puaulu, Hawaii ( 4000') 28 28 21 21 
D. glabriapex Waikamoi, Maui, K75G18 4 40 44 3 30 33 
D. engyochracea Kokee, Kauai, C99.3 (4000') 2 2 2 2 

Halemanu, Kauai, J53C4 (3400') 4 4 3 3 
TOTAL 6 6 5 5 \'.)I ~D. gradata Kupaua Valley, Oahu (800') C144.2A 4 4 3 3 
Palikea, Oahu (2800') G55C5, 13 6 6 5 5 0;:s 
Kului Gulch, Oahu (1000') K38G23 4 4 3 3 >:i 
TOTAL 14 14 11 11 [

D. grimshawi1 Puu Kolekole, Molokai (3500') 48 48 24 24 VJ.....
So. Hanalilolilo, Molokai, G50M2 4 12 16 3 12 15 
Wailau Trail, Molokai (1600') K87C1 2 2 1 1 
West Maui 8 8 7 7 t 
Olinda and Waikamoi, Maui, J44Cl; K29L8; ~ K75G15, 16; K75P15 24 4 28 15 3 18 0 
Keanae Valley, Maui 16 16 12 12 B" 
Kolea Stream, Maui (1600') K40G4 4 4 3 3 ~ 
Hana Ranch, Maui, J88aB1 4 4 3 3 .Q.
Kipahulu Valley, Maui, J88B18; L1G63; L5B12, 13 16 16 12 12 ti
Auwahi , Maui (3000') J99C2, 3-5, 6, 8 22 52 74 17 38 55 
Paliakoae Gulch, Lanai (2000') K96G5 4 4 3 3 <lj, 
Lanaihale, Lanai (3300' ) J46M1 4 4 3 3 ~ 
Lanai City, Lanai (1 700' ) J78M1 4 4 3 3 ::r-
Kaiholena Gulch, Lanai (2100') K28G1; K94G2 8 8 6 6 

ll> 

~ .TOTAL 96 140 236 69 96 165 
D. hawaiiensisl Honaunau For. Res., Hawaii (2100') 6 6 5 5 i:::"' 

Kipuka Puaulu, Hawaii, J14B8, 13; K44Gl, 3, 5, ~ 
6, 9, 10; K44B2 36 36 27 27 Cl 

Kipuka Ki, Hawaii (4300' ) J15J3 4 4 3 3 -§ 
Kipuka Kekake, Hawaii (4800') K57G1 4 4 3 3 
Puu Oo---Volcano Trail, Hawaii (4500') K58G7, 8 8 8 6 6 
TOTAL 52 52 39 39 

(.),) 
(.),) 
<O 



TABLE 1-Continued 

Strains of Drosophila species of the D. grimshawi subgroup examined for giant chromosome sequences 

w 
~ 
0 

Number of wild clu·omosomes obc;cn·ed 

Autosomes X chromosomes 

Species Locality and strai ns examined:! 
This 
paper 

Carson 
el al. 1967 T otal 

This 
paper 

Ca1·son 
"' al. 1967 Total 

D. hexachaetae 
D. hirtipalpus 
D. limitata 

D. liophallus 
D. ochracea 

D. odonlophallus 
D. orphnopeza' 

D. orthofascia 
D. pilimana 

Pia Valley, Oahu (800' ) K37B3, 4 
Waikamoi , M aui (4200') J66C4; K29J1 
Keanae Valley, Maui C134.4A, E, F, G 
Kaulalewelewe, W. Maui, C109.3C; G80B6 
Kipahulu Valley, Maui, J88B11 , 12 
TOTAL 

Auwahi, Maui, G7.3C, E 
Pawaina, Hawaii 
Keauhou, Hawaii ( 2500') K2B1 
Mountain House, H awaii, L19B29 
H onaunau For. Res., Hawa ii 
Upper Olaa For. Res., H awai i (4100') J48B5 
Puu Laalaau, Kohala Mts., Hawaii (4000' ) 
Stainback Hwy ., Hawaii (2100') K62G2, 7 
Saddle Rd., H awaii (2200' ) J49B8- 10; K32G1 
Mud Lane, Hawaii, (1900') K81G1 
Waimea Reservoir, H awaii (3000' ) K78G10 
TOTAL 

Auwahi , Maui, J10D2 
Kean ae Valley, Maui , C134.4D; J51B2 
Waikamoi, Maui , K75G9 
TOTAL 

Auwahi , M aui , G7.2D ; JlOB5; JLOG23-26 
Puu Kapu, Oahu ( 1000') 
Mt. Tantalus, Oahu (1400' ) 
Pupukea, Oahu (1900') 
Kului Gulch , Oahu (1000' ) K38G8, 10 

6 
8 

16 
4 
8 

28 
8 

2 
4 

4 

8 
16 
4 
4 

42 
4 
6 
2 
8 

22 

8 

6 
2 

4 
6 
8 

26 

4 
4 
4 

6 
8 

16 
4 
8 

28 
8 
6 
4 
4 
4 

10 
8 
8 

16 
4 
4 

68 
4 
6 
2 
8 

22 
4 
4 
4 
8 

4 
6 

12 
3 
6 

21 
6 

2 
3 

3 

6 
12 
3 
3 

32 
3 
5 
1 
6 

17 

6 

5 
2 

4 
4 
6 

21 

3 
3 
3 

4 
6 

12 
3 
6 

21 
6 
5 
4 
3 
4 
7 
6 
6 

12 
3 
3 

53 
3 
5 
1 
6 

17 
3 
3 
3 
6 

'""-3;:s-
(1) 

~ 
;:::! 
t:;· 
(1) .... 
~ -
~ 
.Q. 

~ 
~ 
"' 
I:: 
<::!""" ..... 
<=;· 
~ s· 
;:::! 



Palikea, Oahu, G58E2; K5C32 
TOTAL 

D. recticilial Waikamoi, Maui , G8.1H; J66C6; K72B4 
Kipahulu Valley, Maui , L3G2 
TOTAL 

D. silvarentis1 Humuula Sadd le, Hawaii (6500') K1 8At , 2; 
Kt 8M1 , 3; K t8N4; K47G2 

D. sproati Puu Laalaau, Kohala Mts. Hawaii, J20B7, 8, 11 , 18; 
J20G 19, 22--24; J20H1 1; J29B t , 9; J29H2, 4, 9 

Upper Olaa For. Hes., Hawaii , K59G t 
Mountain H ouse, Hawaii , Lt 9B37, 38 
TOTAL 

D. vescisela Kolea Stream, Maui (1600') K4-0G2 
D. villitibia W ai kamoi, M aui , K39B1 O; K25G t ; K75G1 3; 

K75P8, 9 
D. villosipedis Ha lemanu Valley, Kauai 

Kokee, Kauai 
TOTAL 

D. virgulata Waikam:i i, Maui, J31C1 

1 Shows intraspecific chromosomal Polymorphism. 
2 Strain numbers are entered on ly for newly-reported strains. 
3 Includes data from Carson, 1966. 

6 
14 
12 
4 

16 

24 

42 
4 
8 

54 
4 

18 

2 

12 

20 
2 

22 

6 
26 
j2, 

4 
16 

24 

42 
4 
8 

54 
4 

18 
2,0 

2 
22 

2 

5 
2,8 

9 
3 

12 

18 

32 
3 
6 

44 
3 

12 

1 

9 

15 
2 

17 

5 
37 

9 
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18 

32 
3 
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Fm. Z. Position of inversions in chromosome 5 (above) and chromosome 3. The photographs shown are of the Standard gene order of Drosophila 
grimshawi from Auwahi, Maui. The distal end of the chromosome is to the left in each case. Except as noted below, each inverted arrangement can be 
derived directly from this Standard by inverting the piece as indicated. 3g, however, must be inverted before 3s, which overlaps it; 3gs, furthermore, must 
precede 3v which overlaps them. 
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Frn. 3. Position of inversions in chromosome 4. The top photograph depicts the Standard gene order of Drosophila grimshawi from Auwahi, Maui. 
The middle photograph shows arrangement 4b and the inversions based on it. The bottom photograph depicts' the arrangement 4vh2 of D. disjuncta and 
the inversions based on it. 
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In a number of instances, one of the breaks of each of two different inversions 
appears to have occurred at precisely the same point on the chromosome (e.g. the 
distal breaks of Xb and Xa2 

, Fig. 1 ) . This is true, of course, only within the limits 
of the observational technique. Even though two different breaks can be located 
as occurring between the same two visible bands, this may not mean that they 
are at the same position at the molecular level. It will also be noted that one break 
of an inversion sometimes occurs at the proximal end, presumably in the hetero
chromatin, whereas the other is within the euchromatin. Thus, inversions Xg, 
Xh and Xp2 (Fig. 1) all have one break-point which visually coincide at the base 
of the chromosomes. It is probable, however, that each of these breaks lies in a 
different position within the proximal heterochromatin. These points, however, 
cannot be mapped on the polytene chromosomes. 

Relationships of the species based on banding sequence 

The phenomenon of inversion-sharing makes it possible to arrange the species 
studied according to their sequential similarities. Such an arrangement will be 
found in Figure 4. The inversion method does not permit a direction of evolution 
to be specified without outside information so that although the phylogenetic 
relationships are clearly specified, it is not possible to designate any one species or 
region of the chart as primitive. The Standard sequence X23456 has been ar
ranged for convenience, in a box in the center of Figure 4. The microchromosome 
(6) has not been systematically studied. 

As was pointed out by Carson, Clayton and Stalker (1967) it will be seen that 
a number of species are basically homosequential, that is, having identical gene 
orders in all chromosomes. Thus, D. pilimana, D. vesciseta and D. glabriapex all 
have the formula X234b56 (Fig. 4). Similarly, if intraspecific chromosomal poly
morphism is disregarded, there are five species which have the Standard karyo
type, X23456. These are D. grimshawi, D. disjuncta, D. bostrycha, D. orphnopeza 
and D. villosipedis. D. hawaiiensis, D. recticilia and D. silvarentis likewise share 
a common basic sequence, Xa22b3g4u56. D. ochracea and D. limitata are also 
homosequential but the latter, like D. villitibia, has six rods at metaphase rather 
than the five rods and a dot characteristic of all other species of the subgroup. In 
D. silvarentis, however, the microchromosomes are larger than usual and the 
condition approaches that of six rods (Clayton, 1968) . 

In four instances on Figure 4, hypothetical populations have been proposed 
(encircled). The assumption that such populations exist (or existed) is made 
necessary by the fact that a certain gene order may be fixed in one species but not 
in the other. Thus, D. fasciculisetae, for example, is heterozygous for inversion 
4c but the latter is fixed in D. discreta. D. bostrycha and D. disjuncta are unusual 

Fm. 4. Chromosomal relationships among 29 species of Hawaiian Drosophila belonging to the 
D. grimshawi subgroup. Letters appearing singly represent fixed inversions ; when otherwise 
(e.g. "4a/+"), this denotes an intraspecific polymorphism. Read the formula fo reach species 
cumulatively by following the line from the D. grimshawi Standard (box at center); e.g. D. 
conspicua has the formula Xmn 2 3 4bm 5 6. Boxes denote present species; hypothetical popula
tions are encircled. The island origin of each species is entered below its name. D. balioptera 
lacks inversion 3o. 
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TABLE 2 

Chromosome inversions in 29 species of the D. grimshawi subgroup 

Chromosome x 2, 4 

Number of fixed inversions 
Number of inversions polymorphic 

within a species 

11 

0 

2 5 

5 

4 

11 

2 

3 

24 

20 

Totals 11 3 10 15 5 

in that they stem from an ancestral population which was also heterozygous for 
4v. 

Intraspecific polymorphism 

Of the 29 species, 17 are without chromosomal polymorphism, although for 
most of the species in this category the data are not extensive. Species having 
intraspecific chromosomal polymorphism may be identified on Figure 4 because 
each such inversion is given a letter as usual and then is followed by"/+", the 
"plus" symbol indicating the basic arrangement for the species, including, of 
course, any inversions which may have become fixed different from Standard in 
that same species. Thus, for example, "4a/+" in D. grimshawi serves to indicate 
that the 4th chromosome of this species is polymorphic within the species, the two 
alternate arrangements being+ (Standard chromosome 4) and gene arrangement 

TABLE 3 

Chromosomal polymorphism within 4 species of Drosophila of the D. grimshawi subgroup 

Total chromosomes Inverted 
Species and locality observed ( N ) chromosomes 

D. discreta N 3p 
Kipahulu Valley, Maui 46 0 
Waikamoi, Maui 38 0 
Kaulalewelewe, W. Maui 4 

Total 88 1 
Per cent 1.1 

D. fasciculisetae N 2a 4cd 4cdn 
V\Taikamoi , Maui 44 28 23 6 

Per cent 63.6 52.3 13.6 
D. hawaiiensis N 4t2 

Kipuka Puaulu, Hawaii 36 1 
Honaunau For. Res., Hawaii 6 0 
Kipuka Ki, Hawaii 4 0 
Kipuka Kekake, Hawaii 4 0 
Puu Oo-Volcano Trail, Hawaii 8 0 

Total 58 
Per cent 1.7 

D. silvarentis N 5k 
Humuula Saddle, Hawaii 24 1 

Per cent 4.2 
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4a. The distribution of fixed and polymorphic inversions among the 29 species is 
given in Table 2. 

Because most Hawaiian species of Drosophila are difficult to obtain in large 
numbers, quantitative data on intraspecific chromosomal polymorphism are lack
ing for most species. Nevertheless, considerable information exists for Drosophila 
crucigera (Carson, 1966 and unpublished data). Table 3 presents quantitative 
data for those polymorphic species from which 20 or more wild chromosomes 
have been observed. This table, however, does not include D. crucigera and the 
three very close species D. grimshawi, D. bostrycha and D. disjuncta. Polymor
phism in these species is extensive. Quantitative data are being actively gathered 
and will be presented in subsequent papers. 

D1scuss10N 

Attempts to estimate the number of species of Drosophilidae in the Hawaiian 
Islands must still be made very cautiously. Suffice it to say that large flies of the 
picture-winged type, belonging to the subgenus Drosophila, will eventually form 
a fairly small segment, perhaps twenty per cent, of the entire fauna. Perusal of 
the papers of Hardy (1965, 1966) and Hardy and Kaneshiro (1968) as well as 
examination of undescribed material in collections suggests that between 105 and 
110 species of this major group have actually been collected. The number of 
species which have been assayed cytologically at the time of writing stands at 
51; 29 in the D. grimshawi subgroup, 9 in the D. planitibia subgroup, 5 in the 
D. punalua subgroup and 8 in the D. adiastola subgroup. Some of the species are 
extremely rare in collections and the cytological assay has sometimes been made 
from single strains only (see Table 1). Quite a number of species are difficult to 
breed in the laboratory; these appear, however, to be distributed in all subgroups 
and the numbers given above surely reflect real differences in the size of the 
subgroups. 

Most of the 29 species have a fixed difference from the Standard D. grimshawi 
of less than three inversions; D. discreta has the greatest amount of fixed differ
ence from Standard (5); four species differ by four inversions. The maximum 
difference between any two species within the subgroup is 10 inversions. This is 
a remarkably small amount of interspecific sequential variation, far less than that 
found between species in the repleta group (Wasserman, 1960), the virilis group 
(Patterson, and Stone, 1952) or the melanica group (Stalker, 1966). The 
Hawaiian species, furthermore, even within the homosequential species clusters, 
are for the most part highly distinctive entities morphologically. So far, not a 
single case has emerged which might be properly described as sibling (morpho
logically cryptic) species. This is in contrast to the situation regarding a number 
of the species from the continental groups mentioned above. 

The phenomenon of homosequential species (Carson, Clayton and Stalker, 
1967) is well exemplified in this subgroup. In a number of cases there has been no 
apparent change during speciation in either gross metaphase karyotype or in the 
gene order of any chromosome. As was pointed out in the paper above, this sup
ports the idea that a considerable amount of speciation and evolution can be based 
entirely on mutational changes occurring at the submicroscopic level. 
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Origin and evolution of the D. GRIMSHAwr subgroup 

As has been pointed out several times, this discussion is being confined to speci
mens for which full cytological data are presently available. Such data are of 
necessity rather restricted and many specimens for which no cytological data 
exist are, of course, present in large numbers in collections. At the present time, 
these records, both published and unpublished, do not appear to alter in any sig
nificant way the geographical facts and hypotheses now to be discussed. 

Definitive interpretation of the geographical interrelationships of the Hawaiian 
flies must await fuller information. Such information, however, will not be avail
able for a period of some years. In order to form a framework of thought about 
these complex data, the authors present the following tentative working hypoth
esis which can be strengthened, altered or abandoned as more compelling data 
are gathered. 

Figure 5 depicts the six major islands. On each island is entered the number of 
specie3 of the D. grimshawi subgroup which is found there and for which cyto
logical data exist. The Island of Maui has the largest number of species (15), 
followed by Hawaii (7), Oahu (4), Molokai (3), Kauai (3) and Lanai (2). This 
distribution may reflect intensity of collecting to some extent but there is little 
question that these differences represent a real situation, with Maui having the 
riche3t fauna. 

Thus, it may be seen that the entire subgroup is archipelago-wide, that is, at 
least some representatives are found on all six major islands. Despite this, how
ever, no certain case is yet known of a single species which ranges over all islands. 
The most widespread species for which pertinent cytological and genetic data are 
available are D. grimshawi and D. balioptera which are on Maui, Molokai and 
Lanai (band g, Figure 5) and D. crucigera on Oahu and Kauai (c, Figure 5). 
Carson (1966) presented data which indicate that D. crucigera is indeed one 
species on the two islands. Further unpublished data on interfertility bear out 
this conclusion. No systematic study of D. balioptera and D. grimshawi from the 
three islands where they occur has been made, but every indication points to the 
conspecificity of all strains. 

The relatively depauperate nature of this subgroup on Molokai (3 species) and 
Lanai (2 species) is noteworthy. Both islands were at one time joined to Maui 
(Stearns, 1966). Other than the two species mentioned above, the only other 
species of this subgroup which has been cytologically checked from Molokai is 
D. bostrycha. This species is extremely closely related to the Maui species, D. 
disiuncta. In fact, these two share an identical chromosomal polymorphism 
( 4v / +), a situation which is certainly a very rare one. Not only is this the only 
case of interspecific polymorphism-sharing in this subgroup, but very few cases 
exist among continental species (Carson, 1959, 1964). 

The greatest amount of sequential divergence in the subgroup, 10 fixed inver
sions, may be exemplified by the two Maui species D. recticilia and D. discreta. 
In fact, these two species are sympatric in Kipahulu Valley and at W aikamoi. 
Despite this, however, the wide dispersion of at least some members of the sub
group is underscored by the fact that both Standard and "4b" species are found 
on Kauai (D. villosipedis and D. glabriapex, respectively). 
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FIG. 5. Origin, migration and speciation of the D. grimshawi subgroup on the principal islands 
of Hawaii. Superimposed on each island is the number of species of the subgroup found there. 
b = D. balioptera, c = D. crucigera, ci = D. ciliaticrus, co= D. conspicua, e = D. engyocluacea, 
g = D. grimshawi, gl = D. glabriapex, gr= D. gradata, h = D. hawaiiensis, he= D. hexa
chaetae, o = D. ochracea, p = D. pilimana, s = D. sproati, si = D. silvarentis, v = D. villosipedis. 
Arrows represent proposed separate colonizations. For details, see text. 
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TABLE 4 

Fixed gene arrangements not found in any Maui species 

Gene Species in which 
alTangement anangement is found Island 

41 D. engyochracea Hawaii 
Xmn,4m D. conspicua Hawaii 

Xb2 D. sproati Hawaii 
3q D. hexachaetae Oahu 
Xa D. crucigera W aianae Range, Oahu; Kauai 

Xab D. crucigera Koolau Range, Oahu 

The Island of Maui not only has the largest number of species but it also has 
somewhere among its species all of the fixed gene arrangements which are shared 
by two or more species. Such arrangements, of course, are basic to the phylogeny. 
The best way to visualize this is to consider those fixed gene arrangements not 
found on Maui. Only 8 such arrangements are known (Table 4), and they are 
of course without exception unique to the species in which they occur. Accord
ingly, these facts suggest that Maui is the center for the evolution of this sub
group and that the faunas of the other islands were established by colonizations 
from Maui. 

In applying this hypothesis to the data, we may begin with the most interesting 
stepwise phylogeny shown at the bottom of Figure 4. This involves the complex 
of six species near to D. hawaiiensis. This complex could have originated on Maui 
from a D. villitibia-like ancestor, giving rise subsequently to D. grad.ala of Oahu 
and D. recticilia of Maui. This direction for the chromosomal evolution is sug
gested because the two species found on the most recent volcanic areas of Hawaii 
(the south and eastern areas, including the volcanoes Mauna Kea, Mauna Loa, 
Kilauea and Hualalai) are homosequential with each other and with D. recticilia. 
These species (D. hawaiiensis and D. silvarentis, hand si, Figure 5) would appear 
to have been directly derived by recent speciation from a migrant from a D. 
recticilia-like ancestral population on Maui (arrow, Figure 5) . This part of 
Hawaii is of Pleistocene Age (Steams, 1966) and species unique to it would of 
necessity be newly-derived in time, thus giving direction to the phylogeny. 

Also striking is the fact that the chromosome formula of D. hawaiiensis and D. 
silvarentis (Xa22b 3g 4u) includes four inversions unknown among any of the 
other five members of the fauna of Hawaii. Accordingly, there must have been 
other independent crossings of the Alenuihaha Channel during the colonization 
of Hawaii in the Pleistocene. 

A second such crossing must have been accomplished by an ancestor of D. 
conspicua (co, Figure 5) , a species which carries arrangement 4b, not possessed 
by any other member of the subgroup on Hawaii. The species on Maui closest to 
such an ancestor is D. vesciseta. 

Neither of the above species has been found in the Kohala Mountains, a 
slightly older area but still of Pleistocene Age, at the North-West comer of 
Hawaii. The two colonizations just discussed, therefore, probably were made 
directly into the newer areas (Figure 5). 
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The data require at least two more colonizations of Hawaii from Maui. D. 
ochracea, which is widespread in both the Kohalas and the newer areas of Hawaii, 
carries the distinctive arrangement 5a, which it has in common with D. limitata 
of Maui. Thus, the ancestors of D. ochracea must have arisen from a third inde
pendent colonization of Hawaii. 

Another species known chromosomally from Hawaii is D. ciliaticrus. This 
species has two Maui gene arrangements, Xg and 3o, so that its ancestor must 
have arisen from a fourth channel crossing. 

D. engyochracea, found only in a single kipuka in the Kilauea area, also has 
Xg, so that it seems likely that it arose from the same ciliaticrus-like ancestor. D. 
engyochracea, however, lacks the 3o arrangement which we assumed came over 
the channel from Maui with the ancestor. This situation may be resolved by 
suggesting that the original migrant was heterozygous for 3o ( 3o/+), that 3o 
became fixed in D. ciliaticrus and that the progenitor of D. engyochracea ended 
up with the Standard chromosome 3 in the fixed state. This hypothesis is strength
ened by the fact that despite the small number examined, D. orphnopeza of Maui 
is heterozygous for 3o at the present time (see Figure 4). 

Although at first glance, D. sproati would appear to have arisen from a fifth 
colonization, one further and rather simple assumption could render it de
rivable from the common ancestor of D. ciliaticrus and D. engyochracea. Thus, if 
the ancestral migrant was heterozygous for Xg as well as 3o (Xg/+ 3o/ +), the 
karyotype found in D. sproati could have resulted from the fixation of the Stand
ard X and 3rd chromosomes in populations descended from the colonizer. This 
scheme has been tentatively adopted and is diagrammed in Figure 5. 

With the exception of D. engyochracea, these latter species are currently found 
both in the Kohalas and in the newer areas of Hawaii. The data presently avail
able provide no indication of whether the original colonizations were into the 
Kohalas, with subsequent spread elsewhere, or whether these species reached the 
Kohalas by spreading from colonizations which were originally into the newer 
areas. 

In summary, then, we may say that the seven species found on Hawaii fall into 
four chromosomally distinct groups. These are: 1) D. hawaiiensis-D. silvarentis, 
2) D. conspicua, 3) D. ochracea and 4) D. sproati-D. ciliaticrus-D. engyochracea. 
Since the closest common ancestors for these groups are found on Maui rather 
than on Hawaii itself, the derivation of the fauna of Hawaii requires a minimum 
of four separate colonizations across the Alenuihaha Channel from Maui. Two 
(numbers 1 and 2) of these were probably made directly into the newer areas of 
Hawaii. Except to stress this point, the positioning of the beginnings and the ends 
of the arrows joining the two islands in Figure 5 are not to be considered signifi
cant. 

Because of the fact that Molokai and Lanai were apparently joined to Maui at 
one time, colonization from Maui across the channels now separating them is not 
a necessary assumption, although this possibility cannot be excluded. 

With regard to the D. grimshawi subgroup on Oahu and Kauai, the formulation 
given in the preceding paragraphs would require that at least four interisland 
colonizations occurred between the Maui complex and Oahu (arrows, Figure 5). 
The precise points of origin are not known. These would involve a 4b 5d 
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ancestor for D. hexachaetae (he, Figure 5) , a 4b ancestor for D. pilimana (p, 
Figure 5), a 2b 3g ancestor for D. gradata (gr, Figure 5) and a Standard ancestor 
for D. crucigera. 

If, disregarding for the sake of the argument earlier cited evidence to the con
trary, the assumption is made that the evolutionary order is from Oahu to Maui, 
a difficulty arises in explaining the origin of certain Maui flies. Thus, sequence 2b 
(apart from the associated 3g in D. gradata) would have to be hypothesized as 
existing on Oahu in order to appear in D. villitibia and D. hirtipalpus on Maui. 
D. recticilia of Maui would have to arise from a separate 2b 3g migrant from 
Oahu. If, on the other hand, it is assumed that the evolutionary order is from 
Maui to Oahu, this difficulty disappears. The 2b species which lack 3g would, 
according to this scheme, be more primitive and would be found only on Maui. 
Oahu, accordingly, could have been colonized by a single 2b 3g ancestor from 
Maui. 

