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The Problem of Phylogeny In the Genus D‘rnsogjkila"

Reprint from Stuniss i Generics 1, 1962

LYNN H. THROCKMORTON

InrroDUCTION

Some  tiv

ago the writer began investigations directed toward delermining
4 ihe mefulness of biochemical characteristics in Drosophila taxonomy. Befare this
% protlem could be resolved satislactorily it was nec to determina tn what
i axtent biochemical and morpbelogical cuaracteristics followed the same patterns
of behavior during evolution, and io what extent these patterns could be inter-
preted 16 produce a model for phylogenetic analysis consistent huth with morpho
¥ Jogical and biochentical evidence and with our present concepts of the dynamics
% of adapiive change. In determining patterns of morphological evolution the cen-

teal problons is, of necessity. the problem of phylogeny. One cannol follow the
. behavior of chavacteristics, either morphological or biochemical, during evolution
until phylogenetic relatiouships have heen shown with reasonable accuracy.
Several phiylogenies for the species involved are available, but they show con-
i siderable inconsistency, both as 10 miethod of devivation and as to result. It has,
i therefore, heen necessa

10 re-ovaluate phylogenetic relationships within the
gena and o develop plual model for phylogenetic aralysis. The present
papsr deals with the distribution and phylogenetic significance of certuin morpho
logical [eatures. Biochemical wspects will be covered separately {(see Throck-
miortoy, and Throckmorton and Magaihacs, This Builetin).

T crder o evaluate the hehavior of morphological characteristics during evo
tation it is necessary 1o have available a phylogeny based on chavactexistics other :
L than morphological ones. Several phylogenies based on oy wlogical evidence have
= been prepaved for a number of species groups in the genus. The most extensive
omes ave those for species of the virilis group (Stone, et al., 1960) and for species
of the repleta group (Wasserman. 1960). It is thus possible to velate distributions
of distinet morphological characteristics to the evolutionary sequences which
produced them. When this is done, inferences can be drawu re

E the genetic systems producing the various phenotypes ducing the spe-

- venty n\matmg the phyletic lines vmder consideration. The results from

Lml»rm indicate useful methods for phylogenelic study, and these methods

; ean he applied to investigale distributions of n‘orphnﬂnyjcnl Iratures throughout
the gunus,

2

garding the be-

J e morphological characteristies chosen for this study are. for the most par
¢ those used widely in Drosophila taxonomy. Several, however, ave described in
detail for t time here. The features investigated are as follows: 1) morpho- :
Togy of ;Arnm)ma and relationship between paragonia and vasa deferentia, 2)
er"nu]ug\/ of ejacudatory bulb and of ejaculatory apodere, 3) rorphology- of
he testes, 4) characteristics of the first and sixth abdom

1 sternites in the male,
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5) characteristics of the spermathiccae, 6) morphology af the ventral receptacle,
X: i n tubules, 8) arrangement of branches of the
anterior pupal spiracte, and ) “characteristics of the egg filaments. Several addi-
tional features have heen noied also, and these will be commented on briefly but
not considered in detail.

The characteristics of these structures provide a large amount of anatomical
detail, adequate both for correlations with known phylogenies and for determin-
iag ﬂm main outlines of evolution within the genus. The phylogeny armived at
through their use is hroai consistent with those previe oduced by other
means (Sturtevant, 1042; Hsn, 1640, Patterson and Stons, 195%; Malogolowkin,
1053; Okada, 1956 and 1958), and, in addition, the conceptual framework upon
which it is based allows data from species in closely related genera to be inte-
grated with data from species in the genus Drosophile. Wheu this is done, rela-
tionships between these genera and certain phyletic lines within the genus are
indicated, thus opening the possibility for extending this type of phylogenetic
analysis to problems of rolationships between genera and hetween groups at
higher taxonomic levels.

One major conclusion indicated by the analysis of this material is that the
majority of groups are derived from populations “heterozygous™ for the genetic
determiners of various alternate forms of a given characteristic. Thus, for any
single morphological feature there has been a considerable amcunt of “parallel”
cvolution. A conscquence of thi.

sty pr

is that two or more phenotypes, oxproseing sub
stantially homologous genolypes, may arise separalely in phyletic lines, them-
selves derived from a single ancestral population. This appears 1o complicate, but
really adds precision to, the phylogenetic analysis, and the problems involved
will be discussed in detail later. This consideration should, however, be kept in
mind during the presentation of the data.

MATERTALS

The materials used in this investigation have come from several sources. The
great majority of species and strains were from those maintained as stocks at
the University of Texas Laboratories. Some of the stocks have heen provided by
other workcrs and Lmur sources will be acknowledged elsewhere in this publica-
i ation of laboratory strains, it has heen advisable tol
hich canno the'l db/;vamry. Yior the most part
ed by the author, either in the viciaity of Austin, Texas,
orin the vicinity of Riverside, Californi

The species and strains used, together with their clagsific

tion, University ol
Texas collection mimbers (where applicable) and coliection localities are listed in
the Appendix. The cla ation followed is that of Wheeler (1949b), Patterson
and Stone (1952), Okada (1956) and others. Two changes involving subgeneric
reference have been made to conform with the results of the present study.

D. a, previously assigned to the subgenus S hora. (Wheeler,
1949b), has been transferred to the subgenus Drosophila. Species of the bromeliae
group, previously assigned to the subgenm: (Patterson and Stone,

1952) are likewise transferred to the subgenus Drosophile. Species of both of
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these groups are related most closely to species of the virilis-repleta s
this subgenus. Only two minor changes have heen made. L. guitiferz is heve
included as a member of the quinavia group, and D. aureate has been removed
{rom the repleta group.

Mrrmops

Individuals to be used for dissection have come from laboratory cultures or
from local collections, When laboratory cultures were used flies 1o be dissected
were taken directly from the stock, and no effort was mads to obtain flies of
uniform age. Age may have au effect upon the appearance of some structars
and these effects will he indicated during the discussion of the individual
acteristics. When lies weere froin local collections, age was also uskoows, Tudi-
viduals from only one strain. of a given \p(*rms wer and the size of the
somple varied, depending on the characteristic being ir ated. Therefore, few
conclusions regarding intraspecific variability of a wail cau be drawn from the
present data. From ten to twelve individuals were used to determine the internal
characteristics of the male. Approximately five individuals were used when the
internal characteristics of the female were recorded. If details were observed in
cleared material, as for the ejaculatory bulb in the male and spermatheca in the
female, general characteristics were noted from uncleared material and only one
specirnen was cleared ard used to prepare the figures, Additional specimens
were cleared when wousual featuves were noted. Samples for other characteristics
varied between five and ten individnals,

'The methods used for demoustrating internal structures have heen quite
simple. The fly was dissected in Drosophila Ringer’s solution (Ephrussi and
Beadle, 1936). The relationships in situ of the various organs were noted, and
then the structures of particular interest were separated and figures made of
their major features. The low powers of a binocular dissection microscope were
generally adequate, both for dissection and for observation of structure. Most of
the organs were observed withont further wreatment. To determine the character-
istics of the cjaculatory bulb and of the ejaculatory apodeme it was necessary
0 cleor the material. This was done by transferring the bulh, generally with
extornal genitalia and ejaculatory duct attached, 10 a drop of phenol on g slide.
Tu & short timne, often less than one minute, the ct‘llulm envelope and the contents
of the hulb were dissolved away leaving the transparent, thinly-thitinized lining
with ihe latory apodeme attached to it. During this treaiwent the shape of
the bulb was retained, except for the shape of very long and fine caecae (ejacu-
Jatory sac diverticula of Rosenblad, 1941), when present. In the cleared condition
it was a simple matter to rotate the organ to any position desired and to determine
its structure in some detail, even when using low magnifications. Only rarely was
it necessary to check the bulb ai higher magnifications by the use of the com-
pound mi(‘foq(ope The figures of the ejaculatory bulb show the organ after
clearing in phenol.

Tt was also necessary to clear the spermathecae, and this was done by methods
similar to those used for the ejaculatory buib. The female reproductive tract was
dissected free from other internal organs. The ovarie

, and generally the egg
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guides, were removed, and the major portion of the vagina with ils attached
spermathecae, parovaria and vemiral receptacle was transferred m a drop of
phenol on a slide. C! s varied greatly from species to species, although
it generally was wnsmgrab}v less than five minutes. The spermathecae, paro-
varia and ventral receptacle were observed, first with the binocular dissecting
microscope and then with the low power of the compound microscope. Figures
for the spermathecae were made from the cleared material as seen through the
compound microscope. Figures of ventral receptacles olve observations from
both cleared and nncleared material. Where pertinent, the source of certain

ils, whether from cleared or uncleared material, will be indicated during the
description of the individual chavacteristics.

The morphology of the Malpighian tubules was checked from butds males and
females. About five individuals of each sex were dissected. The general features
of the Malpighian tubules were noted by using the magnifications of ihe dissect-
ing microscope. The posterior Malpighian tubules were then transferred to a
drop of Drosophila Ringer’s solution on a slide, and they svere observed with the
compound microscope to determine whether the tips were apposed or fused.
Free tips could be identified readily without use of the compound microscope.

Larvae and pupae were taken directly from stock cultures. Only third instar
larvae were used, For chservation of pupal spiracles the pupae can be of any
age, so long as the anterior spiracle is completely d. Pupae taken from the
medium rather than from the walls of the enlfure vial were preferable for ob-
ser ving spiracle characteristics. The anterior spiracle muost alwavs be checked to
ure that the branches are rumplelely everted, This is ot hard to do so long
as the necessity for the check is recognized. Some previeusly puhh hed figures
(e.g., busckii in Pailerson and Stone, 1952) appear to be from specimens in which
the hrrmrh(‘@ of the anmtericr spivacle had failed Lo evert, or had everted onl
a large proportion of the pupas have spiracles which

pertiolly. In some spoci
fail to evert completely. Figures were made only from pupae with the branches
completely everted, regardless of the proportion of everted and uneverted spira-
cles in the total sample. Eggs were taken directly from fresh cultures.

At the time of observation free-hand skeiches were made from the material,
and note was taken of any vnusual features. Within each figure relative pro-
as nearly as possible, as observed. No effort was made 1o draw
the figures to any sei scale. Thus 't size compar setween individual
species cannol be made from these figures. General comporisons can be made
between species in the genus Drosophila, and in certain o {the cjaculatory
bulb and the spermathecae) the relative sizes compare very closely with those
observed. In some cases it hos been necessary to exaggerate the size of certain
ructures, and th ses will be noted individually, Al of the figares show
semi-diagrammatic representations of the structures involved. The organs, par-
ticularly the testes and paragoni

portious were,

SONS

are often twisted around each other in such
a way as to make a photographic representation of their relationships quite

uninformative.
Trr CHARACTERISTICS

Threction of evolution is an immediate problem in ary phylogenetic study.
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Most of the characteristics selected for use in this investigalion show directional
change, and the more privaitiv form of expression of eack irait can generally
be inferred, either on theoretical grounds or by anaiysis of the distribution of
the various forms of the tait among related groups. In this section the various
characteristics will be described individually, and the data for each characteristic
will be presented. Here the major emphasis will be on the description of the
different forms of the trait anﬁ on the iwmres which iudica[e its e\'o]utionary
status (primiti vey deri
similarities w] as umlorm;t)
but discussion of types of variation will make up a major part of a lator section,
and the significance of the variants will be emphasized at that time. The data
from each trait will also be summarized in the form of a phylogeny. These
initial phylogenies should be interpreted only as working models, although they
may also have a certain usefulness as pictorial keys. Integration of all the data
for all characteristics will be deferred uniil the next section, and a general
phylogeny will be developed there. Data from other gerera and families will
be included, where ag ble, to suppori-conclusions regarding the evolutionary
status of a characteristic.

Internal Reproductive Structures of the Mal
follows, for the most part, that of Patterson (1
1.1 is labeled to indicate the major features.
rmelurwgaster hus been de

The terminology to be used
) or of Okada (1956). Figure
The male r(tpmdurtixe system of
cribed elsewhere (Miller, 1950), and since other
species, from other families of Diptera as well as from. the genus Drosophila,
differ fmm melanogaster only in detail, it is not n o discuss the sysiem
wore fully here. In the case of material from other families there may be some
doubt regarding homology of certain structures. For the most part the structures
involved are of little significance for the present purpose and are included in the
figures primarily to give an indication of the range and type of variation en-
countered outside of the family Drosophilidae. Figures 1 and 2 show internal
structures for males from other families of Diptera and from the family Drosoph-
ilidae, respectively.

With reference to terminolo; sage has been
made. The common practice has heen to refer to the “inner” and “outer” coils
of the testes in species where the testes have a spiral form. Stern (1941a, 1941b)
has described the growth of the testes in several spe la, and it is
clear from his description that the testis proper makes np only the outer coil.
The so-called inmer coil of the testis is a part of the vas deferens caused to coil
mechanically by ment to the vas de-
terens during development, Tt therefore seems advisable to drop the term inner
coil, and to use the term vas deferens to apply to the duct leading from the base
of the paragonia to the testis (i.e., to the beginuing of the outer coil). This duct
may be differentiated in several ways, and its characteristics will be commented
on later. The term testis will be used only to refer to the outer coil.

Morphology of paragonia and rel llimmth between paragonia and vasa de-
ferentia—Aside from the work of ITori (1960} desc nb‘ng the male
internal organs of Calyptrate Muscoid flies, htdc information is available re-
garding the types and distributions of the internal reproductive organs of the

one major departure

o coiling of the testis following its s
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Fre. 1. Tnternal male reproductive structures from represemtatives of various families of
(Aulaciga celis annulata (Periscelidae); 12) Diastata vagans (Diastatidae),
obscurella (Ephydridie); 4) Phytobia sp. (Agromyzidac); 5) Sepsidimorpha sccunda (Sepsi
dac); 6) Mumetopicc o«.umra/z: (Anthomyzidae); 7) Thaumatomyla glabra; 8) Oscinella
cozendiz (Ck idac); .9) (Piophilidae); 10) leucopeza
(Aulacigastridae) ; .11) Pzn:ceh.v annubua (Periscelidae); .12} Dlmtam vagans VDlsstaL\uae)
Symbols in rlgure 1.1 indicate: t-testis; v-vas deferens; p 5 a.e.d.-anterior ejaculator
duet; e.b.-ejaculatory bulb; p.e.d.-posterior ejaculatory duct.

smale. Although the sample from other Acalypterate families is not large, the
peneral types encounlered are consistent enough, aud compare closely enough
ith types seen by Hori (p. cit.) among the Muscoids, that they may be used as
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a point of depariure in discussing the direction of evolulion for the different char-
acteristics. As a general rule the paragonia are rather thin, but they may be quite
variable in length (Iig. 1). Within the family Drosophilidae, and particularly
within the genus Drosophila, the paragonia become nnusually robust and exhibit
highly specific orientation and morphology (Figures 2-14), The vas deferens in
other families is almost always a short, rather heavy duct which may or may not
be pigmente: ide from the Drosophilidae and the Diastatidae (Figure 1.12),

Tnternal male rej structures from ives of the family I
A) Zapriothrica dispar, Gitona wmericana; 3) Rhinoleucophenga obesa
victoria; 5) D. pseud 7) D. yakubas 8) D. equinozi
110) D. aldricki; A1) D. bifurca; .12) D. subbadia.

Drosophila
9) D. busckii;
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both closely related, a hasal fusion of the vasa has heen seen only in the Ephy-
dridae. In at least one of the Ephydrids figared (Figure 1.3) it is probable that
the apparent vas deferens is not homologous with that seen in other families. In
this instance the testes appear to have established a new connection with the
ejaculatory duct, and the old vasa remain as a Y-shaped remnant (still showing
basal fusion, however). Among the Chloropids at least two genera (an example
of only one, Figure-1.7, shown) show no recognizable vasa and the testes attach
directly to the bases of the paragonia. Other genera of Chloropids (e.g., Figur
1.8) show the more usual configuration. These variants, however, do not seri-
ously detract from the impression that short, mniused vasa are the general con-
dition. This is the type seen in such species as wictoriz (Figure 3.1}, and, since
the other types seen in the genus Drosophila are highly disti (e.g., Figur

8, .12) the assumption that this is a primitive type for the group seems most
reasonable. The hasal fusion seen in buschii (Wigure 2.9) apparently repre-
sents a modification of this type, but since similar fusions of the vasa are evident
in other, more primitive genera (Figures 2.2—-:3), it cannot be considered as being
derived within the genus.

Aside from the development of specific relationships between the vasa and
the paragonia, which will be discussed shortly, the major change of the vasa with
evolution has involved lengthening and regional differentiation. The differentia-
tion generally takes the form of an expansion of the region of the vas just prox-
imal to the testis proper, and it is seen in'almost all species 1 the genms. In forms
with spiral testes it is this region which is coiled mechanically by the asymmetri-
g T nio cases does the number of coils in this region exceed
the number of coils in the nd it is generally considerably less. This region
is pigmented if the testes are pigmented, apparently due 1o the migration of pi(“—
ment cells from the testes (Stern and Hadorn, 1940). This differentiated region
has been named the inner coil of the fesiis hy some, and the seminal vesile. by
others (Miller, 1950; Okada, 1956). In species wheve the vasa remain short,
differentiation involves the whole structure (e.g., Figure 13.7). In others, the
proximal portion appears as a thin, hyalin duct while the distal portion, generally
one-fourth to one-third the total length, is expanded and has an opaque, granular
appearance. Presumably, it is this portion which represents the original vas, with
the proximal, hyalin duct representing the modification added during evolution.
This last assumption can, however, only be verified by sucre detailed, compara-
iive "nﬂnlog lCdl and developmental studies. Until such studies are Tﬂade, applica-
tion of a particular name such as seminal vesicle, 1o the differentiated region
secms premiature. If the term seminal vesicle were generally used, it would have
10 be applied in some cases to the entire duct between the bases of the paragonia
and the testis. In others it would apply only to a part of this duct. It sccms best
10 defer naming this region until its functional and evolutionary significance
throughout the family is known.

Within the genus Drosophhla the most extreme development of this regmn is
seen in species from the immigrans group and in species belonging to the quin-
aria section of the subgenus Dravoplulu (see Patterson and Stone, 1952, p. 81,
for general phylogeny). Mauy utlhei species in the subgenas Dri esophila,
sicularly within the repleta group, also have this region strongly developed. Using
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the methods of simple dissection, no st

acp disticctions based vn Wils feature can
be made within the g(“lllﬁ alt houa]\ it seerns prohable that more detailed fnvesti-
gations, and particu a luslolognca] study, would show significant patterns of

stribution. Oue appareul exception. w this general slalement involves the type
of vas development seen in some members of the hydei subgroup of the vepleta
group. The most extreme example is seen in bifurca (Figure 2.11) where there
is no distal swelling of the vas, and jnstead the vas in this region is thrown into
fine, regular coils. One other species in the genus, nannoplera, shows this same

and Jrydei does not show

)
at all, although its vasa show little differentiation and
are almost uniform in diameter throughout. D. castanea strongly resembles hydei
vespect. D. nigrohydei has the usual, moderately differentiated vasa.

most conspicuous and most useful details of structure for the vasa and the
paragonia are shown in Figures 3 to 12 for the genus Drosophila and in Figure
13 for species from related genera. Although changes in the major components,
.e., the vasa and the paragonia, have, in the evolutionary sense, developed inde-
pendently of each other, it is most convenient to treat them both at the same
time. As has been said earlier, the type of vas development seen in such species
as victoria (Figure 3.1) represents a primitive form, and the abbreviated phy-
Jogeny shown iv Figure 14 is based on this assumption,

The members of the subgenus Pholadoris (Figures 3.1--7) show either the
primitive, short, pigmented form of the vas or a simple modification of this type.
The paragonia are rather variable, but almost all are relatively long and slender.
They are usually folded at least twice, and most often are folded three or more
tiraes. In this case it is not possible to specify a distinct primitive type. Paragonia
in other families are too variable, as are those from other genera in the family
The great majority of types within the genus Drosophila arc themselves distin
tive. ‘Lhose seen amovng the species of the subgenns Pholadoris resemble typ
seen in other familics and in more primitive members of the family. The as-
sumption most consistent with all available data is that the types seen in victoria
and pattersoni are near the primitive, although typ: i
virilis group (Figuves 4.25-.28) and in Phloridosa species (Figores 6.10-.12) may
be equally primitive if not more so. When boih the vasa and the paragonia are
considered, the subgenns Pholadoris is placed at the base of the phylogeny of the
genus (Figure 14).

Several types are seen in the subgenus Sophophora. In none of these is there
an association between the vasa and paragonia.such as is seen in the other
major phylogenetic branch of the genus. The first type is that of populi (Figure
14.15), showing the short, pigmented vasa. It has paragonia whick are, at present,
distinctive in the genus, unless those of busckii (I"ngv 3.11) represent a variant
of this form. The paragonia are quite robust, more so than any others in this
subgenus, and are bent so that their ends point in opposite dimch'cms It is of
interest fo note that Okada (1956, Figure 34, p. 59/) shows a figure of
nigrimana in whicli the paragenia appear to be of this general type.

In species of the obscura group (Figures 3.13--22) the vasa are all short and
pigmented, and the paragonia have a characteristic twist which usually results
in their ends being directed anteriorly. This same type is seen in species from

yrmomyza
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Fio. 3. Morphology of paragonia and relationship between paragonia and vasa deferentia in
Drosaphila species.

coracina group
5 cancellata
6 lativittata
.7 novopaca

Subgenus: PHOLADORIS

victoria group

1 victoria

2 patterson
Subgenus: Hixroprosopmrsa

bryani group

3 bryani

Tatifasci is group

4 latifasciaelormis .11 busckii

Subgenus: SopHoPEORA
12 populi

obscura group
obscura subgroup
13 mixanda

15 ambigua
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the saltans and willistoni groups (Figures 4.1--.24; Figures 14.16-11). In some
mbers of the obscur s and willistoni groups the paragonia are reduced
in size. In the s’urmvant; subgroup of the saltans group the paragonia may ap-
pear almost as vestiges.

Most species of the melanogaster group lack the twisted paragonia seen else-
where in the subgenus, although both ananassae and bipectinata approach this
condition, or are intermediate between this and the type seen in populi. The
paragonia are generally large and show a second fold distal to the major arch
(Figures 14.12-.13; 3.23-.33; bipectinata has uot been incinded in the figures
and is substantially as in enanassae). All species of the nuelanogaster group have
the testes located anterio-posteriorly rather than laterally (Figure 2.7). In cases
where the vasa are not fused 1o form a common duct basally there is generally
a crossing of the vasa. For melanogaster this cross is clearly shown by Miller
(1950, Figure 38A). Stern (1941b) describes this cross as heing due to asym-
metric growth of the testes. The left testis unites with the left vas, its continued
growth causes the vas 10 be swung to the right, and the testis comes to lie
in the anterior part of the abdomen. The opposite is true for the right testis. Even
in melanogaster, however, the cross is not always seen since the two vasa occa-
sionally appear to arise dorso-ventrally rather than laterally, or, in other species,
they may be fused basally. The anterio-posterior orientation of the tesles is
therefore more diagnostic for the group than are the crossed vasa.

Among species in the saltans and willistoni groups the testes are Jocated later:
(‘]h‘/ but their {rcc ends either cross or lic parallel to each other and point in
opposite dir g., Figure 2.8). Basally the vasa cross at least once and
often twice. 'L'his cross is shown for nebulosa by Patterson (1943). In these spe-
sies the mass of testes and paragonia is tightly packed and strongly bound to-
gether with tracheae. This makes the demoustration of the details of the system
very difficult, and dissections were directed only toward determining the presence
of crossed vasa. It should be possible to determine the cause and significance of
the double cross of the vasa, but no attempt was made to do that at this time.
Superficially, it would appear that the species of the saltans and willistoni groups
exhibit the same general phenomenon seen in species of the melanogaster group.
They would differ mainly in having “completed” the cross, so that the larval
right and left testes seen as left and right testes respectively in the adult.
A more detailed investigation will be required to show whether or not this is
actually the case.

In the saltans, willistoni and melanogaster groups the vasa may or may not
be fused basally to form a common duct. In the saltans and willistoni groups the

affinis subgroup ‘melanogaster group ananassae subgroup
A7 affinis melanogaster subgroup 27 ananassae
18 algonquin 23

simulans montium subgroup

.19 narragansctt .28 rufa
20 tolteca 29 nikavann
21 athabasca takahashii subgroup 30 sercata

22 azteca .26 takahashii




2138 The University of Tezas Publicution

HP o «p oo

o 690 6 o
o o o e
68 ofv 0% &P oW
G @ 00 o
MMM

5

)

NN,

Frc. 4, Morphology of paragania and relationship between paragonia and vasa doferentia in
Drosophila specics.

Subgenus: SopHovEHORA 12 parasaltans
willistoni group cordata subgroup 2% septentriosaltans
.1 equinoxialis 13 neocordata 24 saltans

paulistortm elliptica subgroup Subgeriu

3 tropicalis 14 neoelliptica

4 willistoni A5 emarginata ¥

5 fumipennis sturtevanti subgroup 96 americana
.6 nebulosa 16 sturtevanti .27 novamexicana
.7 sucinea 17 milleri 28 littoralis
.8 capricorni saltans subgroup 29 ezoana

.9 changuinolae 18 lusaltans 30 montans
.10 pseudobocainensis .19, nigrosaltans 31 flavomont;
saltans group 20 pscudosaltans 32 lacicela
parasaltans subgroup 21 anstrosaltans 33 borealis

A subsaltens
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logy of paragonia and relationship between pavagowis and vasa deferentia in
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Fre. 6. Morphology of paragonia and relationship betwoer: paragonia and vasa deferentia in

Drosophila spesies.

Subgenus: DRosorsLA

funebris group
A macrospina

subfunebris

funebris

carbonaria grong
5 carbonaria
nunnoptera group

6 nannoptera

bromeliae group
7 species T

polychaeta group
9 polychaeta

miscellancous species
4 carsoni

8 aracea

A3 peruviana
A4 species
15 species G
16 tumiditarsus

Subgenus: Pronmoss

12 species P




OVIigd @ Y

@
Fie. 7. Mo p!]gs of paragenia and relationship between parag defgrem A in
Drosophila speci
replela group .6 fascioloides

7 moju

fasciola subgroup
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A1 nigricruria’ .19 hamatofila
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Fro. 8. Morphology of paragonia and relationship hetween paragonia and vasa deferentia in
Drosophila species
A4 lomensis
13 repleta
16 canapalpa

repleta group

mulleri subgroup

1 buzzatii {0 paranaensis 47 melanopalpa

11 mercatorum not assigned to subgroup

2 pegasa
3 meridionalis nopalpa subgroup 8 serenensis
4 v i ungrouped species

5 meridiana fulvimaculoides .6 aureats
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Fio. 9. Morphology of paragonis and relationship hetween paragonia and vasa deferentia
Drosophila species.

repleta group

i subgroup
.1 bifurca

2 nigrohydei
3 cohydei

4 neohydei

fused section is short when present (e.g., Figures 4.3—
group the common duct m:
ananassae and rufa (Figures 3.27-.28). A similar fusion }

5 hydes mesophragmutica group
10 gaucha
11 pavani

6 conalinea

.7 paracanalines
dreyfusi group
& camargoi

9 briegeri

ungrouped species near repleta group
12 castanea
13 species B

1). In the melanogasier
reach considerable length. Tt is longest in

ady been men-

toned for buschic and for two Pholedoris specics. Since these species have the
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Fic. 10. Morphology of paragonia aud relationship hetween paragonia and vasa deferentia

in Drosophila speci

ungrouped species near cardini group testacea group
.7 putrida

A4 falleni
145 phulerata
16 species I
A7 occidentalis
.18 tenebrosa
19 inari

1 species X .8 testacea

2 species L
rubrifrons group macroptera group
.3 parachrogaster 9

4 uninubes .10 macroptera

quinaria group

ungrouped species
5 sticta 1 iusubila
pallidipennis group 12 quinaria
6 pallidipennis 13 rellima

20 transversa
21 palustris
.22 subpalusteis
23 guttifera




Throckmarton: Phylogeny in Drosopkila E 225

M M

Uiy QL U

m

Fio. 1. Maorphology of paragonia and relationship between pavagonia and vasa deferentia
in Drosophila species.

tripunctata group 6 unipunctata guarani group
.7 trapeza 13 guarainui

1 mediodiffusa 8 bandeirantorum 14 guaraja

2 albicans . diostri 15 griseoli

3 albirostris {10 mediostriata .16 subbadia

4 tripunctata .11 mediopictoides A7 guarani

5 mediopunctata 12 erocina

primitive, short the fusion hera may only be analogons to that in Sopho
phoran species. As will be seen shortly, many species in the subgenus Drosophila
also have the vasa fused basally. The fusion of the vasa seen in species of the
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12, Morphology of pavagonia and relationship between pavagatia and vasa deferentia
rosophila species.

ordini group 6 ncocardini eallupters gronp
-1 dunni .7 parthenogenetica 12 ornatipennis
2 belladunni 13 calloptera

.3 migrodunni 14 schildi

4 polymorpha

5 neomorpha - 1 cardini

melanogaster group, however, may be of a type distinct from that seen in species
of the subgenus Drosophila. In ai least some of the melanogaster group species
the two vasa only tightly adhere to each other. In such cases they can be sepa-
réated and then they are 1o be truly fused only in a very basal section.

Tin some species of the melanogaster group theré is an extreme cxpansion of
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the anterior end of the cjaculatory duct. This is most prominent in takahashii
(Figure 3.26), moderate in members of the melanogaster subgrouyp, and slight or
absent in members of the montiwn and ananassae subgroups. This feature is also
seen in some members of the willistoni group (Figures 4.5-.6; 4.8-.10). It is,
at best, only slightly developed in members of the saltans group. This feature is
present in some members of the subgenus Pholadoris (Figures 3.1-.2,.7) and in
a few scattered species in the subgenus Drosophila. In these cases, however, its
expression is not as extreme as in some species of the melanogaster group:

In the subgenus Drosophila the number of types is too great to allow inclusion
of all of them in the space available for a pictorial phylogeny. Figure 14 shows
only some of the major types. Others will be pointed out below. In this subgenus,
none of the vas of the primitive type, and evolution has been toward the
acquisition of a specific relationship between the vasa and the paragenia. The
final configuration arrived at has been determined, in part, by the presence or
absence of basal {usion of the vasa. Two major phyletic lines are indicated
within the subgenus. One line leading to such forms as mediosiriata (Figure
14.6) has involved increasing length of the fused section of the vasa and an in-
creasingly regular association between the vasa and the paragonia. There has
also been a shortening and thickening of each paragonmium to form a high arch
with slight or mo indication of a second fold. In the other section (Figures
14.2--3) there has been almosi no basal fusion of the vasa, and there has been

reasingly regular a: i d i this sec-
tion shortening of paragonia is not pronounced. Indeed, sine a primitive type
cannot be surely specified, it is not improbable that an increase in length may
bave been involved. Some forms from this section also show a reduction in the

Fro. 13. Morphology of paragonia end relationship bstween paragonia and vass deferentia
i om other genera of Drosophiids. .4) Chymomyza amoena; 2) €. dldrichi; 3) C.
procr 4) s 5) S adusta; 6) . pallida; 7) 8. hsui;
8) Zaprionus ierei (3/12 individuals); .9) Z. ghesquierei (9/12 individuals); .10) Z.
vittiger.
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diameter of the paragenia, foliowed apparently by a reduction in length also,
so that only vestiges remain. This is most conspicuous in the members of the
hydei subgroup of the repleta group where the paragonia are very small (Figures
9.1--5) In these figures the size of the paragonia is somewhal exaggerated. An
apparent reduction is also seen in some members of the virilis group (Figures
4.25-.33) and in members of some other subgroups of the repleta group (Figures
8.10, .16). These latler cases, however, probably represent retention of an an-
ceslral, less robust form of paragonia rather than an actual reduction.