Three more interisland migrations would be necessary for the colonization of 
Kauai from Oahu. These would involve a 4b ancestor for D. glabriapex (gl, Figure 
5) and a Standard ancestor for D. villosipedis (v, Figure 5) . The scheme suggests 
that D. crucigera colonized Kauai without speciation, carrying Xa and 3a/+ 
from the W aianae Range (southwest Oahu) . The Koolau Range of Oahu, where 
the overlapping inversion Xb is found fixed on an Xa arrangement (Xab) prob
ably derived its D. crucigera population from the Waianaes (see Carson, 1966). 

A further discussion of these topics, and a suggestion for the source of the 
original colonization of Maui will presented in later papers of this series. 

SUMMARY 

The polytene chromosome sequences of 29 species of picture-winged Hawaiian 
Drosophi.la comprising the D. grimshawi subgroup are described. Polytene karyo
type> within the subgroup are remarkably stable despite the morphological di
versity of the species. Thus, only 24 inversions have been fixed among the 29 
species. Stability is further emphasized by the fact that 12 species are homose
quential; these occur in groups of 4, 3, 3 and 2. Twelve species show intraspecific 
chromosomal polymorphism. 

The subgroup and its major chromosomal types are widespread over the six 
major islands but with the greatest concentration of species present on the Island 
of Maui. All the interspecific fixed inversion variability shared by two or more 
species is present in Maui species. Based on these facts, it is suggested that the 
subgroup may have had its origin on Maui and undergone extensive speciation 
there. Four of the seven species from the geologically recent island of Hawaii are 
more closely related chromosomally to Maui species than they are to each other. 
Accordingly, the population of Hawaii thus appears to have involved at least four 
colonizations from Maui; two of these were apparently directly into the geo
logically more recent areas. Although Molokai and Lanai may have been popu
lated from Maui by terrestrial spread when these islands were joined, the hypoth
esis presented suggests that Oahu and secondarily Kauai were colonized by mi
grants of this subgroup from the Maui complex. 
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XVI. Polytene Chromosome Relationships in Hawaiian 
Species of Drosophila. II. The D. planitibia subgroup1 

2 3 3
HAMPTON L. CARSON ' AND HARRISON D. STALKER

This paper is the second in a series devoted to a description of the sequential 
relationships in the giant chromosomes of the picture-winged members of the 
subgenus Drosophi1a in Hawaii (Hardy and Kaneshiro, 1968). The species dealt 
with here are of particular interest in that included in the subgroup are some of 
the largest and most spectacular species in the entire family Drosophilidae from 
anywhere in the world. Most of them show an extra crossvein present in cell Rs 
of the wing. Prior to the papers of Carson, Clayton and Stalker (1967) and Hardy 
and Kaneshiro (1968), which concur in ascribing these flies to the genus Dro
sophila, subgenus Drosophila, they had been considered under a separate generic 
name. This designation ("idiomyia") continues to be useful as a common name 
for these species. 

This paper presents a chromosome atlas showing the relationships for nine 
species and gives a tentative interpretation of their origin, evolution and migration 
in the Hawaiian Islands. Carson, Clayton and Stalker (1967) made a preliminary 
report on five of these species (upper left-hand part of Figure 1 in that paper). 

MATERIALS AND METHODS 

The methods followed have been described in the first paper of this series 
(Carson and Stalker, 1968). Table 1 gives the geographical origin and number 
of chromosomes observed in each of the wild strains examined. Its format follows 
the model established in the above paper. 

In order to facilitate comparison of the chromosome arrangements of the 
different subgroups, the Standard D. grimshawi gene orders (Auwahi, Maui) are 
being used as Standards for the members of all four subgroups. Accordingly, all 
inverted sequences found in members of the D. planitibia subgroup are given 
letter designations supplementing those found in Carson and Stalker ( 1968). 

RESULTS 

Description of inversion break-points 

The positions of the inversion breaks are given in Figures 1-3. The distribution 
of the inversions in the various species is given in Figure 4. Figure 1 shows (from 
top to bottom) chromosome X of D. picticornis (Kokee, Kauai), D. obscuripes 
(Paliku, Maui) and D. planitibia (Waikamoi, Maui). The arrangement shown 

1 Published with the approval of the Director of the University of Hawaii Agricultural Experi
ment Station as Technical Paper No. 967. 

2 Geneticist, Department of Entomology, University of Hawaii, Honolulu (1967-68) . 
3 Department of Biology, Washington University, St. Louis, Missouri. 

Studies in Genetics, No. +, 1968. 
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Fro. 1. Top: X chromosome of D. picticornis. When the inversions marked are made in a specific order, the arrangement of bands will be converted 
into D. grimshawi Standard (for details, see Text) . Middle: X chromosome of D. obscuripes. When inversions q, p, o (in that order) ands, j, k and i (in 
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order. Xu2 is an additional inversion based on the sequence found in D. neoperkinsi (or D. obscuripes). 



TABLE 1 

Strains of Drosophila species of the D . planitibia subgroup examined for giant chroonosome sequences 

Nmnber of wild chromosomes observed 

Autosomes X chrom.osomes 

This Carson This Carson 
Species Locality and su·ains exam ined'.! paper el al. 1967 Total paper et al. 1967 T ota l 

D. hemipeza 
D. heleroneural 
D. nigrifaciesl 

Palikea, Oahu (2800' ) 
Hualalai, Hawaii (5300' ) G90A104 
Hualalai, H awaii, K3B1 
Upper Olaa For. Res., Hawaii (4100') 
H onaunau For. Res. , Hawaii (2100') J62B2 
Kulani, Hawaii (5100' ) K64G3 
Kipuka at B.M. 5108', Saddle Rd ., Hawaii, K15N1 , 5; 

K33G3 ; K46G6; K64G6, 8; K66P2, 5-7, B.M. 5108' 
Total 

4 
4 

4 
4 

40 
52 

10 

6 

6 

10 
4 
4 
6 
4 
4 

40 
58 

3 
3 

3 
3 

30 
39 

7 

5 

5 

7 
3 
3 
5 
3 
3 

30 
44 

D. neopicta1 Kipahulu Valley, Maui (6000' ) L13G12-21 (mass) 
Paliku, Maui (6300' ) K22L20-24 (mass) 
Total 

4 
4 
8 

4 
4 
8 

3 
3 
6 

3 
3 
6 

D. oahuensis 
D. obscuripesl 
D. neoperkinsi 

Wiliwilinui Ridge, Oahu (2100') J25H3 
Paliku, Maui: K22L1- 7 (mass) ; K22L34-38 (mass) 
Kipahulu Valley, Maui , L1 3G9-1 1 (mass ) 
Waikamoi, Maui (4200' ) 
Total 

2 
8 
4 

4 
2 
2 

2 
8 
4 
2 
6 

2 
6 
3 

3 
2 
2 

2 
6 
3 
2 
5 

D. picticornis Halemanu Valley, Kauai (3400' ) 
Kumuwela Ridge, Kauai (3600') 
Kokee, Kauai (3600' ) J95C8; K51C2 
M ohihi, Kauai (3500' ) G83C2 
Total 

6 
4 

10 

68 
22 

8 

98 

68 
22 
14 
4 

108 

5 
3 
8 

51 
18 

6 

75 

51 
18 
11 

3 
83 

D. planitibia Waikamoi, Maui J66C16; J67C5; J91A1 
Kaulalewelewe, W. Maui (3000' ) 
Total 

12 

12 

12 
2 
14 

24 
2 
26 

9 

9 

9 
2 
11 

-

18 
2 
20 

1 Shows intraspecific chromosomal polymorphism. 
2 Strain numbers are entered only for newly-reported strains. 

~ 
i::i 
~ 
0 
;:s 
i::i;:s 
~ 

VJ 

~ 
('> 

~ 

~ 
0 
~ 
~ 

-Q.. 
~ 

'E.., 

"' 8. .......,, .
s: 
"' "';::: 

.;g"' 
Cl;::: 

"1::i 

(>J 
Qt 

"""' 



00 

(,)..) 
U1 

e e 

·Mu111111 Jf'Mt ·H j: #!/ /,,, ··.. . .. .. -~~-~\tkf. 
I I .,~ ·- 'M ~11i.,\1'•· · ~'tllllJlin\t\ \ 4,1J~ _:_ ~ 

;:i 

~

~
~ 
~ 

e e d ~T f, m / r rd . _ I, ~ 
<::J

~ 
~ .....c:·.•,, t~.•(\lf ,~Jll;(A,\'~11J/rt~'1/P1lJH# l1u 1tt''' __:_,.; 
"' 

;:i . . I I . I I 
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3d arrangement; it can be converted to Standard by inverting this piece. For details, see Text. 
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nigrifacies heteroneura 
Hawaii Hawaii 

planitibia----------< 1--------neoperkinsi 
Maui · Waikamoi, Maui 

hemipeza neoperkinsi
Oahu ________. ,___ _____ Kipahulu,Maui 

~ \xu 2
\ 

oahuensis neopicta 
Oahu Mau i 

1-----<Xt/t Xv7+ Xw7+ 2 mn/t 

picticornis 
Kauai 

~~~~_;------abscuripes 

Maui 

Xdl 3e4hij 5e>- -< other subgroups 

FIG. 4. Chromosomal relationships among nine species of the D. planitibia subgroup. Letters 
appearing singly represent fixed inversions whereby the arrangement differs from the D. grim
shawi Standard. Read the formula for each species cumulatively by following the line from the 
basic formula at the bottom of the figure (Xijk Xo/+ 2 3d 4b 5 6) . For example, D. hemipeza 
has the formula : Xijkopqstc2 2 3d 4b 5 6. Boxes denote present species; hypothetical populations 
are encircled. The chromosomally distinct populations of D. neoperkinsi are tentatively con
sidered as subspecies. 

in D. picticornis, relative to the D. grimshawi Standard (Figure 1, Carson and 
Stalker, 1968) is Xdijkl. In order to derive the Standard sequence, inversion Xj 
should be made first, followed by k and i (in either order). The independent 
inversion Xd must also be made. The aberration marked 1 is interpreted as a 
single-break change which has resulted in the deletion of approximately five 
bands from the distal end of the Standard chromosome. 

Figure 1 (middle photograph) shows the X chromosome of D. obscuripes from 
Paliku, Maui (Xijkopqs). To convert this arrangement to the D. grimshawi 
Standard, inversions should be made first; this should be followed by j, k and i 
as in D. picticornis. The distal end may be converted to Standard by inverting q, 
p and o in that order. The other inversions marked represent extensions of the 
D. obscuripes gene order. The lower photograph in Figure 1 shows the order 
found in D. planitibia (Xijkopqstr). If inversions rand tare made, the arrange
ment will be converted into the D. obscuripes gene order. Xu2 is an extension of 
the D. planitibia (or D. obscuripes ) gene order. In this and the other figures of 
the chromosomes, the distal end is to the left. 
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Figure 2 shows chromosomes 5 (above) and 3 (below) of D. obscuripes. The 
order shown in chromosome 5 is identical to that of the D. grimshawi Standard. 
The order shown in chromosome 3 is 3d. Accordingly, the arrangement may be 
converted into the D. grimshawi Standard by inverting the 3d section. The rest 
of the inversions marked represent extensions of the 3d gene order. 

Figure 3 shows chromosomes 2 (above) and 4 (below) of D. obscuripes. Chro
mosome 2 is identical in order to that of the D. grimshawi Standard. The three 
inversions shown are polymorphic within several species (see Figure 4) ; all 
represent extensions of the Standard gene order. Inversion 2m must precede 2n, 
which overlaps it. Chromosome 4 depicts the 4b gene order; accordingly, in order 
to derive the Standard D. grimshawi gene order, this inversion must be made. 
The rest of the inversions are extensions based on the 4b gene order. The D. 
picticornis gene order can be obtained from the 4b gene order by first making 
inversion h and folleffling with the tandem inversions i and j. The rest of the 
inversions are based directly on the 4b arrangement; although l2 and m 2 overlap, 
each is derived separately from a 4b chromosome. 

By the proper and orderly application of the information presented in Figures 
1-3, all chromosome types in the whole subgroup may be derived. The sequential 
karyotype of each species is given in Figure 4. 

A summary of the fixed and polymorphic inversions in the D. planitibia sub
group is given in Table 2. Inversion 4b is excluded from the count because it is 
shared with a number of species of the D. grimshawi subgroup and was included 
in the count given in Table 2, of Carson and Stalker (1968). Except for D. picti
cornis all of the fixed interspecific inversion variation in the D. planitibia sub
group is confined to the X chromosome. 

Relationships of the species based on banding sequence 

Based on the phenomenon of inversion-sharing, the nine species of the subgroup 
have been arranged according to their sequential relationships (Figure 4) . As in 
the consideration of previous diagrams of this sort, no region or species can be 
designated as primitive without information extrinsic to the chromosomal data 
themselves. Arguments that D. picticornis and D. obscuripes are closest to the 
primitive ancestors will be presented in the discussion. Suffice it to point out here, 
however, that five hypothetical populations have been included as necessary links 
between existing species. Thus, D. picticornis shares Xijk and 3d with all the 
species from D. obscuripes towards the top of Figure 4. Arrangement 4b is found 

TABLE 2 

Chromosome inversions in nine species of the D. planitibia subgroup. Inversion 4b 
has been excluded from the count (see text) 

Chromosome x 2 4 Total 

'umber of fixed inversions 11 0 2 3 17 
Number of inversions polymorphic 

within a species 
Total 

4 
15 

3 
3 

2 
4 

4 
7 

0 13 
30 
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in all members of the D. planitibia subgroup as well as in at least some members 
of all three other subgroups. As will be shown in a forthcoming paper on the 
D. adiastola subgroup, members of that group not only have 4b but have fixed 
Xi,Xk and Xo as well. These relationships will be diagrammed more fully in a 
later paper. 

Disregarding intraspecific polymorphism, there are three homosequential pairs 
of species diagrammed in Figure 4. These are: 1) D. planitibia and D. neoperkinsi 
(Waikamoi, Maui race ), 2 ) D. neopicta and D. obscuripes and 3) D. nigrifacies 
and D. heteroneura. The latter share a common polymorphism (3m/+) recalling 
the condition found in D. bostrycha and D. disjuncta (Carson and Stalker, 1968) . 

I ntraspecific Polymorphism 

Of the nine species, four shaw intraspecific chromosomal polymorphism. D. 
nigrifacies of Hawaii is the most variable species yet found in any of the sub
groups. There are seven intraspecific autosomal inversions (Figure 4); although 
most of them are short, they are distributed through three of the four autosomes. 
Despite the small sample, D. neopicta of Maui has been found to be polymorphic 
for three X chromosome and two autosomal inversions. One of these inversions 
(Xt) is fixed in six other species, including two from Maui, two from Oahu and 
two from Hawaii (Figure 4). Chromosomally, D. obscuripes of Maui is very close 
to D. neopicta. Nevertheless, it lacks Xt but is polymorphic for another X chromo
some inversion, Xu2 

• This latter, although it has not been found in D. neopicta is 
present in the fixed state in the specimens of D. neoperkin:si examined from 
Kipahulu Valley, Maui. 

The situation with respect to D. neoperkinsi is most interesting and puzzling. As 
can be seen on Figure 4, at W aikamoi, Maui, gene arrangement Xr is fixed, 
whereas at Kipahulu Valley, on the same island, populations lack Xr but have 
fixed Xu2

• Furthermore, Clayton (1968) has found that the metaphases are 
different; whereas Waikamoi flies show 5R1D (five rods and one dot), Kipahulu 
specimens show 5V1J (five V and one J-shaped chromosome) . No heterozygotes 
for either salivary or metaphase differences have been found. Despite these 
striking cytological differences, no consistent morphological difference, even in 
male genitalia, has been found (K. Y. Kaneshiro, personal communication). For 
the present, these populations will be considered as chromosomal races. All other 
species in this subgroup show 5R1D. 

DISCUSSION 

Origin and evolution of the D. planitibia subgroup in Hawaii 

As has been stressed by Carson and Stalker (1968) the present series of papers 
serve the primary purpose of placing on record the basic chromosomal data for 
those species which have so far been examined. In considering the following dis
cussion, three points in particular must be borne in mind. First, of the species 
examined, in most cases only a small number of strains have been studied. 
Secondly, a number of species are known, in all subgroups, for which no cyto
logical data have yet been obtained. In the third place, the probability of the 
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existence of undiscovered new species remains high, in view of the rapid dis
coveries of the last few years (see Hardy and Kaneshiro, 1968) . 

Accordingly, the following hypotheses are advanced by the authors with 
caution, and should be viewed by the reader as tentative. Certain of the facts 
already available, however, are of such key importance to the understanding of 
the origin and evolution of these flies that some preliminary discussion here is 
mandatory. 

Each of the nine species in the D. planitibia subgroup are strikingly different 
from one another morphologically. This is true even of the two members of each 
of the three homosequential pairs. D. heteroneura, for example, is characterized 
by an extraordinary lateral production of the compound eyes of the males, a 
character wholly lacking in D. nigrifacies (see Hardy, 1965). Eight of the nine, 
furthermore, have an extra cross vein in cell R5 of the wing. There is one exception 
to this; D. picticornis of Kauai lacks this crossvein. Chromosomally, however, 
this species shares five inversions with the rest of the subgroup, indicating its 
basic affinity 'With them. As D . picticornis lacks the extra crossvein, it must be 
more like the ancestral populations from which the extra-crossveined flies evolved; 
that is, it must be the most primitive of this series of nine species. The cytological 
position of this species (Figure 4 ) also points to the same conclusion, namely, 
that D . picticornis oa;upies an ancestral position. D. picticornis, furthermore, is 
the only member of this subgroup known from Kauai, the northernmost and 
geologically oldest of the main islands (Stearns, 1966). Despite fairly intensive 
collecting, no extra-vein fly has ever been caught on Kauai. 

The two extra-vein species closest to D. picticornis are D. obscuripes and D. 
neopicta of Maui. These two species are necessary chromosomal intermediates 
between D. picticornis and the species found on Oahu and Hawaii. The clue to 
this is that these latter species all have fixed inversion Xt. This arrangement is 
lacking in D. obscuripes of Maui and, most importantly, it is present in heterozy
gous state in D. neopicta of Maui. Accordingly, the Oahu and Hawaii species 
must have arisen from a D. neopicta-like ancestral population presumably having 
its origin on Maui, since this is the only island from which D. neopicta is present
ly known. 

These facts, therefore, suggest that this subgroup originated on Kauai at some 
remote time and that an ancestor bearing chromosome arrangements Xijk 3d and 
4b, migrated directly to Maui where the major evolution of the extra-vein flies 
apparently occurred (Figure 5). This migration could have gone from Kauai to 
Oahu and thence to Maui with the Oahu populations having been lost at a later 
time or as yet undiscovered. 

This ancestor, furthermore, could serve not only for the origin of the D. plani
tibia subgroup but also for the D. grimshawi subgroup. Carson and Stalker ( 1968) 
presented independent evidence that this latter subgroup originated on Maui and 
then spread to the other islands from there. 

The general hypothesis dealing with the origin and migration of the members 
of this group is depicted on the map, Figure 5. The migrant from Kauai is shown 
colonizing Maui directly and then giving rise to D. planitibia on the one hand 
(pl) and D. neopicta (n) on the other. Descendants of D. neopicta-like popula
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Fm. 5. Origin, migration and speciation of the D. plcmitibia subgroup on the principal islands 
of Hawaii. Superimposed on each island is the number of species of th esubgroup found there. 
hp= D. hemipeza, ht= D. heteroneura, n = D. neopicta, nf = D. nigrifacies, oh= D. oahu
ensis, pt= D. picticornis. The pertinent chromosomal composition of the proposed migrants is 
placed adjacent to the arrows. For details, see Text. 

tions, in which Xt was fixed, are then supposed to have given rise, by northwest
ward colonization, to the present-day Oahu species of the subgroup, D. oahuensis 
andD. hemipeza (o and hp). 

On Hawaii, the two homosequential species found there, D. heteroneura and 
D. nigrifacies have been found only in the newer areas of the island, that is, 
neither species has so far been taken in the Kohala Mountains, a slightly older 
Pleistocene range at the northwest corner of the island. Both species, furthermore, 
show, in addition to Xt, a distinctive inversion Xr, known elsewhere only from 
the two most advanced species on Maui, D. planitibia and D. neoperkin:si (Waika
moi race). Accordingly, a single colonization of a D. planitibia-like ancestor across 
the Alenuihaha Channel separating Maui and Hawaii is suggested, with subse
quent very recent speciation during the Pleistocene. 

Accordingly, the history of this subgroup, like the D. grimshawi subgroup 
(Carson and Stalker, 1968), appears to have had its major evolution on Maui. 
The minimum number of colonizations by members of the two subgroups com
bined is as follows: Kauai to Maui (1), Maui to Oahu (5), Maui to Hawaii (5). 
Further information on these topics will be presented in forthcoming papers. 
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SUMMARY 

Polytene chromosome banding sequences are described for nine species related 
to D. planitibia of Maui. Eight of the nine species are unusual among drosophilids 
in that they show an extra vein in cell R5 of the wing. The only member of the 
group found on the geologically oldest island, Kauai, has the usual wing venation. 
Nevertheless, this species, D. picticornis, shares five fixed inversions with the 
extra-veined flies. Although intraspecific polymorphism is extensive in several 
species, fixed differences, except for D. picticornis, are confined to the X chromo
some. The species closest to D. picticornis are D. obscuripes and D. neopicta of 
Maui. Both of these are chromosomal intermediates between D. picticornis on 
the one hand and the Oahu and Hawaii members of the subgroup on the other. 
Accordingly, it is postulated that an ancestral form, carrying gene arrangements 
Xijk 3d and 4b colonized Maui at an early time and that the main evolution of 
the subgroup occurred there. Colonization of Oahu and Hawaii is supposed to 
have been effected by migrants from Maui. 
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XVII. Polytene Chromosome Relationships in Hawaiian 
Species of Drosophila. III. The D. adiastola and 

D. punalua subgroups' 

2 3 3
HAMPTON L. CARSON ' AND HARRISON D. STALKER

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

MATERIALS AND METHODS 

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

RESULTS 

Description of inversion break-points 

The D. ADIASTOLA subgroup 

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

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

2 Geneticist, Department of Entomology, University of Hawaii, Honolulu (1967-68) . 
3 Department of Biology, Washington University, St. Louis, Missouri. 

Studies in Genetics, No. 49 1968. 
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TABLE 2 

Strains of Drosophila species of the D. punalua subgroup examined for giant chromosom e sequences 

N um ber of wi ld chromosomes observed 
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Fm. 1. Chromosome X (top) and chromosome Z (below) of D. adia.stola. For details, see text. 
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order. The break-points of inversions Xo and Xi and Xk are identical to those 
inversions as found in the D. planitibia subgroup; they are considered to be the 
same. Inversions Xz, Xm2

, Xn2 and Xo2 are independent and are extensions of 
the basic D. adiastola gene order. The order found in new species "A" from Kauai 
can be made by inverting Xx and Xw (Fig. 1) and then making the new inver
sions Xr2

, Xs2 and Xt2
• 

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

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

Figure 3 illustrates chromosome 4 of the D. adiastola subgroup. The length 
of the photographs has necessitated an arbitrary division of each photograph into 
two parts. The situation in this chromosome is complex, but with an orderly 
application of the following information it will be possible to reconstruct the 
banding order of almost all fourth chromosomes in the subgroup. The gene order 
which has been invariably found in D. adiastola is shown at the top of the figure. 
To return to the Standard D. grimshawi chromosome 4, inversion p should come 
first, followed by o and then b. 4q, which is independent, completes the restora
tion of Standard. Inversions 4r and 4s shown on the upper chromosome are inde
pendent extensions of theD. adiastola gene order (see Fig. 6). To obtain the fourth 
chromosome gene order found in new species "A" from Kauai ( 4bov2

), inversions 
4p and 4q must be made and then 4v2 added as an extension. 

Both the middle and the lower chromosomes on Figure 3 represent that fourth 
chromosome gene order of D. setosimentum which is closest to D. adiastola; it has 
the formula 4bopqb2c2d2e2f2n 20 2 • To return to the D. adi.astola arrangement, all of 
the inversions shown in the middle figure must be made. 4o2 should come first, 
followed by 4b2 

• The rest are independent and can be made in any order. To 
permit further illustration of break-points, 4c2 4d2 and 4e2 are also shown in the 
upper figure as extensions of the D. adi.astola fourth chromosome. The lower 
chromosome (D. setosimentum) shows the same gene order as the middle one. 
In this case, however, the position of four inversions which have been found to be 
polymorphic within D. setosimentum are given. All of these have been observed 
in the homozygous state. 

Drosophila ochrobasis, like D. setosimentum, has 4b2 in fixed condition. Certain 
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fourth chromosomes of D. ochrobasis differ from D. adiastola, furthermore, only 
by 4b2 • This arrangement can be visualized in Figure 3 by making all the inver
sions in the D. setosimentum chromosome (middle) except 4b2 D. ochrobasis,. • 

however, has in its populations at least two more extensively rearranged fourth 
chromosomes. These form complex heterozygotes proximally with the above 
chromosome. Neither of these has been found in the homozygous state and their 
full band ordering has not been deciphered. These chromosomes, however, all 
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clearly show the 4c2 gene order. The undeciphered portion, due to about four 
short additional inversions, is located in the proximal two-thirds of the chromo
some, proximal to the proximal break of 4c2 • Further study of the polymorphism 
in these two species is in progress. 

The D. PUNALUA subgroup 

The positions of the inversion breaks are given in Figures 4 and 5. The distri
bution of the inversions in the various species is shown in Figure 6. Figure 4 
shows the X (above) and 4 (below) of D. punalua of Oahu. When the inde
pendent inversions Xe and Xf are made, the result will be the D. grimshawi 
Standard. The lower chromosome in this figure is the fourth. It can be changed 
back to the Standard order by making inversions 4e, 4f, 4g and 4b. The latter, 
which is shared by most members of all of the other three subgroups, is probably 
the oldest of the four. 4b and e must precede 4u2 

, a new extension found in D. 
basisetae. 

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

Fixation and polymorphism for inversions 

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

TABLE 3 

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

No. of 
Clu·ornosome species x 2 4 Total 

Number of fixed inversions: 
D. grimshawi subgroup 29 11 2 5 4 2 24 
D. planitibia subgroup 9 11 0 2 3 17 
D. adiastola subgroup 9 10 5 5 8 1 29 
D. punalua subgroup 6 2 0 4 1 8 

Total 53 34 7 13 19 5 78 
Number of inversions polymorphic within a species: 

D. griinshawi subgroup 0 I 7 11 3 zz 
D. planilibia subgroup 4 3 2 4 0 13 
D. adiastola subgroup 2 1 1 9 1 14 
D. punalua subgroup 0 0 0 0 2 2 

Total 53 6 5 10 24 6 51 
Grand Totals 40 12 23 43 11 129 
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subgroups. It is noteworthy that chromosome 2 and 5 are involved in inversions 
less frequently than the others. Chromosome X is the leader in fixed inversions 
but does not show polymorphism as frequently as chromosome 4. The latter, with 
24 polymorphisms in 53 species is by far the most frequent chromosome to be so 
involved. 

DrscussrnN 

Relationships of th.e species based on banding sequence 

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

setosimentum 
Hawai i 

punalua 
Oahu 

basisetae 
Hawaii 

4u 

paucipuncta 
Hawaii 

neogrimshawi
Oahu 
3t 

cilifera ,,___ ____ Molokai 

peniculipedis 

451• - Mau i 

Xvw 3f 4 q 4p/t 5f new spc''A" 
Kauai 

Xr's2 t23w 4 

1-----<1planitibia subgroup 
'------.-~ 

grimshawi subgroup 

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

D. ADIASTOLA and D. PUNALUA subgroups 

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

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

__,,_,H=AWAll 

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

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

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

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

As in the D. grimslwwi and D. planitibia subgroups, the D. adiastola subgroup 
members found on the geologically new island of Hawaii probably arose by 
simple colonization across the Alenuihaha Channel between these two islands 
(Figure 7) . The two species could have originated from a single colonizer having 
the approximate formula, superimposed on the D. adiastola basic arrangements, 
of Xm2 314b2 4c2/+ (Figure 6). Both species are present in the Kohala Mountains 
as well as being quite widely distributed elsewhere. D. ochrobasis, however, 
appears to occupy higher altitudes and the two are apparently only rarely 
sympatric. 

SUMMARY 

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

Seventy-eight (78) fixed and fifty-one (51) polymorphic inversions have been 
found in the 53 species belonging to the four subgroups of the picture-winged 
species of the Hawaiian Islands. 
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XVIII. Chromosomal Polymorphism in Populations of 
Drosophila immigrans on the Island of Maui, Hawaii1 

ROLLIN RICHMOND AND THEODOSIUS DOBZHANSKY
2 

The Hawaiian archipelago has an impressively rich fauna of endemic species 
of Drosophilidae (Hardy 1965), as well as a number of near-cosmopolitan species 
introduced by man. While the endemics have mostly withdrawn to the surviving 
areas of native forests, the introduced species have taken over the parts modified 
by man's activities. One of the introduced species is Drosophila immigrans 
Sturtevant, a representative of the immigrans subgroup of the subgenus Dro
sophila (Patterson and Stone 1952). In June and July of 1967 we had the oppor
tunity to collect samples of D. immigrans in several localities on the island of 
Maui, and to study the chromosomal polymorphisms in the populations thus 
sampled. 

DrsTRIBUTION OF Drosophila immigrans ON MAur 

The cytologically studied populations were collected in the following localities: 
1. Eucalyptus plantations above Olinda, close to the boundary of the Wai

kamoi Forest, elevation about 4000'. 
2. Abandoned guava plantation above Makawao, elevation about 2000'. 
3. Iao Needle Park, mixed vegetation of introduced tree and bush species, 

elevation about 800'. 
4. Ulupalakua Ranch, gardens and fruit orchards, elevation about 1900'. 
In none of these localities was D. immigrans found to be the predominant, or 

even a very frequent species. In localities other than Olinda it is far outnumbered 
by D. nasuta, and also by D. simulans and D. hydei. D. mercatorum is found 
occasionally; no D. melanogaster have been seen, but it is quite psosible that a 
few of them might have been overlooked; there is no D. ananassae on Maui in the 
localities where we collected. D. kikkawai has been found everywhere except at 
Olinda, but it is even less common than D. immigrans. At Olinda, one or two 
Hawaiian species were attracted to banana baits occasionally, but never in large 
numbers. D. busckii is fairly common at Olinda but not elsewhere. The Olinda 
collections differed sharply from all others, because of the virtual absence of 
D. nasuta, which is the commonest species elsewhere; at Olinda we recorded a 
total of 2 specimens of D . nasuta,. and they may conceivably have been brought 
with our banana baits. The total number of the Drosophila collected and ex
amined can be estimated between 10 and 20 thousand, probably closer to the 
latter than to the former figure. In addition, collections were made, but not 
studied cytologically, at Kaumahina State Park, Waianapanapa near Hana, and 

1 Supported in part by USPHS research grant No. GM-11609 to The University of Texas and 
No. GM-1064-0 to The University of Hawaii. 

2 The Rockefeller University, New York, N . Y. 