The association between the vasa and the paragenia is one of the most charac-
teristic features of species in the subgenus Drosophilie. Although no sharp distine-
tion. can be made, species from both sections of this subgenus {all into two major
categories. In one the vasa are in close association with the paragonia but not
actually adhering to them. In the other the vasa adhere so closely 10 the walls
of the paragonia that they can be separated from them ouly with difficulty, if
at all. Between these two extremes are many species in which the vasa adhere
to the paragonia, bul su luosely that careless dissection will disrupt the associa-
tion. These categories can be further subdivided intc forms in which the vasa are
rather irregularly associated with the paragonia, generally crossing their ventral
surface, and forms in which the association is very regular and the vas adheres
to, and follows, the major curvature of the arch of the paragonium. This asso
tion generally ends at the point where the differentiation of the vas begins, al-
though in species where the vas is unusually long a considerable portion of ils
distal end may be free, Generally, forms having the most irregular associatiou
between the va:

and the paragonia also have a more loose attachment between
the two. Forms having a very regular association between the two may occupy
cither extreme and have the vas strongly adhering or completely free (but still
following the major curvature of the paragonia very closely). Presumably, the
forms in which the vasa are free but associated with the paragonia approach the
primitive type for the subgerus.

Tn the figures a common line serving both to delineate the outer surface of the
paragonium and the inner surface of the vas indicates that the vas adheres to
the paragonium in that region (e.g., 1423, 5-.6). Where separate lines arc
used the association is loose and geuerally the vas does not adhere (Figures 14.4,

N

The great majority of species belonging to the virilisvepleta section (Figures
4.25-.33; 8.1-.11; 7 8, 9; as well as others in Fi i
by inspection) show a regular association betw &

a relatively tight adherence between the two, An irregular association is seen
only in some species of the repleta group, and even here the association is not
highly irregular. The examples of this type are seen in Figure 7 (.12, .14-.16, .18)
and in Figure 8.6. In most of these cases the irvegularity lies in the vas crossing
a surface of the paragonium rather than following the major curvature. In some,
however, the association is very brief, as in longicornis (Figure 7.14). Generally
speaking, none of the species of the virilis-repleta secti ppear to be primitive
‘with respect to the chavacteristics just discussed, althrmgh the repleta species
just mentioned appear to have retained some features of more primitive forms,
As was indicated carlier, in members of the virilis-repleta section the paragonia

agonia and
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;;Pn?rﬂ]y are large and robust, and exceptions 1o this have already been noted.
ice wost of the individuals involved are themselves rather large, it is difficult

y, without careful measurernents, whether there { a relative
increase in size of the paragonia during the evolution of this branch. The g heneral
impression is that the paragonia are distinctly more robust than in presumed
primitive forms, but this will need to be verified. It is pertinent in this respect
to note that there is some difference with age in the characteristics of the para-
goni In newly emerged and very young adult m some @pcc' s, the para-
gonia are not fully develeped. That is, they appear 1o have their normal lengt
and characteristic folding, but they are not ely filled out and may ha e
a somewhat shriveled appearance. Paragonia in very cld males may also have
Lhis appearance. This condition generally changes within a day or'two of emer-
gence, and, durmg dissection, an effort was made to use only fully mature males.
However, \he possibilily remains that an entire sample may have been of rela
tively young, or of very old, males. This seems somewhat improbable, but it may
explain why species such as paranaensis (Figure 8.10) differ in this respect from
their close relatives. It is highly improbable that age differences are responsible
for the small paragonia seen in virilis group species, aud age definitely is not
responsible for the previously mentioned characieristics of hydei subgroup
species.

In other respects the morphology of the paragonia in species from the virilis-

iwoly constant. Generally the paragonia are falded at least

three times, and oflen mo irilis group are vot of this type
(Figures 4.25-.28) and resemble Phloridosa species (Vigures 6.10-12) 1o a
Jimited extent. A few species from this section have the paragonia only iwice
folded, or folded only once, and these can be picked out by inspection of Figures
5 through 9.

The next cluster of speci
between the two major branches. Species of the immigrans group (Figures 5.2-
149, for example, show the basal fusion of the vasa generally associated with
species of the quinaria section, but the paragonia are twice folded, and they may
show a reduced (or incipient) third fold. In two of the species, immigrans and
spinofernora, the vasa closely follow the major curvatiwes of the paragonia but
do not adhere 16 themn. As was said carlier, this presumably approaches the
primitive condition for the subgenus Drosophila. In the third species, iy pocausta,
the vasa adhere o the parogonia and follow their curvature. Escept for the
presence of a second fold of the paragonia, this configuration is very similar to
that seen in species from the quinaria branch. In the funebris group (Figures
65.1-.3) a somewhat similar pattern is seen, The paragonia vary from three folds
in funebris to one fold in subfunebris. The iation between the vasa and the
pdratroma is loose and irvegular in two species but regular and of the quinaria
type in the third. The pattern seen in carbonaria (Figure 6.5) is also generall
of the type seen in subfunebris, although the vasa more nearly follow the major
dure of the paragonia.

Among the species which most distinctly belong to the quinaria section there
is one group, and another cluster of species from various groups, which closely
reserable the types seen in the funebris and immigrans groups. Species from the

repleta section is rolative

e. Some species of the

10 be considered is, in many w: intermediate

cw
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calloptera group closely resemble immigrans group species (Figure 12.12-.14),
except that they lack the second fold of the paragomia. T} 1sa nniformly follow
the major curvatures of the paragonia, but they do not adhere to them. In only
ome of the three spocics available, schildi, axe Ui vasa fused basally, and this
only for a short distance. The other group of species (Figures 10.1-.3, .6, .9; 11.1)
may or may not have the vasa fused basally, and the vasa are generally short and
cross the surfaces of the paragonia rather than follow the major curvature

ag

mparison between Figure 10,1 and Figure 6.2 will indicate the general similari
ties hetween these 1wo iy pe:
Other species belongin
in gene

% v his section (Figures 10, 11 and 12) are very similar
al appearance of the vasa and paragonia. A, few species (Figures 10.5;
» -5, .8), mostly belonging 10 the tripunctata group, show the virili repleta
pattern with the vasa unfused basally and closely adhering to the paragonia. The
paragonia, however, are typical of those seen in other members of the quinaria
ion. The remaining species vary chiefly in the closeness of the association
sa and paragonia. In some (e.g., quinaria, Figure 14.7) the associ-
ation is very loose. In others (all species of the cardini and guarani groups, most
species of the tripunctata group, and about half of the species in the quinaria
group), the association is strong and the vasa adhere closely to the paragonia.

The three species available from the subgenus Phivridosa are all very similar
and differ among themselves primarily in thal the association hetween the vasa
and paragonia is Joose in one but stronger in the other two (Figures 6.10-.12).
The paragonia are only slightly arched and have only one fold. In general aspect
they tesemble types seen in virilis group species (Tigures 4.25~.28) more closely
than any others, and thus they ave placed in the phylogeny as shown in Figure
14.4, .

Only four species were available from the subgenus & irtodrosophila, and these
are quile variable (Figures 3.8-.10 and 5.5). Even from such a small sample
this subgenus appears to be very heterogencous. Thus far, pictiventris is the only
species seen to have spirally coiled paragonia. D. duncani has the primitive vasa
and has paragonia which probably are not too different from the primitive type.
D. thoracis and histrioides are somewhat similar to species of the vir ilis-repleta
tion, although neither resembles them closely. Perhaps histrioides is claser to
the immigrans group (and was placed on the same figure with these species for
comparison), but such a relationship s highly improbable for pictiventris and
duncani. The relationsbips of the Hirtodrosophila to other members of the genus
will be discus later. They have not been included in the initial phylogenies.

Paragonia and vasa of specics from other genera are shown in Yigure {
all Chymomyza species available for dissection (Figures 13.1-3) the va
completely free of association with the paragonia and genera 1y resemble Sopho-
phoran types. The single available species of Mycodrosophila ( Figure 13.4) is
similar in general respecis to the immigrans type, although it lacks the basal
fusion of the vasa. The paragonia ave strongly arched, as ave those of most species
from the quinaria section of the subgenus Drosophile, but they have a long, _
strangly atienuated section distal to the major arch. Species from the genus
Scaptomyza are of two general types. The pavagonia and vasa of S. adusta and

§. pallide (Figures 13.5-.6) ave similar to the type seen in the fanebris group,
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although the vasa ave rauch shorter. §. Asui belongs io & type of
athers similar 16 it are figured by Okada (1956). Here the
expanded, and the figure (13.7) includes the tests
Zaprionus vesemble speries from the subgenus Nrosoy
tics of both major branches, The paragonia are very robust and are folded at
least three times. In Z ghesquierei the individuals were variable, showing two
major types with only ‘\'gh. iniergradation between them. Of twelve mal
dissected, three wer e 13.8 and nine were as in Figure 13.9. Asso
tion between the vasa and paragenia was almost absent in the first type since
the vasa are short and almoet immediately expand to form the strongly differ-

own, althoug]

are greaily
Species from the genus
ila Tt have characteris-

vasa are somewhat longer and as
paragonia, somewhat after the fas
cept for the extra folds ol the paragonia, Z. o7
quinaria section.

The ejaculatory bulb and the ejaculatory i There is iderable
variation in the characteristics of the ejaculatory duct among the various Aca-
lypterate families. In the Piophilidae, Chlorepidae and Anthomyzidae the duct
is undifferentiated and shows neither ejaculatory bulb nor ejaculatory apodeme
(Figures 1.6-.9). In the family Ephydridae (Figures 1.2--.3) there may be one
or several enlargements of the ejaculatory duct, but these bear very little re-
semblance 1o those seen in other families. In one cas tellu stagnulis, there
is a dark- plgm nted, chitinized structure within an enl(\r&nmenl In the other,
rella. the enlargement of this
is a very small chilinized siructure resembling a limpet shell in shape and at-
tached to the outside of the chitinized lining of the duct. En position at least, this
resembles the condition seen in other families. This ulatory bulb™ has been
shown, relatively much enlarged, in Figure 22.16. Figures 22,1115 show ejacu-
latory bulbs and ejaculatory apodemes from several other families of Diptera,
Although varying in detail, the ejaculatory bulbs and ejaculatory apodemes
seen in these families (Diastatidae, Periscelidae, Aulacigastridae, Sepsidae,
Sphaeroceratidae) appear 1o be similar in their basic cha The ejacu-
Jatory apodeme seen in one member of the family Agromyzidae is rather com-
plex and has not been figured in detail. In general features, however, it
appears to resemble the types jusi mentioned.

Mﬁuy types of variation are scen wiihin the tamnv Drosophilidae. In Gitons
bivisualis and Rhij e ga obesa the ejaculatory duct is undifferentiated,
with neither ejaculatory bulb nor ejaculatory apodeme. At the other extreme
are seen such species as Zaprionus vittiger (Figure 22.8) where the ejaculatory
butb is large and itself further differentiated, with paired and bifurcated poste
caecae.

Okada (1958) has made an extensive survey of the characteristics of ejacu-
Jatory bulbs within the family Drosophilidae, and he places them in seven types,
as follows:

Type O: no bulb
Type A: bulb, 1o caeca
Type B: bulb, a single po

ger resembles species from the
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Type C: bulb, paired posterior caccae

Type D: bulb, paired and bifurcated posterior caecae

Type E: bulb, paired anterior and posterior caecae

Type F: bulb, three anterior, and paired posterior cascae,
All of these types, except type B and type F, were present among the species
available for this study. Okada (op. ¢it.) concludes that type A or type O repre-
sents the primitive type in the family, and he recognizes the possibility that type

O may be a degenerate form of type A. Considering the types of bulbs seen among

the Acalypteratae, it seems more probable that type O is primitive among the
acalypterales and ibut type A and type O represent primitives for the family
Drosophilidae. Type A would be primitive for the genus Drosophile.

The type classification of Okada is apparently based on uncleared material.
A brief inspection of Figures 15-19 will show that there is some overlapping of
types, and there are many more types apparent when cleared material is used.
In addition there are some useful differences in the morphology of the caecae
which complicate any simple system of types. While reference to types is useful
for generalization, it is not adequate for the present purpose, and Okada’s types
will be referred to only occasionally in the following discussion. Fven a moder-
ately complete division into types, based on the data presented in Figures 15-22,
would more than quadruple Okada’s number of seven. Such a system would
probably be intelligible only to its author, and the multiplication of types would
serve no useful purpose in the present discussion.

Nater (1950) made a survey of the ejaculatory apodeme {Sammenpumpen-
sklerit) in Drosophila and related species, and he ummarizes its major fea-
tures in a later paper (Nater, 1953). All of his types were seen in the present
study, although some differences of interpretation are apparent. He does not
indicate a primitive type, but since the spade type (e.g., Figure 15.6) is found
in species from all the major subgenera, it will be considered as near the primi-
tive.

If the absence of an ejaculatory bulb is considered primitive among the Aca-
Iypteratae, then the most primitive type in the genus Drosophila should be that
showing the least differentiation of the bulb relative to the ejaculatory duct, and
the apodeme should be only slightly developed. As indicated by Okada (1058),
such types might be degenerate, and this must be recoguized as a possibility. On
the whole, however, interpretation of these types as primitive seems more reason-
able, and the phylogeny (Figures 20 and 21) will be based on this assurption.
Hjaculatory apodemes are arranged in a phylogeny in Figure 24

‘When the characteristics of the ejaculatory bulb are considered, the type seen
in coracina group species (Figures 13.3-.5) of the subgemus Pholadoris (Figuros
15.1-.7) appears to be nearest the primitive. (Note: in situ the apodeme is di-
rected ventrally. In the figures, the bulb has been inverted so that ventral is
toward the top. Anterior is toward the right.) In these species the bulb is very
small and only slightly more enlarged than the ejaculatory duct. In TFigures
15.3-5 the size of the bulb is exaggerated. In relative proportion, the bulb of
victoria (Figure 15.1) is at least six times as large as that of carwcellatu (Figuce
15.3). The ejaculatory apodeme in these specis nall, almost unpigmented,
and weakly chitinized. The ejaculatory bulb and apodeme in latifasciaeformis
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ave almost identical with those seen in coracina group species. Tn bryani the
apodeme js of the spade type and the bulb has been modified th ough the addi
tion of lateral folds, or lobes. Simdar lobes are seen in bulbs from victoria
group species (IMigures 15.1-.2) but the bulb itself is much enlarged and is com-
parable in size to those seen elsewhere in the genus. The apodeme in species of
the victoria group is of a distinctly derived type and is seen nowhere else in the
genus, although it is almost certainly a modification of the type seen in species
of the coracina group. In pattersoni and victoria the apodere is large and heay ily
pigmented. It is forked Lasally, as was the apodeme in species of the coracina
up. The two branches tum downward (upward in the figure) at their tips
and expand to form rather large, oval plates which lis against the inner surfaces
of the lateral lobes of the bulb,

All species in the subgenas Sophophora have moderate o large ejaculatory
bulbs. In populi (Figure 15.12) the apodeme is slightly medified from the spade
type. The plate (the part of the apodeme in contact with the ventral surface of
the bulb, as apposed to the handle, which is either associated with the anterior
ejaculatory duct or free) has the triangular shape but the handle arises from the
surface of the plate rather than from its anterior edge. The bulb is relativel
large and has lateral lobes which meet and fuse in the mid-ventral line. This
fusion i sented by a dashed line in the figure.

Species of the obscura group (Figures 15.13-.22) all have sjaculatory bulbs
of the same gencral type. Bulb shapes vary from subspherical 1o quadrate, arid
! have small but distinel, posterior caecas ¢ apodemes are all of the same
general type, the obscura type, The plate is either quadrale (c.g., Figure 15.13)
or voughly oval (e.g., Figare 15.19) in shape. The handle is relatively heavy

sever:

RroprosoPHILA O 42 capricorni
.8 duncani 25 yakuba 43 fumipennis
.9 pictiventris takahashii subgroup saltans group
10 thoracis 26 hit 7 subgroup
Subg Dorsirori subgroup A4 subsaltans
A1 busckii 27 ananassae 45 parasaltans
Subgenus: Sormorrtors montium subgroup cordata subgroup
.12 populi 98 rufa ata
ohscura group yikanara iptica subgroup
obscura subgroup sereata A7 meodllipiica
A3 miranda auravia A8 emarginata
14 pseudoobscura seguy sturtevanti subgroup
.15 persimilis kikkawai A9 sturtevanti
.16 ambigua 50 mille
affinis subgroup equinoxialis saltans subgroup
A7 affinis 5 tropicalis 51 Jusaltans

18 algonquin willistonii

19 narragensett paulistorum

20 tolteca pseudobocainensis

21 athabasca 39 sucinea £

92 azteca A6 nebulosa 6 seplentriosaltans
melinogaster group 41 changuinolae 57 saltane

melanogaster subgroup
23 simulans
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Fro. 16, Eiaculatory bulbs and ejacalatory apodemes from Drosophilu species.
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and projects almost directly ventrally from near the center of the plate. The
ejaculatory bulbs of species in the melanogaster group are quite varied (Figures
16.25-.33). In general they arc of types seen in species of the obscura group.
Some appear 1o have hath anterior and posterior capcas. The posterior caecae of
ananassae and bipectinata are quite large. The ejaculatory apodemes of melano-
gaster group species are also varied. Those of species in the melanogaster sub-
group are of the obscura type. The remainder in the group are of a modified spade
type, with the plale triangular and the handle arising from its surface rather
than from the anterior edge.

bulb in species from the willistoni group varies as shown in
Figures 16.34-43. Some have distinct literal lobes, others have strong posterior
caecae, and fumipennis has exiremely long and slender caecae. It might be well
to point out that the distinciion hetween lateral lobes and blunt or short caecae
is not a sharp one, If, for example, Figure 15.38 were tilted so that the handle
of the apodeme were horizontal, the caecae would be seen as lateral lobes. Much
the same thing is seen in aruanassae (Figure 15.27). The distinction used here
is an arbitrary one. If the major axis of the lobe (or caecum) crosses the long
axis of the apodeme handle at nearly a right angle it is considered to be a caecumn.
If it parallels the long axis of the handle it is called a Jateral lobe. There is no
difficulty in terminology when the Jobe extends the length of the bulb or when
the caecae are sirongly differentiated from the rest of the bulb. There are many
intermediates between these two types, and it is possible that posterior caecae
and lateral lobes represent the same basic phenomenon. Comparative histological
and developmental studies may clarify this point.

In species of the willistoni group the ejaculatory apederses are of two general
types. The first is the standard spade type (Figures 15.38-.43). The second
(Figures 15.34-.37) is the modified spade type scen in many species of the
melanogaster group {e.g., Figure 15.32).

Ejaculatory bulbs in species of the saltans group are of four general types:
elliptical without lobes or caecae (Figure 15.49), elliptical with lateral lobes
(Vigures 15.44, 46-47, 50), elliptical without lobes but with posterior caecae
(Figure 15.48), and spherical with lateral lobes (Figures 15.51--57). With the
exception of parasaltans (Wigure 15 43, the apodemcs are of the spade type. That

The ejaculator

Subgenus: Drosorniia 11 melanica

migrans group

virilis group 12 paramelanica Iiypocausta

1 virilis 13 enronotus 23 spinofemora

2 amoricana .14 nigromelanics 24 immigrans

.3 novamexicana robusta group funebris group

4 littoralis 15 lacertosa 26 macrospina

5 ezoana .16 colorata .27 subfunebris

6 montana 7 sordidula 28 funehris

7 Navomontana .18 robusta ungrouped species
.8 lacicola acnubimana group 29 carsoni

.9 boraalis 16 gibberosa Subgenns: Hrxroprosornia
melanica group 20 species E 5 histricides

.10 micromelavica 21 species D
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of parasaltans is more nearly like the modified spade type secrt in some willistoni
and melanogaster group species (e.g., Figures 15.32, .3

In the genus as a w hole the handle of the apodeme eho\wx few distinctive fea-
tures of use in phylogeny. Often it is compressed laterally to form a thin blade,
although in most Sophophorans the handle is thick and heavy. Some species of
the saltans group depart from the general pattern, In species of the elliptica
subgroup (Figures 15:47~.48) the handle is roughly cylindrical. Tt is flared
apically and has a conical depression at the tip. In mosi spe the sallans
subgroup. (Fig .57) the handle is roughly triangular in section, and
the tip may be ghoml flaved Lut it generally is vl mwliceably concave. In
lusaltans the hdnulo is vather irregular, but nearly cylindrical. In austrosaltans
the handle is a simple cylinder, slightly, if at all, flaved at the tip. In neocordata
and in species of the siurtevanti subgroup the handle is a simple blade, In sub-
saltans the handle is triangular in section, almost exactly as is seen for most
saltans subgroup species, and in parasaltans the handle is short and stubby, and
roughly cylindrical in section.

Ejaculatory bulbs from species in the subgenus Drosophila are shown in
Figures 16 through 19. As can be seen from an inspection of these figures, the
types shown in the phylogeny (Figure 21) only inadequately represent this very
diverse group, Most of the important types from the quinaria section have been
included in the phylogeny, but many of the major types from the virilis-repleta
section could not be shown. Members of the virlis group (kigures 16.1-.9) are
almost uniform with respect to the ejaculatory bulh and ejaculatory apodeme,
Basically, the ejaculatory bulb is of the type secn in bry ept that it is
proportionally much larger, and the cjaculatory apodeme is somewhat more
miassive. Except for the shape of the bulb, this type resembles that seen in many
species of the saltans group (e.g,, Figure 15.57). The only other species in the
subgenus Drosophile having a similar type of bulb is polychaeta (Figure 18.8).

Subgenus: DrosopRTrA A8 stalkeri hydei subgroup
repleta group 49 hamatofila 38 bifurca
fasciola subgroup 20 eremaphila 39 nigrohydei
A fulvalineata 21 buzzatii eohy

a
coroica

fasc 41 neohydet
42 hydel
canatinea group
43 canalinea
6 fascioloides 7 anceps 44 paracanalinea
7 moju 9 peninsularis dresfusi gronp.
& mojuoides . 45 camargol
nulleri subgroup mercalorum subgroup A6 briegeri
3¢ mercatorum

9 tira 31 N not assigned to subgroup
.10 pachuca +31 paranacensis 28 serenensis

.11 nigricruria melanopalpa subgroup not assigned to group
42 aldrichi . 26 aureata

13 mulle 49 castanea

.14 longicornis 50 sp

A5 avizonensis resophragmaties group

.16 mojavensis
A7 martensis

47 gaucha
48 pavaui
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However, in polychaeta the bulb is relatively very small and the ejaculatory
apodeme is distinctly different from the virilis type.

Species in the melanica group (Figures 16.10-.14) vary from the simple,
nearly primitive type seen in mucromelunice W the derived Ly pes seen in such
species as melanica. In micromelanica the bulb lacks either lateral lobes or caecae,
and the apodeme is rather large and heavy. The remainder of the species in the
group would fall in Okada’s type E, with paired anterior and posterior caecae.
The bulbs are quadrangular and have rather inconspicuous lateral lobes. In
nigromelanica the caecae are short, heavy and blunt. In the others they are longer
aud wore slesder. To melanura (not figured) caecae are very long and slender,
Except for the ejaculatory apodeme, the bulb is identical with that figured for
lacertosa (Figure 16.15) of the robusta group. The ejaculatory apodemes are
relatively large, and the handle may be expanded as a rather large, flat blade.
All of the apodemes are of the spade type, but that of melanura is small and
weakly chitinized. In most respects it resembles that figured for C. procnemis
(Figure 22.3).

All species of the robusta group (Figures 16.15-.18) have paired anterior and
posterior caecae, although in some the caecae are rather short and blunt. D.
robusta is rather variable. The posterior caecae are always short and blunt. The
very small anterior ca may be present (as shown in Figure 16.18) or absent,
or a caecum may be present only on one side. In sordiduia the caecae are blunt
lobes, and in colorata the caecae are somewhat longer and curve dorsally (dowm,
in Lhe figure). D, lacertosa has very long and slender anterior and posterior caecae.
The pustenor oues arise from blunt lobes. In this group the apodemes are quite
massive, but they are ol the spade type. The apodeme of robusta is distinctive. It
may represent a modification of the spade type by reduced ‘chitinization at the
tip of the blade, or it may represent a modification of the forked type seen in
coracina group species.

In addition to the general features of the ejaculatory bulbs of species in the
robusta group, one other characteristic needs to be noted. In all of these species
‘except robusta, the posterior part of the bulb is laterally expanded. Several other

Fre. 18, Fjacnlatary hulbs and ejacalatory apademes af Drasaphila species

Subgenus: Drosorsa 1% species K 24 quinaria
carbonaria growg A4 species L 25 rellima

.1 carbonaria A7 stic 26 falleni
nannoptera group rabrifrons group 27 phalerata

.2 nannoptera .15 parachrogaster 2! ecies |
bromeliae group .16 uninubes ideutalis

.3 species I pallidipennis group tenebrosa
ungrouped species 18 pallidipennis subquinaria

4 aracea 19 putrida transversa

5 species G testaces group palustris

6 peruviana 20 testacea subpalustris

.7 species H ‘macroptera group guttifera
polychaeta group .21 submacroptera genns: PHLORIDOSA
8 polychaeta 22 macropters Y species P
ungrouped species quinaris group 10 spevies

12 “tumiditarsus 23 ineubila A1 speciss O
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species from this section of the subgenus show various modifications of this type
of bulb, and some representatives of this type are shown in Figare 23, together
with figures of two “normai” bulbs for comparison. Figures 23.1—
and vontral views of the cjaculatory bulb for castanea. Figures A show
ventral views of the bulbs of lacertosa and sordidula respectively. Only a part of
the long caecae of lacerfosa has been shown in the diagram, and the anterior
ejaculatory duct and ejaculatory apodeme have been omitted. Figures 23.7-.10
show lateral aud ventral views of species having the more normal type of ejaca-
latory bulb.

Species belonging to the annulimuna group (Figures 16.19-.21) have two
major types of ejaculaiory bulbs. D. gibberosa has posterior but no anterior cae-
cae. The others have both anterior and posterior caecae. Fxcept for the length
of these caecac, these latter types resemble that seen in colorata (compare Figures
16.16 and .20). Ejaculatory apodemes in this group are also of two types. Two
ecies have the spade type. The third has a modified type similar to that seen
sume Sophophorans (compare Figures 15.45 and 16.21).

The ejaculatory bulb in species of the repleta group varies from very smail
and simple to very large. The simplest types are seen in the fasciola subgroup
(Figures 17.1-.8). In most of these species the bulb is very small and has neither
Jateral lobes nor caecae (e.g., Figure 17.7). In others (e.g., Figure 17.3) the bulb
is somewhat larger and there are short, blunt, posterior caecae. (lateral lobes
tilted posteriorly?). Both in size and in extent of differentiation, cjaculatory bulbs
in this subgroup are among the simplest in the genus. The bulb itself is only a
slight enlargement of the ejaculatory duct. The ejaculatory apodeme is of the
spade type. Species of the mulleri subgroup (Figures 17.9-.25) shovw almost all
of the types of variation seen iu the repleta group whole. The ejaculatory
bulb in mudleri is virtually identical with those seen in some fasciola subgroup

Frc. 19. Ejaculatory bulbs and ejaculatory apodemes of Drosophila species.

tripunctata group cardini group

1 mediodiffusa 18 dunni

2 albicans 20 belladunni

3 metz 21 nigeodunni
4 albirostris 22 polymorpha
5 tripunctata .23 neownorpha
.7 unipunctata .25 parthenogenetica
.8 trapeza .26 acvtilabella
9 i 27 i
10 i 28
11 mediostriata 29 cardini

2 mediopictoid 1 group
.13 crocina ornatipennis

calloptera

1di

detail of efaculatory apodene, generalized cardini type
detail of y apodeme, generalized wripunciata type

guarani group
14 guaramunu
18 guaraja
.16 grisculineata
47 subbadia
.18 guarani
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ke, 22. Fjaculatory bulbs and ejaculatory apodemes from other Drosophilid genera, and
from other families of Acalpyteratae. .1) Chymomyza amoena; .2} C. aldrichi
nemis; 4) Scaptomyza adustz; 5) S. pallida; .6) S. hsui

itti ila dimidiata; A0) Zapriothrico dispar; A1) Diastata vagans (Dia-
annulatu (Periscelidae); .13) Aulacig leucopeza ( i
cunda (Sepsidac); .15) Leptocera sp. (Sphacoceratidue); -1
abscurelle (Ephydridac)

spectes. The bulb is very small and sirople. Most species in th
Figure 17.12) have mnderately large bulbs with short
specics (Figures 17.15-.16 in species
Irem the melanopalpa and mercatorum subgroups, The ejaculatory apodemes
are all of the spade type. According to Wasserman (1960) species of the mulleri
and iola subgroups are related cytologically as shown in Figure 25. Correla-
tion of cytological and morphological details will be deferred until a later section,
but it is belpful to refer to the cytological phylogeny at this time. As can be seen
from Figure 23, there are three major phyletic lines within the group. All of
these derive from the repleta standard gene sequence. There are several specics,
chiefly members of the nulleri subgroup, which are derived independently from
the standard.

The next cluster of species to be considered makes up the second major branch

subgr

7} have a bulb derived from a type seen
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within the repleta group. The species involved belong 10 the melanopalpa and
wnercatorum subgroups. In addition, peninsularis, generall sidered a mem-
ber of the mullexi subgroup, belongs cytologically to this branch. Ejaculatory
bulbs of these species are of three types. The first, sceu in mercazorum (Figure
17.30), is moderate in size and has short posterior caecae. This closely resembles
types seen in the mulleri and fasciola subgroups. The second, seen in peninsularis
(Figure 17.29) and several other species, is rather elongate and has short posterior
caecae which curve inward and generally touch st the midline. The third type
(Figure 17.31 and others), alroost certainly a modi
toned, is the sane iu all detalls except that the cascae

ation of the Lype just men
e al their tips and form

ct. Juis this type which was
seen in some of the members of the mulleri subgroup mentioned previously (c.g.,
Figures 17.15--.16). Two types of apodemes are seen v members of this branch.
Most are of the usual spade type. In some (e.g., Figure 17.36) the plate is much
{flattened.

Fis. 23. Tateral and ventral view of certain ejaculatory bulbs, Anterior ejaculatory duct and -
faculatory apodeme have been umitted from ventral views. 1) castanes (lat.); .2) castanea

3) lacertosa (vent.): 4) sordidula (vent.); 5) peruviana (vent.; .6) camargoi (vent.);
7) gaiicha (lat.); 8) gaucha 3:.9) pavani (lat.); .10) pavsni {veni.).
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The thivd major branch of the group consists of hydei subgroup species
(¥igures 17.38-.42). Herc the ejaculatory bulbs are very small, and they are
rauch alike in genera murpﬁolng\' Posterior caecae are small and generally out-
curved. All have the spade type of apude}ue The ejaculatory bulb of castanea
is shown in Figure 17.49. This species is derived, cytologically, from the
repleta standard. Species ¥ is, on the basis of internal merphelogy, very close to
castanea and it has an ejaculatory bulb identical with that figured for castanea.
These two species have the posterior part of the ejaculatory bulb expanded, and
they resemble some species of the robusta group in this respect

Aside from the repleta group species and castaned, vo other groups, canalinea
and dreyfusi, are derived cytologically from the repleta standard. The cytological
idence indicates the relaticnship shown in Fignre 25. The ejaculatory bulb of
paracanalinea (Figure 17.44) is small and has two short, blunt posterior caecae.
‘The bulb of canalinea (Figure 17.43) is larger and has leng, slender posterior
caecae. Both species have the spade type of apodeme, although that of paracana-
tinea is rather small and weakly chitinized. The ejculatory bulbs of species from
the dreyfusi group (Figures 17.45-.46) have moderately long posterior caecae.
‘There are also very small anterior caecae resembling those seen in robusta
(Figure 16.18). In these two species, the anterior caecae are in close contact
with the anterior ejaculatory duct and appear to clasp it basally. In ventral view
(Figure 23.6) the bulb is seen to be of the type mentioned carlier for castanea
and many robusta group specics. The general similarities between the ejacula-
tory bulbs of dreyfusi and robusta group species can be seen by comparing
Tigures 23.3, 4and .6. Ijaculatory apodemes are of the spade type.