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Kipahula Ranch. In all these localities D. immigrans is rare, and D. nasuta and 
D. simulans are common. Banana baits exposed in the native Waikamoi forest, 
above Olinda, failed to attract a single D. immigrans. 

THE CHROMOSOMES 

Drosophila immigrans from Maui has a karyotype consisting of four pairs of 
chromosomes (Figure 1) . Among these, there is a pair of metacentric chromo
somes, a pair of long rods which often show secondary constrictions or tiny 
satellites, a pair of shorter rods representing the X and the Y chromosomes (the 
latter slightly shorter than the former), and a pair of still shorter rods, sometimes 
showing submedian secondary constrictions. 

The nuclei of the larval salivary glands cells (Figure 2) contain one very long 
and two much shorter autosomal strands, in addition to the X chromosome which 
is about as long as the shorter autosomal strands. These chromosomes are loosely 
anchored in a chromocenter; the latter are easily broken by the pressure of the 
cover slip, making the chromosomes separate. 

In our material we found three kinds of inversion heterozygotes, denoted in 
Tables 1 and 2 as inversions A, B, and C. These inversions are apparently 
identical with those described and figured by Brncic ( 1955) in populations of 
central Chile, in South America. Following Brncic, we designated as A an inver
sion located at about the middle of the left arm of the metacentric autosome. 
Inversion B is a smaller subterminal inversion in the right arm of the same auto
some, and inversion C lies in the proximal part of the right arm close to the 
chromocenter. 

For cytological study, we made individual cultures of wild-caught females in 
vials with banana-agar medium. The cultures were kept at room temperature, 
which varied often by as much as 10°C during the daily cycle. A single larva 
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FIG. 1. Camera lucida drawings of acetic acid-orcein, squash preparations of brain tissue from 
Drosophila immigrans from Maui, Hawaii. A-Metaphase, 'i? . B-Late Prophase, 'i? . C-Metaphase, 
() . D-Early Prophase, (). The X and Y chromosomes have been labelled where recognizable. 
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FIG, 2, Photomicrographs of acetic acid-orcein, salivary gland preparations of Drosophila immigrans from Maui, Hawaii, A, B- Two cells from w 
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TABLE 1 

Numbers of larvae having heterozygous inversions and no heterozygous inversions from each 
of the four localities. In each case 100 larvae were examined 

Heterozygous inversions No. hetcri;>zygous
Locality A ll A+B c Total UlVCl"SIOllS 

Olinda 19 13 3 5 40 60 
Makawao 15 17 4 7 43 57 
Iao Park 28 6 5 0 39 61 
Ulupalakua 9 4 0 4 17 83 

from each culture was taken, and temporary acetic-orcein squash preparations 
of its salivary glands were prepared. The slides were then scored for the presence 
of heterozygous inversions. 

Table 1 lists the number of larvae from each locality having heterozygous 
inversions and those showing no heterozygous inversions. In each case the total 
number of larvae examined was 100. The Olinda and Makawao populations are 
the most similar in their polymorphisms. These two localities are the closest 
together of the four (approximately 3 miles, straight line distance) but would 
seem to be rather distinct ecologically as attested by the absence of Drosophila 
nasuta in Olinda and its high frequency in Makawao, high frequency of Dro
sophila hydei in Olinda and low at Makawao. The high frequency of inversion 
A in lao Park and the absence of inversion C indicate that this locality differs 
from the remaining three. The Ulupalakua Ranch locality has the lowest fre
quency of heterozygous inversions ( 17% as compared to 39-43% ) of the four 
populations. Ulupalakua Ranch probably maintains the largest population of all 
Drosophila but immigrans is relatively rare (2-5'%) compared to Drosophila 
nasuta and hydei. This locality is also the driest of the four and the low frequency 
of heterozygous inversions may be a reflection of this condition. Bmcic (1955) 
found inversion C in only one of ten populations examined, wheeras on Maui 
three of four populations have the inversion although is low frequencies. The 
mean frequency of heterozygosity per individual was 0.20 in Chilean popula
tions but substantially higher, 0.35, in populations from Maui. Whether or not 
this indicates more ecological diversity on Maui compared to Chile is an open 
question. 

Table 2 is a compilation of the total number of inversions of each kind. A 

TABLE 2 

Numbers of each inversion from the four localities. The numbers in parentheses are 
expected values for the Chi-square test of independence 

Heterozygous inversions 
Locality A B c 

Olinda 22 (23.36) 16 (14.64) 5 
M akawao 19 (24.59) 21 (15.41) 7 
Iao Park 33 (27.05 ) 11 (16.95) 0 

lupalakua 9 (7.99) 4 (5.01 ) 4 
x2 (3 D.F. ) = 7.23; .10 > p > .05 
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chi-square contingency table was set up for the A and B inversions. C is too rare 
to give an adequate test .The numbers in parentheses are the expected frequencies 
of the inversions based on the hypothesis of independence between the frequency 
of the inversion and the locality. A chi-square value of 7.23 (3 D.F.) shows a 
deviation from independence with a probability between 5 and 10%. This result 
indicates that the distribution of the inversions is very close to being significantly 
nonuniform for the four localities examined. 

DrscussrnN 

Two kinds of karyotypes have been recorded in the genetic literature for 
Drosophila immigrans. Patterson and Stone (1952) designate the strains with 
these two karyotypes as immigrans I and immigrans II. The metaphase con
figurations which we find in the Maui populations are those of immigrans I 
(Figure 1). Similar configurations have been recorded by Metz and Moses 
(1923), Le Calvez (1948), Ward (1949), Freire-Maia et al. (1953), Brncic 
(1955), and Toyofuku (1961) . lmmigrans II strains were found by Enunens 
(1937) and by Wharton (1943); their karyotype consists of a pair of meta
centric V's, two pairs of medium-length rods, and a pair of J's. 

Corresponding to the two kinds of metaphase configurations, there appear to 
exist two kinds of chromosome complements in salivary gland cells. Our immi
grans I have two medium-long autosomal strands, designated as the right and 
the left limbs of the second chromosome (Figure 2). They are usually connected 
by centric heterochromatin, and doubtless correspond to the metacentric auto
somes visible in nerve cell metaphasic rods, while the strand which stains darker 
in female and lighter in male larvae is the X chromosome. A "dot" chromosome, 
usually imbedded in the chromocenter, corresponds to the shortest metaphasic 
rod. The same chromosome strands were found by Freire-Maia et al. (1953) in 
Brazil, Brncic (1955) in Chile, and Toyofuku (1961) in Japanese meterial. 
Enunens (1937) and Wharton (1943) record in their immigrans II strains five 
medium-long chromosomal strands and a dot in the salivary gland cells. Pro
fessors H. L. Carson and H. p. Stalker of Washington University, St. Louis, have 
kindly supplied us with photographs of five chromosomal strands, agreeing with 
what is expected for immigrans II. The strain from which these photos were 
made is unfortunately no longer in existence. Our attempts to locate another 
strain with the immigrans II karyotype were thus far unsuccessful. Strains were 
obtained from La Granja, Chile; Bogota, Colombia; Heredia, Costa Rica; Nada
rivatu, Fiji; Alishan, Formosa; Asfouriye, Lebanon; Kuala Lumpur, Malaya; 
Patan, Nepal; Boquete, Panama; Lima, Peru; Shi-Tou, Taiwan; United States 
(Indian Springs, Georgia; Hastings, Nebraska; Cross Anchor, South Carolina); 
and Caripe, Venezuela, through the courtesy of Drs. K. Resch, of the University 
of Texas and L. Throckmorton of the University of Chicago. In each case the 
salivary gland chromosomes of from one to three larvae were examined per 
stock. Had the immigrans II karyotype been found, crosses between the vwo 
strains would yield information as to the nature of the chromosome aberration 
which produced these two strains. 

The inversion polymorphisms which we have found in the Maui populations 
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are qualitatively the same as found by Brncic (1955) in the populations of Chile. 
The inversions A and B were found also by Toyofuku (1961) in Japan. Such 
wide distribution of the same polymorphic inversions is not infrequently found 
in species of Drosophila associated with and transported by man. Quantitative 
differences in the frequencies of the inversions are, however, found in different 
populations. The samples of Brncic came from localities in Chile up to 1800 
miles from each other, and these samples are quite significantly different in the 
inversion frequencies. Our samples from Maui came from distances of at most 
20 miles, and the inversion frequency differences do not quite attain the con
ventional level of statistical significance. Whether these frequency differences 
are correlated with the ecological differences between the collecting localities is 
an open question, which can be settled only by further studies. 

SUMMARY 

Four ecologically distinct populations of Drosophila immigrans from the island 
of Maui, Hawaii have been examined for the presence of heterozygous chromo
some polymorphisms. Salivary gland preparations were made from the offspring 
of 100 wild-caught females from each of four localities. Three inversions of the 
right and left arms of the second chromosome were present in three of four of the 
populations; the fourth population had two inversions. The frequencies of the 
inversions found are close (10% > p > 5%) to being significantly nonuniform. 

Two karyotype strains of Drosophila immigrans have been previously de
scribed, but attempts to locate the second strain have been unsuccessful. 
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XIX. Ecology of the Hawaiian Drosophilidae1 

WILLIAM B. HEED
2 

The phenomenon of adaptive radiation is primarily an ecological one. Habitats 
and niches, once they become available, and especially in isolated archipelagos, 
are relatively quickly filled by living organisms. There is little doubt that the 
drosophilids were among the first successful saprophytic Diptera to colonize the 
Hawaiian Islands. The evidence that this group of flies has undergone adaptive 
radiation is striking: ( 1) there are a large number of species (Hardy, 1965) ; 
(2) the external phenotypes are extremely diverse while the internal morphology 
is either drosophiloid or scaptoid or both (Throckmorton, 1966); (3) the majority 
of metaphase chromosomes are the identical and primitive five rods plus a dot for 
the drosophiloids or with one or two fusions in the scaptoids (Clayton, 1966); 
(4) there are several small groups of species with identical banding in the 
salivary chromosomes (Carson, Clayton and Stalker, 1967); and (5) the mating 
behavior can be grouped into species showing very little complexity, the scap
toids, and species with elaborate patterns, the drosophiloids, and species which 
have parts of both (Spieth, 1966). 

These characteristics suggest a rather recent evolution of many populations 
issuing from a common ancestor (s) into an area offering little competition. The 
present report illustrates, first, the great variety of habitats into which the dro
sophilids have radiated, and second, a large amount of overlap of species within 
a single habitat. 

In the Fauna Hawaiiensis, Perkins (1913) described several of the major 
breeding sites of the Hawaiian drosophilids as: (1) oozing sap from a broken 
limb, (2) exudations caused by decay and disease, (3) decaying stems of trees or 
plants, such as the arborescent lobelias, bananas and tree-ferns, and (4) the semi
liquid pulp which accumulates beneath the bark of some forest trees. However 
he does not list the species found in the habitats. Since that time, and even before, 
entomologists, among whom Otto H. Swezey was the main contributor, have 
reported the breeding habits of a few species. Recently, Hardy (1965, 1966) has 
brought together all the breeding records of the Hawaiian drosophilids, the 
majority of which are included in the present compilation. Also Carson (1965, 
1966) and Spieth (1966) mention the breeding habits of several species within 
the course of their work and they are included in the list. 

The present report is based mainly on the collections by the writer in the 
summer months of 1963, 1964 and 1967, and the spring and summer months of 
1966. Field work was concentrated in the islands of Maui and Hawaii because 
of the accessibility to relatively untouched forests. The islands of Molokai, and 

1 This investigation was supported in part by Public H ealth Service Research Grant No. GM
10640 and by National Science Foundation Research Grants GB-1907 to W. B. Heed, and GB
1816 and GB-6996 to W . B. Heed and H . W . Kircher. 

2 Deparbnent of Biological Sciences, University of Arizona, Tucson, Arizona. 
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especially Kauai, remain to be surveyed. Even so, the present report must be 
considered preliminary for all of the islands. 

MATERIALS AND METHODS 

Rotting material suspected to contain larvae is collected in the field and trans
ported to the laboratory in plastic bags. Each part and kind of plant material is 
usually separated at the site of collection into separate bags to avoid ambiguity 
about a species emerging from stems or leaves, or emerging from plant species 
A or B. When necessary, voucher specimens are collected simultaneously with 
the substrate. The bags are transported in metal ice chests containing two frozen 
ice cans in the bottom which are well wrapped in newspaper and separated from 
the bags by more layers of newspaper. In the laboratory the substrate is loosely 
placed in several layers into number 10 tins which had been previously filled 
with damp sand to one-third their volume. The sand had been previously washed 
and sterilized. The top of each can has four holes immediately below the rim that 
are plugged with cotton to serve as air vents. The top is sealed with Saran Wrap 
after the substrate is doused with enough water to keep it moist. With a number 
of cans and a supply of sand, a large amount and great variety of substrates may 
be processed in a relatively short time. The voucher specimens are dried in a 
plant press and mounted. The majority of substrates were stored at 68°-70°F. 
Other substrates were stored at 50°-55 °F. for several weeks and then transferred 
to the -milder temperature. The larvae usually pupate in the sand. The substrate 
and sand are examined approximately every two to three weeks. The leaves are 
then removed, rewetted and placed in another sanded can. This cycle has been 
repeated with success at least three times. The sand from the original can is 
systematically examined in a small pan filled with water in order to float out the 
pupae. The pupae are collected from the surface of the water with a small paint 
brush and stored in shell vials half filled with damp sand. The vials are checked 
once a day and the adults collected by an aspirator and placed in sugar vials for 
several days before being sacrificed and pinned or changed to laboratory media 
for rearing. 

RESULTS 

Table 11 lists 166 species which are grouped into the following genera: Anto
pocerus, 8 species and 3 undescribed; Drosophila, 84 species and 31 nndescribed; 
Idiomyia, 3 species; Nudidrosophila, 2 undescribed species; Scaptomyza, 24 
species and 5 undescribed; Titanochaeta, 6 species. The totals are 125 described 
forms and 41 new species. The former figure represents approximately 30 percent 
of the 420 species that have been described for the Hawaiian Island (Hardy, 
1965, 1966) . 

The great majority of the species in Table 11 have been reared from substrates 
and the remainder have been closely identified with a plant host. In the latter 
category are D. asketostoma and S. latitergum which are almost invariably col
lected from the sticky surface of the large composite flower head of the endemic 
silversword (Argyroxiphium). Another association concerns the species of 
Exalloscaptomyza which are collected exclusively in Morning Glory flowers yet 
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there are few emergence records. Four species were reared from frass but the 
host plant for three of the species is Freycinetia: D. crucigera, D. punalua, D. 
simulans. Also four species were reared from pupae collected in the soil under 
Cheirodendron leaves, which are assumed to be their host. They are D. petalopeza, 
S. hackmani, S. cuspidata and a new species closely related to D. petalopeza. 

The records in Table 11 are pooled into a single entry in cases where there 
were many collections of a single species from the same locality. A . aduncus and 
D. disticha in Waikamoi, Maui, are examples. The collection numbers are the ones 
used by the genetics group throughout the study. The names of the collectors are 
listed at the end of the table. When a series of dates were listed for a particular 
collection, the first date was listed in the table. The majority of adults that 
emerged were counted and sexed. The last column in Table 11 lists the number 
of days from collection to emergence of the adults. It can be seen that the egg, 
larva and pupa time is quite variable for many of the species. The reason for this, 
besides the obvious variable of "stage when collected", appears to depend upon 
the amount of moisture in the substrate and less upon the temperature at which 
the larvae were grown. In any event the long life cycle of Hawaiian drosophilids 
is very evident. 

Several meaningful estimates and conclusions may be drawn from the data 
in Table 11 which are summarized in Tables 1 through 9. The larval habitats 

TABLE 1 

Number of species of Hawaiian Drosophilidae reared from various substrate types and 
listed by groups of related species 

No. species 
Leaves Stems Flowers Fruits Fungus Flux Frass Ferns Parasi te each group 

Drosophiloid 
picture wings 4 5 4 4 2 3 2 10 
modified labellum 10 13 3 7 4 23 
ciliated tarsi 10 3 4 2 17 
domestic 1 5 2 3 6 
unclassified 6 8 
light tip scu tellum 9 9 
/ d;omyia 3 3 
N ud;drosophila 2 2 
Antopocerus 11 11 
bristle tarsi 16 16 
fork tarsi 11 11 
spoon tarsi 14 14 

Scaptoid 
Trogloscaplomy::.a 6 2 9 8 19 
Parascaptomyza 1 
Bunostoma 1 
Tantalia 3 3 
Exalloscaptomyza 4 4 
Titanochaela 6 6 

Total 93 29 26 26 19 7 4 2 6 
Frequency .44 .14 .12 .12 .09 .03 .02 .01 .03 
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TABLE 2 

Classification of host plants and species reared from each part 

Amaranthaceae. 
Aquifoliaceae. 

Araliaceae. 

Aristolochiaceae. 
Basidiomycetes. 

Campanulaceae. 

Compositae. 

Convolvulaceae. 

Corynocarpaceae. 

Euphorbiaceae. 

Gesneriaceae. 
H alorrhagaceae. 
Leguminosae. 

Liliaceae. 
Moraceae. 

Musaceae. 
M yoporaceae. 
Myrsinaceae. 

Myrtaceae. 
Nyctaginaceae. 

Oleaceae. 
Pandanaceae. 

Charpentiera sp. LEAF 1 sp.: S .( Tr.) cry ptoloba. 
!lex anomala H.&A. LEAF 12, spp.: see Tables 6, 7 and 9, and 
D. bicondyla, D. mimiconfutata, D. torula, D. n. sp. 1; 
BRANCH D. n. sp. 1; FRUIT D. n. sp. 1. Total 14 spp. 
Cheirodendron gaudichaudii (D.C. ) Seem. See Tables 3 and 4. 
Cheirodendron plalyphyllum (H.&A. ) Seem. LEAF 3 spp.: 
D. basimacula, D. fasticata, D. n. sp. 1. 
T etraplasandra spp. LEAF 9 spp .: A. tanythrix, D. disticha, 
D. expansa, D. mimiconformis, D. perissopoda, D. setipalpus, 
D. n. sp. 3. 
'Aristolochiagigas. FLOWER 1 sp. : D. immigrans. 
Fungus 19 spp.: D. bipolita, D. busckii, D. ceratostoma, 
D. crucigera, D. demipolita, D. denotata, D. fungiperda, 
D. grimshawi, D. iki, D. illusiopolita, D. luteola, 
D. melanoloma, D. mimica, D. mycetophyla, D. nigella, 
D. tendomentum, D. n. sp. 1, S. ( B.)xanlhopleura, S.(P.) pallida. 
Clermontia arborescens (Mann) Hbd. in Waikamoi, Maui, and 
Clermontia spp. elsewhere. See T ables 3, 4 and 5. 
Cranea spp. FLOWER 2 spp.: D. adiostola, D. cilifera, 
FRUIT 1 sp.: D. adiostola. Total 2 spp. 
Lobelia spp. FLOWER 3 spp.: S.(Tr.)affinicuspidata, 
S.(Tr .)varia, S. ( Tr. Jn. sp. 1. 
A rgyroxiphium sandwicense DC. FLOWER 2 spp. : D. asketostoma, 
S.(Tr. ) latitergum. 
Dubautia sp. FLOWER 1 sp.: S.(Tr.)longipecten-griseonigra. 
"'Senecio" sp. FLOWER 3 spp. : S .( P. ) prillida, S.(Tr .)intricata, 
S. ( Tr. )mediana. 
l pomoea spp. FLOWER 4 spp.: S(E.)caliginosa, S.(E.)mauensis, 
S.(E.) oahuensis, S.(E.) throckmortoni. 
' Cory nocarpus laevigata Forst. FRUIT 4 spp.: D. crucigera, 
D. dissi la, D. mimica, D. quadrisetae. 
Aleurites moluccana (L .) Willd. FRUIT 2 spp.: D. crucigera, 
D . immigrans. 
Cyrtandra sp. LEAF 1 sp.: S. ( Tr .) cyrtandrae. 
Gunnera sp. LEAF 1 sp. : D. n. sp. 1. 
Acacia koa A. Gray. FLUX 4 spp.: D. crucigera, D. immigrans, 
D. mercatorum, D. simulans. 
Sophora cyrysophylla Seem. LEAF 2 spp.: D. pectinotarsus, 
D. spiethi. 
Dracaena sp. 1 sp.: D. dracaenae. 
*Broussonelia papyrifera Vent. FLUX 2 spp.: D. crucigera, 
D. gradata. 
Heliconia sp. FLOvVER 3 spp. : D. mercatorwn, D. nasuta, D. hydei. 
Myoporum sandicense (DC. ) A. Gray LEAF 1 sp.: D. quasiexpansa. 
Myrsine lessertiana A.DC. and M yrsine spp. LEAF 4 spp.: 
D. disticha, D. ochrobasis, D. prodita, S .(Tr.) flavida; 
FRUIT 2 spp.: D. imparisetae, S. ( Tr. ) n. sp. 1. Total 6 spp. 
Metrosideros polymorpha Gaud. FLUX 1 sp. : D. picticornis. 
Pisonia brunonianum Endl. LEAF 4 spp .: D. mimica, D. n. sp. 1, 
S.(P.) pallida, S.(T a.) gilvivirilia. 
Osmanthus sp. 1 sp. : D. infuscata. 
Freycinetia arborea Gaud. STEM 5 spp.: D. crucigera, 
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Passifioraceae. 

Palmae. 
Piperaceae. 
Pittosporaceae. 

Polypodeaceae. 
Rosaceae. 

Rutaceae. 

Sapindaceae. 

Sapotaceae. 
Solanaceae. 

U rticaceae. 

Zingiberaceae. 

D. infuscala, D. ochracea, D. n. sp. 1, N udidrosophila n. sp. 1; 
LEAF I sp.: D. punalua. 
•Passiflora pulchella H.B.K. LEAF 2 spp.: D. n. sp. 2; 
FRUIT 1 sp.: D. immigrans; FLOWER 1 sp.: D. tendomenlum. 
Prilchardia (?) . 1 sp.: S. ( B.) palmae. 
Peperomia sp. LEAF 1 sp.: D. mimica. 
Pitlosporum spp. LEAF 4 spp.: D. achlra, D. disticha, 
D. n. sp. 2. 
Sadleria sp. RACHIS 2 spp.: D. apicipuncta, D. sadleria. 
• Rubus spp. FRUIT 4 spp.: D. lendomenlum, S .(Tr. ) exigua, 
S. ( Tr.) hackmani, S. ( Tr .) tumidula; LEAF 1 sp. : 
D. tendomentum. Total 4 spp. 
Pelea spp. LEAF 5 spp. : D. fundita, D. quasiexpansa, 
D. selipalpus, D. n. sp. 1, S. ( Tr.) hackmani. 
Platrdesma campanulala Mann. LEAF 2 spp.: D. quasiexpansa, 
S. ( Ta .) gilvivirilia. 
Aleclryon macrococcus. FRUIT 1 sp.: D. crucigera. 
Sapindus saponaria L. FRUIT 3 spp.: D. immigrans, 
D. impariselae, D. mimica; FLUX 1 sp.: S. ( P.) pallida. 
Total 4 spp. 
Sideroxrlon sp. FRUIT 1 sp.: D. kauluai . 
•Solanum sodomeum L. FRUIT 2 spp.: D. grim.shawi, 
D. 1nercatorum. 
Piplurus albidus A. Gray. FRUIT 1 sp.: D. imm.igrans. 
Urera sandvicensis Wedd. STEM 1 sp.: D. dissila. 
•Hedychium. sp. FLOWER 3 spp.: D. nasuta, D. im.nzigrans, 
D. simulans. 

• Introduced plants 

of 164 described and undescribed species are listed in Table 1 (the specific habitat 
of D. dracaena.e and S. palmae are not known). A total of 130 species are dro
sophiloid and 34 species are scaptoid, as defined by Throckmorton ( 1966). The 
group of related species are the ones defined by Hardy (1965) as genera: Dro
sophila, ldiomyia, Nud.idrosophila, Antopocerus and Titanochaeta, and as sub
genera of Scaptomyza: Trogloscaptomyza, Parascaptomyza, Bunostoma, Tantalia 
and Exalloscaptomyza. Within the genus Drosophila several groupings appear to 
be valid species groups (Hardy, 1965; Spieth, 1966; Throckmorton, 1966): pic
ture wings, modified labellum, light tip scutellum, bristle tarsi, fork tarsi and 
spoon tarsi. In addition the majority of species with ciliated front tarsi, but with 
few of the other characters mentioned above, appear to be related to one another 
and to be very closely related to the modified labellum group. This makes a total 
of 16 generally natural groupings that are represented in Table 1. In addition 
there are eight species with no outstanding characteristics (unclassified) and 
seven domestic species. 

It is evident from Table 1 that the picture wing group, modified labellum 
group, ciliated tarsi group and Trogloscaptomyza have a wide variety of larval 
feeding sites. These groups probably also have the greatest number of species in 
Hawaii, even though the picture wings are poorly represented in our data at the 
present time. All degrees of host plant-species-specificity are present in the four 
groups and they will be discussed later. In Table 1 the species with wide ecologi
cal latitudes are listed more than once. 
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TABLE 3 

Species reared from fermenting leaves of 
Cheirodendron gaudichaudii (D.C.) Seem. and Clermontia spp. 

Cheirodendron Clermontia 

ciliated tarsi 
D. carnosa, D. imparisetae, 
D. paucula, D. williamsi, 
D. n. sp. A. 

unclassified 
D. vinnula 

Antopocerus 
10 spp. (Table 6) 

bristle tarsi 
9 spp. (Table 7) 

fork tarsi 
9 spp. (Table 8) 

spoon tarsi 