Species of the mesophragmatica group are also ologically related to the
pleta complex, but not as closely as are the species just covered (Wasserman,
pers. commnt.). They bave the normal type of bulb with twoe moderately long
posterior caecae. The ejaculatory apodemes are different in the two species. That
in pavani (Figure 17.48) is of the usual spade type. That of gaucha (Figure 17.47)
has the plate shaped more like a spoon, and in this respect resembles somewhat
the types which will be seer shortly in species from the quinaria section. The
is much shorter than that of the quinaria type.

On the basis of external morphology the next groy up of species is heterogeneous.
Some features, particularly of th ulatory apodeme, sugge: relationship
between them. The simplest type is dnat seen in an undescribed form (species
H, Figure 18.7). Here the bulb is mi\d{,rdld} large but lacks both Ja'(‘r'ﬁ lobes
and posterior caecae. The ejaculatory apedeme is minute, and i s exag-
gerated three to four times in the figure. The size of ihe bulb is as it should be
in proportion 1o ather hulhs in the genus. Tf the ejaculatory apodeme were drawn
to the same scale it would appear as a fine lie in the figure. The apodeme plate
is almost non-existent, The base of the handle simply flares slightly and curves
around the base of the ejaculatory duct. D. peruviana is, on the basis of external
morphology, related to this species, but it has a quite different ejaculatory bulb
and apodeme. This is figured in lateral view in Figure 18.6 and in ventral view
in Figure 23.5. Another vmdescribed form (species G, Figure 18.5) has an
ejaculatory apodeme very ar to that seen in spe H. The apodeme is
minute, and the plate is coly slightly more developed than in the previeusly
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mentioned species. The ejaculatory bulb is moderately large with stout posterior
caecae. A species of the bromeliae group (Figure 18.3) has an ¢jaculatory bulb
and apodeme very similar to that seen in species G. The major difference between
the two is in the lengih of the posterior caccae. The last species having this Ly pe
of apodeme is nannoptera (Figure 18.2). The ejaculatory bulh has short posterior

caecae. The apodeme is minute and almost identical with that seen in species H.

The ejaculatory bulb of carbonaria (Figure 18.1) shows few features which
clearly associate it with any group in the genus. The bulb is small with lateral
lobes and short anterior and posterior caecae. The ejaculatory apodeme is of the
spade type and, on the whole, (he ejaculalory bulb moust nearly resembles a type
scen in the melanica group (compare Figures 16.14 and 18.1),

Species of the immigrans group (Figures 16.22-.24) have large ejaculatory
bulbs. That of spinofemora is undifferentiated. That of Ay pocausta has slightly
developed lateral lobes and folded posterior caecae of a type to be seen among
species from the quinaria section of the subgenus. D). immigrans has both anterior
and posterior caecae, although all are very short. In this respect the bulb some-
what resembles that of robusta (Figure 16.18), although the position of the
anterior ejaculatory duct and the ejaculatory apodeme is quite different in the
two species. The ejaculatory apodeme is very large in two species of the immi-
grans group. That of spinofemora is, relative to the others in the group, rather
small, but this appearance is due mainly to the short handle. The plate is of the
spade type, but it is about twice as long as those previously seen of this type. In
Jength it approaches types seen in the quinaria section. The apodeme of immi-
graris is large and heavy. The plate is long and its anterior angles are rounded,
a feature which is also characteristic of many sp of the quinaria section. The
apodeme of fypocausta is unique. The handle is large, butvery thin and flat.

t is continuous with a thin keel which extends down the mid-ventral line of
the plate. The plate is also thin and flat.

TIn species of the funebris group the e)aculamw bulb is rather uniform (F]gul es
16.26-.28). In two species the bulb is almost spherical. Lateral lobes are incon-
spicuous and the posterior caecae are folded. In the third species the bulb is
clongate and somewhat expanded posteriorly culatory apodemes are of the
spoon type and have short handles. In ;zene'ral aspect they most closely resemble
types seen in species from the quinaria and LdLU] stera groups.

Fjaculatory bulbs of species in the quinaria group fall mto four types. In
innubila (Figure 18.93) the bulb is moderate in size and has tywo short posterior
caecae, In falleni and phalerate (Figures 18.26-.27) the bulb is clongate and
has short, folded posterior caecae. In quinaria, rellima, tenebrosa and occidentalis
(Figures 18.24- 30) the bulb is elongate and the pdsterior caecae are
moderately long. The caecae in these four cpecxes are almost of uniform diameter
throughout. In the remainder of the species in the group (Figures 18.28, .31-.35)
the caecae are longer and have two distinct sections. The proximal section has

i as that of caecae seen elsewhere in the group. Somewhat before
al section has a
ividuale the con’
striction is sharp and the two sections are distinct. In.a few the diameter tapers
gradually, but over a distance of less than one-tenth: the total length of the cae-

diameter roug
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although the apodernes vary in detuil, they are all of

the 5porm Lypc
Species of the calloptera group (Figures 19.30
tatory bulbs. That of schildi is floxed near its midpoint and has moderately long,

32) have very elongate ejacu-

‘and precisely folded, posterior caecae. The other two <pecles have elongate bulbs,
but they are not flexed. The posterior caecac are long and much folded, but they
do not show the regular long folds seen in schildi. Ejaculatory apodemes are all
of the spoon type.

Species of the testacea group ’I‘lgl\\e& 18.19- 2(}\ have sn

11 ejaculatory bulbs

are sumewhat dis

g ered. Bjaculatory apodeme: of the spoon type.
of the rubrifrons group (Figures 18. 6) have ejacutatory bulbs of
moderate size with short posterior caecae. The bulb of one (Figure 18.16) is
slightly flexed and the caecae are displaced somewhat anteriorly. Apodemes are
of the spoon type. Ejaculatory bulbs from species in the macroptera group
(Figures 18.21-.22) have long posterior caecae. Both in respect to characteristics
of the bulb and of the apodeme, they resemble some species of the tripunctata
group. Most species of the tripunctata group (Figurces 19.1-.13) have moderate
sized ejaculatory bulbs which are elongate to very Gmng.,dtv Caecae may arise
almost at the posterior end of the bulb (c.g., Figure 19.2), but they are genemlly
displaced anteriorly (e.g. FlguI‘P 18.3) and appear o e from ihe apex of
lateral fold. This appearar due, in part, to a flexure of ithe bulb similar to
that seen in schildi (Figure 19.32), The posterior caecae are generally short (and
folded when long cnough). 11 crocing the caecae are very long. Ejaculatory
apodemes are rather variable. Some (e.g., Figure 19.4) lm\e an El()ngdf(‘, spade
type. Most (e.g., Figure 19.5} are of the spoon type.

Species of the cardini group (HFigures 19.19-29) have ejaculatory bulbs of
moderate size. The posterior caecae are rather long and generally are folded.
Often they are displaced anteriorly, sometimes conspicuously so (Figure 19.24).
In this last case, neocardini, the bulb is not flexed, and the caecae arise at the
apices of distinct lateral folds. In this case also, the caecae cross over each other
and are often intertwined. This crossing of the caecae is seen in some individuals
from all the species in the group but it cannot be considered characleristic of any
specie (Wlth neocardini a possible exception). The ejaculatory apodemes of
species in the cardini group are guite distinctive, although t! show obvious
resemblances to the spoon type seen in other branch of the
genus. In most cases the plaie is extremely long and slender, generally equaling
the length of the handle. The plate is of the usual width across the anterior angles,
but it imme sharply and becomes very narrow and pointed.
Figures 19.33 and 19.34 show details of the apodeme for generalized cardini and
tripunctata types. Only polymorpha has an apodeme which approaches the tri-
punctata type.

Ejaculatory bulbs of guarani group species are gener large. Posterior cae-
cae are rather short and generally are folded. Anterior displacsment of the cae.

a , and lateral folds are not conspicuons. The ejaculatory
apodemes are !arge and of the spoou type. Ejaculatory bulbs and upodemea of
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miscellaneous species from this branch fall into one or another of the types al-
seady discussed. D. pallidipennis (Figure 18.18) is siusilar to trapeza (Figure
ta (Figure 18.17) to mediodiffusa (Figure 19.1), etc.

In species from the subgenus Phloridosa (Vigores 18.9-.11) the e]acula’toxy
bulb is small with lateral lobes and folded posterior caecae. In one species the
caecae are relatively long, The apod?me is of the spoon type similar to those seen
in species from the quinaria section or in polychaeta. Species from the subgenus
irtodrosophila are qune variable (Figures 15. 5). The ejaculatory
bulbs in duncani ang thoracis have short, blunt posterior ca The posterior
caecae in pictiventris {Figare 15.9) are peculiar to that species. In Aistrioides
fgure 16.25) the ejaculatory bulb is small with blunt posterior caecae. The
bulb itself resembles types seen in the repleta group (e.g., Figure 17.20), but the
evaruldtory apodeme is quite different. The plate is rather broad, flat and long.

In general shape it resembles types seen in species of the quinaria branch, but
it is too flat to appear very similar to them. The ejaculatory apodemes of duncani,
pictiventris and thoracis ave s ight modifications of the spade type. The ejacu-
Latory bulb of busckii is moderatdv large and has lobose posterior caecae (Figure
15 11). The apodeme is of the standard spade type.

The ulatory bulbs of species in the genus Chymomyza (Figure 22.1-.3)
most nearly resemble those of species in the obscura group (compare Figures
22.1 and 15.17 or 22.2 and 15.13). The dpﬂdcmos are of two types. The firsi
(Figures 22.1-2) resembles the obscura type but is much more delicate. The
apodeme of C. procremis {Figure 22.3) approaches the standard spade type. The
lateral borders of the plate are weakly chitinized and not pigmented. Nater
(1953) gives a figure of the apodeme of C. procriemis wiich differs from this.
His figure shows an apodeme of the type seen in C, amoena and C. aldrichi.

The deculamry bulbs piomyza species vary (Figures 92.4—.6). That of
S. adusta is moderate sized. In the individuals dissected the caecae were un-
branched. However, Rosenblad (1941) describes this species as having branched
posterior caecae (as figured for S. Asui, except that the caecae are longer), and
Patterson (1943) gives a figure for this sp in which one caecum is branched
and the other not. Apparently this species is variable in this respect. The caecae
of 8 hsui ave short and branch once. Those of 8. pellide ave longer and branch
twice. The apodemes are of the spoon type. Ejaculat s of Zaprionus
species are moderately and almost spho 7) has long,
unhranched posteric ac. The other (Figure 22.8) has long caecac, each of
b branches four tim he apodemes are medifications of the spoon type
(compare Figures 22.8 and 18.21). The ejaculatory bulb of Mycodrosophila
dimidiata (Figure 22.9) is distinctive, although one wmight force a resemblance
between it and that of pictiventris (Figure 15.9). The ejaculatory apodeme is
of the spoon type.

Morphology of the testes—TIn the majority of the Acalypteratae the testes are
elliptical or nearly so (Figure 1). Spiral testes have been seen only in the Drosoph-
and in this family there is great variability in testis form (Figure 2)..
Investigations by Stern (1040, 10+a, by indicate he rechanisms involved in
the formation of the spiral tesles in several species from hoth the subgenus
Drosophile aud the subgenus Sophophora, During carly developmental stages

wh
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) triponctata; 13) cardini; .14 calloptera; .15) guarani: .16)

20 -21)

melanogaste

95) servate; 26) anamassac; 27)

the testes are completely free, and it is only during later ontogeny (pupal) that
they become attached to ducts which arise from the genital imaginal disc. Stern
(1941a) finds that the form of the testes is determined by the thin inner mem-
brane of the testis capsule, and growth occurs by terminal addition to this mem-
brane. Differential elongation is explained as being due to the release of the
growth promoting substance from the vas in different amounts to opposite sides
of the testis. The membrane elongates most near 1h9 point of attachment and
curvature of the testis is thus away from this point (see Figures 2.9, 13.7 and
26.2). This is important, since it provides the criterion by whic
coiling is differentiated from pscudo-coils or curvatures p’mduced pri
crowding of an elongate festis in the body cavity (e Figures 2.
There cau be little doubt that the elliptical form of the testis is primitive and
that the spiral form s derived within the family Drosophilidae. To some extent
the number of testis coils is an index of the evolutionary status of a species, in
that the more primitive forms tend to have a lower number of coils. Within the
family testis form varies from true elliptical (e.g., Figures 2.1, 4-.5), to elongate
elliptical (e.g., Figures 2.9-.3), to true spiral (e.g., Figures 2.6~.13). Other
forms are figured by Okada (1956), but in many cases these cannot be evaluated
as to whether they belong to the true spiral form or to some other type. This
can only be decided by use of the eriterion mentioned earlier, ie., direction of
testis curvature relative to its point of attacloment to the vas. In some cases the
presence of counter-coiling ol the vas deferens (inmer coil of testis) can be taken
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true &

as indicative of iral coiling in the testes, since ihe coumter-coil of the v

mechanically from asymmetric growth of the testis, Ilowever, not all
spacies having true spiral tostes exhibit counter-coiling of the vasa (c.g., Fignres
2.6, .10 and 13.7). Tn these cases, enrvature of the testes yelative to the point of
attachment is the only available criterion. Since the need for this type of dis-
tinction has not been recognized previously, earlier descriptions and figures of
testes are of limited value. In most cases it seems probable that those described
as spir;ﬂ exhibit true spiv'al coiling, but some doubt must remain wntil these spe-
cies have been re-exannined with appropriate criteria in mind. Within the genus
Drosophila there is little dil ed fall inmto
two categories, true elliptical and true spiral. The sacond calegory can be arbi
trarily subdivided according to the mumber of coils in the spirol,

Since only a few (10-12) individnals have been examined for any one spec
and since there is sowe individual variation in number of coils (generally dif-
ferences are in fractions of a coil over or under a modal vaiue), the data for all
the species will not be tabulated, Table 1 sumimarizes the data on testis coils by
groups. Most of the miscellaneous species have been emitted. As can be seen by
inspection of Table 1, the number of testis coils ranges from zero (elliptical testis)
to approximately twenty. Probably several distinct factors influence the number
of coils in the adult te: Two obvious factors will be the amount of growth
stimulation substance produced by the vas and the duration of the period during
which this substauce is provided 1 the testis (and/or the dugation of the period
during which the testis is capable of responding to this subslance). The amoust
of growth sub~ tance appears to be the major [aclor in determining the number
in some affinis subgroup species, and differences between the num-
ber of coils in melanogaster {(three) and in virilis (six) ave due lo differcnce in
vate of testis growth relalive to the pupal period (Stern 1941b). At the present
time it is not possible to determine which of these factors are operatmg, singly
or in combination, to produce the various numbers of coils and other variati
in testis form seen among Drosophila species. Thus, the major distinction which
can safely be made is between elliptical and spiral testes, and, as was said pre-
viously, the higher number of coils generally indicates more derived forms.
Inferences regarding types of spiral festes must be lentolive
drawn Irom certain closely related species will Figure 26 g
a much abbreviated ph nialives chosen as o
amples of forms fram the fwo major branches of the subgenus Drosophila indic
the more extreme Lypes. [nlergradations between
generally the two types are recognizably distinet.
Species in three of the four groups in the subgenus Pholudoris have ellipt
stes similar in type to that shown in Figure 26.1. The testes of bryani (Figure
26.2) have about one-half coil. Of the Hirtodrosophila, one, duncani, has P}]l})tk
cal testes, The others vary from approximately one, to approximately three coils,
D. bus (Dorsilopha) has about two coils (Figure
Sophophora, populi hias elliptical testes. Species of the obscura group fall into two
types. Those of the obscura subgroup have clliptical tesies (¢, Higure 26,15
m]d those of the affinis suhgrourr have spiral testes varying {rom one-half ¢
nis) 1o thr

ulty on this point. All specioe exami

but’ conclusions

ogerty ol testes for

se two Lypes do exist

.9). In the subgenus

oil
0ils {azieca). Details will nol be pre nted for most of the
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Taste 1

Testes coils of Drosophila and ather species. The demominaior indicates the mumt
examined in cach group. The numerator indicates the rx

which ke

r of species
ser of species in the group

in the testos. Zero (no coils)

1 testes.

ed number of e
ndicates ellipti

o indic

Nuher of coils
Ex] G

] ] R = R = R =)
Pholadoris ’
vicloria gp.
A o
Jatifascineformis gp.
bryani gp. 11 2
Hirtodrosophila 14 3/4
Dorsilopha 1/1 Lo
Sophophora
populi /1
obscura gp. 1/10- 5/10
melanogaster gp. 5/12 6M2  1/12
willistoni gp. . 10/10 . .
saltans gp. I 10/14 4714
Drosophila
virilis-repleta section
virilis gp. 19 5/9 20 1/9
melanica gp. 16 4/6 16
robusta gp. 34 174
annulinaa gp. 474
2 172
dreylusi gp. 2/2
mesophragmatica gp. 2/2
repleta gp.
mulleri shgp. 12/19  7/19
fasciola sbgp. 3/8
‘mercatorum sbgp. e 1 L
melanopalpa shgp. 36 3/6 ..
hydei sbp. . Y5 25 95
polychaeta gp. 1/1 .
Tnannoptera gp. . 1/1

bromeliae gp. 1/1

o 1520

quinaria section
immigrans gp.
funebris gp.
testacea gp.
calloptera gp. L3
quinaria go. 2/13  6/13  5/13
guarani gp. . . 15 A5 3/
cardini gp. . 6/11  5/11
ripunctata gp. 9/13  4/13 R
Phloridosa ... 3/3
Scaptomyza
Zaprions i/2 12
Mycodrosophila
Chymormyza 1/3 1/3
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remainder of the groups in the genus or they
tinent discussion.

Morphological differences, aside from differences in coil number, are of several
types. In the majority of groups iu the genus, and particularly where the number
of testes coils is low (below six), the testes are thick and heavy (e.g., Figures
26.3-4, .8-.11). Where the number of coils is velatively high, the coils are thin
(e.g., Figure 2.11), although the t! may be somewhat variable throughout
the length of the testis. In the majority of species from the quinaria section of the
subgenus Drosophila the tes
of coils. Tt is also in thes tal Tegion o the vas is siwongly dif
ferentiated, and in many species from this section the counter-cojls of the vasa
rger and more bulky than the coils of the testes {e.g., Figures 26.5-.6).
Taken together, the thin testes and the pronouaced counter coils of the vasa
which is almost constant for the more derived species belonging
the quinaria section. As was mentioned previously, species from other sectio
of the genus may have ugly ditferentiated vasa, but almost invariably these
are associated with thick, heavy testes (e.g., Figures 26.3-.4). It should be noted
that the counter-coils of the vasa are often pigmented. In Figures 26.3 and 26.5-.6
the counter-coils have been left unshaded to provide a

sill be given later with the per-

contrast between them and

Data for testes coils scen in other genera are included in Table 1. The testes of
Chymomyza species are relatively heavy. In general they resemble the spiral
types seen in Sophophoran specics. Okada (1956) fignres one species (C. cauda-
tula) having elliptical tesies. Scaptomyza species also have thick, heavy testes
as do species of the genus Zaprionus. Mycodrosophila dimidiata has avound ten
thin coils in the testes, and these somewhat resemble the testes seen in spec
of the quinaria branch. The vasa, however, are only slightly differentiated, and
in this respect the pattern does not follow that mentioned for species of the
quinaria section.

Internal Reproductive Structures of the Female—Characteristics of the sper-
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Tie. 25 Cytological phylogeny for specios in the repleta grovp {altor Wasserman, 1960 and
Wesserman, personal comununication),
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mathecae, ven eceptacle and parovaria have been widely used by Drosophila
taxonomists and they require little introduction. Only the characteristics of the
spermathecae will be considered in detail. Those of the wntrnf“ymptade will be
summarized briefly. Some add; zs can be noted before turn-
ing to detailed descriptions.

Both the spermathecae and the parovaria arise from a small, chitinized plate
in the antero-dorsal vaginal well. In all species investigated there are four stalks
originating from this plate, the two anterior being the spermathecal ducts, the
posterior the parovarial ducts, There is considerable variation in the shape of
i rom it. Character-
istics of this plate are rather difficult to determine and they were not routincly
orded. The few notes available suggest that its characteristics will prove use-
ful, particularly for classification at the higher taxonomic levels,

Characteristics of the parovaria and their ducts have been recorded, bul they
will not be reported in detail. In most species the length of the parovarium plus
its duct is equal to or less than the length of the spermathecal duct (to the base
of the spermatheca), and the parovaria are markedly smaller than the sperma-
thecae. In a few species, mainly some more derived forms from both the virilis-
repleta and quinaria sections of the subgenus Drosophila, the length of the paro-
varial duct equals that of the spermathecal duct. In some species, again generally
more derived [orms from the ~uhbuuus Drosophila, the parowria and sperma-
thecae ave almost equal in size. There is no apparent correlation between length
of duct and size of parovarium. Among Sophophorans, the montium subgroup
anogaster group have spermathecae and parovaria which are
almost equal in size and whose ducts are almost equal in length. The length of
the parovarial duct cannot be determined accurately uness the material is
ed. In many cases a duct may be of usual length but L appear shorter due to
coiling which is not apparent before clearing. Or the duct may have a surprisingly
long section folded and imbedded within the muscular wall of the vagina. In
some species & thinly chitinized and crumpled lining of a parovarium may re-
main after clearing. In these cases, the cleared parovaria strikingly resemble the
weakly chitinized and non-telescoped spermathecae seen in some species (e.g.,
montivm subgroup species of i} see Figares 27.
33).

Pigmentation of spermathecae varies within the genus, In the more primitive
forms (Pholadoris, virilis group, cbscura group, etc.) the spermathecae are black.
More derived forms vary from brown, o golden, to pale yellow in color. Some
species of the tripunctata group have spermathecae which ave yellow basally
but dark apically (see Frola-Fessoa, 1954). Weakly chitinized spermathecae are
also weakly pigmented. At the present lime judgment of color would nec rily
be subjective, and variation is gradual in some groups. Also, changes seen during
clearing suggest pigmentation differences not evident by simple inspection. Two

ical col greatly in clearing time and in final ap-
pearance. This may reflect I vier chitinization, but it seems probable that other
factors (qualitative differences in pigment, differences in dizpersion, ete) conl
iribute. For these reasons it scems advisable to defer treaiment of spermathecal
pigmentation unti! more reliable criteria are available for its evaluation.

onal, general featu

2lanogaster group, elc.

e 1
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The cellular envelopes swerounding the spermathecac vary cousiderably, both
iu thickness and in distribution. Characteristics of the envelope will best be in-
vestigated histologically, so they will not be covered in detail. However, Figures
33.13-.26 show spermathecae before clearing to give an indication of the range
in types of spermathecal envelopes. In these figures the spe:'mathccao have been
shaded and Figure 13.14 has been labeled to show the major parts. In most species
in the genus the envelope is relatively thin, Tn species of the subgenus Pholadoris
(bryani an exception) the env s much thickened apically (Figure 33.14).
If only the envelope cha » considered, permathecae shown in
Figures 33.15-.17, 21, 23 and 26 are more nearly typical for the genus. The
Pholadoris type of envelope is seen in populi, nigromelanice and R. obesa. Modi-
fications of this type may be present in several species of the repleta complex
(e.g., Tigure 33.20) and in many species ol the quinaria seclion (e.g., Figure
33.24). As will be scen shortly, species of the repleta complex
variable sperma e and their spermathecal envelopes are likewise variable.
Ouly the more distinctive types are shown in Figures 33.18-.22.

Species from the quinaria section show spermathecal envelopes of two major
types, with some intergradation between them. In the one type (Figures 33.23,
.26) the envelope is refatively thin and uniformly distributed (the more usual
type for the genus). Tn the other type the envelope is very thin over the basal
part of the spermatheca but expands to form a heavy crown over the apex
(Figures 33.24-.25) a general rule species from this section having spherical
spermathecae (see Figure 30) have envelopes which are thin and uniformly dis-

Subgenus: Protanonrs
victoria group
A victoria
2 pattersont
coracina group
.3 cancellata
4 lativittata
5 novopaca
ryani group
6 bryani
Intifasciaeformis group
7 latifasciacformis
1 DROsOPE

A7 atfinis

.18 slgonquin

.19 navragansett

20 tolteca

21 athabasca

azteca
melanogaster group
lanogaster subgroup
23 simulans

takahashi ubgroup
26

& duncani
9 pictiventris
10 thorac
Subgenu
1 busckit
Subgenu
12 populi
obscura group
obscura subgroup
13 miranda

14 pseudoobscura
15 persimilis

16 ambigua
baroup

DorsrLopma

SoproPHORA

ananassaz subgroup
97 ananassac
montium subgroup
28 rula

29 nikananu

30 serrata

51 auraria

2 seguyi

3 kikkawai
willistoni group
34 cquinoxialis

3% paulistorum
.36 tropicalis

37 willistoni

38 fumipennis
.39 nebulosa
40
A
42 changuinolas

.43 pseudobocainensis
saltans group
parasaltans subgroup
A4 subsaltans

48 parasaltans
cordata subgroup

46 neocordata
elliptica subgroup

A7 neoelliptica

A8 cmarginata
sturtevanti subgroup

saltans subgroup

.51 lusaltans

52 nigrosaltans

63 peeudosaltans
54 austrosaltans
prosaltans
septentriosaltans
57 saltans

E&X
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wributed. Exceptions to lhis are species from the calloptera and carding group
wre the spermathecae are not spherical but have a thin uniform envelope.
side from. these exceptions, elongate spermathecae generally have the envelope
a the foru ol au apical crowi. The apical crown is thus seen primarily in species
irom the quinaria, tripunctata and guarani groups. Members of the guarani
group (Figure 33.25) are most extreme in this respect.
T athecae of M. dimidiata (Figures 33.1
the envelope is concentrated basall ~7 with only a
apical portion. Uncle:
33.42 aml and uncl Ie']red Tor
rwnl,d on. In C. procnemis the spermathecal envelope is \ery 1 and incon-
Spicuous.
Spermathecae- -The lerm spmmdiheca should be applied W the entire organ,
Haowever, {or convenience of veference the term will here be used to refer to the
inner capsule only. A portion of the capsule may be telescoped within the base,
and this will be called the introvert. Most of the taxonomically useful character-
istics of the spermathecal duct are seen in that portion of the duct within the
introvert. The major features of the spermatheca, introvert and spermathecal
duct are shown in Figures 27-30 for the genus Drosophila and in Figure 33 for
other genera.
Sturtevant (1925-
families of Diptera, quite variable among und within these families,
d it is difficult io arrive at any firm conclusion regarding primitive types. The
ier hﬁs 100‘\8(} al cleared spermathecae from several families, but the series
weakly chitinized and
r as the most probable
v type for ma fdn ity nmmhmdac (emd possibly also for the Acalyp-
Weakly chitinized and non-telescoped spermathecae resembling types
seen within the genus Drosophila (e.g., Figure 28.35 and many others) have been
seen in the Ephydridae (Scatella), and Sturtevant (op. cit.) describes others
from other families which ave probably of this type. This also appears to be a

13) are unusual in that
wvering the

s organ

and teles wpcd spe rmathecas [mm non-tele:
The phylog spermathecae (Figures 31
previously used for characieristics of the male. Characteristics of th spermathe-
cae suggest the division of the virilis-repleta section shown in Figure 32.

Spermathecae from species in the subgem
and oval (Figures 27.1-.7). In members of the victoria group the apex is indented
Tn members of the other groups this indentation is absent. Spermathecae of
Sophophoran species are varied (Figures 27.12-.57). Those of populi are spheri-
cal with an \mmual‘y short introvert. Those of species in the obscura group are
wniformly small and oval with an apical indentation similar to that seen in spe
of the victoria group. Members of the montium subgroup of the melanog:
roup have w iy chitinized spermathecae (Figures 27.98-.33). Except for
1 ave hoth weakly chitinized and non-lelescoped. Sperma-
somevwhat more heavily chitinized and are telescoped basally.

Pholadoris are uniformly smail
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s of the melanogaster subgroup (Figur
which are well chitinized and generally oval in outline. The distal end of the
spermathecal duct may expand rather sharply as is shawn for melarogast
yokuba. There ave a few individuals from these species, however, in which the
spermathecal duct resembles that figured for simulans. In takahashii (Figure
27.26) the spermathecae resemble those of melanogaster, except that they are
raore expanded basally and have a conspicuous flange around the base. In ananas-
sae (Wigure 27.27) and bipectinata the spermathecae ave clongate with a basal
flange, and the spermathecal duct expands o form a small bulb just before its
union with the introvert.

st members of the melanogaster group have both the spermathecae and
parovaria embedded in fat hody. Hor species of the montium and takahashii sub-
groups there is a single fat hody on cach side. The left parovarium and lefi
spermatheca are embedded in one fat body, the right in the other. In the re-
mainder of species there iz a separate fat body capping each spermatheca and
parova our separale fat budies). Since the presence or absence of such
fat bodies may be dependent on the state of nutrition of the individual, this
feature cannot be considered a distinclive characteristic at this time. However,
it was not noted in any of the other species dissected for this study.
investigation may showy it to be a uselul group and subgroup cha (A
fal body similar to that seen in montium subgroup spe nin
reticulata. Since only a single female of this species was available for dissection,
ithas not been included in the present study.

Spérmathecae from members of the willistoni gronp are of two major types.
nd ils closest relat (¥igures 27.34-.
rate in outline and have apical indentation. Those ol furmipenris are also
of this type. The remainder of the species in the group (Figures 27.39-43) have
elongate spermathecae. ‘Lhose of sucinea, capricorni and changuinolae are con-
stricted basally, those of nebulosa have a basal flange and resemble spermathecae
of Those of dobocainensis are \erv laxg9 and not markedly con-
stricted basally. Except for and 7 15is, all spermathecae
have a marked apical indentation.

Spermathecae of species from the sallans group include some very unusual
types. In members of the cordata, elliptica, sturtevanti and pacasaltans subgroups
ped basally (Figares 27.41-50. Tn members of he
‘)ar'a\a\hns subgroup the apical part of the introvert chitinized
(shown by dashed line in the figure). O these species, on! f the para-
saltans subgroup lack an apical indentation. Members of the saltans subgroup
have spermathecae whic r to lack an introvert, and in most cases there is
an inner structure res mhlmu an extreme condition of the apical indentation
seen in other species. The exact nature of this structure is not known, since in
most species it is very weakly chitinized and it collapses during clearing. In
some cases more extensive structure is faintly visible during the early stages of
clearing. In austrosaltans, for example, the inner column appeared to continue
to the base of the spermatheca and 1o flare out and attach to the base. Tt is pos-
sible that the telescoping of spermathecae is normally brought about by con-
traction of au inner sheath attaching the tip of the spermathecal duct with the

) have spermathecac

and

and future

4 are almost quad-
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stablished and
of the capsule
to furn inward and form the introvert. If such a sheath were unusually Jong, or
il it failed to contract, telescoping would not occur. If it became weakly chitinized
figures such as those seen in saltans subgroup species might appear. Regardless
of the mechanism, it scems probable that study of sectioned material from de-
velopmental series would give considerable insight into the problem of form
development in these spermathecae, and it might well ie a basis for more
detailed analyses of spermathecae throughout the genus.

Spermathecac from species i the
28.30. Those from n the virilis group (Figures 28.1-9) . are all well
chitinized and vary in shape from subspherical to elongate ovai. There is a
small apical indentation in the spermathecae from ezoans and flavornontana,
and in several species (ifig 8.5-.9) the spermathecal duct expands to form
a small bulb jnst prior to its union swith the introvert, Spermathecae of species
from the melanica gronp { 28.10 .14) are rather small, and those of
micromelanica are very small and rather weakly chitinized. Shape varies as
shown in the figures, and only the spermathecae of paramelanica show au apical
indentation. The spermathecae of melanura are as shown in Figure 33.7 for S.
adusta. The spermathecae of species from the robusta group
In two species there is an apical indentation. That of sor rdidula is b\oud and
shaped, That of robust 3s broad and decp and snrvounded by a oylindi
cal rim. The spermatk
though the shapes of the spermathecae are different. (ue aberrant female of
robusta was found hoving four spermathecac, three
figured for the species, and the fourth resembled types seen in virilis or melanica
grovp species (e.g., igare 28.12). There was also a filth structure, in appearance

apex of the spermatheca. Alternately, such a sheath might be
fixed at an early stage, and sabsequent growth might cause a pavt

shgerus Drosophila ave shown in Iigurds

Figures

are elongate oval.

sauc

al ducts of these Jast two species are ves

t which were of the type

Fio. 98, Spermathecae of Drosophila species.

Subgenus: Drosopmiza 16 calorata napnopiera group

sirilis gronp A7 sordidula 33 nanuoptera
A vivilis 18 robusta Bromeline group
2 aericana snnulimana group ocies T
3 novamexicana 19 gibberosa hacta group
4 Tittoralis 20 species B haeta
§ cooan 21 species € Puriontoosa
6 montana 22 species D 36 species O

.7 Havomontana.
.8 lacicola
9. borealis

23 species T
svmigrans group .38 spocics B
24 hypocausta ungrouped species

melanica group 25 spinofemora 31 cavsoni
10 micromelanica 26 immigrans 35 avacea

A1 melanica
12 paramelanica
13 euronotus
.14 migromelanica

.15 lacertosa

funchris gronp
28 macrospina
25 subfunebris
30 funcbris
carbonaria group
.32 cavbonaria

40 peruviana
A species H
42 tumiditarsus

pacies &
hub"mu : 1[mTODROSOPHILA
27 histrioldes
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fasciola subgroup
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:
fascioloides
moju
snojucides
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muelleri subgroup
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A1 nigricruria
A2 aldrichi
13 nuller
14 longicornis
15 arizonensis
A6 mujavensis
17 martensis
18 stalkeri
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eremophila
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mercatorum subgroup
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intermediate between a spermatheca and a parovarimn, No normal parovaria
iwere priesent.

Spermathecae from species in the annulimana group are also elongate oval in
outline. Two specics (Figures 28,19, 22) have apical indentations, The others
show a peculiar feature which may be an inner sheath attaching the tip of the
spermathecal duct with the apex of the spermatheca. This is generally visible
only during the early stages of clearing. Occasionally a rewnant of it remains
as a very thin cylindrical extension from the tip of the spermathecal duct. A sim-
ilar feature has been noied in one species of the immigrans groap (hypocausta).
Both position and apprarance suggest a possible relationship between this swruc-
ture and that noted earlier for

Spermathecac from the veplets, contplex of species are shown in Fignre
Members of the fasciola subgroup of the repleta group have spermathecae of tywo
general types (Figures 29.1-8). Except for fulvalineata, the spermathecae are
both weakly chitinized and weakly telescoped. Members of the mulleri subgroup
(Figures 29.9-.25, .27, .29) show several types. In most of these species th
mathecae are very small but are strongly telescoped and rather well chitinized
(e.g., Figure 29.11). In one species, anceps (Figure 29.27), the spermathecae
are weakly chitinized and not telescoped. In pachuca and tira (Figures 29.9—
10) they are strongly telescoped but weakly chitinized. In meridiana and its
close relatives (Figures 20.93-23) the spermathecas are Jarger, well chitinized
and somewhat resemble the tvpA of spermathecae seen in fulvalineata. 1. pegasa
e. Members of the mercatorum subgroup
cac virtually identical with those seen in
sies. As will be recalled from earlier discussions, these
two subgroups belong to separale evolutionary lines within the group (see Pigure
25). Spermathecae in inerobers of the melanopalpa subgroup vary from a rather
short type with very wide spermathecal duct (Figures 29.32-33) to a very elon
gate type with narrow spermathecal dact. Members of the hydei subgroup have
three types of apermathe"ae That of bifurca (Figure 29.38) reserables the type
seen in pachuca in that it is strongly telescoped but weakly chitinized, It is, how-
ever, somewhat larger than that of pachuca. Although somewhat more elen e,
the type seen in nigrofydei (Figure 29.39) resembles that seen in meridiana,
fulualineata, etc. The vemaining three species (Figures 20.40-42) have very
unusual spermathecac. The spermathecae proper are very smell and form a flat
shield &t the tip of the much expanded and elongated spﬂma”‘etal duct. A vari-

(Figures 29.30-31) have spermatbe
most fasciola subgroup sp:

31 paranae 40 cobiydei mesophragmatics group
melanopalpa subgroup 1 neohydei 47 gaucha
32 fulvimacula 42 hydei 48 pavani
33 fulvimaculoides canalinea group species not placed in subgroup
34 limensis 43 canalinea .28 serenensis
5 repleta .44 paracanalinea ungrouped species
6 canapalpa drevfusi group 26 aureata
37 melanopalpa 45 camargoi 49 castanea
hydei subgroup 46 briegeri 50 species

38 bifurca
39 nigrobydei
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om of this ty po of cpcrmuthu ae is seen in members 0[ the dreyfusi group

9. s ol as greatly
al ducts of species frcm the d“cviu group are {lexed
thecae. A somewhat similar flexare is seen in most
species of the annulimana group and in fulvi la and fulvi loides (see
below for further description). The spermathecal ducts o
ther strongly resemble those of dreyfusi group speci
the two spe from the canalinea group a
). Those of paracanalinea are

. The spermathecae of
harply njﬁer ent (Figures 29.43-

small, weakly chitinized and not tele-
oped. They resemble the type seen in anceps (Figure 20.27). Those ol canal-
@ are much larger, well chitivized and strongly te! d. In shape they re-
sexnble the type seen in promeridiang (Figure £9. The spermathecae of
mhers of the mesophragmatica group, of castarnea and of species F - (Figures
50) are well chitinized, sirongly Llelescoped and hell- shape Those of
sphiragmatica group species have a slight apical indentation.

Lrom ke remainder of the speci this section of the sub-
genus need not be considered in detail. 1 hose of peruviana and species H (Figures
28 40 41) u\embje type" s 0[ the mulleri subgroup of the repleta
se seen in species G resemble sper-
Sthecne of imesophra ag scies (compare Figures 28.43 and 20.48)
The spermathecac of polychaeta (Figire 23.39) resemble those of aureata (Vig-
ure 29.20).

Spermathecae [vom specics in the immigrans grou
from flat oval to an elongate oval form similar to those
robusta and anmulimana groups. Two species show an a
spinofernora being unusually fong. The spermalhm ae from species in the fune-
bris group all have the same general shape and characteristics (Iigures 28.28—
.30) The apical part of the introvert in macrospina and in subfunebris is very
weakly chitinized.

The prrmdﬂ']eCdE‘ of the remainder of the species from the quinaria section
fall into three major types: spherical, bell-shaped, and pear-shaped. These types
an be further subdivided according 1o the shape of the spermathecal duct,
sce of apical indentation, cle. (Figure 30). Members of the quinaria group
(Figures 30.13-.25) bave two general types of spermathecae. In two species,
aria and rellima, they are spherical. In one, innubila, they are slightly
ongate. ITn most of the remaining species the spermathecac are clongate and
hell shaped. Tn many of the species the spermathecal duct expands to form a
small bulb just prior 1o its union with the introvert, although in some it j
nds gradually in this region,

1 members of the tripunctata group (Figures 30.26-.38) spermathecal shapes
vary from spherical to pear-shaped. Perhaps the most conspicuous trend in the
group involves the spermathecal duct. In some species, mostly those having more
nearly spherical spermal athecae (e.g. Mgure 30.26), the duct has only a slight
lerminal expansion. Tn other form 30.38) the expansion is very
marked. In some species the duct may mpand to form a small bulb just prior to
ihe terminal expansion, but this chavacteristic may be rather variable, Tn at least

one species, crocing, one strain showed a distinct bulb, ansther showed none

The spermatbeca

i

cal indentation, that of
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The widely flared cup at the end of the spermathecal duct remained the same in
both strains.

All species of the guarani group have pear-shaped spermathecae with the
end of the spermathecal duct flaved strongly (Figures 30.39-43) . Species of the
cardini group (Figures 30.44-.54) show somewhat the same variation as was
seen in the tripunctata group. Spermathecae vary from spherical (Figure 30.44)
to pear-shaped (e.g., Figure 30.48), and spermathecal duct:
exiremely exparlded or flared. Three species (Figures 30. 44 .46) have very slight
indentations of the. spermathecac. Species of the calloptera group (Fig-
55-57) have pear-shaped spermathecae and the spermathecal ducts are
mioderately 1o strongly flared. The spermathecac of schildi have a very slig]
apical indentation,

The remainder of the specics belonging to this section (Figures 30.1-.12) have
generally spherical spermathiecae with the spermathecal duct slightly to moder-
ately expanded terminally, The spermathecae of pallidipennis (Figure 30.8)
approach the pear-s| e in other members of Lhis section. Most members of
the rubrifrons group (Figures 30.3-.6) have pronounced apical indentations of
the spermathecae. One member of the testacea group (Figures 30.9-10), putrida,
has the apex of the spermathecae slightly indented.

Spermathecae from mermbers of the subgenns Phloridosa (Figures 28.36-.38)
generally resemble types seen among species of the repleta complex. One species
(Kigure 28.37) has spermathccae which resemble those of paechiuca (Figure
29.10). Spermathecae of species 0 are similar in shape but are somewhat shorter
and miore strongly chitinized. Spermathecac of species P are well chitinized and
extremely elongate, In g

ts are moderately to

sencral shape they resemble spermathe
bers of the melanopalpa subgronp of the repleta group (compare Figures 28.38
and 29.35). However, the spermathecal duct of species P is wide, whereas that
in repleta is narrow. Species P appears to combine the wide spermathecal duct
seen in fulvimacula (Figure 29.32) with the elongate spermathecae seen in
repleta, and the resemblance between Phloridose and the repleta complex is
further enhanced by the fact that the spermathecal duct in species P is bent
sharply at the base of the spermathecae, just as it is in fulvimacula.

To summarize the data with referen of lhe spermathecal duct,
species can be groped in four gen cure, weak [lexure,
moderate flexure, and sirong flexure. Species with strong] flexed ducts are: spe-
cies P (Phloridosa); serenens @, fulvimaculoides (repleta group);
species of the dreyfusi group. Species with modes uve ave: repleta; speci
of the annulimana group. Species with weak flexure are: pegasa, bifurca, limens

(repleta group); species of the mesophragmatica group, and tumiditarsus. Spe-
cies with no flexure include the remainder of the species in the genns. With the
exception of tumiditarsus and species P, all of these species belong to the virilis-
repleta section of the subgenus Drosophila.

Species from the subgenus Hirtodrosophila (Figures %7.8-.10 and 28.27) have
spermathecae which are generally spherical in shape. Those of thoracis ave un-

usual in that they have a thickened band around the middle. Spermathecae of
buschii (Figure 27.11) ave spherical.
Spermathecae fi acies in, other genera are shown in Figures 33.1-12
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Tic. 30 Spermathecac of Drosophila species.

Suby DrosopPHIL

8

ungrouped species

.1 species K

2 species L

7 sticta
rubrifrons group

3 parachrogaster

4 species M

5 uninubes

6 species N
palfidipennis group

testucea group

9 putrida

.10 testacea
macroptera group
{1 submacroptera
12 macroptera
quinaria group
L3 annubila

A4 quivaria

15 vellima

.46 faleni

17 phalerata
A8 sp
19
.20 tenebros
21 subquinaria

cies J
entalis

io

22 transversa

23 palusiris

24 subpalustris

25 guttilers
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Subgenus

\\ Sophophora

Fie. 3. Pictorial phylogeny of spermathecae from the subgenus Sophophora
.2) emarginata; .3) sturtevanti; .4} snbsaltans
0

5) prosaltans;
;A1) rufa; 12) serrata: .13) mirauda;

14) populi.

)

1) neocordata;
) equinoxi-

6 changuinola

tripunciata group
.26 mediodiffusa
97 albicans

metz
albirostris
tripunctata
mediopunctata
unipunctata
trapeza
handairantorim
5 paramediostriata
.36 mediostriata

37 mediopictoides
crocina

ani gronp
39 guaramunu
0 guaraja

41 griseolineata
42 subbadia

43 guarani
cardini group
44 dunmi

45 belladunni
.46 nigrodunni

N

47 polymorpha

48 meomorpha

49 neacardini

50 parthenogenetica
acutilabella
procardinoides
cardinoides

card

i
catloptera group
5 arnatiponn
56 calloptera
57 schildi
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Those of R. obesa and G- bir 1 chitinized, tel
scoped, and subspherical to quadrate in outline. a have a broad
apical indentation. Spermathecac of Zapriothrica dispar (Wigure 33.3) are
weakly chitinized and not te oped. They resemble type M in some Dro-
sophila (e.g., Figures 27.30, 29.27 bpexmalherae of Chymomyza species
are spherical (Figure 33.4) or elongate (Figures 33.5--6). The introvert and the
terminal portion of the spermathecal duct are very weakly chitinized in C,
armnoena. Spm mathecae of Scap ies (Figures 33.7-.11)
re well chi : hecac scen
ies from the virilis-repleta section of the subgenus Drosophila mpare
s 28.10 and 33.10, 29.18 and 33.11, etc.). Spermathecae of M. dimidiate
ave constricted hasally as shown in Figure 33.12. :

Figures 31 and 3 e the data from the spermalhiecae. As canihe seen
in these figur
groups and distinct phylogenetic lines,

The ventral receptacle  Sturtevant (1042) first showed the us of the
ventral receptacle as a subgeneric and group characteristic. Tts characteristics are
among the best available for separating the various subgenera. The major types
from species in the genus Drosophila are shown in Figures 34-38. Those from
other genera are shown in Figire 39. Inspection of these types and of shown
by Okada (1956) suggests that short, (or short and folded) ventral receptacles

hown in Figure 10

ualis (Wigures 33.1
Mhose of 7. ob

Summar

are prinsitive for tie Tamily Dicsophilidac. The phylogeny s
is consistent with this

The figures of the
both before and alter treatment with phenol. The general morphology is as seen
before clearing, Specilic details, such as attenuation of the terminal segment. of
the ventral receptacle as shown in Tigure 36.5, shape as is shown in Figure 34.
etc., are from observations made after clearing.

Species from the subgenus Pholadoris (Figures 34.1-.3) have three types of
ventral receptacle. In species of the victoria group it is a simple bent pocket of
almost uniform diameter thronghout. In species from the coracina group it is a
simple tube, sometimes somewhat bent or folded, which fares and is conically
indented at the tip. This unnn,ni depression is seen best alter clearing in phenol.
In species [rom the bryani snd X aeformis groups the ventral receptacle is
somewhat lopger and more folded, and it is strongly atlenuated.

Species from the obscura and melanogaster groups of the subgenns Sophophora
have {olded ventral receptactes of the same gencral type. The major differences
(Fignves 34.7-10) arc in length, and therefore the mumber of

sswmption.
mlral receptacle combine information from observations

1) victoria; 2) novopaca: 3) littoralis; 4) borealis; .5) micromelanica; .6) | melanica;
colovata: 8) robusta; 9) species D; 10} gibberosa; .11) pavani; .12) peninsularis; .13) merca
torum; 14) fulvimacula; 15 mwelanopalpa; .16) 17) Ang_zo].\wlex 18) bifu
aracanalinea; .20) briegeriz 21) peruviana;

specios Q: OR) dunni; 27) parthenogen 28 callopteras
31) mediopunctate; 32 mediodifiusa; .33) rellima; 34) occidenta

eohyde
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n

Fic. 3. Spermathecae from species in other genera, and types of spermathecal envelopes.
1) G. bivisualis; 2) . obesa; 3) Zapriothrica dispar; 4} C. amoenas; 5) C. aldrichi .
procremis; 7) S. adusta; 8) S. pallidas 9) S. hsuis .\0) Zaprionus ghesquierei; 1) Z. vittiger;
42) M. dimidiata; 13) M. dimidiata (with spermathecal envelopey; .14) Iativittata; 15)
miranda; .16) nikananu; 17) subsaltans; .18) mulleri; 19) mercatorvm; .20) fulvimacula; 21)
melanopalpa; .22) hydei; 23} quinaria; 24) occidentalis; 25) gaaramunu; 26) neomorpha.
s.c—spermathecal emvelope; s—spermatheca; s.d.—spermathecal duct,

C.

populi (Figure 34.6) has a ventral receptacle of this type also. For all of the
species clearing in_phenal shows fhe ventral receptacle 1o be distally attenmated.
Species from the saltans and villistoni groups have extremely long and attenu-
ated ventral receptacies. The folds may be rather precise, as in Ifigures 34.11 and
34.13, or they may be somewhat more irregular as in Figure 34.12. Tn all specics
from both groups the base of the ventral receptacle is corrugated if observed after
clearing. In the figures the bhase of the ventral receptacle is shown in lateral view
(anterior toward the left) while the remainder is shown in dorsal view. The
ventral receptacle shown in Figure 34.12 has rather irregular folds basally, then
a siraighter sec and finally a region of regular folds. The basal section is
shown in lateral view, the other section has been rotated 180° and is shown in
darsal view. The ventral receptacles from all species of Pholadoris and Sopho-
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phora arc tightly appressed 1o the surface of the vegina, al Jeast in their b
sections,

Ventral receptacles from spocies in the subgenus Drosophila are variously
coiled or kinked but seldem regularly folded. None are appressed to the surface
of the vagina. Although some of them appear to be rather disorganized and
irregular (e.g., Figure 34.15, etc.) dissection of many individuals shows a sur-
prising consistency of form, both within species and between related species. As
can be seen from inspection of the figures, the usual descriptions of ventral re-
ceplacles (spiral, of about twenty coils; short, irregularly coiled; etc.) only in-
adequately indicate the important featares of this organ, and they ignore some

K Y @

2) cancell

18

TFre. 3% Ventral receptacle types, .1) victori ) bryani; 4) thoracis; 5)
busekii; 6) populi; .7) miranda: .8) affinis; 9) nikananu: .10} se A1) equinoxialis; ,12)*
neoclliptica; .13) austrosaltans; .14) lacicola; .15) migromelanica; .16) melanica; .17) colorata;
-18) lacertosa.
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6. 35. Ventral le types. .1} gibt 2) i 3)

sides; .5) carbonaria; .6) nannoptera; .7) species I; 8) aracea; 9) polychaeta;

ina; 4) histri-
.10) species O.

of its most useful charact s.

The veniral receptacles shown in the figures indicate the m:
the phylogeny (¥igure 40) the ty
of the subgenus Drosophila inclu
the: 1
Wi exception of Figure 40.2, the

seen. In
m the quinaria section
o that branch. All of

or Lypes

not been seen in species from the guinaria section.

All species of the virilis group, most melanica group species, all species of the
annulimana group, and most species of the robusta group have the same general
type of ventral receptacle (Figures 34.14, .16, .18; 35.1). This type is also scen
in many members of the repleta complex (Figure 37.1, .3 and perhaps also 37.2)
and in several other members of the virilis-repleta section (Figures 36.1-.2). It
is also seen in a majority of the species from the quinaria

iom, Tt is seen in all
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species of the guarani and cardini-groups, most tripunciaia group species, most
ies of the calloptera group (Figures 35.2—
pecies from sub; s Phloridosa ;(Figure
ype shown in Rigure 34 18 is seen in two mem.

lanica and nigr ica), in many mem-
in species I of
the bromeliae grovp and (perhaps) in polychaeta (Figures 35.7, .9). Among
species from the quinaria section it is seen in species [rom the iestacea group

ia group species @

bers of the melanica g;‘oup {mic
bers of the mulleri subgroup of the repleta group (Figure 36.4

piotura: 4) meridional

110) Lime

aldrichi; .6) longicornis; .7} migricruvia; .8) nigrohydei; .9) mercatorm;

) fulvinaculoides; 12) melanopa’pa.
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R &

Trc. 37, Ventral ret&'r 1) costanca; 2) gaucha; .3) camargoi; 4) canalinen;
B) paracanaline: 7) parachrogaster; 8) teslacea; .91 submacroptera; .10}
rellima; .11) ocm]emahs .12) guttifera.

12 /7

(Tigure 37.8; thal of pucrida is virtually identical with thal shows in Figure
35.7) and several species from the tripunctata group (Figure 38.1). Those shown
in Figure 37.9 (submacroptera) and 38.2 (albicans) are probably only slight
modifications of this type. In all of these species the ventral receptacle is not
markedly attenuated disially. Before clearing, this type clos sembles that
own in Figures 36.5 and 36.9. After clearing thesc types are seen to be quite

inct, and this last type is found only among members of the mulleri and
mercatorum subgroups of the repleta group. The type shown in Figure 36.3 is

R
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found tu most members of the fasciola subgroup (Figure 36.3}, some members
of the mulleri subgr oup (¥igure 36.6) and in s
subgroup (Figures ) of the repleta group: It is also seen in some mem-
bers of the quinaria section (e.g., Fig 37.12; 388}, in carbonaria (Wigure
35.5), and perhaps polychaeta (Figure 35.9) would betier be placed in this type
than in the type mentioned earlier. The type seen in Figure 36.7 is found in
several species of the mulleri (Figure 36.7) and melanopalpa (Figure 36.12)
subgroups of the repleta group. It is also seen in one species of the canalinea
group (Iigure 37.5) and the mesophragmatica type (Figure 37.2) may repre-
comt a variation of this. The type shown in Figu

me membe

of the melanopalpa

36.8 is generally typical of
species from the hydel subgroup of the repleta group, although some of these
species (e.g., bifurca) have four or five larger coils basally. D. aracea (Figure

Fro, 38. Ventral receptacie ty
prnctata 5) gusramuca; 6) duno

1) mediodiffusa; 2) albic
7} cardini; 8) ornatipen

.3) unipunctati; 4) tri-
il
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35.8) and canalinea (¥igure 37.4) also have a veuiral recéptacle of this type,
and that of fulvalineata (§ a subgroup of the repleta group) somewhat re
sembles it.

As can be seen from this briel survey, ventral receptacle types are quite varied,
and in several cases the types are restricted to closely related species. At the
sent time sharp distinctions between some types cannot be made, and the
must be considered tentative. The present data do
tral receptacles has followed r}w same general

haracter covered earlier. The primitive type for the
ﬂ\lhgpnl‘n Drasophila was probahly similar 1a that shawn in Itigore 35.7 or 365
.., short, not appressed to the vagina, either weakly ov strongly, attennated
d;utall v, and. it may or may not have been folded). The type ;hm\n in Figure
35.4 (histrivides, Hirtodrosophila) suggests dexivation of a coiled type from a
folded type. Also many of the coiled types show a reversal of coiling at approxi-
mately every fifth coil, suggesting that coils have been superimposed on a folded
élructure, with the pointe of reversal representing the original folds. It was not
possible to check all ventral receptacles for this feature, but all of those which
were checked showed the reversal. In the figures (e.g., Figure 34.14) the veversal
has been shown only for cases which have been specifically checked for it. If it
is not shown in the figure, reversal may or may not be present, but it probably is.
Regardless of the origin of coifi ubsequent evolution in both major hranches
of the subgenus Drosaphilz has involved increasing length and addition of spe-
cific coiling relationships. There is no general correlalinn between length of the
ventral receptacle and marber of coils in the test:

Ventral receptacles of the Hirtodrosophila (Figures 34.4; 35.4) and of busckii
(Figure 34.5) are of the obscura type (folded and appre«ed to Ihe vagina). That
of histricides (Figure previously mentioned, is ¢ but it is still
basically a folded type appressed 1o the vagina. Okada (1086) figures several
other species having the same type of ventral receptable.

Figure 39 shows ventral receptacles from other genera. Members of more
primitive genera (Figures 39.1~.3) have short and folded ventral receptacles

A) G. bivisuali
7 M

s from other gemer 3) Zapri-

ghesquierai;

dimidiato.
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which are wpprvsse*‘ o the surface of the vagina. Those from the genus Chymo-
myza vary in length, but all are strongly attenvaled disiaily. They are rather
wregularly folded, there i il (Okada, 1956,
showws both coiled and f and they tend to e appressed fo the aurface

ing in those se

s no ind
types)
of the vagina. The ventral receptacles from Scaptomyza species resemble the
obscura type in being folded and generally appressed to the vagina, Ventral re.
ceplacles of Zaprionus species resemble those of Scaptomyza species. They are
d to the vagina in Z , folded and rather loosely
associated or free of the vagina in Z. vittiger. M. dimidiate (Figure 39.7) has a
ventral receptacle which is free of the vagina, coiled basally but folded distally.
It somewhat resembles the type seen in histrioides, except that the latter type is
appressed to the surface of the vagina

Malpighian Tubules—The various types of Malpighian whbules are shown pt
Togenetically in Figure 41, Table 2 summarizes data relating to the condition
(free, apposed, fused) of the tips of the posterior tubules. Only the major groups
of species have been included in the table.

In related Acalypterate fami Malpighian tubules Lave the posterior tips
free (Sturtevant, 1942), and this is also the condition in the more primitive
genera in the family Drosophilidac. Okada (1955), after a survey of Malpighian
tubules within the family, concluded that the type seen in most Sephophoran
ilive.

[rom Lheir common stalk back
toward the posterior end of the abdomen, then tarn forward and their lips lie
ral and adjacent (o the gut a short distance posterior to the origin of the stalk,

folded and appress:

species

(posterior tips free) represents the prin
Where tips are free the posterior tubules pass

i /
T mdacbaser
N { o

i 5

il
32
""q‘r“n")‘p“ L pu:?ci‘u/;// 9 //éj
\ Y A

RS

cny of ventral reccptacles. nigromelanica; 3)
Lat: i

5 canalin .
ans; L12) servata; 13} affimis; 1

v.m; woxiatis; 113

8)
4) populi.
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Throckmorton: Phylogeny in Drosaphila

TaBLE 2

Characteristics of posterior- Malpighian tubules

Fres Aposed Fused
Pholadoris
victoria group. 2/2
coracina group 3/3
latifasciaeformis group 1/1
Dbryani group . 11
Hirtodrosophila . 4/4
Dorsilopha . 1/1
Sophophora
populi 11
obscura group 10/10
melanogaster group 12/12
willistoni group 10/10
saltans gronp 14/14
Drosophila
virilis-repleta section
virilis group 9/9
melanica group . 6/6
robusta group 3/4%
anmulimana group a4
canalinea group 1/2 1/2
dreyfusi groun . 2/2
mesophragmatica group 2/2
repleta group
mulleri subgroup 11/19 8/19
fasciola subgroup 5/8 3/8
mercatorum subgroup 2/2
melanopalpa subgroup ’ 6/6
hydei subgroup 1/8 4/5
polychaeta group 1/1
nannoptera group 11
bromeliae group 1/1
Free Apposed Fused
quinaria section )
immigrans group 3/3
fumehris gronp 3/3
testacea group 2/2
calloptera group 2/3 1/3
quinaria group . 13/13
guarani group 2/5
cardini group
tripunctata group 10/13
Phloridosa 9/3 1/3
Scaptomyza 2/3 1/3
Zaprionus 2/2
Mycodrosophila . 11
Chymomyza . 3/3
Zapriothrica 11

Gitona . 2/2

* Tustenion Malpighivas tubule i entoras, unbranced.
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e forms the tips o
. In these forms also, both L‘m anteri
entiated, with the proximal portion of the tube bcmg yellow in color; the distal
portion being somewhat gular in shape and white 1o color, D)mng the course
of evolution a change in orientation appears to have occurred, with the tips of the
posterior tubules Larvmg around the gut and meeting in the midline. The tips
close association with the gut and are lightly held together by tra-
the most primitive type within the category of ap-
s, however, the walls of the tips have fused, but the

inmer Immg has not broken dowr: and the lumen is not continuous. In these cases
also, the tips of the tubules are often much less closely assaciated vith the gut
and ray be quite independent of it. Tn most species having the posterior tips of
the Malpighian tubules apposed, the individual tubules are differentiated as were
those where the tips arc free ( proximal yellow, and thin, white, distal
section). In some, however, the posterior tubules lack the distal white section and
ave of uniform color and diameter all the way 1o the tips. In species having the
posterior tips fused, the inner walls have broken down and the lumen is continu-
ous between the right and left tubules. In many of these forms, association
between the gut and the tips of the tubules is absent, but in some the association
with the gut has been retained. Here, as in the apposed category, the poswnor

d pw erior tu .m]e

retain the
cheae. This is, presumab!

tubules are generally differentiated, but in sorae the dis {al while section is absent
and the ring formed by the f 3 rice and di-
amcter throughout. Jor brevity, onl tho three major categorie free, apposed,

fused) will be used in the follosvi
As was noled carlier, Figure 41 sho
seen in the variou fon is also included y
numerator of this fra s the proportion of the gronp having that type
of Malpighian tubule. The denowinator ndicates the wial mumber of species in-
volved. For example, the data from seventy-seven species from the virilis-repleta
ction of the subgenus Drosophila have been summarized in the figure. Seventy-
three species (“all other spec upper left) have the usual type of Malpighian
tubules. Twenty-six of these have the tips apposed and forty-seven have the tips

fused. Whero need od furlhex explanation will he given below.
s the subgenus Pholadoris show primitive char-

5

apposed, in victoria
the sialks of both
ure 41). In lati
tips are apposed, in bryani they sre fused. Only one
in this case indicates

the ante:

orrnis the poste
ese types is shown m the figure, and the fraction (2/7
the proportion of Pholadoris species having Malpighian tubules with long stalks.
With the exception of populi, all Sophophoran. species have Malpighian tubules
with the posterior tips free. In populi they are apposed. In some species of the
melanogaster group the stalks of both the anterior and post: ior tubules are
longer than usual, being r\bou v s long as in other species in mr hgenus,
Th;s is particularly nofice ranassae and lakahas Species ¥

titm subgroup vary from auraria with short, 1o seguyi with longer {about 15X)
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alks. Members of the melanogaster subgroup and bipectingte have the usual
short stalks. Only the usual type is shown in Fignre 41.

In the subgenus la species from both sections have the same general
types of Malpighian tubules. In the majority of species the posterior tips are
fused (see Table 2). Many species from both secticns have the apposed type.
None have tips which are completely free, although some species from the tri-
punctata group approach. this type. In these species ( cing) the tips curve

toward each other around the gut and are very loosely tied together with tra-
In this re;

cheat
classifi

pect ihey differ from the typical Sophophovan type and so were
osed. Frota-TPessoa (1954) describes othier species from the tri
punctata group as having frec tips, and presumably these are all of this same
general type.

Only two major groups of species in the subgenus Drosuphila have Malpighi-
an tubules which depart from the usual type. These species are fu the robusta
group [rom the virilisrepleta section and in the cardini group of the quinaria
section. Some species of viher groups from the quinaria section vary in the direc-
tion of cardini types, as do some of the undescribed forms (e.g., species K, see
Figure 41).

Species in the robusta group have three types of Malpighian tubules. Those
of lacertosa are of the usual type with posterior tips apposed. Those of robusta
and sordidula resemble each other in that both the anterior and posterior stalks
are very long. In sordidula the stalks are about three-fourths the total length of
the tube, in robusta they are about one-half the length of the tube. The posterior
tips ate apposed in botl species. This type of Malpighian tubule is the same as
that seen in iutifasciacformis, and it is seen also in specics of lhe cardini group.
In colorata the stalk of the anterior tabule is about four-fifths the total length
aad the posterior tubule is long and unbranched.