9 spp. (Table 9) 

S. ( Troglo. ) 
cuspidata, hackmani. 

S. ( Tantalia) 
gilvivirilia 

picture wing 
D. adiostola, D. setosimentum. 

modified labellum 
D. amydrospilota, D. quadrisetae, 
D. tendomentum, D. n. sp. A,B,C,D. 

ciliated tarsi 
D. setipalpus 

domestic 
D. immigrans 

bristle tarsi 
D. fusticula 

spoon tarsi 
D. n. sp. A,B. 

S. ( Troglo.) 
hackmani, intricata, n . sp. A ,B,C. 

S. ( Tantalia) 
gilvivirilia, flavida, varipicta. 

Total 46 species 22 species 

TABLE 4 

Species reared from fermenting branches, stems and roots of 
Cheirodendron gaudichaudii (D.C.) Seem. and Clermontia spp. 

Cheirodendron Clermontia 

modified labellum 
D. n. sp. A,B. 

ciliated tarsi 
D. latigena, D. media/is. 

N udidrosophila 
N. n. sp. A 

picture wing 
D. adiostola, D. cilifera, 
D. grimshawi, D. setosimentum. 

modified labellum 
D. infuscata, D. tendomentum, 
D. quadrisetae, D. n. sp. A,B,C,D,E. 

ciliated tarsi 
D. orestes 

ldiomyia 
claviseta, planitibia, 
heteroneura. 

S. ( Troglo .) 
intricata, scoloplichas. 

Total 5 species 18 species 
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TABLE 5 

Species reared from fermenting fruits and flowers of Cl.emwntia 

Fm.its 

picture "ing . ( Troglo. ) 
D. adiostola. D. setosinumtum. intricata, 

modified labellum platyrhina. 
D. chaetope= D. quad.risetae, 
D. tend.omentwn. D. vicari.a, 
D. n. sp. A. 

ciliated tarsi 
D. humeralis, D. orestes. 

domestic 
D. immigrans 

S f Troglo. ) 
intricata, platyrhina., 
L·aria, n. sp. A. 

Total I+ species 2 species 

In contrast to the four groups considered above, there are eight groups of 
related species which are restricted to one general substrate. In fermenting leaves 
are Antopocero.s, bristle tarsi, fork tarsi, spoon tarsi and Tantalia. The light tip 
scutellum group consists of fungus feeders. Exalloscaptomyw breed in Morning 
Glory flowers and the Titanochaeta species are all parasitic on spider eggs 
(Hardy, 1965, 1966). The degree of host plant species-specificity here is of course 
quite high and will be discussed later. In addition, ldiomyia and Nudidrosophila 
may be specific to fermenting branches and stems but the sample of species is too 
low to be definite. 

The most popular Drosophila larval habitat to date is the detached fermenting 

TABLE 6 

Number of specimens in the genus Antopocerus reared from fermenting leaves 

Cheirvderulron I I.ex Tetrapl.asandra 

I. 
2. 
3. 
+. 
5. 
6. 
7. 

9. 
10. 
11. 

a.duncus 
arcuatus 
cognatus 
diamphidiopod.us 
entrichocnemus 
longi.setae 
orthopterus 
tanythriz 
n. sp. A 
n. Sp. B 
n. sp. c 

32 
3 
2 

22 

5 
50 

2 
4 
2 

123 
.7 

32 

Total 
33 1 157 
.21 .01 

Total 
Frequency 
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TABLE 7 

Number of specimens in the bristle tarsi group reared from fermenting leaves 

Cheirodendron flex Tetraplasandra Clenn ontia My rsine 

1. basimacula Z9 
2.. brunneisetae 2, 

3. expansa 3 
4. fusticula 18 
5. petalopeza 14 
6. perissopoda 2, 2, 

7. prodila 15 
8. quasiexpansa (Pelea, 74; Plalydesma, 12; Myoporum. 7) 
9. redunca 4 

10. seclusa 11 
11. spicula 5 
12.. I richaetosa 70 
13. unicula 12. 
14. n. sp. A 2, 

15. n. sp. B 3 
16. n. sp. C 2, 

Total 
Total 138 19 5 18 15 74 12. 7 288 
Frequency .48 .06 .02. .06 .05 .26 .04 .02. 

leaf. This is an entirely new niche for Drosophila as far as the writer is aware. 
Table 1 shows that aproximately 44 percent of the total species habitats (212) 
consists of fermenting leaves. Table 2 lists 15 genera of native trees, shrubs and 
vines whose leaves are utilized by Drosophila larvae. Cheirodendron is the most 
important host in the category because it is a common tree on the islands and the 
leaf has a great ability to hold moisture. Eggs are pushed into the leaf, the larvae 

TABLE 8 

Number of specimens in the fork tarsi group reared from fermenting leaves 

Cheirodendron Sophora Pc/ea 

1. ancyla 31 
2.. a/tenuata 
3. cnecopleura 
4. cracens 1 
5. fundiLa 5 
6. pectinolarsus 4 
7. speithi 37 5 
8. variabilis 9 
9. n.sp. A 

10. n. sp. B 4 
11. n.sp. C 

Total 
Total 90 9 2, 101 
Frequency .89 .09 .02. 
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TABLE 9 

Number of specimens in the spoon tarsi group reared from fermenting leaves 

Cheirodendron Pillosporum Clermontia !lex Tetraplasaw lra lHyrsine 

1. conformis 27 
2. dasycnemia 36 
3. disticha 552 2 1' 1 2 
4. mimiconformis 6 2 
5. neutralis 49 
6. percnosoma 65 
7. septuosa 10 
8. sordidapex 50 3 
9. n.sp. A 

10. n. sp. B 2 
11. n.sp. C 46 3 
12. n. sp. D 43 
13. n. sp. E 4 
14. n.sp. F 100 

Total 
Total 869 48 46 31 10 2 1006 
Frequency .86 .05 .05 .03 .01 

• Fermenting branch 

mine the leaf and pupate in the soil. Dr. Henry Kircher (personal communica
tion) has recently established that the living leaf contains two common plant 
sterols and one sterol precursor. They are B-sitosterol, stigmasterol and cyclo
artenal, respectively. The information is valuable since leaf breeders have not 
been bred successfully on laboratory media. In addition, the leaves of two intro
duced plants, raspberry (not the native Hawaiian raspberry) and passion flower, 
are hosts to several species of the ecologically aggressive modified labellum group, 
plus D. tendomentum and two undescribed forms (Table 2.) . 

Fermenting branches, stems and roots collectively form another new substrate 
which the Hawaiian Drosophila have exploited. Table 2. lists the trees !lex, 
Cheirodendron, Clermontia and Urera, and the woody vine, Freycinetia, for this 
habitat. Clermontia is the most important host in the category because it is locally 
abundant throughout the islands and secretes a milky latex when bruised. The 
fermentation of the latex along broken limbs under the bark provides an ideal 
larval substrate. More rarely an entire plant rots in this manner. 

A total of 51 species has been reared from the leaves, branches and exposed 
roots of Cheirodendron gaudichaudii (D.C.) Seem. (Tables 3 and 4) . A total of 
38 species has been reared from all parts of the Clermontia spp. (Tables 3, 4 and 
5). Of the 89 species from the two plants, only three came from both: D. disticha, 
S. hackmani and S. gilvivirilia. Therefore, and with the inclusion of the records 
from C. pl.atyphyllum (H.&A.) Seem., the genera Cheirodendron and Clermontia 
account for approximately 55 percent of the total endemic drosophilid fauna 
reared to date. Only one domestic species, D. immigrans, has invaded these habi
tats, the leaves and fruits of Clermontia. 

Table 3 shows that 46 species have been reared from Cheirodendron leaves at 
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least once and 22 species from Clermontia at least once. Group preferences are 
pronounced with little overlap. The groups preferring Cheirodendron leaves are 
Antopocerus and the four ornamented tarsi groups. Those preferring Clermontia 
leaves are the modified labellum and several Scaptomyza groups. 

Table 4 shows that the picture vvings, modified labellum group and ldiomyia 
are partial to rotting Clermontia branches. Table 5 shows that several species 
are capable of utilizing most of the parts of the Clermontia plant. They are: D. 
adiostola, D. setosimentum, D. quadrisetae, D. tendomentum and S. intricata. 
These species are members of three ecologically aggressive species groups: picture 
wings, modified labellum and Trogloscaptomyza. 

The data for the Antopocerus and the ornamented tarsi groups (except ciliated 
tarsi) are summarized in Tables 6 through 9. It is evident that approximately 
60 percent of the 52 species in the combined groups are primarily dependent upon 
Cheirodendron gaudichaudii (Antopocerus 80%, fork tarsi 80% , spoon tarsi 64%, 
bristle tarsi 50%) . Furthermore, Cheirodendron is responsible for approximately 
80% of the total of 1,552 specimens reared from the leaves of the 10 genera of 
trees listed in the Tables 6 through 9. Even when the selected number of speci
mens of D. disticha is reduced to 100, Cheirodendron carries 70% of the total 
number of larvae. These data show a high degree of host plant specificity and 
suggest a high degree of inter and intra species co-existance. 

By contrast, the Tantalia are rather non-specific leaf breeders and very few 
specimens have been reared. A total of 13 specimens representing three species 
emerged from five plant genera. The apparent low specificity is not surprising 
since Tantalia larvae spend their entire life very slowly scavanging the surface 
of the leaves while being protected from predation and dessication by tiny bits of 
dirt and debris. such as fern spore cases, strategically placed along the body. 
VVhen the larvae pupate. they are even more difficult to detect. 

A study of the distribution of the species in space and the regulation of larval 
specificity and density within the leaves is presently under investigation and will 
not be presented here. However, rearing records have been accumulating con
cerning a single Cheirodendron tree located in Kipuka Puaulu, Hawaii, which 
illustrates the probable importance of a small amount of substrate for supporting 
a varied fauna. The kipuka is a park-like area of about 90 acres containing 
approximately 38 species of trees and surrounded by lava and a dry ohia forest. 
So far as the writer is aware, there is but a single Cheirodendron tree in the 
kipuka. Table 10 shmYs that a total of nine species of drosophilids have been 
reared from the fermenting leaves of the tree. 

The specificity of leaf breeders is emphasized by the following observation. In 
a small area in Waikamoi, Maui, March 11, 1966, Cheirodendron and Pelea 
leaves were found immediately overlying one another in a rotting condition. Of 
the five species which later emerged, three came from Cheirodendron (D. disticha 
29, A. aduncus 4, A. diamphidiopodus 1) and two came from Pelea (D. quasi
expansa 30 and a fork tarsi species 1). 

Among the obvious factors controlling the population density of Hawaiian 
drosophilids is the presence of predators and parasites. Spieth (1966) mentions 
the possibility of heavy predation by birds. Other sources include the many 
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TABLE 10 

Number of specimens reared out of leaves from a single tree of Cheirodendron gaudichaudii 
(D.C.) Seem,. Kipuka Puaulu, Hawaii 

G49 Gn 136 Kil 
April 13--06 June 3-66 Nov. 11--66 July 10--67 

1. A. cognatus 
2. A. tanyth.rix 7 
3. D. cnecopleura 
4. D. disticha 1 
5. D. neutralis 3 
6. D. sordidopex 3 
7. D. spiethi 9 21 7 
8. D. trichaetosa 2 
9. S. hackmani 

Total 12 29 8 10 
Total 

59 

endemic species of Lispocephal.a (Muscidae). The larvae and adults are quite 
common and they actively attack and feed upon the larvae and adults, respec
tively, of drosophilids. Hymenopterous parasites are commonly found emerging 
from the eaten out pupa cases of drosophilids which had been collected from 
leaves. Dr. Elmo Hardy kindly identified a tiny parasitic fly, Desmometopa 
tarsalis Loew (Milichiidae), whose larva had completely hollowed out a large 
Antopocerus pupa. Undoubtedly the number of species and adults listed in 
Table 11 would have been higher if the predators and parasites could have been 
detected and eliminated. 

DISCUSSION 

The Hawaiian Islands represent a study in isolation. The Islands are isolated 
from all other areas and from one another, and many areas within each island 
are isolated and differ in climate and vegetation. Within one area, there are a 
number of separate habitats and also an abundant supply of a few specific habi
tats. Add to this the apparent ability of the native drosophilids to utilize small 
isolated quantities of substrate, then one does not have far to seek the probable 
chief causal mechanism for species formation and the large number of species. 
The between-island species diversity is very high. The diversity between neigh
boring kipukas (small patches of forest surrounded by lava) is presently under 
study. However the problem of the integration of the new species into the estab
lished regime in other areas is of utmost importance for an understanding of the 
drosophilid evolution in the Hawaiian Islands and adaptive radiation in general. 
A second problem concerning adaptive radiation, especially for phytophagous 
insects, is the degree of relationship between ecology and phylogeny. These topics 
will be discussed in their present order. 

MacArthur (1965) analyses the ecological factors which promote within
habitat diversity. They are listed below, followed by a statement concerning the 
Hawaiian drosophilids. ( 1) Increased structural complexity of the habitat. The 



TABLE 11 w 
Emergence Records <O 

00 --
Species No. rind lorn lily Colleftor Dnlc Subslratc a11d ndults reared 

Days to 
emcrgcnco 

ANTOPOCEHUS 
aduncus Waikamoi , Maui , 3S00'--4-000' WBH,IU 1 964~1967 Cheirode ndron leaves, 16F, 12M 21-SO 

8 collecLions in Feb. , Mar. , Apr. , June and Nov. (extremes) 
G80 Puu Kukui , Mau i WBH Jun. 16 66 Cheirodendron leaves, 1 M 36 
L.lS Kipahulu Va lley, Maui , 6600' HLC Aug.29-67 Cheiroderulron leaves, 2F, 1M 33 

arcualus K.21 Wiliwilinui Hiclge, Oahu lU July 20- 67 Cheirodendron leaves, 3F 36 '"'-3 
cognalus G24, U pper Ola a For. Res., Hawaii WBH Feb. 2--66 Cheiroden.dron leaves, 1F ;:i... 

(I) 

G78 
G89 

Puu Hualalei , above Holualoa, Hawaii , 262S' 
Keanakolu , Hawaii , 4000' 

WBH 
WBH 

Jun. 12--66 
Jun .30-66 

flex leaves, 1M 
I lex leaves, 7F, 2M 20-59 

C::!
;:s 

G91 Saddle Rel. above Hilo, Hawaii , 2000' WBH July 6-66 flex leaves, 1F ~· 
(I) 

diamphidiopodus 

G92 Kipuka , Saddle Rd. above Hilo, Hawaii , 227S' 
K11 Kipuka Puaulu, Hawaii 
K32 Kipu ka , Saddle Rel. above Hilo, Hawaii , 227S' 
HH17 Waikamoi, Maui , 4000' 

WBH 
WBH 

RI 
WBH 

July 6- 66 
July 10-67 
Aug. 9- 67 
July 8-6'~ 

flex leaves, 7F, 7M 
Cheirodendron leaves, 1M 
flex leaves, 2F, SM 
Cheirodendron leaves, 1F 

18--48 
47 
26- 36 

.... 
"':::.· 

'-..: 
-Q.. 

G34 
G80 
G88 

Puu Kolekole, Moloka i 
Waikamoi, Maui , 3SOO' 
Puu Kukui, Maui 
Keanakolu , Hawaii , S200' 

HLC 
WBH 
WBH 
WBI-I 

July20- M 
Mar.11- 66 
Jun. JS 66 
Jun.29- 66 

Cheirodendron leaves, 3 spec. 
Cheirodendron. leaves, 2F 
Cheirodendron leaves, 1 M 
Cheirodendron leaves, 2F, 2M 

39 

28-S9 

~ 
"' 
"ti 
i:: 

J98 
J99 
L8 

Waikamoi , Maui , 4000' 
Auwahi, Maui , 3000' 
Kipahulu Valley, Maui, 4400' 

WBH 
WBH 

RI 

Jun.28 67 
Jun. 30-67 
Aug.17-67 

Cheirodendron leaves, 1M 
Cheirodendron leaves, 1M 
Cheirodendron leaves, 1F, 1M 

34 
46 

~ 
<=;· 
i:i.... s· 

L8 Kipahulu Valley, Maui , 2600' RI Aug.17-67 Cheirodendron leaves, 2F, SM 36-56 ;:s 

enlrichocnemus L6 Kipahulu Valley, Maui , 3100' RI Aug.19- 67 /lex leaves, 1 M 17 
longise/ae G31 S. of H analilolilo, Molokai WBH Mar. 2--66 Cheirodendron leaves, 1F 49 
orlhopterus G27, G30, GS1 W a ikamoi, Maui , 4000' WBH 1966 Cheirodendron leaves, 3M 20 

(3 collec tions, Feb. 11 , 2S, Apr. 21) 
J99 Auwahi , Maui , 3000' WBH Jun. 30- 67 Cheirodendron leaves, 1 M 20 

lanylhrix G69 Saddle Rd. 17 mi. above Hilo, Hawaii , 4600' WBH Jun. 2--66 Cheirodendron leaves, 2F, 1M 29-SO 
G87 Hamaku Ditch Trai l, S. Kohala Mts. , 

Hawaii, 3700' WBH Jun.28 66 TeLraplasandra leaves, 1M 

G9S Saddle Rd. 18 mi. above Hilo, Hawaii, 4600' WBH July 7-66 Cheirodendron leaves, lF, 1M 



J36 Kipuka Puaulu, Hawaii JPM,RI Nov.11-66 Cheirodendron leaves, SF, QM Sl-69 
J38 Upper Olaa Forest Reserve, Hawaii RI Nov.12--66 Cheirodendron leaves, QM S9 
K14 Piha-Maulua border, Hawaii, 6SOO' WBH July 12--67 Cheirodendron leaves, 6F, 10M 43-S1 
K19 Kipuka #1, Saddle, Rd., Hawaii, S600' WBH July 9-67 Cheirodendron leaves, 7F, 11M 40-S7 
K33 Kipuka #9 along Saddle Rd. above Hilo, 

Hawaii, Sl 10' WBH Aug. 9-67 Cheirodendron leaves, 1F, 1M 38-73 
n ..sp. close G71 Upper Olaa Forest, Hawaii WBH Jun. 3-66 Cheirodendron leaves, 1F, 1M 39--49 
to tanylhrix 
n. sp. close to 
tanythrix-cognalus 

G88 Keanakolu, Hawaii, SQOO' WBH Jun.Q9-66 Cheirodendron leaves, QF, QM Q9-60 I ~ 
n .. sp. close J41 S. of Hanalilolilo, Molokai RI Nov.Q4-66 Cheirodendron leaves, QM ~ 
to longisetae 

J99 Auwahi, Maui, 3000' WBH Jun.30-67 Cheirodendron leaves, SM ~ 
DROSOPHILA C"' 
achlya G41 Waikamoi, Maui, 4000' WBH Apr. 8- 66 PitLosporum leaves, 6F, SM Q4-34 ~ 

GS9 W aikamoi, Maui, 4000' WBH May 6- 66 PitLosporum leaves, 6F, 6M 17--47 .Q_ 
adiastola Puu Kukui, Maui 

Waikamoi, Maui , 4000' 
DEH,HLC 

HTS 
Aug. 
Oct. 

- 64 
4-64 

Cyanea fruit, 3 spec. 
Clermontia leaves, 3 spec. ~ 

G39 
G4t 

Waikamoi, Maui, 4000', 8 collections in 
Feb., Mar. , July, Aug., Nov. 
Waikamoi , Maui , 4000' 
VVaikamoi, Maui, 4000' 

WBH,DEH 
JPM,RI 
WBH 
WBH 

1966--1967 

Mar.30- 66 
Apr. 8- 66 

Clermontia stems and branches, 25F, 33M 26-36 
(average) 

Clermontia tap root, QF, 1M 30- 39 
Clermontia stem tips and leaves, 

12F, 12M 27-31 

~ -IS·· 
;::s 

tl ... 
0 

"' GS1 
J33 
KQ7 

Waikamoi, Maui, 4000' 
Waikamoi, Maui, 4000' 
Waikamoi, Maui , 4000' 

WBH 
JPM 

WBH 

Apr. Q1 - 66 
Nov. 8-66 
July 30- 67 

Clermontia leaves, 1F, QM 
Clermontiafruit, 1F, SM 
Cyanea petioles and flowers, 1M 

31 
Q7 

.g
;::r.. 
;:.; 
~ 

L6 Kipahulu Valley, Maui , 3100' RI Aug.19-67 Clermonlia branch, 1M 2S ~ 
L6 Kipahulu Valley, Maui, 2SOO' RI Aug.19--67 Clermontia branch, 1F 23 

amydrospilota G41 Waikamoi, Maui, 4000' WBH Apr. 8- 66 Clermontia stem tips and leaves, 4F, SM 19-25 
GS1 Waikamoi, Maui, 4000' WBH Apr. 21 - 66 Clermonlia leaves, 1F, 1M 2Q 

ancyla J98 Waikamoi , Maui, 4000' WBH .Tun.28--67 Cheirodendron leaves, 3M 30 
J99 Auwahi, Maui, 3000' WBH Jun.30 67 Cheirodendron leaves, 1 OF, 1 SM 20-34 

apicipuncla Kilauea , Hawaii OHS Jun.24-34 Sadleria fern rachis, 1F (*1) 
askelosloma Haleakala Crater, Maui, 8600' DER Aug. - S6 (taken on Silversword only, 

Argy roxiphium ) ( *1 ) 
OJ 
c.o 
c.o 



.... 
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Species No. and locality Collector Date Subslrale and adults reared emergence 

altenuata J29 N. Kohala Mts. , Hawaii , 3350' RI Aug.29-66 Cheirodendron leaves, 1M 26 
basimacula HH23 Mohihi Stream, Kokee, Kauai WBH July 21-64 Cheirodendron leaves, 1M 

G8'~ Alakai Swamp, Kauai, 4000' KYK Jun. 21-66 Cheirodendron leaves, 13F, 12M 23-47 
J8 Koaie-Waialae Trail, Alakai Swamp, 

Kauai , 4125' WBH July 19- 66 Cheirodendron platyphyllum leaves, 
bicondyla G87 Hamakua Ditch Trail, S. Kohala Mts. 1F,2M 22-27 

bipolita 
Hawaii, 3700' 
Kawainui, Oahu 

WBH 
MRW 

Jun.28-66 
Jun. 23-64 

flex leaves, 1M 
Mushroom, 13 spec. 13 

~ 
II) 

brunneiselae 
busckii 

G80 Puu Kukui, Maui 
Kipuka Ki , Haw. Vole. Nat. Pk., Hawaii 

WBH 
HTS 

Jun. 16-66 
Sep. 110- 64 

flex leaves, 2M 
Bracket fungus, 4 spec. 

30-35 ~ 
;:i 
~-

carnosa G28 
Waikamoi, Maui, 4000' 
Palikea, Oahu 

JG 
WBH 

Feb. 11- 66 
Feb. 16-66 

Bracket fungus (Polyporus sulphureous) 
Cheirodendron leaves, 4F, 3M 

II) .... 
""-· .... 

ceratostoma 
chaetope::,a G90 

Kipuka Ki, Haw. Vole. Nat. Pk., Hawaii 
Puu Hualalei. above Huehue Ranch, 

HTS Sep. 12-64 Bracket fungus, 2F, 3M( *4) ~ 

.Q. 
Hawaii, 5550' WBH July l-66 Clermontia fruits, 1F, 1M ~ 

cilifera Kawela Intake, Molokai, 3600' HTS,DEH Cyanea flowers, 2 spec. ~ 
K86 Halauoa Valley, Molokai, 1600' HLC Nov. 9- 67 Clermontia branches, 1F, 1M 23 "" cnecopleura K11 Puu Puaulu, Haw. Vole. Nat. Pk., Hawaii WBH July 10- 67 Cheirodendron leaves, 1M ~ 

confonnis G69 Kipuka. Saddle Rel. 9 mi. above Hilo, <:3-Hawaii, 2275' WBH Jun. 2-66 flex leaves, 4M 29&58 c::: · 
G89 
G9L 

Keanakolu, Hawaii, 4000' 
Secondary forest, Saddle Rel. above 

WBH Jun. 30-66 Ilex leaves, SF, 2M 20-59 I ~ o· 
;:i 

Hilo, Hawaii , 2000' WBH July 6- 66 flex leaves, 1M 
G92 Kipuka, Sadie Rd. 9 mi. above Hilo, 

Hawaii, 2275' WBH July 6-66 flex leaves, 3F, 1M 18-48 
J35 Kilauea Ranger Sta. , Haw. Vole. Nat. Pk., 

Hawaii, 3700' RI Nov.12-66 flex leaves, 4F, 6M 30-57 
K32 Kipuka, Saddle Rd. 9 mi. above Hilo, 

H awaii, 2275' RI Aug. 9-67 ! lex leaves, 1M 26 
cracens G30 Waikamoi , Maui, 4000' WBH Feb.25-66 Cheirodendron leaves, 1M 
crucigera Kukuiala Valley, Waianae Mt., Oahu OHS Sep. 16-33 Alectryon macrococcus fruits, 1 spec. (*2) 



Pupukea, Oahu MRW Dec. 30-63 Frass on rotting tips, FreycineLia,1F(*3) 23 
Mt. Tantalus, Oahu MRW Oct. 9-63 Mushrooms, 6 spec. ( • 3) 24-26 
Mt. T antalus, Oahu HLC Jun. 18-64 Acacia koa slime flux, 1 spec. (*3) 

G58 Mauna Kapu, Oahu KR May 4-66 Aleuriles moluccana fruits (Kukui nut), 
IF,2M zo 

J7 Halemanu, Kauai WBH July20-66 New Zealand Laurel fruits 
(Corynocarpus ), 1F, 1M 20-35 

J32 Palikea, Oahu KYK,RI Oct. 20-66 Paper-mulberry slime flux 

K37 Pia Valley, Oahu RT Aug.17- 67 
(Broussonelia ), 3F, 5M 

Aleuriles moluccana fruits 
13-51 I ::r: 

\':) 

dasycnemia G24 
G37 
G69 

Upper Olaa Forest Reserve, Hawaii 
Upper Olaa Forest Reserve, Hawaii 
Kipuka, Saddle Rel. 17 mi. above 

WBH 
WBH 

Feb. Z-66 
Mar.17-66 

(Kukuinut), 1M 
Cheirodendron leaves, 1M 
Cheirodendron leaves, 1M 

Z5 
I 

~ 
t:t1 
8 
C"' 

Hilo, Hawaii , 4600' WBH Jun. Z-66 Cheirodendron leaves, 1F, 2M ~ 
G71 Upper Olaa Forest Reserve, Hawaii WBH Jun. 3-66 Cheirodendron leaves, 1F, 6M 31-49 .Q. 
G87 South Kohala Mts. Hawaii, 3700' HTS Jun. 28-66 Cheirodendron leaves, 3F, 4M 29-42 ::r: 
J20 VV. of ·vvaihoolana, N. Kohala Mts., Hawaii KYK Aug. 3-66 Cheirodendron leaves, 1M Z3 ~ 

J29 
J38 

North Kohala Mts., Hawaii 
Upper Olaa Forest Reserve, Hawaii 

RI 
RI 

Aug.29-66 
Nov.12-66 

Cheirodendron leaves, 11 M 
Cheirodendron leaves, 5M 

22-40 
23-57 

~ s: 
demipolita 
denotata 
dissita G90 

Kipuka Ki, Haw. Vole. Nat. Pk., Hawaii 
Poamoho Trail, Oahu 
Lava tube, Puu Hualalei, above Huehue 

HTS 
EJF 

Sep. 
Oct. 

9-66 
-53 

Gill fungus , 5F, 1M( *4) 
Fungus, 14 spec. (*1 ) 

~ 

0 
Cl 
"' Ranch, Hawaii, 5550' WBH July 1-66 Urera stems, 3F, 5M 18-33 0 

'l:l 
J7 Halemanu, Kokee. Kauai WBH July20-66 New Zealand Laurel fruits 

(Corynocarpus) , 10F, SM 20-35 

::l
:::.: 
15.: 

dis tic ha VVaikamoi, Maui, 3500' -4000', 11 collections 1964-1 967 Cheirodendron leaves, 451 specimens, 26-40 ~ 
in Feb., Mar., Apr., May, June, July, 103F, 1ZIM where sexed (average) 
Oct. , Nov. WBH,HTS,RI 17-59 

(extremes) 
Puu Kolekole, Molokai HLC July20-64 Cheirodendron leaves, 4 spec. 
Lanaihale, Lanai HLC Aug.13- 64 Cheirodendron leaves, 6 spec. 

G33 Lanaihale, Lanai VVBH Mar. 3-66 Cheirodendron leaves, 21F, Z3M 29-40 
G33 
G45 

Lanaihale, Lanai 
Waikamoi, Maui , 4000' 

WBH 
KYK 

Mar. 3-66 
Apr. 14-66 

Clermonlia stem, 1M 
T elraplasandra leaves, JM 

29 
I 

-i;. 
0-



0 
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G49 Kipuka Puaulu, Haw. Vole. Nat. Pk., Hawaii WBH Apr. 13-66 Cheirodendron leaves, 1M 
G51 Waikamoi, Maui , 4000' VVBH Apr. 21-66 C/.ermontia leaves, lM 36 
G59 Waikamoi, Maui, 4000' WBH May 6- 66 Pillosporum leaves, 2M 
G63 Waikamoi, Maui, 4000' WBH May16 66 .Myrsine leaves, 2M 29 
G69 Kipuka, Saddle Rd. 17 mi. above Hilo, 

Hawaii, 4600' WBH Jun. 2--66 Cheirodendron leaves, 1F,3M 
G71 
G7Z 

Upper Olaa Forest Reserve, Hawaii 
Kipuka Puaulu, Haw. Vole. Nat. Pk., Hawaii 

WBH 
WBH 

Jun. 
Jun. 

3-66 
3-66 

Cheirodendron leaves, 4F, 2M 
Cheirodendron leaves, lM 

31-49 
24 "-l 

~ 
GSO Puu Kukui, Maui WBH Jun. 17-66 Cheirodendron leaves, 1 M (1) 

G89 
G95 

Humuula Trail, Keanakolu, Hawaii, 4000' 
Kipuka , Saddle Rd. 17 mi. above Hilo, 

WBH Jun.30-66 Cheirodendron leaves, 1F, 2M 20-28 ~ 
;:i 

~· Hawaii, 4600' WBH July 7-66 Cheirodendron leaves, 2F, 4M 32 .... 
K11 Kipuka Puaulu, Haw. Vole. Nat. Pk., Hawaii WBH July 10-67 Cheirodendron leaves, 1F "' N,... 
K15 Kipuka #9, 5110' above Hilo on Saddle Rd., 

Hawaii WBH July 13- 67 Cheirodendron leaves, 6F, 7M 29-47 
~ 
c-LS 

K88 
Kipahulu Valley, Maui, 4400' 
Hanalilolilo Trail, Molokai, 3850' 

RI 
RI 

Aug.17- 67 
Nov.12--67 

Cheirodendron leaves, 3F, 7M 
Cheirodendron leaves, 1 M 

37-58 
21 ~ 

dracaenae Kumuwela, Kauai OHS July 7-32 "Ex Dracaena," (Liliaceae) (* J) ~ 
"' expansa G59 

K14 
Waikamoi Flume Trail, Maui, 4000' 
Piha-Maulua border, 6500', Hawaii 

WBH 
WBH 

May 6- 66 
July 12--67 

Tetraplasandra leaves, 1M 
Cheirodendron leaves, 1M 

45 
30 

'ti 
!::: 
<:::!"'-

fastigala 
fundita 

L9 
G29 
G33 
J98 

Kipahulu Valley, 2600', Maui 
Mount Kaala, Oahu 
Lanaihale, Lanai, 3300' 
Waikamoi, Maui, 4000' 

RI 
WBH 
WBH 
WBH 

Aug.20- 66 
Feb.22--66 
Mar. 3-66 
July 3-67 

Cheirodendron leaves, 1F, 1M 
Cheirodendron platyphyllum, 1 spec. 
Cheirodendron leaves, 1M 
Cheirodendron leaves, lF, lM 

33 c:;· 
l::i 
No s· 
;:i 

K27 VVaikamoi, Maui , 4000' WBH July 30-67 Cheirodendron leaves, 1M 27 
K30 Waikamoi, Maui, 4000' WBH Aug. 4-67 Pelea leaves, 1M 21 

fungiperda Kipuka Ki, Haw. Vole. Nat. Pk., Hawaii HTS Sep. 10-64 Bracket fungus, 20F, 20M(*5) 
fusticula Waikamoi, Maui, 4000' HTS Oct. 4-64 Clermonlia leaves, 6 spec. 

G30 Waikamoi , Maui , 4000' WBH Feb.25-66 Clermontia leaves, 4F, SM 14-31 
G51 VVaikamoi, Maui , 4000' WBH Apr. 21-66 Clermonlia leaves, 2M 34 
J43 Waikamoi, Maui, 4000' RI Nov.25-66 Clermontia leaves, 1M 27 

gradata K20 Palikea, Oahu, 2800' RI July 19-67 Paper-mulberry slime flux 
(Broussonelia), 1F 23 



grimshawi J78 Lanaihale Trail, Lanai, 1500' 

J99 Auwahi , Maui , 3000' 
L9 Kipahulu Valley, 2-500', Maui 

humeralis Alakai Swamp Trail , Kauai, 4000' 
lzydei Oahu 
iki Kipuka Ki , Haw. Vole. Nat. Pk., Hawaii 
i llusio poli Ia Kipuka Ki, Haw. Vole. Nat. Pk., Hawaii 
immigrans Manoa Valley, Oahu 

C53 Mt. Tantalus, Oahu 
C-H69 Kipuka P ua ulu, Haw. Vole. Nat. Pk., Hawaii 

Kipuka Ki, Haw. Vole. Nat. Pk., Hawaii 