The types of Malpighian tubules shown in Figure 41 for species of the cardini
group represent the two extremes of types seen within the group. Both the an-
terior and posterior stalks are very long and the posterior tips are apposed. The
Malpighian tubules of species K have stalks markedly longer than the usual type,
but they are not as long as those seen in species from the cardini group. In this
species the posterior tips ars fused veral othe ccies (griseolineata and sub-
badia of the guavani group; uninubes of the rabrifrons group) have Malpighian
tubules of this type, and the posterior tips are fused in some, apposed in others.
Aunother cluster of species hav Iphighian tubules intermediate hetween this
last type and the usual type with short stalks. These are: putride (festacea group),
optera and. ornatipenris (calloptera group), guoramunu, guaraja, guarani
varani group), submacroptera (acroptera group), parachrogaster (rubri-
icar. mediopictoides (tripunctata group). The in
termediate types between that of the cardini group and normel were omitled
when the fraction of apposed vs. fused was calculated for “other speci m Fig-
ure 41. The only groups from the quinaria section in which all species have the
usual short stalks are the funebris, immigrans, and quinaria groups. However,
only in species K, in two species of the guarani group, and in one specics of the
rubrifrons group does the type approach that of the cardini group.

Within the genus Drosophila the type of Malpighian tmbules scen in members
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of the subgenus Phioridos stinclive. All of these species have very short
anterior tubules. In species P and species Q the anterior tubules are reduced to
small lobes at the tip of the stalk. In species O they are somewhat longer (see
Tigure 41). The posterior tips in species P are fused. In the other two they are
apposed. In species Q the posterior stalk is somewhat longer than usual and it
expands greatly toward its point of union with the posterior tubules. Zapriothrica
dispar has Malpighian tubules identical with those described for species O, except
that the posterior tips are fused.

Malpighian tubules from species in other genera (see Table 2) are of the usual
fypes. Anlerior and posterior slatks are short in all species examine

Qther Features of Internal Anatomy—Wheeler (1947} described a structure,
apparently attached to the base of the oviposiler, in females of speciés belongin,
to the willistoni group. During dissection of all ¢ ture was: checked,
and it was foand in species of the willistoni group but nowhere else. It varies
from species to species in this group, generally being a rather short, corrugated
and indistinctly bilobed pouch. T fumipennis it has a long, narrow stalk and a
long, fusiform bulb. It is very conspicuous when fully distended and, as indicated
by Wheeler (op. cit.), it appears to arise from the base of the ovipositer. When
the vagina is punctured this pouch collapses also, sugg g a connection be-
tween them. A similar siructure is present in Chymomyza cozata (Wheeler,
1952).

Another interesting struclure was noted in perwziana. In this species the
rectum appears only as a skight enlargement of the posterior digestive tract. Tt
lacks the usual four rectal papillae. Instead, there are two large lateral pouches
arising on narrow stalks from the posterior end of the rectum, and each of these
has two typical rectal papillac. The position of these papillae varies somesvhat,
but generally they are apical in each pouch. These pouches ave present in both
males and females.

Anterior Spiracles of the Pupa—Yor the most part characteristics of the pupa
have been little used in Drosophila classification, although horn indices have
been useful as bpemes characteristics. The horn index will not be covered at the
present time. In species of the subgenus Pholadoris the anterior horn is very
short {almost non-existent) relative to the length of the puparium, It is also short
in all Sophophorans. Tn species of the subgenus Drosophila the anterior horn
varies from short io very long.

The characteristics of the branches of the anterior spiracle are occasionally
noted in species descriptions, but no extensive systemat :dy has been made
of them. They provide one of the best indications of subgen: relationship:
available, and it is unfortimate that they have not been reporied in greater detail.
Tepresentatives of spiracle types for the gens Drosophila are shown in Figures
42 and 43. They are summarized phy’ logenehcalh in Figure 44. Types from
other genera are shown in Figure 45. Figures are not drawn to scale, so no size
comparisons can be made. The type shown for pattersoni (Figure 42.1) is pre-
swmably near the primitive for the genus. The branches ave short, generally
recurved, and arranged in a simple whorl around the spiracle opening. The ring
of branches does not make a complete circle. 1t is interrupted and there is a dis
tinct gap (basal gap) directed dorso-laterally. The branches adiacent to the gap
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o, 42. Characteristics of the zuterior pupal spivacle

1 pattersoni 5 tolteca 7 ezoama

2 novopaca A8 melenica

3 bryani 19 robusta

4 duncani 20 gibberosa

5 thoracis 21 mojuoides
6 busckii 22 longicornis
7 Joobscura 23 eureata

.8 athabasca 24 canalinea

25 camargol

(basals) are short and the following ones increase in size regularly, with the
ones opposite the gap (aniibasals) being longest. For descriptive purposes the
branches can he divided into three categories: hasals, laterals, and antibasals. Tri
some species, particularly from the subgenus Drosophila, there are branches
within the ring and these will be referred to as centrals. For discussing certain




Fra.43.

2 nannoptera
.3 carbonaria

0 macropteca

.13 species ] neocardini
14 tencbrosa 2 griseolineata
15 palustris 23 tripunctata
.8 funebris 16 species K

24 ornatipennis

types it is convenient to designate the lateral branch ad]aLent to the basal as the
sub-basal. The sub-basals often differ in position from ¥

hes in the ring,
being displaced inward ax

ng erect rather than
b-basals of e is shown in Figure 42.4

(in fully spirecles), and Lhe ¢
each other. All figures except 43.92-

metri mages of
.24 show dorsal views of the right spiracle.
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Fio. 45, Anterior pupal spira

o5 ros members of other genera.

1 C. amoena 4 8. adusta
2 C. aldrichi 5 S, pallida
3 C. procnemis 6 7. vittiger

All species of the subgen
{Figures 42.1-.3). Branch
slightly in <

3 Pi1{}11/i()7 is thL LhP same basic type of spiracle

e from hasal
is in numnber of branches. Ulmws of
other gronps have [ive 1o eight. The spiracle of uwlorm differs
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foward. Bruaches are uniform

in having sub-basals ercct and slightly displacec
in color and are of th he puparium.

Species from the obscura, saltans and willistoni groups of the subgenus Sopho-
phora have the same general type of spiracle as was seen in Pholadoris species
Branch number varies from seven to eleven in species of the obscura group, and
all members of this group have the sub-basals erect ax‘d displaced inward
(Figures 42.7-.9). In some members of the group the s are rather strong
and almost completely displaced inward so that they appear to be within the
ving (Figure 42.9). In most of these species the s form a flat whorl, al
thangh in some they are moro nearly erect (this varies with age and dryness of
pupa). In narraganseit the branches shorter and strongly recurved. In most
cases the length of the branches increases regul iy from basals
wtibasals and the color of the hranches is brown with tips slightly darkened.
he number of branches varies [rom nine to cleven in members of the willistoni
group. The type shown in Figure 42.13 represents i ialis, tropi
calis and paulistorum. That shoven in Figure 1214 roprescnts sucinea, capricorr,
nebulosa and furmipennis. Pupae of changuinolae and i Z is were
not seen. Tn most species of this group the branches are uniform brown, although
in some the tips are dark. The number of branches in species from the saltans
subgroup varies from eleven {parasaltans) to seven {neoelliptica and emargi-
nata), and all have erect sub-basals (Figures 42.15-.16). Color of branches is
variable.

same color as

Spiracles from spe

s i the melanogaster group are diflicult to interpret. In
most species the branches, particnla Is, are much longer and more
erect than in the previous type. 'The rovmmber of branch
from seven (yakuba) to cl anassae). Members of the montinm and
ananassae subgroups have from two to four distinct long central l‘rarcne< (Figure
42.12). Tt seems probable that at least two of these represent 3 sals displaced
inward. In melanogaster there appear to be two branches within the ring but
their position and appearance suggests that they are enlarged sub-basals, In
takahashii (Figure 42.11) and yakuba the true basals appear to be almost miss
ing (only vestiges seen, and these were not shown in the figure} and the enlarged
sub-basals now occupy the position of the basals in the ving. This interpretation
is, however, quile tentalive. The branches in montium {except serrate) and
takahashii subgroups ar ck with light tips. Those of the melanogaster sub-
group are a uniform b

y Lhe anliba

im the euter whorl varies

oW,

Spiracles from species in the subgenus Drosophila ave of several types (Vignre
42.17--25; 43.1-.24), and all of them are distinct from those Lypes seen in mem-
ors of the subgenus Pholadoris and in Sophophoran species, The type shown in
Figure 42.17 i restricied 6 members of the virilis group. Branches are heav
nearly erect, and recurved only at their tips. There is a very marked and regular
increase in length from basals to antibasals. In most species the median edge of
the spiracle (from which the antibasals arise) is extended as a lip. This is most
reme in ezoana (figured). There are thirteen branches in the outer ring and
a cluster of about four centrals which appear to originate at the bases of the
antibasals. There are also some rudimentary cenirval branches. Branches ave
brown with davk tips.
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lthough the number and Jength of brauches varies, most of the vemaining
species from the virilis-repleta section have spi: of the same general type
(the robusta type, Figure 42.19). That of aureata (¥ , and see Wheeler,
1957 is an aberrant type seen only in this one specie: shown in Tigure
42.20 is restricted to members of the annulimana group, to eremophz/a (mulleri
subgroup of repleta group) and to melanura (melanica group). A very similar
type (Figure 42.21) i i ubgroup of the
repleta group. Among these last species there is an intergradation of types, with
fulvalineata having spiracles of the yobusta type and others being murmodme
between the vobusta Ly pe and the annulimana ty pe. The renzinder of the spe
from this section (Vigures 42.94-25; 43.1-.7) are all ol the robusta type. In all
of these the branches avy and increase regularly in length from basals 1o
antiba There are always ot least two centrals present and the basal gap is
always distinct. Generally the color of the branches is brown with dark tips but
in castaneq the branch » almost black.

There are several distinct spi e types from species in the quinaria section
(¥igures 43.8-.24). Those of species in the funebris group vary (Figures 43.8-
.10). Tn one, funebris, the spiracle is of the robusta type. In subfunebris the basals
are very small and two of the centrals have moved out so that they are almost
on the ring. In macrosping the basals ave absent and there are four long branches
int their position. Judging from the situation in subfunebris, it would appear that
the basals have been lost and the centrals have moved cut to 1he ring, but this
is only speculative. For convenience, these long branches in the basal position
will be'referred to as psendobasals. The present terminology should be considered
only as descriptive. Homalogies of varions branches can probably be determined
eventually, bul they must remain uncertain for the present. ‘The type scen in
macrospina is seen the great majority of species from the quinaria section.
This type can be defined as follows: basal gap very small or absent, pseudobasals
present and longer thau laterals, generally equalling antibasals in length, centrals
always present. All species of the immigrans group have spiracles of this type,
and it will he referred to as the immigrans type (Figure 43.11). Those of spiro-
femora have two pseudobasals, those ol hypocausta (figured) and immigrans
have four. Laterals are very short and the numbher of contrals vavies from three
to six. Spiracles [rom some species in the quinaria group resemble the annu
limana type (compare 42.20 and 43.12). Although the vmanber of branches varies.
innubila (figured), phalerata, falleni and transversa are all of this type. Species
I (Trigore 43.13) and occie differ from this type primarily in having a
~hon awd erect pair nl’ pseudobasals. The type seen in guitifera and tenebrosa
longer (Figure 43.14).
43.15) and subpalustris ave complelely of the
immigrans type. Several species from the tripunctata, testacea, macroptera and
rubrifrons groups have spiracles resembling those seen in tenebrosa (a pair of
short psendobasals), and these can easily be confused with the robusta type if
they are not checked closely. In these species the branches are longer and more
slender than those of tenebrosa Most species of the tripimetats group and all
epecies of the guarani and calloptera groups (schildi not seen) have spiracles of
the immigrans type. Three representatives are shown in face view (looking

members of the fasciola

s
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20— 24, The spiracle branches
so this type ap-
on of branches,

direeily toward the psendobasals) in Vigures
of guaraja are very long ané delicate. They seldom stand erect
pears to be distinct from. the others. Relative length and posi
however, is as seen in the iwinigrans type.

The species of the cardini group (Figure 43.21) and <p=tles K (Figure 43.16)
and L have unusual types of spiracles. In some of these species the number of
branches is reduced (neocardini has the lowest number, belladunni the highest).
There is a pair of very long and recurved pseudobasals, then & pair of up-curved
small laterals. The remainder of the laterals are short and recurved, while the
antibasals are long and tend (o be recurabent rather than evect. Types having
the higher branch numbers tend to resemble the immigrans Lype. move rlos( Y.
but most of them are distinet from it. Color of branches riable from spe
epecics, but most of the branches have black bases (and/or the edge of the spiracle
itself is black) and the tips are pale. This same color palern is seen in many spe-
cies from other groups in the quinaria section.

Species Irom the subgenus Hirtodrosophila have very v
of duncani are of the Pholadoris type with erect sub-basals (Figure 42.4). Thos
[ pictiventris and thoracis (Vigure 42.5) are of the immigrans type. Those of
es resemble the robusta type, except that the branches tend 1o be recum-
bent rather than erect. The spivacles of busckii resemble the immigrans type.

Spiracle types scen among species from other genera are shown in Figure 45.
"Those of Chymomyza speci as shown in Figures 45.1-3. That of C.
arnoena (Figure 45.1) is basically as in obscura group spe except that the
rim of the spiracle is extended v as an antibasal lip. T ension i: x-
treme in C. procnemis. Spi o \p(u(m ( lgmos 454
more nearly vesemble €
the genus Zaprionis have two (wuu of s spi
robwta type, the other of the immigrans type.
difficult to draw. Basically there is an outer ring of eleven, mcreaqng 1eguldr1y
from basals to antibasals, and an inner ring (all almost equal) of seven. Some of
the centrals tend to crowd the basals and may give the appearance of pseudo-
basals.

In summary (igure 44) types of anterior spiracles provide very useful char-
acteristics, both for separating subgenera and for separaling some groups within
subgenera, When investigated in greater detail Ihe arrangement of b
i ive only a li

e spiracles. Thos

also provide us ¢ character

tion of the di features of each type. The typ species of the
melanogaster group were particularly difficult to draw. However, once seen,
melanogaster types canm mistaken for other types, at least among the species
included in the present discussion. Among species from the subgenus Drosophila,
spiracle types rather sharply distinguish species of the quinaria section from
those of the vi repleta section.

Other characterisiics of the pupc side from the cha
ntly wseful characteristics of the pupac are
logical charact of the prme A,olh will
species and they Tollow no disti
that of the puparium. In cev

istics of the an-
imited, Morpho-
'n <1,1d hetween
*enuﬁﬂ'

terior spiracle

pre:
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racles are dark, at least basailly, and in some they ave shining black. If no dis
inction is made belween these two types, the distribution is as follows: immi-
grans, 2, i, 3/5; tripunctata, 9/13 (the fraction indicates the proportion
of the group having dark posterior spiracles).

A feature of possible future use may be found in the characteristics of the pair
of anal plates which lie lateral to the anal pore. These vary in shape and dis-
i J s. The anal pore also va
species it appears double. These features have not be
Color and position of posterior spiracles appears to he the same in
istics of the larvae will not be considered s

es in shape and in some
gated in any detail.
oth larvae and
ately.

m invest

&

genetically in Digure 46. The phylogeny is the same as that u
Types seen in Scaptomyza and Chymorny o o included in
this figure, but they are not placed in the p y. Tgg filaments in species
from the subgenus Pholadoris are thin, irregular in position, and variable in
number. In the few eggs checked from these species counts ranged from five to
nine. Wheeler (1949a) tabulates filament numbers from three species (victoria
nitens, latifasciaeformis) with a range from two to eleven. An egg with six fil
ments is shown in Figure 46 since this is near the modal number for the group as
a whole. All Sophophoran species have eggs with two flaments. Those of populi
short and he and they continue as narrow ridges o the posterior end of
egg. Tn the m ter group all takabashii and monthum subgroup specics
(except nikanams) have egg filaments which are thick at the base, then irregn-
larly tapering. The egg Klaments of nikananu are of the more venal type for the
so in species from the obscura, saltans and willisioni
groups. In this fype the filaments are heavy at the base, then very much lattened
and expanded apically (see Figure 16).

Egg filament number among species from the subgenus Drosophila ranges
from one (e.g., bandeirantorum, tripunctata group) to four. The great majority
of spécies have four-filament eggs. Aside from variations in length of filament,
four-filament eggs can be roughly divided into two classes. Tn the £ the pos-

i and fiattened basally, tapering gradually to a fine point
type is scen in two species
of the immigrans group, roup (schildi ot seen), in
of the anmidimana group and in castanea as I°. In the sec ype
all four filaments are thin, althc
This type is shown i Vigiro

d for spermathe-

specios are

110

subgerus and are se

se.

ics of the callopte

b they may expand very X
46 for sp of the virilis group.
nately 80 per cent of the speci
cies from all of the groups not included in Figure 46 have ilaments of
this type. D. aracea (not figured), a species not assigued to any group, has fou
filament eggs in which beth the anterior and posterior filaments are heavy and
flattened basally, tapering gradually to fine points.

Tswo-filament eggs are present in all species of the melanica group, bromeli:
group and nannoptera group. They are present also in Aypocausta of the immi-
grans group and have been reported (Irota-Pessoa, 1954) in some members of ~
the tripuncala group. D. aureata (not figured) also has eggs with.two filaments.
Egg filamenis among species in the melanic

funebris group,

It is present in appro i the subgenus.

group are thick and taper only
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Pictorial phylogeny of egg flaments, For further explanation see text.

Fie. 45,
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slightly. Those of < somewhat more distinctly
tapering. Tn nannopiera they are flattened apically as in some Sophophorans, and
in hypocausta they are very long, and thin throughout. In aureata the filaments
are short, heavy and blunt.

Species of the quinaria group have three-filament eggs, the two anterior ones
are thin, the single posteuox one is short and heavy. Most specles in the tripunc-
tata group have the usual four-filament type, but some species have one (figured),
two, or three egg filaments, Members of the subgenus Hirtodrosophila have four-
filament eggs, with.those of thoracis being rather peculiar. Tn this species the
posterior filaments are short, blunt lobes, and the anerivor oues are very short
and extremely thin, Tn spite of the mimp s they ave qaite rigid and perfectly
straight. The eggs of the other three sy of the usual four-filament type,
as are those of buschii (Dorsilopha). hggs of Phloridosa species werc not seen, bt
those of floricola are without filaments (Sturtevant, 1942).

Eggs from species in the genus Chymomyza are distinct. The general type is
shown in the lower right corner of Figure 46, There are approximately eight
short, in-curved filaments decreasing in size regularly from posterior to anterior.
Types seen in Scaptomyza species are shown in Figure 46 also (upper center).
That of S. pallida (left) has two short heavy posterior filaments. That of 8. adusta
(right) has four short, heavy and bent filaments. The cggs of Zaprionus species
have four long filaments. They are all heavier than in the usual four-filament
type. Eggs of M. dimidiate have four filamenis. Tn all four the basal one-third
is heavy, the remainder thin.

Characteristics of the Abdominal Sternites of the Male—VWWheeler (1960)
describes and discusses sternile modifications in male Drosophilidac. Number
of sternites varies from six in more primitive forms to four in the more derived
species. Reduction in number involves changes in, or eventual loss of, the first
and sixth sternites. Detailed demonstration of sternite characteristics requires
clearing of the ventral abdominal wall in phenol and examination at the higher
magnifications of the compound microscope. Time did not permit a study of this
ut it was possible to check those features which conld be seen in the living
fly using the dissecting microscope. At these magnifications well-chitinized and
pigmented plates can be detected and, using the characteristics of the second
sternite (see Wheeler, op. cit.) as a guide, the specific sternites represented could
be determined. Resulis of this limited survey are of interest, and they are useful
s0long as the limitations of the observational methods are recognized.

Most species of the subgenus Pholadoris have visible remnants of the [irst
and/or the sixth sternite. In species ol the victoria group the first sternite is
present as two plates (see Wheeler, op. cit.. for figure of victoria) and the sixth
sternite is present as a plate comparable in size and appearance to the other
abdominal sternites. Tn species of the coracina group no first sternite was visible.
{In the following descriptions, “not visible” should nof be interpreted as imply-
ing absence. The sternite in question may be present but not pigmented and of
any of several forms, or it may actually be absent.) In novopaca the sixth is
prosent mu(h as in vicioria. In cancellota and lotivittota the sixih is present ag
ized bar. Tn bryani avd latifasciceformis the fivst is not seen. In

ac group are also thi
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bryani the sixth is a navrow bar, concave posteriorly so that it has a shallow U-
shape. A sixth was not seen in la ifasciaeformi

All Sophophoran species 1 e sixth sternite preserit
but generally not bristied plate. In most specics this plate is

a well-chitinized,
somewhat polished
in appearance. Shape of the plate varies. It is largest in populi, very narrow and
almost interrupted in the midline in several species of the mehnoga%@r group.
In popudi the fivst sternite is present as two bristled plates much as in victor:
In most of the remaining Sophophorans the first sternite is not seen. Two snlal]
dark plates in this vegion are seen in neoelliptica, emarginata and. milleri (saltans
@ ore 5 apparenily individual and miersiwain vaziation of e
first steruite in some of these species (Malgalliaes, this Bulletin). .-

Wilh two exceptions, first and sixth sternites arc not seen in ‘species from the
subgenus Drosophila. In montana (virilis group) there may be-a thin bar in the
position of the first sternite, and there are fainl indications of this in lrtoralis
and ezoana. In the last Lwo species there is considerable individual variation. If
i s lact would be of consider-
dble interest. The available evidence, while fmgmemar‘ , suggests that in most
evolutionary lines in the genus the first step toward loss of the first sternite has
involved its separation into tswo pieces. The presence of a complete, but narrow,
es of the virilis group would suggest that loss of the first sternite
may bave evolved independently in this group. More detailed investigation of
this characteristic may prove {ruitful. In the remainder of the sp belonging
to the virllis-repleta section there was no visible evides hor the fivst or
|hc smh steynlte> In some species there were a [eyy scattered bristles in the
xth had split in the midlir
) but observations were too

p), although th

1t

There is a conspicuous bristle at each ]atera] margin. Among species of the
quinaria section no other structures were seen which could be iuterpreted un-
equivocally as a sixth sternite, although many species of the cardini group ap-
pear 10 have the anterior wall of the genilal chamber weakly chilinized, suggest-
ing the possible presence of a remnant of the sixth sternite in this region.

The first and sixth sternites are absent in Phloridosa speci
lophay, and in most species from the subgenus Hirtodrosophi

$ la. Tn duncani the
sixth is present as a narrow bar.

The sternites in members of other gencra are variable. The first and sixth
isi R. obesa. (In th s, something is pre i
of the sixth sternite, but iis characteristics could not be determined by methods
used here.) In G. americana the first is a very large plate, wider than the other
sternites and concave at its anterior margin. The sixth is present, but turned on
edge to lie along the anterior wall of the genital chamber, In Zapriothrica dispar
the first is a broad plate, concave at its posterior marg
a narrow. rectangular and weakly bristled plaie. In spec
Chymomyza both the [lirst and the sixth sternit
and the sixth are both present as paired plates. In C. arnoena the first is not visible

m, and the

th is present
m the genus
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and the sixth is present as u large U
and the arms of the T are weakly ted. In C. wn,n.zmia ihe was 1ot seen,
the sixth is present as paired plates (see VWheeler, op. i
or sixth sternites were seen in Scapromyza, Zaprivrus or |

aped plate (arms directed posterior

for f

yeodrosophila speci

GENERAL APPROACH FOR THE ANALYSIS OF PHYLOGENETIC RELATIONSHIPS

It has often been stated that the characteristics of 2 population reflect its evo-
lutionary history, and this postulate should be applicable to the characteristi
of groups of species as well as fo those of single populations. Most often, this
sialenent is applied to the genetic structure of a population, but morphological
haracteristics are a veflec and i this wruism is to have more
han an abstract significance it should be possible to infer history of different
genotypes from the distribution of the morphological r!'ardct?r;slicﬁ whx‘ch LP‘ey
determine, The basic problem of phylogeny is that of dete
and it is thevefore necessavy that phylagenetic analysis he m,ﬂo in terms of
genotypes and their history. If the characteristics of populations actually do
reflect the history of the populations, such an analysis should be possible. The
Lollomng discussion i¢ directed toward developing a method of phylogenetic
anal; ased on this assumption.

When phylogenetic analysis is to be approached in genelic lerms it is first

accessary that correlations be made betwoen morphelogical characte:

iom1 of the genotype.

ctice and
the genotypes which determine them. The difficulties inhersnt in making such
correlations are well recognized, and some of the problems involved have been
ssed by Dobzhansky (1958). Mayr (1959), Simpson (1961) and others,
Tior the most part these discussions emphasize the fact that morphological identity
and genetic identity need not be precisely related, and emphasis of this point is
certainly justified. Intentionally or not, however, such discussions recognize only
the negative aspects of the problem, and they appear to assert that inferences
regarding the history of a genotype cannot be drawn from consideration of
morphological characteristics. Emerson (1961) has poivted out a logical de-
ency of such a position, and a completely negative approach does not appear 1o
be justified.

Several consideratioy gest that a certain amount of correlation between
genotype and phenotype can reasonably be assumed. First amoug them is the
fact that any operational, and to a large exteni any (hearetical, approach 1o
phylogenelic analysis oust be concerned primarily with the most probable
course of events in an evolving v to recognize that
mimetic muatations, can happen. It by no means follows that
one must assume s

disc

stem, Tt is certainly ne

1 events 1o happen routinely, or even wita such frequency
as to seriously affect the validity of conclusions regarding the phylogeny of a
group as a whole. As stated by Emerson (1961}, “the replicative capacity of the
s even more apparent and precise than its capacity to chang
y which provides a reasonable basis from wt to infer the
n which genolypes may come into being and change during
the course of evolution.

The stability of the genetic

maost probable way:

tem, and its limitations with respect io ils
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capacity to change rapidly .(Haldane, 1957), siderable portion
of the genetic material in related species will have been derived substantially
unchanged from their ancestral populations. Still, genetic differences below the
level for morphalogical detection must be recognized as passible, and it is there-
fore necessary to make a distinction between gene homology and genotypic
homology as these terms are to be used in making taxonomic comparisons. For
gene homology the basic unit of reference is a specific allele at a specific locus.
For genotypic homology the basic unit of reference is the portion of the gene pool
which directly influences the exprossion of a given phenotype. When making
compan ences are drawn regarding geno-
typic homologies underlying their morphological similarities, the. genetic com-
ponenls compared cannot be less than the lotal controlling the expression of the
characteristic throughout the range of the species and througheut their seasonal
fluctnations. A given morphological feature of the individuals within a species
will often, if nol always, be under the control of a large number of genes, and
the characteristics of any two in

suggest that a cor

one betoveen spocice, and when infor

iduals may not rest on identical genotypes.
It would therefore be quite unrealistic to adopt a criterion for genetic homology
which could not be applied uniformly to comparisons between individuals of
one species. On this basis, for example, complete gene identity would not be a
suitable criterion.

Simpson (1961, p. 78) has defined morphological homology as “resemblance
due to inheritance from a common ancestry,” and this defini ition. applies equally
well to genotypic homology. In the case of genotypic homology we deal with the
inheritance from a common ancesiry of the geneti omprise the
complex genotypes underlying the morphological expression of a given charac-
teristic seen in several spec A large number of Toci will be involved and
complete identity of all alleles at all loci is not required, both because apparently
identical phenotypes within a species may not rest on identical genotypes and
because complete identity of structure between species may not be involved. In
this sense then, the taxonomist deals with the degrees of genotypic homology
rather than with the absolutes of gene homology, and the assumption that more
nearly identical phenotypes reflect more nearly identical genotypes appears to
be justified. Genotypic homology neither requires nor precludes complete gene
identity. It does require that & large fraction of the genes controlling the expres-
1 of a given characteristic be derived from a common ancestral gene pool.

A special aspect of the problem of genotypic homology relates to the possibility
ihat a developmental patiern, and therefore a particular phenotype, may be
adaplive and so be perpetuated, but the genotype controlling this pattern may
be sharply changed during evolution (Dobzhansky, 1959). Since the simplest
and perhaps most effective way to retain a developmental system is to retain the
genotype which originally produced it, this type of change may not be an inevit-
able consequence of evolution. Operationally, however, the reality of this possi-
bility does not influence phylogenetic analyses. If a specific developmental pat-
tern is to be perpetuaied in two separately evolving lines, it must have been
present in their common ancestral population. When morphelogical homologies
are identified and genotypic homology inferred, the proper inference is not that
the present genotypes are identical, but that the ancesiral genotypes at the time

elements which

§
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of the initial divergence were identical. Genetic continuity is determined by con-
ditions at the time of separation of two populations, not by the terminal geno-
types of these populations. Whether the terminal phenotypes result from reten-
ticu of identical genotypes or from “gradually evolving Tuactioual analogy”
(Emerson, 1961), the phylogenetic relationships suggesied by these phenotypes
will remain the same.

Finally, if gene complexes within the species gene pool are taken as the basic
unit of

»ference for making taxonomically relevant identifi

ations of genotypic
homology, the possibility for the origin of identical or closely similar phenotypes
through parallel mmtation becomes rather small. For thisto happen, substantially
similar mutations would have to occur at a large number of loci and in such a
genetic conlext thal seleclion could mold them into an integrated genc complex
which would be expressed as o phenotype so similar as o be confused with that
produced by another system of independent evolutionary origin. If only one
gene is involved this chain of events is conceivable. When gene complexes are
considered, it b ily improbable. The possibility 1s Le!?dl\'ﬂ) not great
enough to invalidate the assumption that mor; phologlcal identity indicates sub-
stantial genotypic homology, or to require us to discard concepts ol genotypic
al or operational tools. This should not be taken as imply-
ing that the possibility for independent origin of “homologous™ phenotypes is
something to be ignored or lighlly dismissed. The probler still exists, but it is
not a problem which should be of first concern when prepa a working model
for phylogenctic analysis.

In passing it may be well to smphasize one feature of the chain of events just
outlined which will he of sig nce later. This is the fact that, at the time of
ils mutational origin, whether this involves one mulational event or several, a
necessary condition is that a new gene be adaptive. And this requires not only a
congenial genetic hackground but also a congenial environment. Therefore, if
a particular gene or genotype is to be established in a population, it must not only
occur in a gene pool in which the appropriate genetic background is available
(i.e., a background in which it may be expressed as a specific or mimetic pheno-
type), but this gene pool must also be present in an environment such that the
new allele be adaptive. The establis h‘{ ent, which is 7ot to say the fixation, of a
gene in a population, its primar ration into the gene pool, is the critical
evolutionary step \x}uch makes that gene or genotype av ailable [or future change.
It is this integration, rather than the origin of the gene by mutation, which has
such a low probability of occurrence in indepandently evolving gene pools. The

g

same mulational events probably occur many times, but only those which oceur
lity that the
“right” context has been produced independently several times in several phyletic
lines is almost surely small.

The possible fates of genotypes in evolving systems—-As stated previously, the
hasic problem of phylogeny is that of detecting genetic continuity. Before this
problem can be approached it is necessa in which geno
typ: cossion of gene pools and the waye in which morpho
log‘cm characteristics may be disivibuted to descendent Impula' us. For s

v, the genotype for only a single trait will be followed. Also for simplicity,

in the “right” context are of phylogenctic significance. The proba

'y to determine the wi

may travers
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it is convenienl 1o treat the ger
ing ouly a pair of alleles
great over-simplifi
1959), but it illustr
which may have occwired during the speciation processes
various phyletic lines within the genus.

As a starting point a hypothetical population, geneticall
respect to the determiners for a given characteristic, may be
course of lime, through mutation and selection, this uniformit,
metic compleses arise (AA’Y whick rct effect on the trait in qu
10t strictly necessary that the phenotypic expression at this time (AA’) be
from the earli
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(Mayr,
tes in general terms tlm |m<:ihb sequenices of genetic events

which established the

y uniform (AA) with
ssumed. In the
is lost and new
on.

have a di

It
specified, but it seems probable that it would be shilted somevwhat
form and that this allered phenotype, whether defined in morphological or
physiological terms, would be maintained in the population by one or several of

mportance in the
ms adequa

the balance mechanisms ently postulated as being
lieterogeneity within a population. Mechani

perpeluation of g
for preserving heterogeneity have been proposed and discussed by many workers
+.g., Dobzhansky, 1951, 1955; Dempster, 1955). For the present discussion,
imechanisms, so long as they exist, are not the important thing. What is important
is that, during the course of evolution, the transition from a population showing
one form of expression of a trait to another showing a derived form of the trait
must involve lemporally intcrmediate populations heterozygous for the geno-
termining the alternative forms of expression. If such a heterozygous
" tion can come inito being aud be maimained for an evolutionarily signil;
cant period of time, inct problem concerning the [a possible
genaiypes (AA, AAY JUN j swhich will be produced within this gene pool. Theo-
etically, o three possibilities, First, the old genotype may be complelely
replaced by the new (AAto AA” 1o AA7). Second, an equilibrium level may be
attained and perpetuated so that both genes (genotypes) persist in the population
(AA to AA" 10 AA’, etc.). Third, the direction of selection may be reversed, and
the old genotype will again predominate (AA to AA’ to AA). There is, in addi-
tion, the problem of the hypothetical, heterozygous populatiou if, for one reason
or another, it becomes subdivided and its subdivisions diverge genetically to such
be recognized as distinct spect
lations are the three just listed, and w
would happen in any instance. There is no a priori basis for asserting that only
one or another of these events occurs during evolution,

The first alternative (AA o AA 1o A’A’) is often the only one recogn:
practicing taxonomists or phylog
vides an example of an ap ! 3
says, “Nothing is more obvious than the conclusion that two species which share
the derived form of a characteristic have acquired this from a common stem
species. This would, accordingly, indicate that they are more closely related to
each m}m than to species which do not show this form of the characteristic”
(writer’s translation and ialics). The general sequence of mutation and specia-
1ion events which would be required [or the second statement {italicized) to hold
this sequence.

s of ¢

ed by

hanges conld be mad i

true is shown in Figure 47 (left), Minor
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species species species species species species

B W X Y
AN AN AA AN AN

\; KSR/

Au

AN

species

Tae, 47. Two altornative avolutionary soquoncon. The one on the left illustrates ovolution
according to the “classic” hypothesis. The one on the right illustrates a possible sequence based
on the “balance” hypothesis. See text for further explanation

For example, the mutations of A to A’ could have occurred during the first specia-
tion process, but only in the subpopulation shown on the left. Or, if they occurred
in both subpopulaticns, which seems more probable, those in the subpopulation at
the right would have experienced s ive selection while those in the
Jected for. Such slight
3 o the general patiern.

genetically move closely related to each other than to species C, wh
primitive form of th . Such a series of events has undoubtedly occurred
during the formation of many groups of species. Hov other sequences must
be recognized as possible, and one such is shown in Figure 47 (right). In this
sequence, the A’ allele is established, but not fixed, in the popu]almn prior to the
first speciation event, and ]'vr\lprou«gu y at this lucus is maintained during and
after speciation. T '"hus the next speciation event in each new phyletic line in-
volves a population heterozygous for the loens in quesiion, and the alleles (geno-
types) may segregate by scle i i
Amoug the possibilitis

1o descendent populations.
3h(\“ﬂ specics W and Z share the derived form of the
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how some nter-

¢ form and s Y migh

trait. Species X shows the prim
mediate form of expression, If genetic and specialion eve
pattern such is, at least in some instanc S
showing a derived form of a characteristic are most clasely related would not
hold true. Species W and 7 share the derived form of the trait, but spec
phylogenetically most clasely related to species X, which shows the primitive
form of the trai

The two model
manner as are the “classic” and “balance” hypott
outlined by Debzhansky (1955). That on the lel
swith its populations being primarily homozygous
nevtral, or transient or morbid” {Dobzbansky, 1955). In the &
A ent and interposed between speciation events.- The sequience on
the right incorporates clements of the “balance” hiypothesis, at least insofar as it
populations in evolution. To some cxlent,

, Figure 47 left and right, are related somewhat in the same

of population shucture

system,
genictic diyersity “either
ntoplé, the genetic

emphasizes the role of heter
events shown in the sequence on the
selection as defined by Carson (1939).

‘With reference to problems of phylogeny, if speciation may occur in this
fashion (Figure 47, right; and see Carson, 1959}, the inevitable result will be
the perpetuation, for a considerable period of time, of a heterozygot population

rentially capable of giving rise to descendent populations homozygous or heter-
zygous for alternative gevotypes (species Y in Figure 47 co 1
Iye and speciate in this fashion, etc., ctc.). Thus, within a ph
evolulion has occurred on some variation of this
trait may be distributed somewhal at random, Possession by two species of a
particular characteristic will indicate only that they are derived from some com-
mon heterozy gous population, which may be quite distant Irom either of them.
They may belong to separate phyletic lines, cach taking its origin from the heter-
he potentiality for segregation first appeared. A
“sequence” of morphological types will not necessarily indicate an evolutionary
.quence in the sense that species showing the primiti e form appeared first, those
intermediate appeared second, and those showing the derived form appeared last.
Thus. before one can determine what significance is to be ateributed to a morpho-
Jogical sequence of fypes, one must delermine whether the evolution of the group
has followed a pattern similar to that shown on the left in Iigure 47 or simila
1o that shown on (he right. These two patterns themselves only represent ex-
sremes, particularly if more complex genelic systems are considered and if several
characieristics are considered simultancously. A complete spectram of alterna-
tives lies in belween, and the actual evolutionary pattern of a group sbould fit
somewhere in the spectrum of possibilities.

Although the alternatives just noted appear to be possible, this alone does not
make all of them probable. Events may be possible without their making any
significant contribution to evolution. Tt is therefore necessary to seck evidence
~which might give some jndication that evolution would be expected to follow,
and at times has followed, a pattern similar to that outlined to the right in Figure
47. At a general level, the fact that heterozygosity contribuies Lo the evolutionary
potential of a population is widely recogniz than ample

ygou

ght may invelve homosclection and hetero

d continue to
s line where
forms of a

patlern, alter:

ozygous population in which

and there is m
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evidence that heterozygosity exists in Drosophile populations in nature (e.g.,
Dobzhansky, 1951; da Cunha, et al., 1959). When developing a phylogeny from
living species, only those ancestral populations which gave rise to descendent
species are detected. These are the populations which, at a given lime level, had
the greatest evolutionary potential, and, as a rough approximation, their evolu-
tionary potential can be related directly to the number of species derived from
them. It seems reasonable to assume that the detectible populations depended,
at least in part, upon heterozygosity for their demonstrated capacity to evolve.
Yurther, it seems reasonzble to assume that those populatioas which continued
10 evolve most rapidly, and which produced the most descerident species, were
able 1o do so because they fell heir to a part, or all, of the heterozygosity of their
ancestral population and did not have to accumulate a complete new store of
variability from which to mold adaptive genotypes. Conversely, a population
which lost a large share of its genetic diversity, perhaps through homoselection,
svould have little, or at least less, capacity to proliferate rapidly. Belore such a
population could proceed to further subdivide and speciate, it would need to
build up a new store of variability from which to produce a diversity of adaptive
genotypes. Thus, in rapidly evolving populations heterozygosity may have been
perpetuated, and, if so, it will have provided some of the genetic variability from
which descendent adaptive genotypes have been fashioned. The assumption that
all, or even most, speciation events entail a restriction or elimination of genctic
sariability, so that fulure evolution must depend on and reflect orly variability
injected into the gene pool by new mutation, seems unnecessarily rigid and not
completely consistent with available information. Some speclanon events almost
surcly do entail a substantial loss in heterozygosity, but it is viot anticipated that
populations passing through such evolutionary bottlenecks will have contributed
as significantly to living pepulations as have those whose Oencnc variability has
been less restricted. And there is no reason to assume that genetic determiners
for characteristics of taxonomic value have been immune i6 retention or per-
petuation in the heterozygous state, or that stem populations for families, genera,
species groups, etc., have been conveniently homozygous.

While these speculations may have some merit of plausibility, it is still neces-
sary to obtain more nearly objective evidence that such evolutionary sequences
have occurred. For this we turn to an evaluation of the distribution of morpho-
3 for which a defined phylogeny is available.
The most convincing and extensive evidence to this end comes from species in
the rt'plt,ta complex of the subgenus Drosophila. Exiensive investigations, p:
marily by Wasserman (Wasserman, 1960, and This Bulletin), have provided
a eytological phylageny for these species (see Figure 25), and this can be cor.
ted with the morphological characteristics already described. Such correla-
tions have been made for the characteristics treated in this study, and they all
show the same general pattern. Thus, details for only two of these, the charac-
teristics of the spermathecae and of the ejaculatory bulb, will be summarized.

The complete data for spermathecae from species of the repleta complex are
given in Figure 29. Figure 48 showe a portion of this data as it appe:
hined with phylogenetic information from Wigure 25. 1t should b
1hat the cytological daia show the various br:

s when com.
emphasized
ches and single species 1o be de-
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spermathecae in the sepleta complex. Based on the cytological phylog-

given in Figure 25.

.15 aigronydel
A6 biturca

A7 briegeri

.18 paracanalinea
.19 canalinea

A castanea 8 pegas
2 meridionalis 9 mercatorum
mulleri 10 limensis
pachuca 11 canapalpa

-5 fulvalineata 12 fulvimacula

6 moju 13 peninsularis

7 buzzatii 14 hydei
rived from the repleta standard genc arrangeme
information. regarding the order or position of relative to each
other. The arrangement of branches in Figures 25 and 48 is that most compatible
with wmorphological ‘characterisiics of the dilferent species. In Figure 48 the

I data give mo
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on of casianea.and of species of the canalinea and dreyfusi gronps has been
shifted downward. This was done for convenience in making the figure and no
particular significance should be attributed to it at the present time.

As has been noted previously, no primitive spermathecal type can be desig-
nated, although that shown in Figure 48.18 seems a reasonable choice. Since the
major problem is that of the role of heterozygous populations during evolution,
designation of primitive types is not critical. The behavior of primitive types can
be followed more readily with characteristics of the ejaculatory bulb, and this
ect of the problem will be cousidered later.

s of the repleta complex present several sy

vatbiecal Ly pes, aud, as
jority se Lypes are
vestricted to this section of the genus. The distribution of types among these
is, however, not completely regular. If only major branches are con-
2d, the type shown in Figure 48.3 is seen in members of two branches
(Figures 48.3 and .13) and in several species derived independently from the
standard (e.g., Figure 48.7). The majority of species having this type, however,
belong to the mulleri complex shown to the upper left in Figure 25. The type
shown in Figure 48.6 is seen in the majority of species from the fasciola subgroup
and in both species {rom the mercatorum subgroup. Again, each subgroup belongs
10 a different phyletic line. The type shown in Figure 48.14
bers of the hydei subgroup, and a very similar type is seen in species of the
drcy[ si group (Figure 48.17). Other types (Figures 48.4 and .16 2, .5 and
{ .18 and 29.27; etc.) show similar distributions, but their resemblances
are not as sharp as those within the types first cited, It is obvious that a basic
tenet of the classical approach to phylegeny, that species sharing a given trait
are phylogenetically more closely related to cach other than to species lacking
the trait, does not hold when applied to relationships among species of the repleta
complex.

Almost exactly the same type of distribution is seen with the characteristics
of the ejaculatory bulb (Figure 49). We have good reason to assume that the
simple ejaculatory bulbs (e.g., Figure 49.4) are the more primitive, Fjaculatory
bulbs shown in Figure 49.4 and 49.8 are virtually identical, and they are pre-
sumably near the primitive, not only for the repleta complex but also for the
genus as a whote. The type shown in Figure 49.5 is d d, and it is WJdelv
distributed among the various branches of this complex (Figures 492, 57, 9
.10; .20). The iype shown in Figure 49.3 is found in only two of the branrhvs
(Figures 49.3, .11, .13-.14), and that shown in Figure 49.12 has thus far been
identified only from members of one branch (Figures 49.12, .15
then, we have a pattern similar to that shown to the right in Figure 47, and a
comparable pattern is seen for the distribution of number of testis coils among
these same species (see numbers in parentheses with the species names in Figure
25). There is, therefore, more than ample indication that independent phyletic
lines have been initiated by populations heterozygous for genotypes determining
several forms of expression of a given trait. Further, there is also evide (e.g.,
Figures 40.3-.5 and 40.7-.8) that primitive genotypes may be “fixed” in species’
descended from populations presumably heterozygous for primitive and derived
genotypes. Thus, we do see a type of pattern among these species which is sub-

0 three mem-
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Fic. 49. Evolution of the ejaculatory bulbs of the repleta complex. Based on the cytological
phylogeny given in Figure 25.

8 moju 18 fulvimacula
9 pegasa 16 peninsularis
.0 mercatorum 17 hydei
.1 paranaensis 18 bifurca
12 limensis 19 camargoi
.13 canapalpa 20 paracanalinea
A4 fulvimaculoides 21 canalinea

stantially that predicted if heterozygous populations play a major role in evolu-
tion and if genotypes may traverse gene pools in substantially the way outlined
earlier. In short, if we take this data at face value, without elaborate rationaliza-
tion and without atterapts to explain it away, we see a pattern ol evolution
consistent with the best documented characteristics of evolving systems and of
the behavior of the genetic material itself.

Before twrning to comparable evidence from other sections of the genus, the
implication of morphological evolulion in the repleta complex can be evaluated
in somewhat greater detail. It would appear that the population ancestral to
ity is detected
morphologically in characteristics of the spermathecae, the cjaculatory bulbs
and the testes. Its complete storve of variability was not passed on equally to all
subpopulations deriving from it, or, more correctly, as its subpopulations di-
verged, re-integration of their gene pools resulted in somewhat different gene
complexes being maintained in each. Thus, while some morphological types are
common to two or more lines, the total pattern of variability in any one line is
slightly to markedly different from that seen in other lines, These different
patterns may have arisen in two different ways. From a given array of genetic
material, several to many adaptive combinations may be possible, and we may
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infer that most of these different combinations will be reflected in aL htly differ-
ent phenotypes. Thus we see an array of types (Figures 48.2, .5 ) which
are substantially the same in general features but which differ from each other
in detail. Such slight variations reflect either the different ways in which sub-
stantially similar genotypes may be integrated with each other and with other
elements of the gene pool, or they reflect the contribution from new mutations
which have occurred subsequent to the separation of the phyletic lines, or they
reflect both of these factors. The contribution of mutation 1o the diversity of
phenotypes can be inferred chiefly through noting the number of phenotypes
distinctive to any one line. That shown in Figure 48.11 may be one such. This
method of ass ing the comri’kut‘on of mutation is, ol course, only an approxi-
mation, since the “distinctive” genotype may actually have been potential in
the ancestral population but eliminated from all but one of the descendent
populations. Or it snay still be “potential” in genotypes of some of the
existing species from several of the phyletic lines. We have no way of predicting
the morphology of mndividuals of ancestral populations, and thus we cannot detect
species retaining in toto the ancestral genotype. In spite of the limitations of the
estimate, it seems probable that new mutations have contributed very little to
the morphology of the species in this complex. By far the greater proportion of
phenotypes are of such wide distribution that their genotypes must have been
derived from genes already estahlished in the ancestral population common to
these species. Thus, distinctive phenotypes may owe their origin to new mutation
or to an integration of a different array of genes from an ancestral populatior
'I'he major features of types recurrent in several phylelic lines take their origin

from the gene pool of ancestral populations, and hence they evidence genotypic

nmo]ccry .

In the light of this situation, the Jmphcauons of genctypic hnmnlogv must be
reassessed. Genotypic homology does not require the direct derivation of a geno-
type from a population expressing that genotype. To return to the earlier, simple
model, the genotype, A’A’, is homologous with other A’A’ genotypes regardless
of whether it was derived from a population having the genotype A’A’, or from
one having the genotype AA’. In the model shown  Figure 47, species W and Z
have homologous genotypes, but neither of them was derived from a population
expressing this genotype. Genotypic homology may be determined by common
ancestry from an original populamm in which the genolvpek A’A’ was potential,
as well iotype was fixed. Thus, a given

1 as from a population in which this ge
genotype may be produced independently in separate phyletic lines, but the
production of this genotype can only take place from a gere pool in which the
necessary elements were already established. Genotypic homology requires
ic continuity, but it does not require genotypic continuity. Parenthetically,

it may be noted that recognition of this fact removes so-called parallel evolution
from the ranks of the inexplicable to those of the expected.

If we do not accept independent integration of genotypes in descendent popula-
tions as an adequate explanation of data such as is shown in Figures 48 and 49, we
are left with a remarkable em of convergent evolution. The sevies of types
seca on the central branch of Tigure 49 may serve as one of many possible ex-
amples from the replela complex. The type of ejaculatory bulb shown in Figure
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46.11, 13 and .14 must have arisen independently at least three times on this
branch alone and probably at least three times in species Irom [Lu mulleri sub
group; once in the population from which the ~.\'nlnx5, pe E and
mojavensis arose, once o produce ancops, and probably onco also to produce
serenensis (see Figure 17). This type is not seen elsewhere in the genus, and its
appearance within this closely related cluster of species strongly suggests that
its occurrence here results from genetic continuity between these spe( The
distribution of this type is such, however, that its appearance cannot be attributed
to nP*\ctypu continmity. Tn the {igure, the type shown in 4 and .14 and the
type shown in 49.12 and .15 cannot both owe their arigin to gemoty pic continuity.
One or the other raust have originated independently, and from the standpoint
of the present discussion it is immaterial which one did. Tn 81l probability, both
owe their appearance to independent integration of their genctypes from'a com-
wmon heterozygous gene pool. The simplest alternate to this explanation would
assume that the type shown in Figure 49.13 differs genetically from that seen in
close relatives by a very low aumber of genes. Thus, the conversion of the ty pe
shown in Figures 49.12 and .15 1o that shown in Figures 49.13 and .14 might
involve a relatively simple genetic change and hence may have arisen independ-
ently by mutation. This interpretation would not be too difficult to accept if we
had to consider only the sequence from Figure 49.12 to 49.15. At their ti
divergence the an
ticns would probably occur with about equal frequen
ing gene pools and rmight be iﬂu.grdterl imdependent
ex, becornes iner: oaamglv unlikely when we consider the
igure 49.3 10 5 and 49.10 and .11. The basic question here is whether origin
hy independent mutation or by indepsndent integration of the genotype is more
comruon origin from a heterozygous gene pool, all that is
required is a reintegration of the gene pool from elements afready tested: and
probably at frequency levels such that the changes involved could be quite rapid.
Tf we must start each time with mutation as the origin of the genotype, the ap-
propriate genes must first arise, then they must be brought to a frequency level
such that selection may act, then they must be integrated with the gene pool, and
finally they must reach a level of integration such that they are uz
ed as charactenslm of the species in question. While such a s
seems to represent the most probable explaration. The time
element alone, and the e pense to the population (Haldane, 1957), would seem
oreclude this. Only the tast step is required if scparation of the phyletic lines
involved populations 'ﬂreddy heterozygous for the requisite genotypes. The origin
of the genes and their primary integration into the gene pool need only have
happened once. The expense of completely replacing one gene with another would
be spread through a long period of evolutionary time and would not be borne by
a single population during the formation of a single spemes Once the primary
integration into the gene pool is completed, the fates of potential genotypes are
determined by adaptive situations to which the populations and their subdivisions
are subjected The number and distribution of typ en in the repleta complex
suggests that, from the original heterozygous gene pool, only a limited number
of adaplive combinations of genes controlling a given characteristic was possible.
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These combinations have recwred, and one or another of these has been incor-
porated into the gene pool of each descendent species. Contribuiions from muta-
tion subsequent to separation into independent gene pools cannot be excluded,
but they seem to have played a minor role in determinin

the phenotypes ox
pressed. Mutations which have been incorporated into the gene pool of a species
since that gene pool became an independent evolutionary emtity will, in most
s, have their major effects on the phenotypes to be produced in the future.
evolutionary change (phenotypic change) is possible from such mutations,
evidence from the repleta complex suggests that itis not common.

Genes and genotypes controlling separate chavacteristics, e.g., those of the
spermathecae and those of the ejaculatory bulbs, have been relatively independ-
ent of each other. The origin of the phyletic line leading to the roulleri complex
ecies apparently invs ol\'r'd a population in which the genotypes [or character-
istics of the ejaculatory bulbs (Figure 17) were relalively heterozygous while
that for spermathecal iype was substantially d. The line leading to the
wmelanopalpa subgroup retained heterozygosity for characteristics of both the
spermathecae and the ejaculatory bulbs, etc. (The term, fixed, as used here and
elsewhere in this communication, must be interpreted rather loosely. At present
there is sufficient uncertainty regarding the genetic structure of populations, e.g.,
Crow, 1961, to require a somewhat imprecise form of reference. The term, stabil-
ized, m]ght be a suitable alternative.) Thus, the general pattern of evolution dur-
ing the transition from one morphological fype to another becomes evident. It
need not, and probably does not, involve a stepwise alteration of the phenotype.
Rather, it involves the production of an array of types. When two or more sys-
tems are in iransition in the same gene pool a gr number of genetypic
combinations are potential, and many of these are actnally realized in descendent
species. If evolution v T has been of this general , it will be
necessary to modify methods of phylogenetic analysis to accommodate for the
irregular distributions of charactevistics which result from such a system. Evi-
dence that this has been the general pattern of evolution throughout the history
of the genus comes from several sources and from all of the species groups avail-
able for study (except those consisting of only a single species). Only two ex-
amples will be treated in any detail.
First, we can see that evolution of this type is not peculiar to species of the
repleta complex by analyzing the distribution of characteristics among species
of the virilis group, A cytological phylogeny for these spe is also available
(Stone, et al., 1960) and is showan, correlated with certain of the morphological
characteristics, in Figure 80, The species of this group do not vary morphologi-
cally among themselves to the extent that species of tha repleta complex do
Still, the same pattern of distribution is seen here. Two general types of para-
gonia are present in the group (e.g., that of virilis and that of ezoana). The
population designated as Primitive I was probably heterozygous for genotypes
determining these two types. The derivation of the population designated as
Primitive I from this population may have involved homoselection toward one
of these genotypes, but the population designated as Primitive TIT apparently -
retained heterozygosity for both genotypes. The population from which ezoana
and lizioralis were derived likewisc retained heterogygosity, but that from which
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the other four species were derived became hom ous for the second genotype.
A comparable pattern of distribution is seen for characteristics of the spermathe-
cal duct and for number of testes coils (1-6, T-8, ete. in Figure 50). Other char-
acteristics of these spec

, e.g., those of the ejaculatory bulb (Figure 16), those
of the anterior pupal spiracle (Figure 42.17), etc., are distinctive to this group
and almost completely constant within it. Apparently their genotypes originated
and were fixed prior to the speciation events which produced the group as we
now see it. These then, are the “good” taxonomic characteristics for the group.
The others, those which are variable within the group and which do not define
phyl ic separations, are “had” c} istice, and they fall in this category
because the species showing them originated from populations in which genoty pe
fixation had not yet occurred.

Extensive cytological phylogenies are not available for other groups of spec
so further evidence for this type of evolution must be obtaized in a different way.
The evidence required can be deduced from consideration of the type of char
distribution expected il evolution bas followed the “class pattern (IMig-
ure 47, left). In such a case, genotype fixation is assumed to accur during each
speciation process, those which established populations imitiating phyletic line-
ag well as those producing individual living species. Thus
relation of all characteristics is required. Any deviation from this patiern is
assumed to result from mutation following speciation, and recurrence of typs
in separate phyletic lines should be rare. It should be possible to arvange morpho-
logical types in a stepwise sequence, and the sequences for one character
should correspond o thase for any other—yot necessarily in the sens
morphological characteristic changed at the same rate and time as any other, but
in the sense that primitive characteristics will generally he associated, derived
characteristics will always be associated, and intermediate associations will show
a recognizable sequence from the primitive association to the derived. Admit-
tedly, these specifications are extreme, but they indicate the general rquiremen
of such a system. One example will serve to show the type of character distribu-
tion actually encountered in all species groups in the genus. Characteristics from
eight of the thirteen: species investigated from the quinaria group are shown in
Tigure 51. Space does not permit showing all thirteen in one figure, but these
suffice to indicate the general pattern. The morphological sequence from left to
right is arbitrary and follows the ¢volutionary change in the ejaculatory bulb
(line 3 of Figure 51), Thosc types shown at the right in line 3 are distinctive,
and their genotype presumably arose during the evolation of this group. If this
sequence is held constant (changing the order within one of the bulb types will
1ot help matters), then character s of the spermathecac, paragonia, vasa
deferentia, anterior pupal spiracles and testes follow no regular patiern. There
is a recurrence of general types, but it is impossible to arrange these species in
any order (branching or linear) such that a regular sequence for all types is
seen. The situation is further complicated by the fact that many of the types seen
here are also seen in species outside of this group. The general type of anterior
pupal spiracle scen in tenebrosa and guitifera, for example, occurs in species fronr
the testacea group and in many species from the tripunctata, rubrifrons and
macroptera groups, It must have arisen at least twice in the quinaria group, or

a complete cor
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else the type of ejaculatery bulb seen in gutiifera arose tv It must also have
arisen many other times in other species of the quinaria section, but not else~
where. Tither the recurrent types arose by mutation, or ihese characteristics
represent an array of types derived through evolution from a cornmon heterozy-
gous gene pool, and, on the whole, the latter process is more probable. Evidence
ithat this type of evolution has occurred throughout the history of the genus will
become more evident as the phylogeny is developed. To anticipate this, however,
data included in the pictorial phylogenies (Figures 14, 20, 21, 24, 26, 31, 32,
40, 41,44, 46) show that the stem populations from which major lines developed
were Lhcm selves heterozygous for genotypes whick later became fixed and
characteristic of groups of species. Thus, analysis of phw logenetic relationships

gnize the taxonowic implica-

within the genus will reguire methods which re
tion of heterozygous populations in mcluuon

Method for enalyzing ps—Standard correlation meth-
ods (Sturtevant, 1942; Malugolnwkn 1953) are adequate for deriving static
classilication, bul they are not completely suitable for analyzing the dynamic
pattern of change which attends the evolutionary development of large groups
of species. They establish with reasonable certainty what groups exist, but they
do not tell how these groups came to show their particular combinations of
characteristics. As indicated by Michener and Sokal (1957), the systematist must
t determine relationships in a nonhistorical sense, and correlation methods
m(able 10 do this. The systematist may then decide on the most probable
ome of the factors which must be considered when such de-
are made have already been discussed. The following method of analysis
me which ta mto account the possibility that evelution may have proceeded
from heterozygous nopu,aLinm It is, however, quite suitable for analysis of
phylogenetic relationships in groups whose evalution has followed the classic
pattern, so it is not strictly necessary that the marmer of evolution be known
before the method is applied. The results of the analyses themselves will indicate
the type of evolution involved.

Three major correlations may be made when a phylogenetic analysis is begun.
The first of these is the total phenotypic comparisor: of the type described by
Michener and Sokal (op. ). This is the correlation most useful to the sys-
tematist in determining a basis for classification, and its chief purpose is to sub-
divide large complexes of species into groups of closely related forms. Such cor-
relations may provide some indication of phylogeny, but their chief usefulness
is in breaking a group down into subunits which may be conveniently analyzed.
The second type of correlation is one involving only primitive characteristics, and
the third is one cons ing only derived characteristics. These last two correla-
tions often need not be made in a formal sense. Inspection of the distributions of
such characteristics among previously established groups will usually be suffi-
ciént. The purpose of these carrelations is to establish major dichotornies and to
indicate evolutionary trends in the group as a whole. Often, but not always, they
will be a routine part of a taxonomist’s evaluation of species relationships. Since
these phases of analysis are generally standard pra ind since descriptions
of geaeral methods applicable to such study are readily available (Sturtevant,
1942; Michener and Sokal, 1957}, they will not be considered here.

are
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Tor the purpose of phylogenetic analysi:
ceplional material. Classification within the genus has been established on a firm
and objective basis by Sturtevant (1942), and this cla: fon has been con-
firmed and extended hy many warkers since that time (Wheeler, 1940b; Patter
son and Stone, 1952; Ox“dd? 1856 etc.). Of primary importance for this analysis
is the fact that the ob]echve reality of the taxonomist’s estimation of zelailonshlp
has been substantiated by genetic and cytological investigation. Such studies have
been made for many of the major species groups wuh]'\ the genus and they
confirm the geneological propinguity of species placed togethe
{sec Patterson and Stone, 1052, for cummary to that time). ft
sible 10 restrict analy: y to relationships between species grou
rather than to relationships between individual species, and this ¢ edﬂu impli
the problem. From genetic and cytological evidence, we may 4nfer that species
within a species group have originated from a common ancestral population and
that this population was evoliionarily distinct from other such populations. The
absolute validity of this inference is not required since the methods to be de-

the genus Drosophila provides ex-

veloped will indicate occasional erroneous classifications. Its validity is more
than adaquate for the presenf purpose

iving species

oyeufmdﬂy by infereuce regar angﬂm ]usmry of rhsfmm genotypes. It is not 1o be
expected that genotypes for haracteristics will have identical histories,
and therefore they cannot be considered en masse. Herein lies one of the d;sad
vantages of character corrclations as indicutiom of phylogeny. O necessity,
correlations must deal with many characteristics (genotypes) simultaneously,
and hence they canmnot give & detailed picture of the history of any one of them.
‘They do give a picture of total genotypic change, but sequence ot change must be
determined subjectively if such methods are used.

As already indicated, the method for analysis of phylogenetic relationships
within the genus must be one which does not involve the assumption that gene
fixation has occurred at any one level. When and where character fixation first
appeared may be inferred aller the major outline of the phylogeny is determined,
but not before. The method of ana\lv‘H is eminently simple and may represent
only a formalization of intuitive methods utilized by many systematists. Tts
steps are as follows:

1) Determination ol general direction (s) of change for all characteristics. This
need only be done tentatively since the major purpose of this step is to provide
orientation for further analy: part of the present analysis was included
with the earlier descriptions and need not be recapitulated here.

2) Analysis begins with choosing one characteristic, preferably one which
allows subdivisions into the largest groups or which appears to separate distinct
phyletic lineages. Characteristics of the paragonia, for example, are of this type
> used as the starting point for phylogenetic aualysis of the genus. Char-
athecae, on the other d., are much too detailed to be
nsed in initial They could be used. In fact, any characteristic could be
used, bul the analysis is simplifid if it is begun with, the more general character




Throckmorton: Phylogeny in Drosophile 313

. The distribution of ihe different forms of a trait amoryg the species in each
ecies group indicates the genotypes which were polential in the stex population
fo“ that group. From the inferred genotypes of these stem populations, one then
nfers the genotypes of the papulations from which they were derived, ete. When
two or more stem populations appear to be derived from populations having the
same general genotypic composition, lines coalesce into single populations. Es-
sentially, we are tracing gencological streams back through time to their point
of confluence (Hennig, 1956). Examples will be given later to illustrate the steps
and interpretations involved, A basic assumption to be made at all levels is that
the pepulation antec

dent to the one in guestion

s heterozygous for alternate
genotypes, even though the population from which one is proceeding (backward )
may appear to have been homozygous. The antecedent prmutanon may actually
have heen homozygeus, hut assumption of heterozygosity is least [/rutmgA Ivis
1he most objective assumption which can be made at th
As analysis of other character
indicate general levi

1¢ slart of the analysis.
proceeds, accumulating evidence will often
fixation of a given genotype has occurred.

3) Analysis of remaining characteristics is carried out in the same manner,
each time working backward from the stem populations of species groups. Char-
acteristics are analyzed one at a time, in sequence from the more general to the
more specific. The results of each analysis are superimposed on the cumulative
pattern produced from the previous ones. Addition of information from each new
Characteristic may suggest shifting the point of origiv of the stem populations for
various species groups, but the magnitude of these shilts will be limited within
the pattern already addaced.