HH21 Alakai Swamp Trail, Kauai, 4·000' 
G56 Palikea, Oahu, 2800' 
G88 Keanakolu, Hawaii 
G90 Puu Hualalai above Huehue Hanch, 

H awaii, 5400' 
J14 Kipuka Puaulu, Haw. Vole. Nat. Pk., Hawaii 
J36 Kipuka Puaulu, Haw. Vole. Nat. Pk., Hawaii 
J78 N.E. of Lanaihale, Lanai 
K37 Pia Valley, Oahu 

imparisetae G50 Kipuka Ki, Haw. Vole. Nat. Pk., Hawaii 
Gm Kipuka Ki , Haw. Vole. Nat. Pk., Hawaii 
G79 Puu Hualalai, above Huehue Hanch, 

Hawaii, 5550' 
G90 Puu Hualalai, above Huehuc Hanch, 

Hawaii , 5550' 
K14 Piha-Maulua border, Hawaii , 6500' 

in/uscata Kilauea, Hawaii 

G69 Kipuka , Saddle He!. 9 mi. above Hilo, 
Hawaii, 2275' 

RI 

RI 
RI 

WBH 
OHS 
HTS 
HTS 
OHS 

WBH 
WBH 
HLC 

WBH 
WBH 
WBH 

WBH 
KYK 
JPM 

HI 
RI 

KH,lU 
WBH 

WBH 

WBH 
WBH 
OHS 

JF,KYK 

Apr. 2-9-67 

Jun . 30-67 
Aug.2-0-67 
July22-64 
None 
Sep. 7-64 
Sep. 7-64 
Nov.24-33 

July 6--63 
July 17-63 
1964 
July 22-64 
Mayl J-66 
Jun. 29-66 

July 1-66 
July 28-66 
Nov. 12-66 
Apr. 29-67 
Aug.17- 67 

Apr.15- 66 
Jun. 3-66 

Jun. 13-66 

July 1-66 
July 12-67 
July 10-34 

Jun. 2-66 

Jelly-like fungus on guava branch, 
'~F, 1M 

Sodom apple fruit,(Solanum), 1F 
Clermontia branch, 1M 
Clermontia fruits, 1F, 1M 
Large bracts of Heliconia blossoms( *6) 
Gi ll fungus, 1 spec. 
Gi ll fungus, 1F 
Single flower of A ristolochia gigas, 

2800 spec. ( *7) 
Ginger flower, 13F, 20M 
Acacia koa slime flux , 4F, 4M 
Acacia koa slime fiux, 5 spec. ( '8) 
Clerrnontia frui t, 15 spec. 
Clerlllontia leaves near rat nest, 2M 
Passiflora fruit, 15F, 13M 

Clermonlia fruit, 15F, 11M 
Piplurus albidus fruit, 1F, 2M 
Soapberry fruit (Sapindus ), 4F, 5M 
Clermontia Hower, 1M 
Aleurites moluccana fruit 

(Kukui nut), 2M 
Soapberry fruit (Sa pindus), 31 spec. 
Soapberry fruit (Sap indus), 2F, 5M 

Myrsine fruit, 10F, 17M 

Myrsine fruit, 1F, 2M 
Cheirodendron leaves. 1M 
"Ex Osmantlzus," (Oleaceae), 

I. spec. (*1 ) 

Freycinelia branch, 1F 

31-33 

33 

I 

~ 11-24 
('tj13-25 8 

~ 
12 

.Q.17-24 
g:: 

I ~ 
19 ~-

~ -
;:::! 

16 tJ 
Cl 

14 "' .g
21-48 ;::i-

;:::;24-47 

33- 75 ~ 
34 

2,9 I 0 
~ 

(.>J 
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G9Z 

kauluai 
J6 

latigena G87 

JZO 

luteola 

K33 
K77 

medial is G87 

JZO 
K33 

melanoloma 
mercatorun7. 

G44 

1nimica 
J77 

G50 
G72 
J7 

J15 
J37 

Kipuka, Saddle Rd. 9 mi. above Hilo, 
H awaii, 2275' 
Honaunau Forest Resecve, Hawaii, ZlOO' 
Pacific H eigh ts, Oahu 

Hamak ua Ditch Trail, S. Kohala Mts., 
H awaii , 3700' 
W. of Waihoolana, N. Kohala Mts., Hawaii 
Kipuka , Saddle Rd. 17 mi. above Hilo, 
Hawaii , 4600' 

WBH 
HLC 
OHS 

July 6- 66 
JulyZ0-66 
Mar. 3-lZ 

WBH 
DEH 

KYK 

Jun. 28- 66 
Aug. 4- 66 
Dec. 21- 66 

Kipuka #9, Saddle Rd. above Hilo, Hawaii , 5110' RI Aug. 9- 67 
Alakahi Stream, S. Kohala Mts. , H awaii, 3900' HLC Oct. 24- 67 
Tantalus Trai l, Oahu 
Opaeula Road, Oahu 
Kipuka Ki , H aw. Vole. Nat. Pk. , Hawaii 
I-Iamakua Ditch Trail, S. Kohala Mts. , 
Hawaii , 3700' 
W. of W aihoolana, N. Kohala Mts., Hawaii 
Kip uka #9, Saddle Rel. above Hilo, 
H awaii , 5110' 
Molokai 
Oahu 
Pupukea, Oahu 
S. of H analilolilo, Molokai 
K;puka Ki, Haw. Vole. Nat. Pk. , Hawaii 
Kipuka Puaulu. H aw. Vole. Na t. Pk., H awaii 
Kipuka Ki, H aw. Vole. Nat. Pk., Hawaii 
Kipuka Ki , Haw. Vole. Nat. Pk. , Hawaii 
I-Ialem1nu Valley, Kauai 

Kipuka Puaulu, Haw. Vole. Nat. Pk. , Hawaii 
Kipuka Ki, Haw. Vole. Nat. Pk. , Hawaii 

MRW 
FEC 
HTS 

WBH 
DEI-I 

RI 
JG 

OHS 
TAO 
JPM 
HTS 
I-ITS 

KR,RI 
WBI-I 
WBI-I 

KYK 
RI 

Nov. 1- 63 
Jun. 16- 64 
Sep. 7- 64 

Jun. ZB- 66 
Aug. 4- 66 

Aug. 9- 67 
Apr. 13- 66 
None 
July -63 
Apr. 25- 67 
Sep. 10- 64 
Sep. I 15- 64 
Apr. 15- 66 
Jun. 3-66 
July Z0-66 

July ZB- 66 
Nov.lZ-66 

Clennontia stem, lF, ZM 
Freycinetia stem , lF, lM 
Siderozylon fruit, 13 spec. 

(Sapotaceae) (*Z) 

Cheirodendron stem , 3F, SM 
Cheirodendron branch , ZF 
Cheirodendron branch, lF, lM 

Cheirodendron roots (exposed), lM 
Cheirodendron branches, 3F, 1 M 
Gill fungus, many spec. 
Gill fungu s, many spec. 
Gill fun gus, 1 spec. 

Cheirodendron stems, 14F, 13M 
Cheirodendron branches, 3F, 5M 

Cheirodendron roots (exposed), 1M 
Fungus (A garicus), 3F, ZM 
Large bracts of Heliconia blossoms( *6) 
Acacia koa slime flux, 11 spec.(*8) 
Sodom apple (Solanum ) fruit, 14 spec. 
Bracket fungu s, 1 spec. 
Pisonia leaves, 19 spec. (*5) 
Soapberry fruit s (Sapindus ), 35 spec. 
Soapberry fruits (Sapindus), 1F, 3M 
New z~aland Laurel fruits 

(Corynocarpus ), SF, lM 
Peperomia leaves, lM 
Soapberry fruits (Sapindus), 1F, 1M 

18- 31 

Zl- 56 
56 

Z3 
Z6 

Z1- 58 
40-43 

39 

Z3 

Zl-48 
34-41 

Z0-35 
28 
31 
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mimiconformis 

mimiconfuta/a 

mycelophila 
nasula 

neutralis 

nigella 

ochracea 
ochrobasis 

orestes 

paucula 
peclinotarsus 
petalopeza 

G39 
L6 
G28 
J34 

C53 

G72 
G87 

G89 
J29 

J6 
G79 

G78 
G92 

K11 
CH1 

Puu Kolekole, Molokai 
Waihanau Valley, Molokai 
Waikamoi, Maui , 4000' 
Kipahulu Valley, Maui , 3100' 
Palikea, Oahu. 2800' 
Poamoho Trail, Koolau Mts., Oahu 
Kolekole Pass, Oahu 
Oahu 
Mt. Tantalus, Oahu 
Upper Olaa Forest Reserve, Hawaii , 4 
collections in Feb., M ar ., June, Nov. 
Kilauea Ranger Station, Hawaii, 3 colections 
in Mar., July, Nov. 
Kipuka Puaulu, H aw. Vole. Nat. Pk., H awaii 
S. Kohala Mts., Hawaii , 3700' 
Kipuka, Saddle Rd. above Hilo, Hawaii, 3375' 
Humuulu Trail, Keanakolu, H awaii, 4000' 
N. Kohala Mts., Hawaii 
Waikamoi, Maui , 4000' 

H '.lnaunau Forest Reserve, Hawaii, 2100' 
Puu Hualalei, ab~ve Huehue Ranch , 
Hawaii, 5550' 
Puu Hualalei, above Holualoa, Hawaii, 2625' 
Kipuka, Saddle Rd. 9 mi. above Hilo, 
Hawaii, 2275' 
Tantalus, Oahu 
Kipuka Puaulu, Haw. Vole. Nat. Pk., Hawaii 
Paliku, Maui , 6500' 

HH15 P aliku, Maui, 6500' 

G30 Waikamoi, Maui, 4000' 
L15 Kipahulu Valley, Maui, 6600' 

HLC 
DEH 

WBH 
RI 

WBH 
RI,KYK 

KS 
OHS 

WBH 

WBH,RI 

WBH,RI 
WBH 
HTS 

WBH 
WBH 

RI 
JG 

HLC 

WBH 
WBH 

WBH 
HTS 

WBH 
WBH 
WBH 

WBH 
HLC 

July 20--64 
Nov.17- 64 
Mar.30- 66 
Aug.19-67 
Feb. 16- 66 
Nov. 8-66 
July -58 
None 
July 6- 63 

1966 

1964, 1966 
Jun. 3-66 
Jun.28- 66 
July 7- 66 
July 30- 66 
Aug.29-66 
Feb. -66 

July20-66 
Jun. 13-66 

Jun. 12.-66 

July 6-66 
Nov.21-64 
July 10- 67 
July 24--63 
July 27- 64 

Feb.25- 66 
Aug.29-67 

Cheirodendron leaves, 1 spec. 
Tetraplasandra leaves, 2 spec. 
Cheirodendron leaves, 3F, 2M 
!lex leaves, 1 M 
I lex leaves, 2F, 1 M 
!lex leaves, 1 F, 5M 
Bracket fungus, 4F 1M (*1) 
Large bracts of Heliconia blossoms( *6) 
Ginger Oower , 1F 

Cheirodendron leaves, 3F, 21M 

Cheirodendron leaves, 4F, 4M 
Cheirodendron leaves, 3M 
Cheirodendron leaves, 1F, 1M 
Cheirodendron leaves, 3M 
Cheirodendron leaves, 1 M 
Cheirodendron leaves, 4F, 4M 
Bracket fungus (Polyporus 

sulphureous) , 58F, 62M 
F reycinetia stems, 1 M 
M y rsine leaves, 1M (pulled from 

pupa and mounted) 
Clermontia fruits and leaves, 1F, 2M 

Clermontia stems, 1M 
Cheirodendron leaves, 11 spec. 
Sophora leaves, 1F, 3M 
Cheirodendron leaves, 1F 
Pupae in soil samples under 

Cheirodendron leaves, 4F, 7M 
Cheirodendron leaves, 1M 
Cheirodendron leaves, 1M 

43-45 
38 
30-40 
32 

14 

19- 51 

20- 35 
31-44 

28-48 
26 
35-43 

27 

24 

32.-33 
20 

19 
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TABLE 11- Conlinued 
Ol 

Days lo 
Species No. uud lor:diLy Collcclor Dnlo S11bsln1lc or1d n<lults reared c1nc1·gcncc 

percnoso111.a Upper Olaa Fores l Hcserve, Hawaii, 4• 
collec lio11s in Feb., Mar. , Jun e, Nov. WBH,lU 1966 Cheiroderulron leaves, 15F, 18M 24-59 

G<l·7, J35 Kilauea Fern Fo1·esl, Hawaii, 
2col leclio 11 s,Nov. ll , Apr. l4· WBH,HI 1966 Cheirodendron leaves, 4·F , 3M 33--34· 

Kl 9, G69 Kipuka s, Saddle Hd. above Hilo, Hawaii, 
3 colleclions .in J u11 e and July a l 3375', 
4600' ancl 5600' WBII 1966,1967 Cheirodendron leaves, IF, 5M 28--48 

G80 Puu Kukui 11iclge, Maui WBII Jun . 16--66 Clermontia leaves, ·1 M 
G88, G89 Kea nakolu , H awaii, 5200' WBH Jun. 29,30--66 Cheiroden.dron leaves, 4•F, 3M 21--29 
J29 Puulaa laau, N. Koba la Mls., I-fawaii JU Aug.30--66 Cheirodendron leaves, JF, lM 43--44 
G87 S. Kohala Mls., Hawaii , 3700' WBH Jun . 28 66 Cheirodendron. l.eaves, 1F, 4•M 29--42 
K77 Alakahi Slream, S. Kohala Mls., Hawaii, 3900' HLC Oct. 21- 67 Cheirodendron leaves, 2F, 2M 20--27 

perissopoda GM Alakai Swamp, Kauai, 4000' KYK Jun. 2 1--66 Cheirodendron leaves, 2M 25--47 
J7 Moh.ihi , Kokee, Kauai WBH Jul y 18--66 Tetraplasandra leaves, 1F,1M 26--29 

picticomis Kokee, Kauai DEH Mar.15 65 Melrosideros slime nux, 1 spec. 
prodila G79 Puu lfoalaJ.ei , above Huchue Ranch, 

Hawaii , 5550' WBH Jun.l3 66 Mrrsine leaves, 3F, 7M 29--47 
G90 Puu Hualalei , above Huehue Ranch, 

Hawaii , 5550' WBH July 1--66 Mrrsine leaves, 1M 26 
K22 Paliku, Haleakala, Maui, 6SOO' WBH July 19 67 Myrsine leaves, 2F, 2M 26--37 

punalua Tanlalus Trail , Oahu MHW Sep. 11--63 Calam.ernpsis frass in crowns of 

"'-3 
;:i-.. 
(I) 

~ 
;::i 
N , 

~ 
(I) 

;;i 
~· 
.s;, 
~ 
~ 
'tl 
i::: 
~.... 
N, 

B ..... 
Frercinetia, 6 spec. 21--28 I s· 

;::i
Tantalus Trail , Oahu MRW Oct. 22--63 Frercinetia Jlowers, 7 spec. 1S 

KS Mauna Kap u, Oahu MK July 11--67 Frercinelia leaf, eggs deposi ted 
along Lhe nerve, 6F, 6M 

quadrisetae Alakai Swamp Trail, Kauai, 4000' WBH July2Z--64 Clermonlia fruits , 18 spec. 
GS6 Palikea, Oahu , 2800' WBH May ll --66 Clermonlia leaves near rat nest, 6F, SM lS--20 
G83 Koai-Waialae, Kauai, 4·12S' DEH Jun. 20--66 Clermontia fruits and flowers, 7F, 2M 22--27 
17 Halemanu Valley, Kauai WBH July 20--66 New Zealand Laurel fruits 

(Corrnocarpus), 1F, 1M 20--34 
J93 Alakai Swamp, Kauai RI Jun. 21--67 Clernrontia branch, 1M 



quasiexpansa 

redunca 

sadleria 
seclusa 

sepluosa 

setipalpus 

setosimenlum 

simulans 

Mar.11- 66 
Mar.31-66 
Apr.21- 66 
Apr. 21-66 
May28-66 

July 13-67 
Aug. 4-67 
Feb.25- 66 

Dec. 11-10 
July 24-63 
July 8- 64 
Mar.11-66 
Apr. 8- 66 
Aug.29- 67 
July 17- 64 
Sep. 15- 64 
Jun.28- 66 
Oct. 4-64 
May 6-66 
May28-66 
Aug.17- 67 

Jun. 2-66 
Jun. 12-66 
Aug. 2-66 

Aug. 2-66 
July 17-63 
1963 

Dec. 30- 63 

Pelea leaves, 14F, 16M 
Pelea leaves, 2F, 5M 
Pelea leaves, 1M 
Platydesma campanulala leaves, 7F, 4M 
Pelea leaves, 1F, 3M 

Myoporum leaves, 3F, 4M 
Pelea leaves, 15F, 17M 
Cheirodendron leaves (submerged), 

1F,3M 
Rachis of Sadleria fern, 1F (*9) 
Cheirodendron leaves, 1M 
Cheirodendron leaves, 4 spec. 
Cheirodendron leaves, 1M 
Cheirodendron leaves, 3F, 1M 
Cheirodendron leaves, 1M 
Cheirodendron leaves, 1F, 2M 
Cheirodendron leaves, 4 spec. 
Cheirodendron leaves, 2F, 1M 
" Lobelia" leaves, 4 spec. 
Tetraplasandra leaves, 1F, 4M 
Telraplasandra leaves, 2M 
Pelea leaves, 1M 

Clennontia stems, 2F 
Clerrnontia leaves and fruit, 1M 
"Breeding in rotting Clermontia bark" 

Clermontia leaves, fruits, flowers, 1M 
Slime flux of Acacia koa, 4F, BM 
White ginger flowers (H edychium 

coronarium) ('8) 
Calamernpsis frass on Freycinelia, 

1F, 1M 

14-27 
18-29 
33 
28- 31 
23-32 

27-29 
13-25 

28- 34 

16 

39 
27-32 
36 

12-20 
40 

40&45 

27 
13-26 

10 

~ 
~ 

8 
~ 

~ 
.Q. 

~ 
~ 
~: 
;:i 

ti 
~ 
{l 
;:i-. 

~ 

I 0 
+. 
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e:;34 
G39 
G51 
G51 
G76 
K17 

K30 
G30 

CH! 

Waikamoi, Maui, 3500' 
Waikamoi , Maui, 3500' 
Waikamoi, Maui, 4000' 
Waikamoi, M aui , 4000' 
Waikamoi , Maui, 4000' 
Kipuka #10, Saddle Rd. above Hilo, 
Hawaii, 5500' 
Waikamoi , Maui , 4000' 
Waikamoi Flume Trail, Maui 4000' 

Niu, Oahu 
Paliku, Haleakala, Maui , 6500' 

HH17 Waikamoi, Maui, 4000' 
G34 Waikamoi, Maui, 4000' 
G41 W aikamoi, Maui, 4000' 
L13 Kipahulu Valley, Maui, 6600' 
HH18 Kilauea Ranger Station, Hawaii 

Upper Olaa Forest Reserve, Hawaii 
G87 S. Kohala Mts, Hawaii, 3700' 

Waikamoi , Maui, 4000' 
G59 Waikamoi Flume Trail, Maui, 4000' 
G76 Waikamoi Flume Trail, Maui, 4000' 
LS Kipahulu Valley, Maui, 4350' 
G69 Kipuka , Saddle Rd. 9 mi. above Hilo, 

Hawaii , 2275' 
G78 Puu Hualalei, above Holualoa, Hawaii , 2625' 
J17 Awini Camp, N. Kohala Mts., Hawaii KYK,DEH 

WBH 
WBH 
WBH 
WBH 
WBH 

WBH 
WBH 

JG 

OHS 
WBH 
WBH 
WBH 
WBH 
HLC 

WBH 
HTS 
HTS 
HTS 

WBH 
WBH 

RI 

WBH 
WBH 

J18 Awini Trail to Honokane, N. Kohala Mts., 
Hawaii 

CH69 Kipuka Puaulu, Haw. Vole. Nat. Pk. , H awaii 
Mt. Tantalus, Oahu 

Pupukea, Oahu 

DEH 
WBH 
MRW 

MRW 



TABLE 11-Continued ~ 
0 
00

Days to 
Species No. and locality Colleclor Date Substrate and adults reared emergence 

sordidapex 

spicula 

spiethi 

tendomentum 

torula 
trichaetosa 

G69 Kipuka, Sadclle Rd. 9 mi. above Hilo, 
Hawaii , 2275' 

G72 Kipuka Puaulu, Haw. Vole. Nat. Pk., Hawaii 
G78 Puu Hualalei, above Holualoa, Hawaii, 2625' 
G87 Puu P d u, S. Kohala Mts., Hawaii , 3700' 
G89 Keanakolu, Hawaii , 3500' --4500' 
G9l Secondary Forest, Saddle Rd. above Hilo, 

Hawaii , 2000' 
G92 Kipuka, Saddle Rd. 9 mi. above Hilo, 

Hawaii , 2275' 
G89 Humuula Trail , Keanakolu , Hawaii, 

3500' --4500' 
G49 Kipuka Puaulu, Haw. Vole. Nat. Pk. , Hawaii 
G72 Kipuka Puaulu, Haw. Vole. Nat. Pk., Hawaii 
J1 5 Kipuka Ki. Haw. Vole. Nat. Pk. , Hawaii 
K11 Kipuka Puaulu, Haw. Vole. Nat. Pk., Hawaii 

Kipuka Ki, Haw. Vole. Nat. Pk. , Hawaii 

G79 Puu Hualalei, above Huehue Ranch, 
Hawaii, 5550', (lava tube) 

G90 Puu Hualalei, above Huehue Ranch, 
Hawaii , 5400' 

KH Piha-Maulua border, Hawai i, 6500' 

L6 Kipahulu Valley, Maui, 3100' 
HH18 Kilauea, Hawaii 
G24 Upper Olaa Forest Reserve, Hawaii 
G49 Kipuka Puaulu, Haw. Vole. Nat. Pk. , Hawaii 
G69 Kipuka, Saddle Rd. 17 mi. above Hilo, 

Hawaii , 4600' 

WBH 
WBH 
WBH 
WBH 
WBH 

WBH 

WBH 

WBH 
WBH 
WBH 
KYK 

WBH 
HTS 

WBH 

WBH 

WBH 

RI 
WBH 
WBH 
WBH 

WBH 

Jun. 2--66 
Jun. 3-66 
Jun. 12--66 
Jun. 28-66 
Jun. 30-66 

July 6-66 

July 6-66 

Jun. 30-66 
Apr. 13-66 
Jun. 3-66 
July 28-66 
July 10- 67 
Sep. 7-6'~ 

Jun. 13-66 

July 1-66 

July 12--67 

Aug.19-67 
July 17-64 
Feb. 2--66 
Apr. 13-66 

Jun. 2--66 

flex leaves, 2M 
Cheirodendron leaves, 2F, 1M 
I lex leaves, 1 F, 2M 
flex leaves, 1F, 3M 
flex leaves,7F, 10M 

flex leaves, 1F, 2M 

flex leaves, 15F, 6M 

!lex leaves, 2F, 3M 
Cheirodendron leaves, 3F, 6M 
Cheirodendron leaves, 12.F, 9M 
Sophora leaves, 2F, 3M 
Cheirodendron leaves, 3F, 4M 
Gill fungus, SF, 6M 
Bracket fungus, 10 spec. (*5) 

Raspberry fruit, 1F, 

Clermontia fruits, 3F, 3M; stems, 
7F, 6M; leaves, 2F 

Passion /lowers (Passiflora 
pulchella ), 1M; 

Raspberry leaves, JM 
flex leaves, 1M 
Cheirodendron leaves, 1F, 2M 
Cheirodendron leaves, 2M 
Cheirodendron leaves, 1F, 1M 

Cheirodendron leaves, 3F, 3M 

29 
24&31 
36-56 
21-45 
20-59 

18-48 

20-59 
30-46 
44-55 
20-24 
38-46 

4-0 

19-27 

22 

42 

31 

25-76 

~ 
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G89 Humuula Trail , Keanakolu, Hawaii, 
3500'-4500' V\TBH Jun. 30-66 Cheirodendron leaves, 1M 

G95 Kipuka , Saddle Rd. 17 mi. above Hilo, 
Hawaii , 4600' WBH July 7-66 Cheirodendron leaves, 3M 

J29 Puulaalaau, N. Kohala Mts. , Hawaii, 3500' RI Aug.30-66 Cheirodendron leaves, 4F, 3M 29-39 
J36 Kipuka Puaulu, Haw. Vole. Nat. Pk., Hawaii JPM,RI Nov.11-66 Cheirodendron leaves, 1M 
K l4 Piha-Maulua border, Hawa ii, 6500' WBH July 12-67 Cheirodendron leaves, 5F, 14M 45 
Kl5 Kipuka #9, Saddle Rel. above Hi lo, 

Hawaii, 511 O' WBH July 13-67 Cheirodendron leaves, 7F, SM 24-43 
K19 Kipuka # 1, Saddle Rd. above Hilo, ~ Hawaii, 5600' WBH July 9- 67 Cheirodendron leaves, 4F, 10M 37-47 

unicula G78 Puu Hualalei , above Holualoa, Hawaii, 2625' WBH Jun. 12-66 flex leaves, 1F, 2M ~ G87 Puu Pelu, S. Kohala Mts. , Hawaii, 3700' WBH Jun.28-66 flex leaves, 3F, 4M 21-45 ...... 
G91 Secondary Forest, Saddle Rd. above Hilo, ~ 

variabilis 
Hawaii, 2000' 

HHl 7 Waikamoi, Maui , 4000' 
WBH 
WBH 

July 
July 

6--66 
8-64 

flex leaves, 1F, 1M 
Cheirodendron leaves, 2F, lM ..Q.. 

G31 South of Hanalilolilo, Molokai, WBH Mar. 2-66 Cheirodendron leaves, 3F, 3M 32-36 ~ 
vicaria J33 Waikamoi, Maui, 4000' JPM Nov. 8-66 Clermontia fruits, 1F, 1M 28 ~ vinnula 
williamsi 
(Forked tarsi) 
n. sp . #2nr. 
variabilis 
n. sp. #3 nr. 

KZL 
GZ8 

G34 

K19 

WiliwiLnui Ridge, Oahu 
Palikea Ridge, Oahu, 2.800' 

Waikamoi , Maui 

Kipuka #1, Saddle Rd. above Hilo, 

RI 
WBH 

WBH 

July Z0-67 
Feb. 16-66 

Mar.11- 66 

Cheirodendron leaves, 1F, 3M 
Cheirodendron leaves, 22.F, 7M 

Pelea leaves, lM 

34-37 

I 

~: 
;:i 

ti 
Cl 
"' .g
;:s-. 

cracens 
n . sp. #4nr. 
cracens (long fork) 

K14 
Hawaii, 5600' 
Piha-Ma ulua border, Hawa ii , 6500' 

WBH 
WBH 

July 9-67 
July 12-67 

Cheirodendron leaves, 4M 
Cheirodendron leaves, 1M 

42-47 ::::.;
s.; 
~ 

(Spoon tarsi) 
n. sp. #1 nr. G87 Hamakua Ditch Trail , S. Kohala Mts., 
neu/ralis (dark Hawaii, 3700' WBH Jun.28- 66 Cheirode1Ulron leaves, 1 M 56 
wing tip ) 
n. sp. nr. G87 Hamakua Ditch Trail , S. Kohala Mts. , 
neu/ ralis (clea r Hawaii, 3700' WBH Jun.28 66 Clermontia fruits, flowers, leaves, 
wings) 1F,1M 4>

0 
<O 
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TABLE 11 Continued ....... 

0 

Species No. und locality Collector Date Subs trntc a11d ad ul ts reared 
Days to 

emergence 

n . sp. #3 nr. G41 Waikamoi , Maui, 4000' WBH Apr. S- 66 Pitlosporumleaves, 16F, 16M 24-32 
111irniconfon11is 
(dark pleurae) 

G'i·5 Lanaihale, Lanai KYK Apr. 14-66 Tetraplasandra leaves, 1F, 2M 29-33 
G59 Waikamoi, Maui, 4000' WBH May 6--66 Pittosporum leaves, SF, 6M 17-47 

n. sp. #5 nr. 
1rzi1niconfonnis 
(rectangular 

G30 
G34· 
G51 

Waikamoi, Maui , 4000' 
Waikamoi, Maui , 3500' 
Waikamoi, Maui, 4000' 

WBH 
WBH 
WBH 

Feb. 25-66 
Mar.11- 66 
Apr. 2 1- 66 

C lerm.ontia leaves, 6F, SM 
Clermontia leaves, 3F, 1M 
Clermontia leaves, 2F, 5M 

14-31 
17-33 
28- 31 

"'-,]
;:::-.. 
(<:> 

spoon) 

n. sp. rel. 
niirniconfor1nis 

GSO 
J9S 
GSO 

Puu Kukui Ridge, Maui 
W aikamoi, Maui , 4000' 
Puu Kukui , Maui 

WBH 
WBI-I 
WBH 

Jun. 16- 66 
Jun. 28- 67 
Jun. 16- 66 

Clerm.ontia leaves, 6F, 5M 
Clermontia leaves, 2F, 5M 
T etraplasandra leaves, 2F, 2M 

28-36 
27- 36 
2S-37 

~ 
;:i 
::::· 
3. 

(shining brown) ~ 
n . sp. rel. ML Kaala , Oahu DEH Mar.1 2---65 T elraplasandra leaves, over 100 spec. .Q. 
paucula 
(Bristle tarsi) ~ n. sp. r el. J7 Mohihi Stream, Kauai WBH July 18- 66 T etraplasandra leaves, 1F, 1M 26--30 "' persissopoda 

~ (segm.5&6 yellow) 
~ 

n. sp. rel. 
perissopoda 
(basitarsus 
'l3 tibia) 

JS Koaie-Waialae Trail, Alakai Swamp, 
Kauai , 4125' WBH July 19- 66 Cheirodendron platyphyllum. 

leaves, 3M 20- 29 

...... 
c::: · 
i::i.... 

I 
..... 
0 
;:i 

n. sp. rel. HH1 5 P aliku, Maui, 6SOO' WBH July 27- 64 From pupae in soil sample under 
petalopeza Cheirodendron leaves, 1 F, 1M 
(Ciliated tarsi) 
n. sp. rel. Puu Kolekole, Molokai HLC July 20- 64 Cheirodendron leaves, 2 spec. 
kraussi 
n. sp. rel. G41 Waikamoi, Maui, 4000' WBH Apr. 8- 66 Piuosporum leaves, 1M 
orestes 

G59 Waikamoi , Maui, 4000' WBH May 6--66 Pittosporum leaves, 2M 



n. sp. also with G33 Lanaihale, Lanai WBH Mar. 3-66 Ilex leaves, 1 F, 2M 22--30 
bristle tarsi 
(Modified labellum) 
n. sp. rel. Kipuka Ki , Haw. Vole. Nat. Pk., Hawaii HTS Sep. 10- 64 Gill fungus, many spec.,(*4) 
hirLiLarsus 
n. sp. rel. G69 Kipuka, Saddle Rd. 9 mi. above Hilo, 
hirLiLarsus Hawaii, 2275' WBH Jun. 2--66 Clermontia stems, 7F, 7M 25-30 

G92 Kipuka, Saddle Rd. 9 mi. above Hilo, 
Hawaii , 2275' WBH July 6- 66 ClermonLia stems, 3F, 2M 22--28 

~ n. sp. rel. J28 Above Paauilo, Hawaii RI Aug.29- 66 Passiflora leaves, 30F, 24M 24 
hirtitarsus ~ 
n . sp. rel. G36 Kipuka Puaulu, Haw. Vole. Nat. Pk., Hawaii WBH Mar.16-66 Pisonia leaves, 15F, 11M 22--24 t:ti 

~chaetopeza 0 
O'n. sp. rel. G90 Puu Hualalei, above Huehue Ranch, 
~nzinzica Hawaii, 5400' WBH July 1- 66 ClermonLia fruits, 1F, 1M 

n. sp. rel. J6 Honaunau Forest Reserve, Hawaii , 2100' HLC July 20-66 Freycinetia stems, 1M I .Q.. 
quadrisetae ::i:: 

~n. sp. rel. J28 Above Paauilo, Hawaii RI Aug.29- 66 Passiflora leaves, 3F, 3M 25 
~ 
N ,

dissiLa Jl7 N. Kohala Ditch Trail, Awini, Hawaii, 2000' HLC Aug. 1- 66 Clermonlia stems and leaves, 1F, 1M 25 ~ · 
;:in. sp. rel. J17 N. Koha la Ditch Trail, Awini, Hawaii, 2000' HLC Aug. 1- 66 Clermontia stems and leaves, 1F, JM 28 

biseriala t:1 
dn. sp. nr. G4t Waikamoi , Maui, 4000' WBI-I Apr. 8-66 Clermontia stem tips and attached "' .gLacinos a leaves, 2M 28 

n. sp. rel. G56 Palikea, Oahu, 2800' WBH May1 l-66 Clermonlialeaves, 1F, 1M 21 :::: 
~conieclura 

n. sp. nr. K14 Piha-Maulua border, Hawaii, 6500' RI July 12--67 Cheirodendron branch, 6F, 5M 34 ~ 
latigena 
n. sp. pattern J8 Koaie-Waialae Trail, Alakai Swamp, 
wing, thorax Kauai, 4125' WBH July 19-66 Clermontia stems, 3F, 1M 27-29 
n. sp. nr. G87 Hamakua Ditch Trail, S. Kohala Mts., 
ishnolrix Hawaii , 3700' WBH Jun.28- 66 Cheirodendron branches, 3F, 3M 22--57 

J20 W. of Waihoolana, N. Kohala Mts., Hawaii DEH Aug.14~66 Cheirodendron branches, 1F, 1M 26 .;;...... ..... 



TADLE 11- Continued 

Species No. and locality Col lec t.or Date Substrate and adu l ts renrc<l 
Days to 

emergence 
~ ...... 
to 

(No features) 
n. sp. fu st icula 
type G87 Hamakua Ditch Trnil, S. Kohala Mts., 

H awa ii, 3700' WBH Jun. !28 66 flex berries, 1F, 1M 31 
n . sp. nr. G89 Humuula Trail, Keanakolu , Hawaii, 4000' WBH Jun. 30- 66 flex branches and twigs, 4M 35- 38 
confu lala 
n. sp. nr. Jt 2 Waikamoi , Maui, 4000' DEH July 9-66 Gunnera petioles, 1M 46 
confulal a 
IDIOMYIA ~ 
clavisetae W aikamoi, M aui, 4000' 7 collec tions in WBH,RI 1966-67 Clermontia branches, also stem tips, \1'l 

Feb., Mar., Apr., July and Nov. DEH,JPM 14F, 12M 19- 33 
(extremes) 

~ 
;l 
N, 

<:::! 
L7 Kipahulu Valley, Maui , 4300' RI Aug.16- 67 Clermontia branch, 1M Z8 \1'l 

~ 
planitibia W aikamoi, Maui , 4000' 5 collections in WBH,RI 1966- 67 Clermontia branches, 13F, 10M 21~ ::::.· 

Feb., Mar ., Apr., July and Aug. DEH (extremes) ~ 

heteroneura G90 Puu Hualalei, above I-Iuehue Ranch Rd ., ~ 
H awaii, 5400' WBH July 1- 67 Clermontia stems, 2F, 1M 37&45 

NUDIDHOSOPHILA ~ n. sp. near amila J6 Honaunau Forest Rese1-ve, Hawaii, 2100' HLC July 20- 66 Freycinelia stem s, 6F, 2M 18- 31 "' 
n. sp. marked wings 
SCAPTOMYZA 

K14 Piha-Maulua border, Hawaii , 6500' RI July 12--67 Cheirodendron branch, 1M 'tl 
!:: 
~ 

( Bunosloma) N, 
(') 

palmae 
xanthopleura 

Volcano, Hawaii 
Kolekole Pass, Oahu 

JFI 
KS 

Apr. 26- 16 
July - 58 

"reared from palm," 1F, 1M (* 1) 
Bracket-type fungus, 1F, 1M (* 1) 

~ .... s· 
;l 

( Exalloscaptomyza) 
caliginosa Honokaa, H amakua Coast, Hawaii, 1000' DEH Aug.29- 63 ( taken on Morning glory flowers) (*4) 
mautensls Haleakala Rd., Maui, 2000' WCM Mar.17-64 Ex Morning glory flowers, 1 spec. ( *4) 

Hana, Maui , 170' HLC July21-65 Ex Morning glory flowers 
(/pomea alba), 2 spec. 

G74 Kula, M aui WBH Jun. 6-66 Ex Morning glory flowers, 4F, 2M 16-48 
oahuensis Pupukea, Oahu LHT Aug. -63 (taken on Morning glory flowers) , 

2 spec. 
Pali Highway, Oahu, 500' LHT July -63 (taken on Morning glory flowers), 

many spec. ( • 4) 



throckmortoni 
( Parascaplomyza) 
pallida 

(Tantalia) 
flavida 

gilvivirilia 

varipicla 
(Trogloscaptomyza) 
a[finicuspidata 
cryploloba 

cuspidata 

cyrtandrae 

exigua 

hackmani 

Mt. Tantalus, Oahu DER 

Kokee Rd., Kauai,2900'- 3600' DEH,LHT 

Opaeula Rd., Oahu FEC 
I-IH16 Waikamoi, Maui, 4000' WBH 
G36 Kipuka Puaulu, Haw. Vole. Nat. Pk., Hawaii WBH 

Kipuka Ki, Haw. Vole. Nat. Pk., Hawaii HLC 

G79 Puu Hualalei, above Huehue Ranch, 
Hawaii, 5550' WBH 

G90 Puu Hualalei , above Huehue Ranch, 
Hawaii, 5400' WBH 
Kipuka Puaulu, Haw. Vole. Nat. Pk., Hm'Vaii I-ITS 
Waikamoi, Maui , 4000' HTS 

G39 Waikamoi, Maui, 4000' WBH 
G51 Waikamoi, Maui, 4000' WBH 
JS Koaie-Waialae, Alakai Swamp, Kauai WBH 

G80 Puu Kukui Ridge, W . Maui DER 
Kamokuiki Valley, Oahu OHS 

HH15 Paliku, Maui, 6500' WBH 

Kilauea, Hawaii (Thurston lava tube) JWB,HAB 

G79 Puu Hualalei, aboveHuehue Ranch, 
Hawaii, 5550' WBH 

HH15 Paliku, Maui, 6500' WBH 

G49 Kipuka Puaulu, Haw. Vole. Nat. Pk., Hawaii WBH 

G72 Kipuka Puaulu, Haw. Vole. Nat. Pk., Hawaii WBH 

May 9- 65 

July 29- 63 

Jun. 16--64 
July 8- 64 
Mar.16--66 
.1964 

Jun. 13- 66 

July 1- 66 
Sep. 15- M 
Oct. 4--64 
Mar.30- 66 
Apr. 21- 66 
July 19-66 

Jun. 16- 66 
Apr. 8- 34 

July 27- 64 

Aug. - 57, 
Apr.,Dec.- 62 

Jun. 13- 66 
July 27- 64 

Apr. 13- 66 

Jun. 3- 66 

(taken on Morning glory flowers), 
many spec.(*4) 

(taken on Morning glory flowers) , 
37 spec. (*4) 

Gill fungus, 1 spec. 
"Senecio" Oowers, Z spec. 
Pisonia brunonianum leaves, 5F, 1M 
Soapberry slime flux (Sapindus), 

many spec.(*8) 

Myrsin.e leaves,2F 22 

Clermonlia leaves,1F 
Pisonia leaves, 2 spec. 
Clermontia leaves, 2 spec. 
Cheirodendron leaves, 1F, 1M 
Platydesma leaves, 3F 
Clennontia leaves, 1M 

19 

40 
19 
21 

Lobelia gloriamonlis, many spec. 
" larva in frass on leaf of 

Charpenliera," ( * 1) 
From pupa in soil sample under 

Cheirodendron leaves, 1M 
Larvae, pupae, adul ts on living leaves 
of Cyrtandra(*1) 

39-44 

Raspberry fruit, many spec. 
From pupa in soil sample under 

Cheirodendron leaves, 1M 
From pupae on surface of Pelea (?) 

leaves, 3F, 1M 
Cheirodendron leaves, 1 F 

27 

~ 
~ 
t:t1 
8 
~ 
~ 

.Q. 
g:: 
~ 
N ,

is · 
;::i 

tl .... 
0 

.g"' 

f 
~ 

~-w 



....-T A BLI': 11 Co1 1li1 1ut·d .... 
l )uys to 

Spi'C II'' Nu. 11ud !111111.i y Coll1·1trw J>olo S11b.. 11;1t1· trn<l ndult i; 1(•11 1cd cmcrgonco 

(;79 l'uu I lwd:ilPi , nbov<' I lupl1u(' l\n11 ch, 
I IHWHi i, '5'55 0' wmr .lu11 . 11 66 Hnsp br"".Y fruit, few spec. 

(;<Jo P11u I l11 nlulc·i , t1bov(\ I lu('l1LH' HH11cl1 , 
ll owuii ,')tl·'5 01 WJl lf Jul y I 66 Clen11011tia ll'Hvrs, 3F , IM 