4} It will often be covvenient to omit difficult groups from the fir analys' 3
Once the major sequences of populati been determined, genotypic char-
acteristics of the stem populations of the difficult groups can be inferred. These
can then be compared vith the genotypes already established within the major
pattern to determine their probable origins. As information from additional spe-
cies becomes available it can be treated in the same fashion, as can information
from species in other genera, etc.

5) The last step in the analysis is the determination of the histories of the geno-
types of the individual characte; . Once the major sequences of intermediate
populations have been inferred lwm all characte individual genotypes
may be followed from the stem population 1o the terminal groups of the estab-
lished phyletic lineages, This censiitules the final evaluation of the phylogeny.

Complete details of this analysis for the genus Drosophila are too voluminous
0 be outlined in the space available. A representative analy
lirnited mimber of characteristics, will be given.

Abbreviated analysis of relationships within the subgenus Drosophila—The
salient features of the method can be seen most easily when a limited number
of species groups from the subgenus Drosophila is used. The first two steps in
the analysis of thi wbgenus are shown in Figure 52. For ‘brevity. three general
types of paragonia may be identified, and the distribution of these t;
in the inset at the up p(lr left of the figure. The two major types are both robust-
forms, one having a single, high arch; the other having multiple folds. Species
from the tripunctata, cardini, gnarani, quinaria and calloptera groups all have

at whi

, atilizing only a

pes is shown
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paragonia of the first type (Figures 10--12), their stem po;
1 be derived from a common gene pool (not nece
population is assumed to have
A similar situation exi

ations are asswmed
sarily directly), and this stem
n from an earlier, heterozygous population.
for members of the replota, canalince, droyfusi, me-
sophragmatica, melanica, robusta and annulimana groups, except that the para-
gomia here are of the second type (Figures 5-9). Chavacteristics of the stem
population for the immigrans group (Figure 5) are soimewhat less certain, but,
on the whole, these paragonia are also of the second type and the immigrans
group is therefore included with these forms. The stem population for the fune-
bris group was heterozygous for bots types (Figure 6). This stem populalion
is assumed to have been derived from a population likewise heterozygous for
these types, and this establishes the heterozygous population {rom which the
other two major groups of species were derived.

Essentially then, three major heterozygous populations are “identified,” each
heterozygous for approximately the same genotypes, and these coalesce as shown
in the inset of Figure 52. Members of the virilis group have two types of para-
gonia (Figure 4). One type, not quite so robust as in other species, has multiple
folds and suggests origin from the same gene pool as the repleta group and its
neighbors. There is, however, another type which is seen nowhere else in this
subgenus, unless the extremely shrunken types seen in species of the hydei sub-
group of the repleta group are of this pattern (Figure 9). However this may be,
the position of the wivilis group 1s uncertain. lior the time being, it is derived
directly from the populaiion ancestral to the whole subpenus. Althongh this by
no means exhausts the fuformation available from the paragonia, this part of
the analysis will be considered as substantially complete, and the tentative phy-
logeny arrived at is that shown in the jnset of Figure 52, Tt should be obvious,
but perhaps it should be mentioned, that the “populations” inferred are not
populations of the same type as are seen in living species. These hypothetical
populations had an extensive time dimension and most probably consisted of
complexes of species. Since we are inferring broad, temporal sequences rather
than detailed speciation events, it would not be legitimate to refer to these popula-
tions as species or any comparable equivalent thereof, They represent clusters
of gene pools having the same gencral properties relative to the genotypes under
consideration and having an indofinite, but perhaps considerable, time dimension.

The next step in this analysis utilizes characteristics of the vasa deferentia
Again, any of the remaining characteristics could have heen used, and the final
resiult would be the same. The characteristics of the vasa are examined, as before,
10 determine the distribuiion of genotypes in the stern populations of species
groups. Charact of these stem populations and the ways in which they
appear to coalesce will confirm the previous disposition of the groups or will
indicate alternate groupings. They may also suggest subdivisions of the groups
and indicate the sequence in which various groups were derived.

With one exception, characleristics of the vasa confirm the unity of the cluster
of species groups (repleta, etc.) to the upper left in Figure 52. The exceplion is
the immigrans group. From the distribation of ty ithin this group, it may *
be inferred that the genotypes of its stem population were not comparable with
those of other species groups in this section. Further, the genotypes of this stem

3
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pnpulalmn appear to have included more primitive alternatives, and so the group
tentatively derived from the stem population for the subgenus (lower right,
Figure 52). Characteristics of the vasa of virilis group species follow the same
pattern as for species in the repleta cluster. Its position in the phylogeny is left
uv\changed (lower left, Figure 52). Characteristics of the vasa in species of the
quinaria section are variable (Figure 52, right; Figures 10-12), showing different
degrees and types of association with the paragonia and different degrees of basal
fusion. Species of the tripunctata gre oup show almost the complete array of types,
Jacking onJy mnl typ(' seen in species of the calloptera group and in two out of
A cardini

srans group. Stem populations of the quinaria,

distinctive characteristics seen in species of the calloptera granip siiggest its de
rivation from a gene peol having somewhat different characteristics than that
from which the other four species groups avose. Since its stem population appears
genotypes in common with that of the immigrans group, they
as derived from the same ancestral population, i.e., the stem
population for the subgenus. The remaining groups in this section (quman N
cardini, guarani and tripunctata) had stem populations of approximately the
same character and so these unite as shown in the figure,

In species of the funehris group, characteristics of the vasa are substantially
as seen in species of the quinaria section. They are not suilicient to allow the stem
population of the group 1o be definitely related w that of the guinaria section,
however, and the grovp its original position. Tlhus, w
tentative branches from the ancestral population, four of which are individual
species groups. The two remaining branches are made up of several species
groups, with the indivi groups in each of these branches being phylogeneti-
cally equivalent, i.e., no subbranches are indi

now have six

1 at the present time. Grouping
of the cardini and guaravi species groups was done 1o save space in Figure 52
and has no significance.

From this point onward, complete details of the analysis need not be given.
Most of the more useful information has been included in the pictorial phy-
logenies seen earu(‘r The major objective now is to deterraine to what extent
clusters of species may be separated to indicate sub-branches within ma)nr line-
ages. Ouly those characteris cleavages will be considered.
Characteristics of the ejaculatory bu]p are ue(‘[u] here (Figures 16-21). Those
e and da not closely resemble

of species in the virilis group are guite disting
of the types seen elsewhere in the subgenus. This suggests a less close rela-
cnship with other groups, ie., a longer period mdependent evolution, so
this group remains as derived independently from the ancestral population.
Species of the melanica and robusta groups show an array of types, with most
of the ejaculatory bulbs having four caecae. Both groups have one species show-
ing the most extreme type, that figured for lacertosa (Figure 16.15) of the robusta
group being also present in melanura (not figured) of the melanica group. These
two groups are assimed to have a common ancestral population in which the
genotype for this extreme condilion was potential. Species of the annulimana
group (sce Figure 16) also have ejaculatory bulbs of types seen in both the
melanica and Jubusta groups, so we can tentatively place these three groups on
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a cormaon sub-branch (see Figure 53 for {inal disposition of groups). This sub-
branch is, itself, derived [rom the stem population for the major branch, which
takes its origin from the ancestral population for the subgenus. By inference, the
stem population for this branch ic asswmed to have been heterozygous for the
genotypes common to the melanica, robusta, and annulimana groups. It probably
was not heterozygous for those determining the extreme types seen in species
from the melanica and robusta groups, but it may have been. The remainder
of the species groups (repleta, canalinea, dreyfusi, mesophragmatica) would be
derived as the other sub-branch of this major stem. Some species of the robusta
group and species of the dreyfusi groap bave the post jaculatory
bulb expanded laterally, and this suggests that species of the dreyfusi group may
be more closely related to the robusta complex than are the other remaining
species groups. Subgroups within the repleta group can he handled just as if the;
belonged to species groups and their stem populations identified accordingly.
Species of the mulleri, fasciola, mercatorum and melanopalpa subgroups have
over-lapping arrays of bulb types and so would be assumed W slem from a popu-
Jation distinct from that for species in the hydei subgroup. Species of the cana-
linea group have one type of bulb in common with repleta species, so are
assumed to be derived from the sanie ancestral gene pool and hence are derived
at the same level (see Figure 53), etc.

Characteristics of the spermathecae also provide information concerning the
subdivisions of this branch. The array of types seen in the melanica group some-
what resembles that seen in species of the virilis group (Figure 28), but since
the stem population for this Inanch is derived from the same stem population as
was that of the virilis group, this does not alter the posilion of the melanica
group within the branch. Genotypes for these characteristics are presumed to
have been derived from the stem population for the subgenus. Retained geno-
types might potentially have been present in all the stem populations of this
branch, so their distribution cannot determine the position of the group in ques-
tion. Spermathecae of species in the robusta and annulimana groups have many
characteristics in common (Figure 28), and also sorme characteristics in common
with types seen in members of the immigrans group (compare Figures 28.19 and
98.94). This, together with information from the melanica group, indicates that
we must consider the possibility that these three groups (robusta, melanica, and
amnulimana) belong to #u independent kine derived directly from the ancestral
population for the genme, rather than from the stem population in common with
the repleta group and ite relatives. Without going into det
tion from rermaining cheracleristics tends to confirm the dis
Spermathecae irom the repleta, canalinea, dreyfusi and mesophrag-
ynatica groups (Figure 29) form a distinctive array of types which suggests that
they have a stem population in common and that this population was distinct
from that of the robusta complex. Distribution of spermathecal types among sub-
groups of the repleta group tends to confirm the relationships indicated by the
characteristics of the ejaculatory bulbs. They indicate also that the dreyfusi
group originated from much the same pop\ﬂatmn as did the hydei subgroup and-
that the canalinea group originated from much the same population as did the
mulleri subgroup. Hence the final disposition show io. Figure 53.

cior part of the

however, informa-
position shown in
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ored an




Throckmorion: Phylogeny in Drosophila . 319

While the analysis is by no means complete, this brief description has covered
the major points of the methods involved. Similar metliods are '\P plied to species
groups on the quinaria branch, and to groups from other genera and subgenera.
This finally results in the delineation ol a series of populations having intergrad-
ing or overlapping genotypic characteristics. Since the direction of evolution of
each characteristic has been considered during the analysis, these populations
are defined in a distinct time sequence. The g(‘nr)typu change from one popula-
tion to the next has been gradua i the time of
devivation of any particular group. Fowever, change of all characteristics has
not been synchirvnous, and the rotal genotypes at the different time levels are
relatively unique and allow placing the various groups with some precision. The
precision of such an analysis will increase as the mumber of characteristics con-
sidered increases, but it will always be limited by nncertainties regarding the
length of time during which certain genotypes have heen potential in the stem
populations. In this reanner, the extent to which stem populations have retained
heterozygosity sets the final limit on. the accuracy of any phylogeny, whether it
be developed from living species, from fossil forms, or from chromosome struc-
tures.

Phylogenetic relationships—TFigure 53 shows the phylogenetic relationships of
genera, subgenera, species groups and species included in this study. Interprela-
tion of this phylogeny must be made within the context of the methods utilized
in obtaming it, and its major limitations and uncertainties will be pointed out
in the following discussion. Points of origin of the various groups are essentially
probability values based on consideration of the history and di
chexac%nrnm\ nd on'an evd‘uduun of the ewo].m-\mwv ChdY LT&,I‘I

is bas d (‘4)mp]r>tdv on xhdmctm)sh s J

pendent of other characteristics, since rleﬁmurm of s],cclcs groups dcpcnds on
total phenotypic comparisons among species. Figure 53 shows only the general
sequtence of origin of the different groups. Vertical separations and other dimen-
sions were adjusted to avoid crowding in the figure, so they ‘do not reflect an
objective judgment of elapsed time,

In deriving the relationships shown at the base of the phylogeny, two alterna-
tive assumptions could be made, The relationships included in the total phylogeny
result if it is assumed that both the subgenus Pholadoris and the subgenus
Sophophora arve monophyletic. If subgeneric boundaries are ignored and the
species groups are taken as the phylogenetic units, the relationships shown in the
insert (lower left, Figure 33) may be derived. The first alternative places both
of these subgenera on side-branches. The second places both on the main se
quence of evolution in the genus. Recalling the evolutionary models discussed
carlier, there is no completely objective way to decide between these two alter-
natives. Consideration of other characteristics, for example, chromosome homol-
ogies or features of wale genitalia, might provide information which would
indicate the more probable relationship, but extension of the analysis to include
featares i heyond the scope of the present discussion. The alternatives *
shown in the inset will not be included in the following discugsions.

There can be litile doubi that the stem population for the subgerius Pholadoris

such f
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originated at an earlier time than did those for the other subgenera. Almost all
of the distinctive features of these species are primitive, and for most of those
which are not, other evidence indicates either their independent origin within
the group or their crigin. prior to the establishment of the stem population for
the genus. The peculiar type of ejaculatory apodeme (Figure 15) seen in species
of the victoria group falls in the first category. Characteristics of the Malpighian
tubules (posterior tips apposed or fused rather than free) fall in the latter cate-
gory. Zapriothrica dispar, which is surely more primitive than the complex
assoclated with the genus Drosopkile, has the posterior tips of the Malpighian
tubules fused, indicating that genotypes for this fusion were potential in the stem
population for the genus. The subgenus Pholador: the only group which in-
cludes species having an unreduced sixth sternite in the male, énd most of these
species have the primitive elliptical testes, the primitive vasa, -etc. The only
population which was potentially capable of producing these g brmotypic com-
binations was the stern for the genus.

The subgenus Sophophora
gone a certain amount of evolutionary modification and in which genotypes for
several of the more derived types were potential. These genotypes may have
been potential in earlier populations, but the evidence available at present sug-
gests their origin during the time immediately following the sey )arunon of the
Pholodoris stem. population. As more extensive information from more
primitive genera becomes available, it may be necessary 10 modify this assump-
tion. This, incidentally, emphasizes the impracticality of attempting to determine
the detailed phylogeny of a single genus without considering the characteristics
of species in related genera. The major uncertainties of the present phylogeny
stem almost directly from the fact that the available material from more prim-
itive genera was not adequate to allow definition of the evolutionary events which
preceded the origin of the stem population for the genus. Be that as il may, the
available evidence allows tentative conclusions to be reached, and it would appear
that genotypes for derived characteristics of the vasa, the testes, the ejaculatory
bulb and apodeme, etc., either arose or reached greater significance as adaptive
components of the gene pool during the period intervening between the time of
of the stem population for the subgenus Pholadoris and the time of origin
of the stem population for the subgenus Sophophora. The stem population for
the genus Chymomyza arose from a population having the same general char-
5 that from which the Sophophoran stem originated. There is a dis-
tinct povsﬂ:uhtv that the genus Chymomyza was de: wed from the basic Sopho-
phoran stem rather than from the major stem population for the genus. These
two groups have in comrmon characteristics of the ejaculatory bulb, the ejacula-
tory apodeme, the vasa, the ventral receptacle, the abdominal sternites, and the
anterior pupal spiracle (see earlier descriptions). Since the genotypes for the
distinctive features may have been present in the earlier population, Figure 53
shows Chymomyza to be derived at that level. This is the most objective assess:
wment of its relationships. It probably was derived from the Sophophoran stem,
but the evidence is not conclusive. The same general conditions also apply to the
rel.mon:lnps of popredi. This species was derived either from very near the base
of the Sophophoran stem or diréctly from the major stem population of the genus.

as derived from a population which had under-
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Phylogenetic relationships within the subgenus Sophophora remain substan-
dally as indicated earlier by Patterson and Stone (1952), except that no groups
are visualized as derived from presently existing grovps. The stem population
for the suhgenus hecame separated into three major snhpopulations. Their se-
quence of origin is somewhat uncertain. The most obvious interpretation would
be that the stem for the obscura group separated first. Thex, following a period
of evolution, the melanogasier stem separated from the sal illistoni stem.,
The alternative one would suggest that the stem population separaled into two
subpopulations, a saltans-willistoni stem and an obscura-melanogaster stem.
These possibilities are equally likely, so the obscura, melanogast
willistoni stems xaust be shown as derived at the
characteristics used here does not permit finer dis:
in making Fignre 53, gronps were shown as devived at the same level when
further details as to the precise sequence of origin could not be adduced from the
data. Such a depiction is irtended to be noncommittal. Tt does not indicate that
the groups in question arosc sirmltancously, although they may have.

The evolutionary branch leading to the subgenus Drosophila was derived at
approximately the same level as was the Sophophoran stem, Changes leading to
the establishment of genotypes for still more derived conditions of the vasa, the
ejaculatory bulbs, the ejaculatory apodemes, the ventral receptacles, the sperma-
thecae and the anterior pupal spiracles were allin progress in this stem popula-
vion. Since these chasmges were ol synduonizd, au vyverlapping pattecn is
produced which allows the origin of the various groups ¢ be placed in an approxi-
matd time sequence. For exdmp!ﬂ e genus Scaptomyza arcse at a time whern
genotypes for the primitive (Sophophoran) type of anterior pupal spiracle were
J1 available in the gene pool. It arose at approximatedy the time when geno-
pes leading to an asscciation between the vasa and paragonia were becoming
available but before those for the coiled ventral receptacle became conspicuous.
Tt arose at a time when the genotypes for the four-filament egg were becoming
prominent, but before they had been stabilized to produce the typical four-
filament egg of Drosoplila species. It also arose from a population in which
the genotypes for th oon type of ejaculatory apodeme were potential. When
2l characteristics are cor red, the genus Scaptomyza becomes one of the

x and saltans-
vel. Evidence from the

earliest branches to be derived from the stem population leading to the subgenus
Drosophila. The subgenus Dorsilopha was also derived at the same general time,

perhaps somewhat car
Seaptomyza.

‘There is a considerable amount of character overlap between species of the
genus Smplorm@a and those of the genus Zaprionus. Both have substantially the
the same type of ejaculatory apodeme, the same type of ventral ‘{'F‘CPp[dClC and
one species of Zaprionus has the same type of vasa as is seen in Scaptomyza
species. Also, both Scaptomyza and Zaprionus species show the peculiar branched
posterior caecae on the ejacultory bulb. All of these characteristics indicate that
these two groups have originated from a common stem. Evidence from other
characteristics indicates that these two genera originaled in the sequence shown
in Figure 53. Species of the genus Zaprionus have anterior pupal spiracles of
the types seen in species from the subgenus Drosophila, onie species has paragonia

ier, but probably somewhat later than was the genus
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and vasa of types scen in species from this same subgenus, egg filaments are
ically of the Drosophila type, etc. The major alternative to the arrangement
shown in Figure 53 would assume both Scaptomyza and Zaprionus to be derived
frem a single stem which was itself derived from the base of the branch leading
to the subgenus Drosophila. This stem population would have been heterozygous
for almost all of the genotypes seen in later species. During subsequent evolu-
tion of this stem population it-would have become subdivided into the stem popu-
lations for the two genera. The origin of the Zaprionus stem would have involved
bomoselection toward alinest all of the more derived genotypes and that of the
Scaptomyza stem would have involved homoselection toward ¢/l of the primitive
genotypes. This scems unlikely. In most of its characteristics; the genus Zaprionus
shows a marked resemblance to species of the immigraps and- Funibris groups,
and it is assumed to have arisen at a time either s gh tly antedating the origin of
the Immigrans group or even somewhat later. As far as the characteristics under
consideration here are concerned, the gewus Zaprionus is just a moderately
distinctive species group in the subgenus Drosophila.

Most of the relationships within the subgenus Drosophila have been indicated
during the earlier discussion. The immigrans group is derived almost directly
from the stem population for the subgenus and the same is true for the virilis
group. Within the virilis group the general combination of characteristics is that
of the virilis-repleta section, and it is shown in Figure 53 as derived from the
very hase of this hranch. Tts most probahle alternate position would be at an
carlier level, derived divectly from the stem population for the subgenus and in.
dependent of all other groups

Evaluation of the relationships between the other groups from the virilis-repleta
stem indicates three mejor clusters of species, the robusta complex, the repleta
complex and the bromeliae complex. The latter cluster of species (nanmoptera,
Bromeliae, vte.) is, for the present, a very ill defined group. There is a rolatively
large number of undescribed or ungrouped species which are generally of the
peruviana type, and its seems probable that as these species hecome more fully
investigated and understood a third major phyletic branch, most closely related
to the repleta complex, will be recognized. Even at the present time there would
be some justification for more sharply separating the robusta complex from the
other two, rather than deriving all three at the same level. As mdicated pre-
viously, this method of depiction is intended to be moncommittal, and an ob-
jective evaluation of relationships does not allow fir sion at the present
studies of these species develop as anticipated, the
repleta section will eventually be separated into two distinet phyletic lines,
One will include the virilis group and the robusta complex. The other will include
the vepleta and bromeliae coopleses.

Within the repleta complex itself, general relationships are as shown in the
figure. Since this complex has already been discussed in some detail, and since a
cytological phylogeny is available for many of these species, little more needs to
be added. D. aureata, formerly placed in the repleta group (Wheeler, 1957),
most probably arose muc) i earlier, A conservative estimate of its position places
. Alternate ‘positions would range from this level down-
Ieve] indicated for the origin of polychaete. Tt

he mulleri sub-

ward about fo
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group of the repleta grevp is almost certainly not an evolutionary unit in the
ame sense that the hydei, fasciola, mercatorum and melanopalpa sabgroups are.
Many, if not most, of the species shown derived independently from the repleta
standard gene sequence (see Fignre 25) are prohably of mdependent arigin from
the stem population for the repleta group. They might be shown as a scattering
of “twigs” arising between the base of the hydei stem and the base of the mulleri
stem as it is shown in Figure 53,

‘The position of polychaeta is somewhat equivocal. It shows some relationships
with hoth sections of the s ws, but the great majority of its characteristics
are those of species in tha v; -repleta section. In characteristics j
tory bulb and apodeme it most nearly resemble:

that both polychaeta and Phloridosa were derived {rom ihe ecarly stem population
for the virilis-repleta section.

The position of the funel
characteristics arc those of specic

in the quinaria s been shown de-
rived from the early stem population for this section. However, all of the geno-
types for the characteristics seen in species of the funebris group were potential
in the gene pools from which the stem populations for the two major sections
took their origin. It is possible, for example, that the f group arose from
an early population which was evolving toward the integration of virilis-repleta
notypes. It could simply bave separated {rom this wajor population before the
stinctive combinations of genotypes had been established. This is somewhat less
probable than the alternative indicated in Figure

Within the quinaria section itself, the calloptera group has a soroewhat isolated
position. It is unquestionably a mnember of ction, but its stem population
appears to have separated from the main stem at an carly time. The remainder
of groups and species in this section form a rather closely knit cluster, with the
quinaria group being the most distinct and derived earlier than the others. The
terminal groups in this section appear to have been produced, as it were, by
explosive subdivision of a large and complexly heterozygous stem population.
Examination of all characteristics shows that the pepulation at about the level
of the quinaria group had retained a large amount of ancestral genetic variabil-
ity, and it was acquiring and retaining a great deal more. "i'be guarani, cardini
and testacea groups are distinci and are each derived from stem populations
which included a moderate “sample” of the genetic variability in the major stem
populations. The IE‘D”dHId"X‘ of these groups are nyuch less well defined. It seems
p"‘nbdhl@ that sps now placed in the tripunctata group have been derived from
the major stem population af @ sequence of time levels, and that the macroplera
and rubrifrons groups are only moderately distinctive clusters of species derived
in the same way. Thus, some of the species of the iripunctata group were prob-
ably derived at about the time "of origin of the quinaria group, others somewhat
later at about the time of origin of the guarani group, etc. This group or cluster
of species probably provides the major exception to the earlier assumption that
species in a group are derived from a single, independent ancestral population.-
Species of the mulleri subgroup of the repleta group are another exception, and
it seems probable that the stem population for the subgenus Drosophila evolved
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in much this same fashion, The semblance of order which is niow seen at the
base of the snbgenus reflects the pruning effects of tizne, with most of the minor
igs removed and ouly the derivatives of the major pr,paldti(ms remaining.
Some twigs still exist, however. Bath carsoni and carbonaria were probably de-
rived from the stem oopulatmn for the subgenus, and both have peculiar com-
binations of characteristics which can best be accounted for if they arose at
an early time. D. carsoni most probably arose from a very early population
of the virilisrepleta section, and carbonaria from an carly population of the
quinaria section. I}. tumniditarsus likewise arose [rom an early siem population
of the subgenus. Tt ly i a member of another major phy
subgenus, however, rather than an isolated “twig.” From inspection of descrip-
tions and figures by Okada (1956), it is apparent that several groups exist which
probably represent an orienal equivalent of the primarily newworld; viri
repleta stem. The branch to which tumiditarsus belongs is possibly the earliest
branch from this stem, but it may have arisen independently from the stem
population of the subgers. There is probably also an oriental equivalont of the
quinaria stem which originated at about the level indicated for aracea in Figure
53. Most of the oriental Hirtodrosophila, as well as seversl other oriental groups
which Okada (1956) refers to the quinaria section, probably belong to this
branch. D. aracea itself is most closely related to the immigrans group and is
probably a member of still ancther independent lineage deriving from the early
stem population for the subgenus.

Since only a single female was available for dissection, characteristics of
pinicola (collected at Andreas Canyon, California) have not heen discussed
eatlier. The characteristics of this female, however, are distinctive enough to
allow it to be placed with reasonable certainty at about the level indicated in
Figure 53. Thus far, this is the only species distincily related to this stem which
retains the first sternite as paired and pigmented plates. Iis ventral receptacle is
a mixture of the coiled and folded types, having about four large coils basally
and a couple of flat loops distally. It is completely free and not appressed to the
surface of the vagina. Except for the number of coils and folds, it is identical with
that type figured for hisirioides (Figure 35.4) and M. dimidiata (Figure 30.7).
ermathecae are of the ob:wra or Pholadoris types, dark-pigmented and
elliptical in outline vwiih a el J indentation. ‘t'he spermathecal duct is
fexed just proximal to the The spermathecal envelope is thin and
uniformly distributed. It is interestir
minimum number of differences betw

etic line of the

permatheca.

to note that Sturtevant (1940\ found the

consistent with the positions indicated in Figure 53, D. pinicola is one of the ms
primitive members of the subgenus Drosophila, but it can no longer be consider
as near the primitive for the genus as a whole.

The position of the Hirtodrasaphila must remain uncertain. As presently clas-
sified, they are almost surely a pmy phyletic group. If suhgoner\c boundaries are
zonored and the individual species placed as their characteristics would scem 1o
indicate, duncani would be derived somewhat earlier than Dorsilopha, pictiven
tris at about the level of Dorsilopha, thoracis near Mycodrosophila, and histrio-
ides ot the level of the irmmigrans group. It would appear that the subgenus
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H z:lm’rocophit'a is badly in need of revision. Until it kas been re-evaluated, these
species cannot be placed in the phylogeny of the genus.

Genotypic histories—Once pnv\ngendlc rC]au(msths @ been indicated, final
cvaluation of the phylogeny is made through tracing the history of genotypic
change for the individual characteristics. These analyses have the formal purpose
of detecting inconsistencies and providing additional insight into the type of rela-
tionship which exists between the different groups. Since the genotypic histories
for all characteristics follow substantially the same pattern, only one will be
covered in any detail. Sufficient data have been provided in cai
that the reader may Jdevelop the others if this seerns desirable.

As described earlier, phylogenetic aualysis proceeds backwards froVr the geno-
types of the species in a group, From these genotypes, the genn(v composition
of the stem population of the group is inferred, and so on uniil the stem popula-
tion for the genus is reached. The summation of the analyses for all individual
characteristics defines au evolutionary series of populations, the major genotypes
potential within their gene pools, and the major changes which 100k place in these
gene pools as subpopulations diverged from each other. Once this outline is com-
plete and the major pathways of evolution established, the genotypic histories
for individual characteristics may be traced, starting with the probable genotypes
potential within the stem population for the genus, One of the more simple
quences of change, that involving the cjaculatory apodeme of Sophophoran spe-
cies, has been diagrammed in Figure 54, If this figure is read from top to botlom,
the phlyogenetic analysis based on the characteristics of the ¢jaculatory apodeme
is followed. I it is read from bottom to top, the history of genotypic change is
raced. The sequences leading to the terminal species of the subgenus Drosophila
have not been included, although a much abbreviated summary for some dis-
tinctive types has been shown to the left-center in the figure. Since the method
of phylogenetic analysis has already been described, this aspect of the figure
will ot be discussed. It should, perhaps, be emphasized, that the sequence of
populations shown in Figure 54 is that determined by the fotal analysis and not
just by the analysis of the ejaculatory apodeme.

In Figure 54, genotypes are shown figuratively by the phenotypes which they
determine. At each level, an array of genefic variability e sted, and an array of
phenotypes own. It is not intended that these be considered the only geno-
types pownuLl in these popnlations. They are simply the genoty pss which may
be inferred to have been present then. When genctypes are shown as being
perpetuated unchanged (solid arrows), it should be inferred that later genotypes
were homologous in the sense defined earlier, but they were not necessarily
completely identical with similar genotypes shown elsewhere, In most cases it
seems probable that by far the major fraction of the genes comprising a given
genotype were derived unchanged from ancestral gene pools. When new geno-
types are indicated as originating (dashed arrows), most of these will have arisen
by simple modification of a pre-existing genotype, not by a complete veplacement
of genes at all loci which iniiuence the characteristic. A single possible exc
to this will be nated later. Only the more general of the major genotypes are -
included in the figure. The corplete array of variability, reflecting both the dif-
ferent ways in which these genotypes may be integrated with other elements of

eption
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Available evidence suggests that the stem population for the genus was heter-

ity by mutation, can be
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ozygous for the genoiypes potentially capable of determining the array of types
imdicated at the bottom of Figure 54. Although it may not be obvious {rora the
figure, the major difference between these types is a quantitative one in-
wolving the degree of chitinization of the ventrel surface of the cjaculatory bulb.
Weak chitinization produces the form shown at the left, and stronger chitinization
produces that form shown at the right. For simplicity, the gene pool at this time
may be visnalized as including a complex of genes, with the “average” genotype
producing a moderate amount of chitinization. Other genotypes are potential and
probably recur at reasonable frequencies. Individuals whose genotypes incorpo-
vote a preponderance of “mibius” modifiers will have ejaculatory apodemes
proaching the type shown to the left, and those incorporating a preponderance of
“plus” modifiers will have an apodere approacking the type shown to the right,
As this population, or its subpopulations, continues 0 evolve, s¢lection may oper-
ate to swing the balance in efther direction, or this section of the gene pool might
be retained with only slight or no changes in frequency of the individual alleles in-
volved. The subpopulations from which the subgenus Pholadoris was derived re-
tained substantially the same type of heterozygosity as has been visualized for the
stem population for the genus. Some species derived from the Pholadoris stem
have established one or another of the genotypes, apparently very little modified,
from the stem population. The difference between the Y-type of apodeme seen in
some of these species, and the type shown to the left in the stem population for the
gonus, is primarily one of drawing perspective rather than of marked difference
in structure. One of the types sesn among the species of the vi
however, a radical departure from previous types.
with a dashed arrow, which is somewhat unrealistic in the p
victoria type of apodeme probably rellects a major reorganization of the genotype.
Its antecedents are probably to be sought in a heterozygous gene pool which has
since undergone reorgaunization with the addition of new genetic variabili
rather than in some specific genotype which has been perpetnated and modified
by the substitution or addition of a few genes.