intri('(t/(I llll l(j W11ik11111oi , M11ui ,4-000' WJ3TJ .July 8 61 "Senecio" nowcrs, 1z SJ>C' C. 

Waik11111oi , Maui , 4000' JITS On. 4· 6'1· Clen11011tia lcavcs, ni any sprc. 
~ 

GN Wnilw111oi , Mn11i . '1000' WBJI Mnr.10 66 Clen110111ia ll owc l'S, 3F , 5M ~ 
(I)

G l·I Wuik c11t1 oi, Mrn1i , 11000' WB ll /\pl'. R 66 C/('1'111 011/ia str111 tips and at tucl 1ed 
IC'nvcs, 2 F, 2M 19 ·22 C::J;:s-G5 1 W ailrn 111 oi, M oui , 11·000' WJ3U AP"· 2 1 66 Cler111 011tia f,.uit, 4·F, 2M I::: · 

.J H Wailw 111 oi, Mnui , 4000' JPM Nov. R 66 Cler111 0111ia r,.uit, 10F, 7M 22 (I) 

.J 66 Waikn111oi , Maui , 4000' Bl Fe b. 22 67 Cler111 ontia bran ch and leaves, 3F 
~ -.... · 

/11 ti f('/'K t1111 I la h·ukn lu Crnt(' r, Maui , ROOO' LWQ,Oll S Aug. 1918 ( takc•1 1 or ll owe rs o r S il ve rswonl , ~ 

!lrgyroxiphiwn) ( 'I ) .Q. 
rnm J\ ug. 1956 Su 1nc .. ~ DEII .July 1958 Sa rn e 

~ fo11gipC'Cle11 W ui1:111H1 w 11upn, MHui, 7000' D im Oct. 6'1· NativC' ro 111positc ll owers (D11b(lu/ia ), 

w·isf'o11igra 1· Spl'C. "tl 
i::: 

11wdio11a 11 11 16 Wai ki1111oi , Maui , 1l-OOO' WBll .Jul y 8 6 ·~ "Senec£o" llowcrs, 4 SJ)('C. <::!" 

pla1rrhi11a I1!120 J\ lakai Swn mp, Kauai , 1·000' WB ll .Jul y 22--61· Cler111 011lia fruits, 10F, 17M,( '1·) I::': 
~ 

G83 Koaic-Wainl nc•, Kauai , 4· 125' J)Jm Ju11 . 2 1 66 Clerl//ontia frui ts a nd !lowers, IF, 2M 21 26 !::).... 
scolo1J/iclws GCJO Puu l l1rnlal r i, abovr llu chue Ha11cli, I s· 

;:s 
Ha wa ii , 5400' WBII .I ul y 1- 66 Clen11ontia stem s, 3F , 6M 19- 27 

lw11idula G79 Puu Jlualnl C' i, above Ilu cl1uc Ha11 cli, 
I rawa ii , '5'3'50' WBJJ Jun . 13- 66 Hasphe r"y fruit, many sp ec. 

varia Ill 120 Alakai Swa 111 p T ra il , Kauai , 4000' WBH Jul y 22--6 1· Clen11011tia r,.uits, 15 spec. 

G83 KoaiC' Waia lae, Kauai DEIJ Jun .21 66 Lobelia ll owers, 34 spec. 20-25 

n. sp. ""· e.cigua G87 S. Koliala Mi s., J fawa ii , 3700' WBI-I Jun . 28 66 Clerl//onlia fruits, flowers, leaves, 
1F, IM 

G90 Puu Jlua la il'i , above Ilucl1uc Ha11cl1, 
Ha wai i, 51·00' WBH July 1- 66 Clermon.tia fruits, 32F , 51M 15-30 



n. sp. rel. exigua G80 Puu Kukui Ridge, Maui DEH Jun. 15-66 Lobelia gloria-montis flowers, 
many spec. 

n. sp. close to G56 Palikca, Oahu , 2800' WBH Mayll - 66 Clermonlia leaves, 4F, 2M 15-17 
affinicuspidata 

n . sp. Tantalia ar ista G90 Puu Hua lale i, a bove Huehue Ranch , 
Hawaii, 5550' WBH Jul y 1- 66 Myrsine berries, lF 34 I 

n. sp. !'CL intrica/a G90 Puu Hualalei, above Huehue Ranch , ~ 
H awa ii , 5400' WBH July 1- 66 Clermonlia leaves, 2F, 2M 16-23 ~ 

TITANOCHAETA 

8 
~ 

bryani Manoa, Oahu OHS 1924 Spider egg mass, 1F, 1M, (*1,10) 
chauliodon Ci.37 Puu Kolekole, Molokai, 3500' MSC Aug. 3-65 Egg case of sp ider (Thomi siclae) on fern O' 

(Elaphoglossium crassifolium) ,2M ~ 
C140 Waikaimoi, Maui , 4200' MSC A ug. 12--65 Egg case of spider (Thomisidae) on fern .Q.. 

(Elaphoglossium crassifolium), 1M ::i:: 
evexa C 137 Puu Kolekole, Molokai, 3500' MSC Aug. 3-65 Egg case of spider (Thomisidae) on fern i::i 

(Elaphoglossium crassifolium), 4F, 1M E: 
i::i 

ichneumon Mou n tain V iew (19 12) and 
~ . 

s· 
Pahala (1908), 1918), Hawaii OHS Spider egg sacs on sugar ca ne, ( ' 1, 11 ) ;::$ 

setosiscutellum Cl 17 Puu Koleko le, Moloka i, 3500' MSC Aug. 3-65 Egg case of spider (Thomisidae) on fern tJ-..
(Elaphoglossium crassifoliwn), 4F, 2M 0 

swezeri ML TaJtta lus, Oa h u OHS 191 5 Spider egg mass, 1F,( ' I, lO) "' 0 
"1::S 

Haiku, Maui JCB Aug. 1918 Spider egg mass, 2F, lM,( ' 1,10) ;::: 
Manoa, Oahu OHS 1924 Spider egg mass, 1F, 1M, ( '1 ,10) ~ 

~ 
References: 

'1 Hardy (1965) '7 Swezey (1934) '10 Wirth (1952) 
' 2 Bryan (1934) :~ rpi~t>: mgg; ' 8 Carson (1965) '11 Swezey (1929) 
' 3 Carson (1966) '6 Swezey ( 1952) '9 Brian (1938) 

The collectors J;sted by ;n;tials are as follows' John W. Beardsley (JWB) , Henry A. Bess (HAB), J. C. Bridwell (JCB), Hampton L. Carson (HLC), Meredith S. Carson (MSC),
Frances E. Clayton (FEC), E. J. Ford (EJF), Jack K. Fuji; (JF), Joseph Grossfield (JG), D. Elmo Hardy (DE!!), w;mam B. Heed (WBH), James Franklin I!Hngworth (JFI), Robert 
Iwamoto ( I\!) , Michael Knmbysel!;s (MK), Kenneth Y. Kaneshiro (KYK), Wallace C. Mitchell (WCM), John P. Murphy (JPM), Thomas A. Ohta (TAO) , Laurence W. Quale (LWQ),
Kathleen Resch (KH), K. Sakimurn (KS), Herman T. Sp;eth (HTS), Otto H. Swezey (OHS), Rae Tanabe (RT), Lynn H. Throckmorton (LHT), Marshall H. Wheeler (MRW). 

.... ....... 
(,)'\ 
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drosophilid habitat in Hawaii is probably more complex than any other region 
in the world (Table 1). (2) High productivity of the environment. Several of 
the individual habitats are obviously high in Hawaii, as in the leaf habitat. (3) 
Increased inequality of available resources. The within-habitat diversity of sub
strates is high, again mostly in the leaf habitat (Table 2). (4) Low absolute 
numbers of individuals. Studies in population size are presently being conducted. 
Population size is partially controlled in the leaf breeders by low fecundity, pre
dators and parasites. ( 5) Increasing specialization of the species. At least one 
half of the species studied appear to be monophagous, or nearly so. (6 ) Uniform 
seasons. The only major climatic variable controlling drosophilid activity in 
Hawaii is humidity. Table 11 shows the populations breed throughout the year. 

Although conditions in Hawaii appear to conform to theory, the point to be 
emphasized is that the monophagy exhibited by so many species is restricted to 
a very few plant hosts. In the Hawaiian Islands, gau.dichaudii and pla:typhyllum 
are the only two species of Cheirodendron. The latter species is restricted to the 
swamp regions of Kauai and Oahu and is thus of limited utility (Rock, 1913). 
There appear to be several biotypes of C. gau.dichaudii. For instance, the fer
menting leaf in the Kilauea region of Hawaii is much larger and somewhat drier 
than the leaves from Waikamoi, Maui. The genus Clermontia is recognized to 
have split up into 42 species and varieties (Fosberg, 1948) . /lex is a monotypic 
genus in the Islands and it is the host plant for 14 species to date, the majority 
of which do not overlap with Cheirodendron or Clermontia. The three genera of 
trees, and no doubt less than 10 species, account for approximately 100 species 
of drosophilids to date, the majority of which appear to be completely dependent 
on them. The Campanulaceae (Clermontia) probably originated from the Amer
icas, while the Araliaceae (Cheirodendorn) and the /lex originated from Asia. 
The fortuitous colonization of these plants in the Hawaiian Archipelago set the 
stage for at least a major part of the adaptive radiation of the drosophilids. 

Parenthetically, the most abundant trees in the Hawaiian Islands are the ohia 
lehua, Metrosideros polymorpha Gaud., and the koa, Acadia koa A. Gray. The 
leaves of both trees rot in a dry condition and are unavailable to the drosophilid 
fauna. However, Swezey ( 1954) lists approximately 150 species of insects that 
utilize koa, 40 of which are apparently monophagous. The latter are mostly 
Coleoptera and Lepidoptera. 

One of the primary concerns in the present report is to detennine the relation 
that exists between the ecology and the taxonomy, and inferred phylogeny, of 
the Hawaiian drosophilids. In the cases where monophagy is the rule rather than 
the exception, the relation is a direct one, at least on the level of species groups 
and gross ecology. For instance, Throckmorton (1966) shows the Antopocerus, 
bristle tarsi, fork tarsi and spoon tarsi radiating from a common ancestor pri
marily on the basis of the internal morphology. These groups are the only ones 
whose larvae mine fermenting leaves exclusively. It is not difficult to imagine 
the origination of the groups within the leaf habitat. Similarly the light tip 
scutellum group could have originated in fungus, Exalloscaptomyza in flowers 
and Titanochaeta as parasites. Zimmerman (1948) documents many striking 
examples of host plant specificity in the insects of the Hawaiian Islands. 

It is not possible to correlate the more versatile groups with a single habitat. 
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They probably never had one. In any event polyphagy is correlated with the 
picture wing group, the modified labellum, ciliated tarsi and Trogloscaptomyza. 
The species within these groups are quite variable phenotypically. Also their 
behavior is more varied than the more monophagous forms. Spieth (1966) finds 
a common mating pattern ( s) relating the species within each group of the bristle 
tarsi, spoon tarsi, fork tarsi and Antopocerus. However in the picture wing group, 
no behavioral element rwas common to all 10 species studied. Similarly, Spieth 
found the modified labellum group quite variable in behavior. Indeed, the ecologi
cal habits of D. crucigera, a picture wing, and to a lesser extent, D. mimica, a 
modified labellum, are comparable to those of the highly aggressive domestic 
species, D. immigrans (Table 11). 

The question arises whether the scaptoid line of descent overlaps the drosophi
loid line in ecological habits or has taken a different route. With the information 
available, it appears that it has done both. The Tantalia, Exalloscaptomyza and 
Titanochaeta have their own niches, while the Trogloscaptomyza overlap some
what the habits of the more aggressive drosophiloids. There is a tendency, how
ever, for the Trogloscaptomyza to utilize substrates in a fresher condition. This 
group prefers flowers of the Compositae and Campanulaceae and fruit of Cler
montia and raspberry. However, S. cyrtandrae is exceptional since it is the only 
clear cut case where no fermentation at all appears to be necessary. The larvae 
crawl among the hairs of the living leaf probably feeding on the exudate of the 
basal glands. Pupation occurs directly on the leaf. The Scaptomyza are known 
to be primarily leaf-miners of fresh leaves and secondarily fermenting fruit 
breeders in North America and Europe (see, for example, Stalker, 1945). Swezey 
(1913) reported on the leaf mining habits of 21 Lepidoptera, 2 Coleoptera and 
4 Diptera in Hawaii; however the Diptera were in the family Agromyzidae. 
Okada and Sasakarwa (1956) report rearing out D. busckii and D. denticeps, a 
Hirtodrosophila, from the fresh leaves of Pisum sativum L. and Chloranthus 
japonicus Sieb., respectively, in Japan. In light of the Throckmorton-Spieth 
theory of the probable origin of the Scaptomyza in Hawaii, further ecological 
studies with this in mind are warranted. 

SUMMARY AND CONCLUSIONS 

The breeding sites of approximately 30 percent of the described Hawaiian 
Drosophilidae are recorded and analysed. The most significant finding is that the 
fermenting leaf of many endemic, and several introduced, plants are mined by 
the larvae of 93 species studied to date. C heirodendron gaudichaudii (Araliaceae) 
supports the majority of leaf breeders. Fermenting stems and branches of the 
arborescent lobelia, Clermontia arborescens and other Clermontia species (Cam
panulaceae) account for 18 species to date, none of which breed in Cheirodendron 
leaves. Cheirodendron and Clermontia grow side-by-side in many Hawaiian rain 
forests and together, including the rotting bark and root breeders in Cheiroden
dron and rotting leaf, flower, fruit and root breeders in Clermontia, account for 
89 species, none of which seriously overlap the others' host plant. The two plant 
genera account for a major part of the adaptive radiation of the Drosophilidae in 
the Hawaiian Islands. 
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The problem of within-habitat diversity and the relation between ecology and 
phylogeny are very briefly discussed. 
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XX. A Cytological Study of Some Species of the Genus 
Samoaia (Diptera: Drosophilidae) 1 

JOHN R. ELLISON 

The genus Samoaia (Malloch, 1934) is probably an offshoot of the immigrans 
group of Drosophi1a. Somewhat more closely related are the genera Chaetodro
sophillela and Zaprionus (Throckmorton, personal communication). Smnoaia 
is endemic only to the islands of Samoa and inhabits the floor of the rain forests . 

One could divide the genus into two major groups, the picture wings and the 
non-picture wings. Such a division could be somewhat misleading, however, 
since in two cases there exists a greater taxonomic relationship as shawn by male 
genitalia between some picture wing and non-picture wing flies than between 
the two nearest picture wing species or the two nearest non-picture wing species. 

Malloch (1934) described four species of Samoaia. W . S. Stone and C. P. Oliver 
in 1965 and W. S. Stone and M. R. Wheeler in 1967 collected the species and 
stocks which are now in culture at The University of Texas at Austin and on 
which this work was done. Wheeler and Kambysellis (1966) described three 
additional species of Samoaia. In all, six stocks representing four distinct types 
were studied. Of these four, one (the blackwing group) probably represents a 
new species; two (the "Afiamalu" stock and the S. leonensis stock) probably 
represent previously described species; and one (the S. attenuata stock) is a stock 
descended from the same collection from which it was originally described. 

MATERIALS AND METHODS 

Table I lists the six stocks and their origin. The flies were cultured in large 
shell vials on Wheeler-Clayton medium (containing high-protein cereals, yeast, 
banana and pineapple baby food and agar) which is currently used at The Uni
versity of Texas at Austin for many of the endemic Hawaiian Drosophila cul
tures. One-half of a Tomac tissue was folded, placed against the glass on one side 
of the vial, and moistened. The flies were transferred every 4 to 6 days. Water 
was added to keep the tissue moist. 

It was found that failing to keep the flies in a very moist environment resulted 
in considerable mortality, presumably due to dehydration. 

Pupation generally took place in the tissue. When all the larvae had pupated, 
the tissue was transferred to a bottle containing sterile moistened sand. Emerging 
flies were collected every two days for stock maintenance and every 12 hours 
when virgin flies were desired. 

1 This is a portion of the thesis submitted to the University of T exas in partial fulfillment of 
the requirements of the Master of Arts degree. This work was supported by a U .S. Public Health 
Service Research Grant, No. GM-11609, to Drs. W. S. Stone and M. R. Wheeler. 

Studies in Genetics. No. 4, 1968. 
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TABLE 1 

Stocks used in this investigation 

Stock Description Locality Date Collectors 

S. attenuata \\Theeler and Kambysellis 
(1966) 

Afiamalu Road. 
Upolu, V\Testern 
Samoa 

July 1965 W. S. Stone 
C. P. Oliver 

"Afiamalu" Morphologically like 
S. attenua.ta 

Afiamalu Road, 
Upolu. Western 
Samoa 

July 1967 W. S. Stone 
M. R. V\Theeler 

blackwing I Very similar in appearance 
to S. attenuata and to 
S. nuda.. Differs in 
genitalia and subtle 
colorations from aboYe. 

Pago Pago, 
American Samoa 

July 1967 W. S. Stone 
M. R. V\Theeler 

black\\'ing II Same as blackwing I Pago Pago, 
American Samoa 

July 1967 W. S. Stone 
M. R. V\Theeler 

blackwing 
6X3 
(hybrid 
origin) 

Differs from blackwing I 
in male genitalia. Other
wise like blackwing I 

Pago Pago, 
American Samoa 

July 1967 W. S. Stone 
M. R. V\Theeler 

S. l,eonensis 'Wheeler and Kambysellis 
(1966) 

Pago Pago, 
American Samoa 

July 1967 V\T. S. Stone 
M. R. V\Theeler 

Hybridization Tests 

The following procedure was followed for hybridization experiments: 
1. Virgin flies were collected from hatching bottles at intervals of 12 hours. 
2. The virgin flies of both sexes were allowed to age for 5 days. 
3. The desired mating was made with 10-15 pairs of flies to each vial. 
4. The flies were then transferred every 5 days. The old vials were kept for 

a minimum of 15 days and examined for any sign of fertility at each 
transfer. 

5. Hybrids, when found, were brother-sister mated to determine fertility. 
When possible, a cytological verification of each fertile hybrid vial was 
made. 

Cytological Examination 

The salivary chromosome preparations were made from pupae approximately 
7 to 20 hours after pupation. It was found that flies in the larval stages were not 
nearly as good as the early pupa for salivary preparations. Satisfactory chro
mosomes could be found in some cells of a salivary gland in pupae as old as 21h 
days after pupation. The salivary glands were dissected in saline, fixed for 20 
seconds in 1 N HCl and stained for 2 to 4 minutes in a stain made by mixing 
1 part orcein-saturated 85% lactic acid with 1 part orcein-saturated glacial 
acetic acid and 1 part water. Squashing and mounting of the salivary gland was 
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accomplished in 45 % acetic acid on a slide coated with Siliclad (a commercial 
water-soluble silicon compound). An uncoated cover slip was placed over the 
drop of 45 % acetic acid containing the salivary gland. The salivary glands were 
squashed with the butt end of a pair of watchmaker's forceps and subsequently 
a Kim-wipe tissue was folded, placed over the slide and held in place with the 
fore and middle finger of one hand and the slide was again pressed with the 
thumb of the other hand. The slides were then sealed immediately with clear 
fmgemail polish. The slides were photographed within 12 hours, as this prepara
tion is not permanent. 

The neuroblast cells were dissected in saline and allowed to swell for 10 
minutes in a hypotonic solution of 1 % sodium citrate. The cells were then 
stained for 5 minutes in toluidine blue stain which was made by mixing 1 part 
toluidine blue saturated water with 1 part 0.3 M glycerol-water solution and 
bringing the pH to 7 with either HCl or KOH depending on the original pH of 
the solution. The cells were then dipped in 45 % acetic acid for 5 seconds and 
transferred to the aceto-lactic orcein described above for 3 minutes. Mounting 
and squashing techniques used were the same as those used for salivaries. This 
preparation did not last for more than 12 hours. 

RESULTS 

Inter-stock Crosses 

Table 2 displays the results of the crosses made in this study. In eight matings 
the crosses were fertile and in each case both F1 and F2 were also fertile. In every 
case when a cross was fertile, its reciprocal was also fertile. Three species groups 
(blackwing group, S. attenuata group and S. leonensis) could be demonstrated 
by these matings. 

Neuroblast metaphase chromosomes 

An attempt was made in each case not only to classify the karyotype as to the 
number of rods, V's and dots, but also as to its general morphology with respect 
to its heterochromatin content and distribution. 

Figure 1 shows photographs and drawings of the karyotype of each of the 
four types. In each case the drawing is of a male karyotype. 

1. The "blackwing" group all had five pairs of rods and one pair of dots 
(Figure 1.1). The sex determination was of the X, 0 variety, the X being 
unpaired in the male. One of the rod chromosomes had much more hetero
chromatin than the other rod chromosomes. 

2. The stock labeled "Afiamalu road" has a pair of V-shaped sex chromosomes. 
The X chromosome has two euchromatic arms while the Y chromosome 
has one euchromatic and one heterochromatic arm. The euchromatic arm 
of the Y chromosome pairs with one euchromatic arm of the X chromo
some, but the heterochromatic arm of the Y chromosome does not appear 
to be homologous or to pair with the remaining arm of the X chromosome. 
The X chromosome of the "Afiamalu" could have been formed by the 
fusion of a rod X chromosome with one member of an autosomal pair, 
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TABLE 2 

Results of crosses between the Samoaia stocks. All F2 represent matings between sibs 

'i!'v!' blackwing I blackwing II blackwi11g 6 X 3 S. attermata ''Afiamalu'' S. leonensis 

blackwing I Fertile Fertile Sterile Sterile Sterile 

F1 F1 
F2 F2 

(5 matings) (1 mating) (8 matings) (7 matings) (8 matings) 

blackwing II Fertile Fertile Sterile Sterile Sterile 

F1 F1 
F2 

(6 matings) (1 mating) (5 matings) (6 matings) (5 matings) 

blackwing Fertile Fertile Sterile Sterile Sterile 
6 X3 F 1 F1 

F2 
(1 mating) (2 matings) (1 mating) (1 mating) (1 mating) 

S. attenuala Sterile Sterile Sterile Fertile Sterile 
F1 
F2 

(6 matings) (8 matings) ( 1 mating) (8 matings) (12 matings) 

"Afiamalu" Sterile Sterile Sterile Fertile Sterile 

F1 
F2 

(4matings) (6 matings) (1 mating) (7 matings) (9 matings) 

S. leonensis Sterile Sterile Sterile Sterile Sterile 
(6 matings) (5 matings) (1 mating) (9 matings) (10 matings) 

while the Y chromosome could have been formed by the fusion of a hetero
chromatic rod Y with the other member of the same autosomal pair. In 
the genome there are three other pairs of rods and a pair of dots (Figure 
1.2). 

3. The S. attenuata apparently has the same X and Y as "Afiamalu" as shown 
by hybrid metaphase comparisons and by band sequence comparisons of 
salivary gland chromosomes. A fusion has occurred between two pairs of 
autosomal rods forming a pair of V chromosomes. This V pairs with two 
autosomal rods in the hybrids obtained by crossing "Afiamalu" with S. 
attenuata (see Figure 1.5) . Thus the karyotype of S. attenuata is two pairs 
of V's, one pair of rods and a pair of dots (Figure 1.3). 

4. The karyotype of S. leonensis is quite different from the other Samoaia 
studied. The X and Y have huge quantities of heterochromatin making 
their total size about two times the size of the other two V chromosome 
pairs. In addition only one arm of the X contains euchromatin while the 
other is entirely heterochromatic. The Y is totally heterochromatic. The 
other two pairs of V's are surprisingly devoid of heterochromatin, contain
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Fm. 1. Photographs of karyotypes: 1, "blackwing" group (5 rods, 1 dot); 2, "Afiamalu" 
stock (1 V, 3 rods, 1 dot); 3, S. attenuata (2 V's, 3 rods, 1 dot); 4, S. leonensis (3 V's, 1 dot); 
5, "Afiamalu" X S. attenuata hybrid; 6, "blackwing II" showing heterochromatic chromomeres; 
7, "Afiamalu" XS. attenuata, showing heterochromatic chromomeres. 
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ing only traces on each side of their centromeres. The total complement 
consisted of 3 pairs of V's and a pair of dots (Figure 1.4). 

Salivary Chromosomes 

It is apparent from a study of the salivary chromosomes that the major por
tion of the evolution in this group has not involved rearrangement of euchromatic 
arms. Subject to confirmation by hybridization, the X chromosome, the 2nd 
chromosome arms and the 3rd chromosome arms match respectively band for 
band in all of the stocks studied except S. attenuata which has a terminal inver
sion on the 2nd chromosome. This inversion was observed cytologically in a 
hybrid between the "Afiamalu" stock and S. attenuata. The 5th chromosome of 
the blackwing group matches band for band the 4th chromosome of S. attenuata 
and "Afiamalu." Other than these, no interspecific correlations were made. Of 
all the stocks tested, no heterozygous inversions were noted within a stock and 
only one inversion was found in inter-stock matings. 

1. Blackwing Group. This group of flies produced the best salivary chromo
somes of all the species available. Some problems of spreading were en
countered but sufficient numbers of good squashes were obtained in all 
groups. No inversions were found in the crosses. Most chromosomes in this 
species could be recognized by their terminal band patterns. Chromocenter 
attachment in most squashes could not be detected (see Figure 2). 

2. S. attenuata. The "Afiamalu" stock will be considered as a part of this 
group even though there has probably been an autosomal centric fusion 

\~lt~..~'}HfiJ[J&;lt/f. . k~Jt. l~~\l'P.J\li \' 

,.it . ~,,,, ~ 

FIG. 2. Salivary chromosomes of the "blackwing" species. 
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between two rods of the "Afiamalu" stock forming the autosomal V of 
S. attenuata. The second chromosome of the "Afiamalu" stock is the same 
as the second chromosome arm of the "blackwing" and differs from that 
of the S. attenuata by a small terminal inversion. Again in this group the 
chromocenter is very weakly expressed (see Figure 3). 

3. S. leonensis. The S. leonensis chromosomes were extremely difficult to 
prepare successfully. Over 230 slides were made of the salivary gland chro
mosomes of this species. The nucleolar organizer is a very prominent 
feature of the third chromosome arm and is represented on the map as an 
extremely large puff. Other than this feature the chromosomes were rela
tively difficult to identify except for the X which, in the male, was identifi
able by its different staining characteristics. The dot chromosome did not 
appear to have distinct banding patterns (see Figure 4) . 

DrscussroN 

The genus Samoaia displays a range of karyotypes, from 5 rods and 1 dot to 
3 V's and a dot. The closeness of the relationship of these flies which is reflected 
in their taxonomic similarities and their salivary gland chromosome sequences 
is in direct contrast with the variability of the metaphase karyotype. 

Centric fusions must have played a large role in the evolution and adaption 
as well as the isolation of these species. The possible phylogeny given in Figure 6 
requires one autosome-sex chromosome centric fusion, one autosome-autosome 
centric fusion, one translocation involving euchromatin and multiple transloca
tions involving mainly heterochromatin. For a complete phylogeny (Figure 6) 

Inv, break point 

6 .. T erminal inversion 
~ attenuata 

Fm. 3. Salivary chromosomes of the "Afiamalu" stock and of S . attenuata. 
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Frn. 4. S. leonensis salivary chromosomes. 

it is necessary to hypothesize a primitive species with 5 rods and a dot but differ
ing from the "blackwing" group by having an XY sex determining system rather 
than an XO. This Y chromosome was probably assimilated into one of the auto
somes by translocation in order to obtain the karyotype of the "blackwing". 

A fusion event between the X and Y pair and an autosomal pair would result 
in the karyotype characteristic of the "Afiamalu" stock. Another fusion between 
two autosomal pairs would give the karyotypes of S. attenuata. In this transition 
there would also have to be an inversion in the tip of the second salivary chro
mosome arm. The "Afiamalu" XS. attenuata (Figure 1.5) shows definite pairing 
relationships between the fusion product and the original rods. 

S. leonensis is karyotypically far removed from any of the others. Essentially 
a karyotype like S. leonensis could arise from that of S. attenuata by removal 
of the "autosomal" portion from the X and Y chromosomes by translocation and 
placing it on the remaining rod pair. By successive translocations almost all of 
the heterochromatin in the genome could have been translocated onto the X and 
Y chromosomes, in place of the "autosome" portion of the X and Y. It is ex
tremely interesting that so little euchromatic rearrangement has taken place. 

A new staining procedure, using toluidine blue for metaphase chromosomes 
to accentuate heterochromatin, was originally devised to stain RNA because of 
the possible RNA content of heterochromatic regions of the chromosomes. It is 
known (Swanson, 1957) that toluidine blue staining in aqueous pH 7 solution is 
greatly reduced with the application of RNase. Thus some specificity for RNA 
can be implied for toluidine blue. 

In the present study this staining procedure did work and should in the future 
be very useful in the demonstration of heterochromatin distribution in metaphase 
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FIG. 5.1. The nucleolus organizer of S. leonensis. Fig. 5.Z. Polytene "chromosome-like" 
strand in the nucleolus of S. leonensis. 

cells. However, attempts to show reduction of staining of heterochromatin by the 
use of RNase have proved discouraging. At best only a nominal reduction in 
stain uptake can be realized by this treatment. Attempts are now in progress to 
show the presence of RNA in heterochromatin by the acridine-orange fluores
cence method. 

When colchicine (2% in saline) was injected into the 3rd instar larvae in 
order to stop mitosis of neuroblast cells, thus facilitating metaphase observations, 
it was found that much, and in some cases all, of the heterochromatic staining 
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FIG. 6. Probable cytological phylogeny of the Samoaia strains examined. 

was absent in the chromosomes. In addition a constriction appeared at the centro
mere which was not evident without colchicine treatment. 

·Another interesting phenomenon observed is best described as "chromomeres" 
of heterochromatin (see Figure 1.6 and 1.7). These appear in very early meta
phase. They look as if they are separate and distinct beads which later in meta
phase join to form the heterochromatic mass. These occur quite rarely, i.e., 
only one in thirty cells in metaphase. 

Perhaps the most important discoveries reported in this paper are those con
cerning S. leonensis. Unusual qualities of this organism include a concentration 
of heterochromatin on one pair of chromosomes (the X and Y), an unusual 
nucleolus containing polytene chromosome-like structures (see Figure 5.1) and a 
well-developed nucleolus organizer region which is expressed as a large puff on 
the 3rd chromosome arm (see Figure 5.2). These peculiarities make this organ
ism exceptionally useful in the study of heterochromatin or nucleolar structure 
and function. 
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XXL Some Remarkable New Species of N eotropical 
Drosophilidae1 

MARSHALL R. WHEELER 

Each of the following ten new species shows an unusual development of one 
or more morphological features. Dr. Haruo Takada prepared the male genitalia 
dissections; Mrs. Linda Wheeler prepared his sketches for publication and drew 
all of the remaining figures. I am pleased to acknowledge their help by nomen
clatural dedications. Holotypes, allotypes, and a part of the paratypes are located 
in the Drosophila Type and Reference Collection, Genetics Foundation, The 
University of Texas, Austin. When available, some paratypes have been deposited 
in the collection of the U. S. National Museum in Washington, D.C. 

The following new species are being described: 

1. Drosophila (Drosophila) lindae-Colombia, Bolivia, Peru 
2. Drosophila (Drosophila) comosa-Costa Rica 
3. Drosophila (Hirtodrosophi1a) clypeata-Panama Canal Zone 
4. Drosophila (Hirtodrosophila) clypeora-Costa Rica 
5. Paramycodrosophila nephelea-Jamaica 
6. Laccodrosophila takadai-Ecuador 
7. Chymomyza mesopecta-Peru 
8. Amiota (Sinophthalmus) polychaeta-Panama, El Salvador, Nicaragua 
9. Zapriothrica salebrosa-Colombia 

10. Zygothrica exuberans- Ecuador 
In addition, New Names are being proposed for homonyms as follows: 

11. Drosophila talamancana for Paramycodrosophila punctipennis Duda
Costa Rica, El Salvador 

12. Leucophenga chaco for Leucophenga con;uncta Duda-Argentina 

1. Drosophila (Drosophila) lindae, n. sp. 

This is a typical member of the calloptera species group. In external mor
phology it resembles schildi and kallima, but is readily separated from them by 
the wing pattern and venation (Fig. 1). The extra crossvein, in a pale area, 
between the Costa and Vein II is unusual and readily seen. Fig. 2(f) illustrates 
the color pattern and bristle arrangement of the thorax. 

Distribution and Types: Holotype (;, allotype and 15 paratypes, plus 15 addi
tional specimens, from banana bait in a shady ravine just south of Piendam6, 
about 30 kilometers north of Popayan, Cauca, COLOMBIA, March 5-6, 1958, 
M. R. Wheeler collector; also one specimen, Coroico, BOLIVIA, April 1958, 

1 This investigation was supported, in part, by Public Health Service Research Grant No. GM
11609 from the National Institutes of Health. Field expeditions on which the material was 
collected were supported by National Science Foundation grants G-1653 and G-4999. 

Studies in Genetics, No. 4, 1968. 
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FIG. 1. Drosophila lindae, wing. (Photograph by Michael Kambysellis) . 

M. Wasserman collector; and one specimen, Urubamba, PERU, September 
1955, T. Dobzhansky and C. Pavan collectors. 

2. Drosophila (Drosophila) comosa, n. sp. 

t . Mesonotum tan, pleura and legs paler tan; acrostichal hairs in six rather 
regular rows; no prescutellars; anterior scutellars convergent or straight; ab
dominal tergites dull dark brown, the circum-anal tergite and anal plates paler; 
anterior sternopleural about 4/5 length posterior; hind basitarsus with only pale 
bristles below. Arista usually with 5 dorsal and 2 ventral branches plus the 
terminal fork; cheeks pale, moderately broad; 2 or 3 prominent oral bristles; 
middle orbital bristle minute. Wings hyaline; costal index about 2.0; 3rd costal 
section with the small black bristles on the basal 4/ 5. Body length: 2.5 to 2.7 mm. 

Males of this species have an unusual development of thick hairs on the 
carina, shown in Figure 2 ( c). Females have not been identified as yet. 

Relationships: The general appearance of comosa suggests the tripunctata 
species group. There are several points of difference, however, with the diagnosis 
of that group given by Frota-Pessoa ( 1954). It is fairly certain, on the other 
hand, that the species is far removed from the saltans group-where a majority 
of the species possess hairs on the carina. 

Distribution and Types: Holotype t and 9 paratype cf cf, from Golfito, 
COSTA RICA, July 4, 1959, collected by W.B. Heed and H . L. Carson. 

3. Drosophila (Hirtodrosophila) clypeata, n. sp. 

cf, ~. Mesonotum light brown, semi-shining, without pattern; acrostichal 
hairs in 6 irregular rows; basal scutellars convergent; pleura darker than 
mesonotum, especially on sterno- and pteropleura. Legs tan, fore femora often 
a bit darker. Front, face and cheeks pale yellowish; arista usually with 6 dorsal 
and 1 ventral branch plus the terminal fork; cheeks narrow; a single stout oral 
bristle. Clypeus of both sexes remarkably enlarged and bulbous, as shown in 
Figure 2(e). Abdominal tergites mostly dark brown, the last 1-2 paler on males; 
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b 
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F10. 2. Zapriothrica salebrosa, head (a) and major thoracic bristles (b) ; Drosophila comosa, 
head (c); Amiota polrchaeta, thoracic pattern and bristle arrangement (d) ; Drosophila clypeata, 
head (e) ; Drosophila Zinda£, thoracic pattern and bristle arrangement(£) . 

halteres pale. Wings faintly dark; costal index about 1.8; 3rd costal section with 
the small black bristles on the basal 2/ 5. Body length about 2.5 mm. 

Types: Holotype Ci , allotype and 3 paratypes, Barro Colorado Island, CANAL 
ZONE, August 14--17, 1956, collected by W. B. Heed, H. L. Carson and M. 
Wasserman. 

4. Drosophila (Hirtodrosophila) clypeora, n. sp. 

rS, Q • This species is very similar to clypeata, and possesses an equally large 
and bulbous clypeus. It is, however, a decidedly darker fly. The mesonotum is 
darker dull brown, the pleura is all brown, the fore coxae and all femora are 
brawn and the head areas are all darker than they are on clypeata. Body size, 
wing color and indices, etc., are about the same as on clypeata. 

Types: Holotype Ci , allotype and 1 Q paratype, La Lola, COSTA RICA, 
August 1956, collected by W. B. Heed, H. L. Carson and M. Wasserman. 

5. Paramycodrosophila nephelea,, n. sp. 

Figure 3(b) shows the unusual pattern of mesonotal colors and bristling; 
mesonotum pollinose gray with brown areas. Figure 3(a) shows the remarkable 
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FIG. 3 

Frc. 3. Paramycodrosophila nephelea, head (a) and thoracic pattern and bristle arrangement 
(b); Laccodrosophila takadai, fore tarsal spines in lateral (c) and ventral (d) views, and details 
of male genitalia (e-i). 

head shape. The antennae are very pale yellow to white, with a darker spot on 
3rd segment near base. Face and cheeks with complex pattern of dark and light 
areas; palpi dark brown; arista usually with 7 dorsal and 1 ventral branches in 
addition to the large terminal fork; a single prominent oral bristle. Pleura with 
a complex pattern of dark and light areas, mostly of the same pollinose shades 
as the mesonotum. Fore coxae, all femora brown; tibiae and tarsi with alternat
ing rings of brown and yellowish tan. Tergites dark brown with gray pollinose 
areas on latero-posterior regions. Wings with a complex pattern of black spots, 
and with a varying tendency to show spurious veins in the dark areas_ The major 
spots are: a large one around the vicinity of the costal break; one before end of 
vein II; one at apex of vein II, usually reaching vein III; one over anterior 
crossvein, continuing along vein IV to posterior crossvein, then spreading over 
the latter; one between veins III and IV nearer wing apex than that at end of 
vein II. There is also a tendency to dark spotting at the apices of the other longi
tudinal veins. Body length is about 2.2 mm. 

Distribution and Types: Holotype (sex uncertain) and 2 paratypes, Windsor, 
JAMAICA, July 19, 1958, W . B. Heed and M. Wasserman collectors; also 1 
paratype, Hermitage Reservoir, JAMAICA, July 27, with the same collectors. 
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6. Laccodrosophila takadai, n. sp. 

O', 'i' . A shiny black species with pale tibiae and tarsi. Arista with one dorsal 
and one ventral branch in addition to the large apical fork. Wings with a black 
spot at the distal costal break; costal index about 1.0 (0.9-1.1). Body length 
2.0-2.2 mm. Male genitalia: Figure 3 ( e-i). 

This is the fifth known species of Laccodrosophila; they can be separated by 
the following key: 

1. Mesopleura with scattered hairs dorsally; costal index 0.55; fore tarsus 
with 3 stout spines (Fig. 12, p. 91 , Wheeler, 1957) ------ ·-----·------·---
------·-------------------·-----·-·····--·-·----·····----- --------·------- heedi Wheeler (Colombia) 

Mesopleura bare; costal index about 1.0 or greater----·-------------- -·----------- 2 
2. Legs mostly black, the tarsi yellow; fore basitarsus with a stout spine plus 

7-10 small ones, 2nd joint with a small one (Fig. 8, p. 40, Duda, 1927) 
-----·-·-----·-----··------·-·- ·----··-·------·-----·-··-------·---· atra Duda (Bolivia, Colombia) 

Femora black, tibiae yellow or brownish, tarsi yellow; fore tarsus with 3 
stout spines (Fig. 3, c & d, this article) ----·-----··-----· ------ ·-----------·----------
--------·---·-··----·--------------------·-----···----··------ takadai Wheeler, n. sp. (Ecuador) 

Legs mostly yellow; fore basitarsus and 2nd joint each with a pair of stout 
black spines (Fig. 6, p. 39, Duda, 1927) -·--··------·-------·-·- ·----·-------------- 3 

3. Antennae, face and palpi conspicuously yellow; abdomen with some dis
tinct black areas; 1st vein dorsally with 1-2 bristly hairs just before its 
union with costa ---------------- -----------·-------- fiavipes Duda (Bolivia, Ecuador) 

Face narrow, with deep pale foveae separated by a black ridge; abdomen 
yellow or mostly yellaw; 1st vein without hairs-------------------------------
---------------------------- ·--·--·-----··------·------····----------- flavescens Wheeler (Mexico) 

Distribution and Types: Holotype O' ( ~ genitalia in microvial attached to 
ihe pin), allotype and 3 paratypes, all from Datura flowers, Chiriboga, ECUA
DOR, at 1840 meters elevation, March 1958, collected by the writer. 

7. Chymomyza mesopecta, n . sp. 

This new species is similar in appearance to the Nearctic procnemoides 
Wheeler and the Neotropical laevilimbata Duda, with light brown thorax and 
shiny black abdomen. Face narrow, wholly pale on 'i' 'i' but with brown dis
coloration along the oral margin on ~ ~ ; arista with 3 dorsal and 2 ventral 
branches in addition to the fork. Fore femur, tibia and basitarsus black, other 
tarsal joints very pale; all of legs 2 and 3 pale. First femur with the row of short 
black spines usual in this genus; middle femur of ~ ~ with a row of long slender 
bristles, nearly as long as the femoral diameter, about 10 in number, tending to 
bend posteriorly near their ends. Wing with dark costal cell, and with the entire 
costal edge darkened; no apical whitish area. Costal index about 1.7. Body length 
upto3.0mm. 

Distribution and Types: Holotype ~ , allotype and 25 paratypes, all descended 
from a culture established by Dr. Danko Brncic of Santiago, Chile, from flies 
originally collected by him early in 1956 in Lima, PERU. In addition we have 
seen 1 ~ and 4 'i' 'i' from Nova Teutonia, Brazil (Sept. 1949 and April 1950) 
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Fm. 4. Zapriothrica dispar, details of male genitalia (a-e); Zapriothrica sternalis, details of 

male genitalia (f-j). 

which may belong to this species, but the flies are a bit larger and the wing is 
darker, especially around the apex of vein II. 

8. Amiota (Sinophthalmus) polychaeta, n. sp. 

O', 'i' . The mesonotal color pattern and unusual bristle arrangement are 
shown in Figure 2(d); there is some variation in the degree of fusion of dark 
spots, in the number of extra dorsocentrals, and in the number of enlarged acro
stichal hairs. Front and face mottled with light and darker tan areas; posterior 
verticals small, ocellars quite large; femur, tibia and tarsus with alternating 
bands of light and dark, the light bands being much broader. Abdominal tergites 
(except the two pale basal ones) with extensive dark brown bands, paler along 
their basal margins and with a distinct pattern of pale areas on the extreme 
lateral edges. Wings distinctly smoky over the anterior half, more or less, and 
with darker areas over each crossvein and another, more extensive one, in the 
costal cell and around the distal costal break, reaching all the way to vein V. 
Costal index about2.1; 4th vein index about3.0. 

Body size variable, from 4.0 mm. (the smallest 'i' ) to 6.0 mm. (the largest O'). 
Distribution and Types: Holotype i and 7 paratypes, Boquete, Chiriqui Pr., 
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FIG. 5. Zapriothrica hirta, details of male genitalia (a-e); Zapriothrica nudiseta, details of 
male genitalia (f-j); Zapriothrica salebrosa, details of male genitalia (k-o). 

PANAMA, July 30-Aug. 6, 1958, collected by W. B. Heed and M. Wasserman; 
also 8 paratypes from the same locality, July 17-21, 1959, W. B. Heed and 
H. L. Carson. In addition two other specimens appear to belong to this species: 1, 
Hacienda Santa Maria de Ostuma, NICARAGUA, July 1954, W. B. Heed; and 
1, VolcanSantaAna,ELSALVADOR, July 1954, W . B.Heed. 

9. Zapriothrica salebrosa, n. sp. 

Since this is the fifth species of Zapriothrica to be described, we are illustrating 
the male genitalia of all of them. Figure 4(a-e) shows dispar; Figure 4(f-j ) shows 
sternalis; Figure 5 (a-e) shows hirta; Figure 5 (f-j) shows nudiseta; and Figure 
5(k-o) represents the new species, salebrosa. Figure 2(a) shows the head of this 
species, and the unusual mesonotum is shown in Figure 2 (b). 

Z. salebrosa is a black-bodied fly with yellow legs, yellowish abdomen ( ~ 
only) and noticeably pale wings. Front dull black, shiny along orbits and over 
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ocellar triangle; antennae and palpi light tan, contrasting with dark face and 
cheeks; arista short, mimutely pubescent. Mesonotum and scutellum somewhat 
flattened, covered with tiny pits and scars to produce a fine rugose effect which 
is not seen on the other species of this genus. Abdomen of c;> black, becoming 
increasingly paler on posterior segments; O' abdomen all pale. Wings pale; costal 
index about 2.0. Body length 3.0 nun; c;> c;> with elongate, telescoping ovipositor, 
generally bent anteriorly rather than posteriorly. 

Types: Holotype t , allotype and 17 paratypes collected Aug. 1, 1960 by 
W . B. Heed and H . L. Carson from the red tubular flowers of a passionfruit vine 
(Passiflora mollissima; local name, "curuba") along the road to Usme and El 
Hato, about 1000 feet above the city of Bogota, COLOMBIA. 

10. Zygothrica exuherans, n. sp. 

The head of this remarkable species is shavvn in Figure 6(a); it can be seen 
that the broadened head is much more extreme than that of dispar, pro
dispar or laticeps, the other members of the genus with this trait. Burla (1954a, 
1955) has discussed the phenomenon and shown that the unusual broadening is 
governed by a positively allometric growth process. In the extreme type of 
dispar the eyes are produced into narrowed points and a variable number of 
acrostichal hairs and bristles tend to be erect and enlarged. In exuberans, as 
shown in Figure 6, the eyes end with slender, thin processes, colored as the rest 
of the eye but lacking facets, and there is a variable development of greatly en
larged and twisted presutural acrostichal bristles. 

When these specimens were first seen, it was supposed that they represented 
a still greater broadening of the head of dispar; comparisons of the male genitalia 
indicated, however, that this is not dispar. The male genitalia of exuberans is 
shown in Figure 6(e-h); that of dispar (specimen from Sao Pedro, Brazil) is 
shown in Figure 7 (b, d, f, h); and that of prodispar (specimen from Pichilinque, 
Ecuador, taken at the same time and place as exuberans) is shm'Vll in Figure 7 
(a, c, e, g) . 

Of the 11 males which make up the type series (we are uncertain as to the 
identity of females), four are of the extreme head type, five have "moderate" 
heads-broadened to about the same degree as the extreme ones of dispar, and 
two have the heads broadened still less-to about the extent seen in laticeps. 
Only the four extreme-head types have unusual bristling on the mesonotum; 
these four also have a darker color on the mesonotum and scutellum than do the 
other specimens, and the abdominal banding is more intense. Body length 2.5
3.5 nun. 

Distribution and Types: Holotype O' , genitalia removed and used for Figure 6, 
and now slide-mounted as preparation No. 349; and 10 paratypes, all collected 
by the writer from fungi in a banana plantation, Pichilingue, ECUADOR, 
March, 1958. 

11. Drosophila talamancana, Norn. Nov. 

This new name is proposed for Paramycodrosophi.la punctipennis Duda 1927: 
104, described from a single male from San Jose, Costa Rica. Burla and Pavan 
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Fm. 6. Zygothrica exuberans, head (a), thoracic bristle arrangement (b-d), and details of 
male genitalia ( e-h). 

(1953) suggested that this species was probably a Drosophila of the annulimana 
species group. We can confirm its position in Drosophila, having cultures from 
El Salvador and Panama, C.Z. The name punctipennis, is, however, preoccupied 
in Drosophila, and we are therefore proposing the substitute, talamancana, refer
ring to the Talamancan Indians of Costa Rica. The nomenclatural sequences 
are as follows: 

Discomy:za punctipennis van der Wulp, 1886: 56. The species was placed in 
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Fw. 7. Zygothrica dispar, details of male genitalia (b, d, f, h); Zygothrica prodispar, details 
of male genitalia (a, c, e, g) . 

Drosophila by de Meijere (1908: 152) with a suggestion that it might be syn
onymous with Drosophila lurida Walker 1860. This synonymy was given as 
certain by Sturtevant (1927. 370). 

Paramycodrosophila punctipennis Duda, 1927: 104. When this species is trans
ferred into Drosophila, where it clearly belongs, the specific name becomes a 
homonym of punctipennis (van der Wulp). 

Drosophila bicolor var. punctipennis Duda 1940: 29. Since this name is junior 
to those above, it not involved in the problem under discussion, but it seems 
desirable to point out its homonymy. Drosophila bicolor was described by de 
Meijere (1911 : 399). The variety punctipennis of Duda was later (Burla, 1954b) 
made a synonym of Lissocephala unipuncta, the type species of Lissocephala 
Malloch. (Burla's reference, op. cit., p. 204, to D. bicolor var. unipuncta Duda 
1940 seems to have been an inadvertent error.) 

D. talamancana belongs to the group of species without prescutellars, with 
convergent basal scutellars, with 3L and 4L strongly convergent apically, with 
the distal half of the basal tarsal joint dark, and with the two apical joints also 
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dark. The metaphase chromosomes are: 1 pair of V's, 3 pairs of autosomal rods, 
a rod-shaped X and a J-shaped Y (Panama stock) or a V-shaped Y (El Salvador 
stock); it thus differs greatly from D. gibberosa which it resembles very much 
in external morphology. 

12. Leucophenga chaco, Nom. Nov. 

This new name is proposed for Leucophenga con;uncta Duda 1929: 47 which 
was described from three males and 12 females from Tapikiole, Argentina (Dec. 
1925 to Jan. 1926). The name is preoccupied in this genus by Leucophenga con
;uncta Malloch 1924: 350, an Australian species. 

Duda suggested a modification of his earlier (1927: 73) key to the American 
species of Leucophenga to include this species; the modified portion is as follows: 

4. Dark area along vein IL reaches the discoidal cell and the anterior cross
vein; vein UL is extensively marked--- -- ··-------------·-·-----·--·----·········· ·····- 4a 

Dark area along vein IL poorly delimited, not nearly as extensive as above; 
IIL darkened only at apex ······· ······-·-········ ····---·---···--············· ········-···--- 5 

4a. Male abdomen velvety black, with an ivory-white to silvery crossband 
(when viewed from in front); palpi yellow; basal and apical dark wing 
marks separated··················-·····························- ·······---···--······ elegans Duda 

Male abdomen with an entirely different color and pattern; palpi black; 
dark wing marks connected along anterior wing margin ................... . 
····-·········································-······· ·············-- --·····-·············-· bimaculata Lw. 

5. Posterior abdominal tergites yellow with a series of isolated black marks 
which are aligned to form longitudinal rows ·······-······--·-······ varia Walker 

Abdominal tergites 4 and 5 black apically with a median black stripe and 
a similar stripe along each edge, thus leaving a pair of yellow, window
shaped areas basally····--···· ······----········ ·········---····-··-·· ··· ·······--····-· chaco, n.n. 
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