During the continued evolution of the stem population for the genus ancestral
heterozygosity was perpetuated, but the characteristics of the gene pool were being
changed through the addition of new genetic variability. Genotypes for a new
type of apodeme, with a flattened plate and the handle displaced slightly toward
the center, became potential at about this time. Thus, the next major gene pool
{second from the bottom in the center) has a more extensive array of potential
genotypes. The stem populations for the subgenus Drosophile, the subgenus
Sophophora, and the genus Chymomyza may all be iraced back to this popula-
tion, and. each of these stem populations included a somewhat d
(shown by brackets in the figure) of the genotypic variability potential at this
time. The breadth of the sample itself is rather indefinite. Each stem population
probably started with approximately. the total array of variability but then
passed through a phase during which there was restriction toward the particular
genotypes actually detected as potential in each ope. In few, if any, cases has -
such restriction been severe enough to coraplelely evase the ancestral heterozy-
gosity, at least in the major sten1 populations, It simply has limited the variability

o

et “sample’
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somewhat, with further evolution of each stem being hased on the ancestral
genotypes which have been retained.

Sometime during the early evolution of the Sophophoran stem. population,
genotypes leading to the very heavy chitinization of the apndeme became prom-
inent. Both the Chymomyza stem and populi appear to have arisen before such
genotypes reached great significance. If they arose after this change was under-
way, subsequent evolution in each of these stems involved fixation of genotypes
for the more weakly chitinized types. Also during the early evolution of the
Sophophoran stem, genotypes capable of producing the obscura type of apodeme
became potential, and it wae approvimately at this time that the saltane-veilli.
stoni, melanogaster, and obscura stem populations became distinct. Again, evo-
fution of each stem population resulted in the retention of a somewhat different
sample of ancestral variability. Evolution of the ster: population of the obscara
group apparently involved strong homoselection and virtual
genotypes producing the obscura type of apodeme. Parventhetically, almost all
characteristics of the species in the obscura group show this same thing.
internally and externally, these species are unusually uniform, suggesting that
the stem population for the obscura group passed through a phase during which
a severe restriction of its genetic variability occurred. Among the characteristics
treated here, only those of the testes suggest a retention of ancestral heterozy-
gosity. Evolution of the stem populations for many groups has involved homo-
selection woward one or aother genotype, but only rarely has it involved any-
hing approaching the almest total restriction indicated for the obscura stem.
One other group in the whole genus, the virilis group, shows a similar pattern,
and there restriction was by no means so extreme.

In the stera popelation for the melanogaster group genetic variability was re-
stricted to the more derived genotypes. Species from this group show one or the
other of the two types of apodemes indicated in the figure as potential in the stem
population. In the saltans-willistoni stem population the more primitive of the
available genotypes were retained, and this condition continued to exist until
after this population had become subdivided into the stem populations for the
saltans and the willistoni groups. During evolution of the willistoni stem these
genotypes were retained substantially unchanged, and one or the other of them
predominates in the gene pools of the individual species of the group. During
the evolution of the sdlmns steyn population, medifications were added, and a
new and distinctive array of types

The genotypic changes wh
lation of the subgenus Drosophile will not be described in detail. Only those types
which tend to justify inferences as to the basic genotypes are included in the
figure, Thus, the existence of such types as are seen in species of the bromeliae
and nannoptera groups suggests that genotypes producing weak chitinization
were retained in the subpopulations leading to these groups. The basic spoon
type of apodeme originated prior to the origin of the stem populations leading to
Scaptomyza and to Zaprionus. It was subsequently much modified during the
evolution of the quin stem, but it is seen relativ fitile changed in poly-
chaeta, tumiditarsus and in species from the subgenus Phloridosa. The gen al
patlern of change, while irvolving the origin of new and distinct types, is the

seen among these species.

occurred during the evolution of the stem popu-
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@ for the two major subgenera. At each level some ancestral heterozygosity
vas retained. The “replacement™ of one genotype by another was a long and
gradual prut. s, and the array of ancesiral variability which was retained made
very si ibutions te the characteristics of succeeding lati and
1o the phenotypes of species derived from them,

General pattern of evolution in the genus Drosophila—The earliest identifiable
population contributing to the evolution of the genus Dresophila was heterozy-
sus for genotypes influencing most, but probably not all, of the characteristics
cluded in this study. These various genotypes (for the individusl character-
) wers eprm.mmb ategrated inlo a general population genotype which, by
inference from current population studies (e.g.. Do bzlmmk), 1955; Lerner,
1954, 1958), was in 4 state of dynamic balance. Its continuing adaptation de-
pended on the retention of heterozygosity, and hence genes potentially capable
of heing integrated in many other ways were mainttained in the gene pool. These
individual genes were retained as part of a balanced system, and selection oper-
ated to perpetnate thi: tem. During the course of evolution, however, this
population or some of its subdivisions encountered adaptive situations which re-
sulted in the restriction of their genetic variability. In such cases heterozygosity
at some loci was lost or sharply reduced, and these more nearly homozygous
genotypes could be of many types. Thus, the original population was capable
of meeting adaptive situations either by the retention of heterogygosity through
changes in balanced gene complexcs of through the generation of a multiplicity
of adaptive types depending in part on homozygosity. Since well over 900 species
of Dirosophila alone (Wheeler, 1959) have been produced through evolutionary
<1eve‘0pnmnl from this population, it is hardly surprising to find that it had
properties giving it the potential to undergo rapid adaptive change.

Most of the ancillary stem populations show evidence of a restriction of heter-
ozygosity relative to the major population from which they originated. In
vetrospect, it is not possible to determine whether this restriction was an immedi-
ate consequence of the speciation process which produced the stem or whether it
occurred at some later time. All of the major stem populations did, however,
retain some degree of genetic variability. This tends to give the impression that
speciation processes have rarely involved a sharp reduction in heterozygosity.
Such an illusion, however, results from the fact that the data from which this
inference is drawn come onl" from living species. Al any time level one or more
populations were probably adapled through retention of a heterozygous gene
pool. In addition, several or mauy others were adapted, probably as more spe-
cialized forms, through homozygesity. Few of these speciali
vived 10 the present, either as isoluted species or as sharply defined species groups.
"This should not mean that they were not produced, however. In the absence of
fossil evidence we cannot know how many such types existed, but it seems
probable that some were present at all levels and that the frequency of such
forms among living spe 1l be greatest among groups derived latest in time.
Thus, the species groups in the subgenus Sophophora are compact, with most-
of the older intermediate forms or highly specialized types eliminated. Con-
versely, the subgenus Drosophiila appears highly complex because it originated
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much later in Lime, and many of the more specialized types remain as isolated
or semi-isolated species or clusters of species.

Probably as sult of the pruning effec
the subgenuis Sophophora ave quite clear, and they can best be illustrated by
considering the three major stems individually. The obscura stem, for example,
underwent a period of extreme homoselection at some time during its early
history. This period was probably followed by a slow increase in heterozygosity
through the integration of new genes into the gene pool. As the capacity of the
gene pool to generate a diversity of adaptive genotypes increased, the polentiality
resent, this group appears

of time, evolutionary trends within

for the production of new specias also increased. At
1o be in a proliferative slage following a period of stasi: mr!ured ‘uv an earlier loss
of evolulionary petential threugh homoselection:

The population leading to the melanogaster group did pot & p(.lienb'ensu(‘b an
extreme reduction of heterozygosity, but there was a considerable restriction of
genelic variability relative to the [‘()phldf]()n from which it was derived. However,
since it did retain some heteroxygosity, it did not completely lose, and henee have
to regain, its evolutionary impetus. Prior to the origin of the subgroups, sufficient
time elapsed to allow stabilization of the genotypes which contribute to the dis-
tinctive phenotypes common to all members of the group (antero-postero orienta-
tion of the testes, etc.), and to m.-)ke possible the integration of some novel geno-

which are common to species in several of the |hgmuns (rhe G‘Hlﬂlg(‘d
v ejaculatory duct, the peculiar anterior pupal spiracl
group shows a history of slow change, with the gradual incorpo

The popnlation leading to the saltans and willistoni groups also rel
heterozygosity, and, like the stem population for the melanogas
through a stage d\mnn which new genotypes (e.g., for the saltans-willistoni type
of ventral receptacle) became fixed. If much pr'o iferation occurred during this
time, the products have not survived or have not been included among the species
used in this study. Evolutionary potential gradually increased, and the earliest
subdivision resulted in the establishment of the stem populations for the saltans
and willistoni groups. With time, each of these stem populations acquired a more
extensive array of polential genotypes, since many of the most distinct teatures
of species in the 1wo groups appear to have originated after their stem popula-
tions became independent of each other.

Thus, after its origin from the major heterozygous population, the stem pop
Jat f0r the subgenus éopr()phuru underwent, p"\ﬂs duriug which its genetic
variability was somewhat restricted. During this period some uew genotypes
were incorporated inte the gene pool (as is illustrated, for example, in Figure 54
for characteristics of the ejaculatory apodeme), and many others were substan-
tially fixed (e.g., those for the free condition of the posterior tips of the Mal-
pighian tubules). Still others were retained as potential in the more strongly
heterozygous portion of the gene pool. Further evolution from this stem popula-
tion resulted in the establishment of three new stem populations, and the genetic
variahility in each of these was restricted once again. From this point, continuing
evolution in each stem population invelved the integration of new genes and the
nal increase of heterozygosity to a level whick has allowed rencwed pro
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liferation and the generation of clusters of species vather sherply distinct from
each other. The general pattern is oue of adaptation threugh mild homoselection
(probably) tc a general adaptive niche, followed by specific adaptation of inde-
pendent subpopul
homoselection. Once established in these environmental niches, continuing evolu-
tion of each subpopulation involved the slow regeneration of heterozygosity, and
this has made possible a new expansion or radiation from these types. At the
present time most of the proliferation of Sophophoran sp s probably based
targely, but not exclusively, on new genetic variability which has been acquired
since the stem populations became independent of each other. The pattern of
evolution in the subgenus Sophophora more closely approximates the classic
model of evolution discussed earlier (Figure 47, left) than does that of any other
group in the genus, The resemblance, however, is superficial, sitice some ancestral

ations to more restricied enviranmental niches by more extreme

heterozygosity has been retained at all levels, In this subgenus, the appearance
of classic evolution results from the effects of time on the availability of living
apecies for study. It is not actually a " of evolution Jing after

the classic pattern.

The evolution of the Drosophila branch of the genus has been in marked con-

trast with the Sophophoran pattern. Evolution here has been based on the per-
petuation of the heteroz stern. population itself. Insofar as can be judged
from the analysis of characteristics used in this study, the stem population lead-
ing 1o the subgenus Dr osupliile tever expedienced a sharp reduction in heterozy-
gosity. Instead, one heterozygous genotype was gradually replaced by another,
wwith, if vmylhmy a shight 1 increase in genetic v»lr.a_b)ln\ That is, new genotypes
appear to have been incorporated somewhat more rapidly thau older ones were
lost. Tt is as if, through being highly heterozygous, the gene pool had a greater
capacity for integrating and retaining new gemes. This is probably in part a
reflection of the environmental opportunity open to the population. A heterozy-
gous population will be able to exploit a rich environment more fully, and such
a population might also be able to increase its genotypic versatility until it effec-
tively saturates all available sub-niches open to it. Thus, this stem population
may have had many of the characteristics described by da Cunha, et al. (1959)
far populations of willistoni, and for much the same reason.
From time fo time, more restricted subpopulations have separated from the
wmajor stem. In most of these cases (e.g., Scaptomyza, Zaprionus, etc.) reduction
in ]101.(‘,1‘Olyg()sll} wwas ouly partial, as was the case for the stem population of the
cubg(\nuﬂ Sophophore. Further evolution in these side branches also appears to
have followed the brphophrn an patlern in its general features. That is, there
has been a period of adaptive restriction of the genotype during which the gene
pool is reintegrated to produce a new and distinct population genotype. This
period over-laps one during which new genes are integrated into the gene pool,
and subsequent evolution depends both on retained ancestral genotypes and on
new genotypes which are slowly being generated through new mutation and
recombination.

At arelatively late time, the major stem population hecame subdivided almost -
equally (in terms of the gene content of the resulting gene pools), and both of
the major subunits underwent some restriction of genetic variability. This di-
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was not abrupt, and many of the intermediate types still remain. The
major subpopuls er, constituted the stem populations for the virilis-
repleta and the quinari stions of the subgenus Drosophiia. As they diverged
# stabilized in each. and
different samples of ancestral variability were retained in each. The prolifera-
tion of new adaptive types apparently continued almost without interruption in
each branch, and thus there is considerable over-lapping of character distribu-
tions for groups derived neav the time when the initial divergence was occurring.
Therefore, the phylogeny of this subgenus has a much more “brushy” appear-
ance than does that of the subgenus Sophophora. This may he due, in part, to the
zact that these groups originaied relatively recently. However, it is probably also
due to the fact that these stom populations were more highly Letetizygous than
were the early anes, and the adaptive restriction of ancestral variability in most
of their subpopulations was less extreme. It probably also reflects the expansion
of these subpopulations into a new, relatively rich and unexploited geographical
area. Although such speculations must be extremely tontative, it seems probable
that the original stem population developed in the old world. At a rather late
time it was able to expand rather rapidly into the new world, and this firs
expansion may possibly have formed the virilis-repleta stem population. The
major stem population continued to evolve in the old world and at a later time
a new wave of expansion occurred which brought the stera population for the
inaria section 1o the new world. It is tewpting Lo speculate that the “first”
expansion occurred during an carly interglacial period. A succeeding glacial
episode isolated a new- and an old-world complex and these evelved independ-
enily of each other with the new-world complex being the virilis-repleta sterm
and the other the major stemn population for the genes. n a later interglacial there
was another major expansion of the stem population into the new world with,
perhaps, a minor countermovement of some populaticns (from the robusta group,
for example) back to the old world. There were almost surely other minor ex-
changes in both directions. YWhen more of the Asian groups have been incorpo-
rated into the general phylogeny of the genus it will probably be possible to
arrive at more reliable conclusions regarding the patterns of dispersion which
have contributed to the present disiribution of the species in the genus. Until
then, very little can be said, but it does seem almost certain that the development
of the early stem population for the subgenus Drosophila occurred in the old
world. The new-waorld complexes of species are probably the result of the ex-
plosive radiation of new adaptive types into an unexpleited geographical area
rathier than the result of evolution in situ.

n summary, during the evolution of the genus Drosophila the major evolu-
tionary potential was retained primarily in one population which had continuity
in time. Almost all major groups (Pholadoris, Sophophora,” Seaptomyza, etc.)
were derived at different time levels from this population.'During or following
their separation from the major stem, these populations passed through a phase
of genotypic restriction, but the major population itself retained, and probably
increased, its level of heterozygosity. Proliferation from muost of the divergent
branches waé somevwhat reduced, and none of them have produced as great a
rumber of descendent species as has the heterozygous stem. It is probably no

Hons, how
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coincidence that the stem popuiation which retained the h]phm degree of hetero-
zygosity also retained the greatest evolutionary potential. It is of interest to note
that the stem population was also the population which vetained the primitive
karyotype for the genus (see Patterson and Stone, 1952, for published karyo-
types). It is probable that the primitive karyotype (five rods and one dot chromo-
some) exhibits a higher degree of recombinational plasticity than do the more
derived configurations involving fusions and consequent reduction in chromo-
some number, Recombinational plasticity has probably contributed markedly
to the generation of adaptive genotypes and hence to the evolutionary potential
of the groups which have refamed the primitive karyotype.
the ancestral karyotype has not, in itself, been sulficient to give evolutionary
I s, and heterozygosity alone (ie., in a situation where recombination is
sharply limited by inversions, etc.) would not be expected to induce rapid change.
Thus, the distinctive properties of the stem population have probably resulted
from & balance between heterozygosity and recombinational plasticity. Too little
of either has been accompanied by a loss of evolutionary potential.

Summsry anp Conerusion

Dunng the earlier discussion and development of a method for phylogenetic
analysis two major assumptions were made. The first of these was that genetic
hange during evolution is of necessity so slow that genes present in the gene
pool of a population will be, for the most part, unchanged veplicates of those from
an aricestral population. Regardless of the population phenotype al any one time,
a heterozygous gene pool will include within it many potential genotypes, and
one or another of these may be expressed as a result of the reintegration of the
gene pool which occurs when a population adapts to changing o changed en-
vironmental conditions. When the gene pool of a population changes with iwe,
one array of potential genotypes only gradually 1‘eplaces another through the
integration of new genes into the gene pool and the loss of others, Between any
two succeeding levels in time the arrays of potential genotypes will have more
i s than differences.
ond assumption which was made was that heterozygous population:
may become subdivided, and their subdivisions may become evolutionarily in
pendent, without completely losing their heterozygosity. Adaptive changes
initiated by cach new subpopulation may, and often dopcrw} on genotypes
potential at the tirae of divergence. Thus, since the number of potentially adap-
genotypic combinations inherent in a given gene pool will be limited, it may
be expected that certain phenotypes will recur among species derived from a
common ancestral gene pool. Newly integrated genes may also make some con-
tribution, but their effects on the characteristics of the population will be rela-
tively much smaller than those of the ancestral genotypes.

For simplicity, two extreme

tierns of evolution were visualized and con-
trasted. In the f{irst, the classic pattern, evolutionary development proceeds
through fixation of genotypes at each level, with subsequent change completely
dependent on new genotypes which arise through mutation. In the second, the
dynamic pattern, evolution proceeds from populations which have retained at
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least some, and often much, heterozygosity. Thus, at any level, evolutionary
change will depend both on ancestral variability and on mutation, with new
mutations playing a much less significant role than they would under the classic
systew. Evolutivu folluwiuy either of these patierns miglit be expected W occur
at some times or in some groups, and the character distributions produced by
each would be distinctive. Thus, the pattern of distribution of different character-
istics among species for which an objective phvlogenv ilable will indicate
the evolutionary sysiem which operated to produce that distribution. This type
of correlation was mdde using the cytological phylogeny of the repleta complex,
and the result of the dnaly indicated that the combinations ol character: 3
seen among these species could only have been produced i the evolution of the
complex had followed the dynamic pattern, Particular characteristics sere dis-
tributed among these species in s way that their ¢rigin cduld not plausibly
be atiributed to convergent evolution (the origin of identical phenotypes through
new mutation). It was therefore necessary to develop a method of phylogenetic
analysis which could indicate species relationships regardless of the pattern of
evolution of the group.

One feature which bath the classic and dynamic patterns of evolution have in
common is that genotypes for derived characteristics must develop from a hetero-
zygous gene pool. Regardless of the pattern of evolution, the transition from a
primitive to a derived genotype must involve temporally intermediale heterozy-
gous populations. The rence between the two types lies primarily in the
duration of the heterozygous period and in the refationship of this period to the
speciation events which nuua(P phyletic lines. For the classic system, the hetero-

zygous period must be relatively short and interposed between speciation events,
Tor the dynamic system, the heterozygous period may be very long, and it may
span many speciation events. Hence, phylogenetic analyses may be made lhumgh
identification of the ancestral, heterozygous populations which are common to
two or more groups of species, Common possession by two species of a given
characteristic indicates onlty that they are both derived from the same ancestral,
rozygous population, and by working backward from the species groups these
heterozygous populations may be defined for each individual characteristic. Since
the direction of evolution may he determined for mast characteristics, and since
most characteristics pass through sequences of change, a series of heterozygous
populations is ultimately recognizable. The us species groups are shown to

be related through nrigin from one or another of these populations,

When this method of analysis is applied to the genus as a whole, a phylogeny
is developed which is broadly consistent with earlier phylogenies. All groups are
found to be smoothly interconnected by heterozygous ancestral populations, and
the general pattern is that predicted if evolution has followed the dynamic rather
than the classic system. Within this pattern, no single instance of true conver-

gent evolution is recognizable as such. The major potential for the evolution in
the genus has come from one heterozygous population which had continuity in
time. At various levels, ancillary stem populations have developed from this
population. In most cases, the genetic variability m these stem populations has
undergone some restriction, Almost all stem populations retained some heterozy-
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7, however, and as a geneval rule the more heterozygous populations have
le-iti.he greater number of descendant species

During the evolution of the genus, adaptive change appears to have been of
two types; that invelved in the perpetaation of Uhe major stewn population and
that involved during the establishment of ancillary populations. The two Lypes
of change are not mutually exclusive and should not be sharply differentiated.
The major stem population changed through the slow replacement of one (pre-
sumably) balanced heterozygous system with another. Neither the loss of older
genotypes nor the gain of new ones was precipitous, and many ancillary stem
populativas originated from this population as the stow replacement of one geno-
type with another procecded. Thus, a considerable array of genotypes, both heter-
szygous and homozygous, were potential in this gene pool at all times. Since
many genotypes remained potential over Jong periods, it may be inferred that
the continuing reintegration of the population genotype depended more heavily
on frequency changes of alleles already present than on substitution of new genes,
Such substitution did occur, but it was neither extensive nor rapid.

The second type of change, that involved during the establishment of ancillary
i entailed an adaptive restriction of genetic variability. It would
appear that, during or following their separation fror the major stem population,
adaptive reintegration of these gene pools occurred under conditions which en-
forced higher degrees' of homozygosity (or less helerozygosity). In these in-
starices, tixation or loss of genes may have been quile rapid, but the genes involved
for the most Cpart, ancestral genes and not genes newly arisen by mutation.
t cases the restriclion was not severe, with the individual genotypes for only
ics becoming fixed. In some instances, however, il was pro-
nounced, and ancestral variability was virtually erased. Overlapping and follow-
ing the period of genotypic vestriction, independent evolution of these ancillary
populations proceeded much as did that in the major stem population. The older
genotypes were gradually replaced by new ones, and other subpopulations were
derived from them, again mostly through restriction of the genetic variability
present in the population from which they originated.

The total pattern of evolution which can be derived from this phylogenetic
analysis is, therefore, entirely consistent with the better documented elements of
current evolution theory. This patiern of evolution depends almost entirely on the
stability of the genetic material, on the capacity of the population gene pool to
xvlain genetic variability, avid en recombinational plasticity swhich allows distinct
rotypes to recur and be reintegrated with different genotypes at succeeding
IGV vels in time.
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APPENDIX

List of specis d strains used, together with their collection numbers, local-
ties and classification. Locally collected species, or strains not kept at the Uni-
ty of Texas Laboratories, are listed without collection nnmber:

Collegtion.
Species namber Locality

v: DROSOPETLADAR.
Genus: Drosophila

bgenus: Proranonis
victoria group

victoria Sturtevant L San Andreas Can., Calif.
pattersoni Pipkin 20033 Beirut, Lebanon
eovacina group
cancellate Mather 2372.1 Queensland, Australia
lativittata Malloch 23724 Queensland, Australia

nevopaca Mather 2372.7 Queensland, Australia
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Collertion
wmiber Lacality
latiasciacformis Duda H754

Bryani group ;
bryani Malloch 2535.2 Ponape, K. Caroline Ts.

Subgenus: HirroprosopHILA |
duncani Sturtevant 2311.9 Lake Wales, ¥lorida ;
pictiventris Duda 2964.40 San Andres Tuxtla,

. Veracruz, Mexico
thoracis Williston H400.40 Talmar, Costa Rica
histrioides Okada and Kurokawa 25314 Irika, Japan

Subgenus: Dorsiorsa . ',
buschii Coquillett H360.127 Boguele, Pangma ;

Subgemms: SorHorHORA . ,
‘populi Wheeler and Throckmorton 3000.8 Anchorage, Alaska™ '

shacura group o

ohscura subgroup
pseudoobscura Frolova 2258.1 Zimapan, Mexico
nilis Dobzhansky and Epling 2529.6 Eritish Golumbia, Canada
miranda Dobzhansky 2529.5 Big Basin, California
ambigua Pomini 2529.7 England
affinis subgroup
affinis Sturtevant 2069.2 Hasti Nebraska
algonquin Sturt 2528.5 ]mn River, Wisconsin
narraganset! Sturievant aud Dobzhansky 2528.9 a National Forest
tolteca Patterson and Maknland ¥1316.1 ettt Colombia
athabasca Sturtevant and Dobehansky 25282 Chebo; Michigan
cteca Sturtevant and Dobzhonsky 2266.3 Chilpancinga, Mexico

melanogaster gravp
melanogaster subgroup
melanogaster Meigen
simulans Sturtevant
yahuba Burla
takahashii subgroup
takahashii Sturtevant
ananassae subgroup
ananassae Doleschall
bipectinata Duda
montium subgroup
rufe Kilkawa and Peng
nikananu Burla
errate Malloch
auraria Peng
seguyl Smart
khawai Burla
villistoni group
paulistorum Dobshansky a
equinozialis Dobzhansky
tropicalis Burla and da Cunha
willistoni Sturtevant
Wheeler and

sucinea Patt n and Mainland
nebulosa Sturtevan
changiinolne Wheeler and Magalhaes
capricorni Dobzhansky and Pavan
fumipennis Duda

Oregon R

8.3

2374.6
23634

H758

271’)

2372.8
1736.1
23714
24016

1057.2
25333
1975.1
20268.20
H407.164
2260.1
2373.9
HA03.11
H338.2
H24.10

Zamorano, Honduras
Tvory Guoast, Alrica

Nepal

Heredia, Costa Bica
Nepal

Hangchew, China

Trory Coast, Africa
Qneenstand, Australia
avgchow, Chiva

Tvory Coast, Africa

Booyal, Queensland, Austratia

RBelom, )ln'nl
Teffe, B
Belem, Br alll

Boquete, Panama
Huanchinango, Mexico

Sao Paulo, By d,xl
San Salvador, El Salvador
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Species

Coliection

sultuns group
cordata subgroup
neocordaro Magathaes
elliptica subgroup
neoelliptica Pavan and Magalhaes
emarginate Sturtevant
sturtevanti subgroup
sturievanti Duda
milleri Magalhaes
perasaltens subgioup
subsaltans Mageathacs
parasaltans Magathacs
saltans subgroup
lusaltans Magalhaes
nigrosaltans Magalhass
pseudosaltans Magalkiacs
austrosaltans Spassly
saltans Sturtevant
septentriosaltans Magalhaes
prosaltans Duda
Subgenus: DrosovmIra
repleta section

lis group
virilis Sturtevant

americana Spencer

névamezicana Patterson

littoralis Meigen

ezoana Takada and Okada

montana Stone, Griffen and Fatterson
flavormontana Patterson

lacicola Patterson

borealis Patterson

robusia group
lacertosa Okada
colorata Walker
sordidula Kikkawa and Peng
robusta Sturtevant

micromelanica Pattorson
melanica Sturtevant
paramelanica Patierson
euranotus Patterson and Ward

nigromelanica Patterson and Wheeler

snnalimana group
gibberosa Patterson and Mainland
species B
species
species D
species E
eanalinea group
canalinea Paterson and Mainland
paracanalinea Wheelor

2536.7

2536.5
H158.2

2374.3
12917

9536.2
2536.1

411,20
H360.92
25

.10
2536.4
H180.40
H103.21
H176.23

Boa Esperanca, Brazil

Sao Prulo, Brazil
Turrialba, Costa Rica

Mato Grosso, Brazil
El Yunque, Puerto Rico

Beler, Brazil
Usupes, Brazil

Petionville, Haiti
Boquete, Panama
Sao Paulo, Brazil
Pirassununga, Brazil
San Jose, Costa Rica
Sevilla, Colombia
San Isidro, Costa Rica

Texmelucan, Puebla, Mexico
Tackson, Micigan

Cliff, New Mexico
Swilzerland

lton, Colorado
Ely, Minnesota
Ttasca Park, Minnesota

Usu, Japan

Petosky, Michigan
Sapporo, Japan
Jamestown, South Carolina

ora Canvon, Arizoua
#, New Mesico
Smokemont, North Carolina
Saint Louls, Missouri

Cold Spring Harbor, N.Y.

Mexico

Volcan Baqueron, EI Salvador
La Palma, El Salvador
Turrialba, Costa Rica

San Salvador, El Salvador

Minatitlas racruz, Mexico
Hardware Gap, Jamaica
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Sp

dreyfusi group
camargoi Dobzhansky and Pavan
briegeri Pavan and Breuer
mesophragmatica group
gaucha Jaeger and Breuer
pavani Bracic
repleta group
mulleri subgroup
aldrichi Patterson and Crow
anceps Patiersou and Mainland
arizonensis Pattersou and Wheeler
buzzatii Palterson and Wheeler
eremophila Wasserman
hamatofils Paverson and Whesler
longicornis Palterson and Wheeler
martensis Wasserman and Wilson.
smeridianu Patterson and Whedlos
meridionalis Wasserman
mojavensis Patterson and Crow
rudleri Sturtevant
nigricruria Patterson and Mainland
pachuca Wasserman
pegasa Wassermar
peninsularis Patterson and Whoelar
promeridiana Wasserman
stalkeri Wheeler
fire Wasserman
fasciola subgroup
fulvalinenta Patterson and Wheeler
fasciola Williston
corcica Wasserman
pictilis Wasserman
pictura Wasserman
fascioloides Dobzhansky and Pavan
moju Pavan
mojuoides Wasserman
mercatorum subgroup
mercatorim Patterson and Wheeler
paranaensis de Bavros
melanopalpa subgroup
fulvimacula Patterson and Maialand
fulvimarulvides Wasserman :nd Wilson
limensis Pavan and Pattergon
repleta Wollaston
canapalpa Patterson and Mainland
melanopalpa Patterson and Wheeler
hydei subgroup
nigrohydei Patterson and Wheeler
bifurca Patterson and Wheeler
eohydei Wassermau.
neohydei Wasserman
hydei Sturtevant
ot placed in subgroup
serenensis Bracic

Collegiion

usber

H231.10
11322.5

H347.1
H347.6

2552.1
1808.4B
2156.4
2003.10
H381.22A
1981.1

2521D.2

A24
H122.16
H346.43

H27.2
H109.28
H181.43
H303.8
H107.7

2507.7
H378.6

2251.8
2157.15

2510.1

A2 X A8.10

H191.67
H207 26
2360.3b

2364.1

Locality

Georgetown, British Guiana
Dalmira, Golombia

Rio Grande do Sul, Brazil
Santiago, Chile

Austin, Texas
Gaxnon, Mo

Acatlan, Puchla, Mexico
Tort Davis, Texas

Austin, ‘oxas

Santa Marta, Golombia

Wadd anal Zona

Angra dos Rels, Brazil

Chocolate Mts., California

ew, Florida
Polnira, Colombia
Sapn Petershurg, ¥
exico, 1).F

Patagonia, Ariz
St. Lucia, B.W
Coroie a. Boliv
huela, El Salvador
Port of Spain, Trinidad

Barro Colorado, Canal Zone
Las Cruces Trail, Canal Zone
Arima Valley, Trinidad

Angra dos Reis, Brazil
Minatitlon, Veracruz, Mexico

T.as Crucos Trail, Conal Zove
ialba, Costa Rica

Ramsey Canyon, Arizona

Antigua Road, Guatemala
Patagonia 3 Klondike, Ariz.
Bucaramangs, Colombia
Carpentaro, Venezuela
Gave Creck, Arizona

Chile
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Collection
Tocality
ungnuped spu‘x«s near repleta group
castanea Patterson and Maiafand H360.24 Boauete. Panama
species ' ¥407.140 Boguete, Panama
peruviana Duda HI81.41 Barro Colorado, Canal Zone
species G- 250720 Angra dos Reis, Brazil
species 11 H194.8 Villavicencio, Colombia
aureata Wheeler H180.42 San Jose, Costa Rica

bromelise group
spocies I
naumoptera gronp
rannoptera Whecler
poly

haeta group
polychaete Patterson and Wheeler
yuinaria section
immigrans group
hypocausta Osten-Sacken
spinofemora Patterson and Wheeler
immigrans Sturtevant

funebris group
macrospina Stalker and Spencer
stbfuncbris Stalkor und S

Juareol

wcer

«is Fabricius

quinaria group
innubila Spencer
quinaria Loew
rellima Wheeler
falleni Wheeler
phalerata Meigen

ntalis Spencer

species J

tenebrosa Spencer
Si

transversa Fallen

subpalustris Spencer
pali
suttifera Walker

testacea von Tos
putride Sturtevant

callopter
ornatipennis Williston
calloptera Schiner
schildi Malloch
guarani group
guaramuny subgroup
guaramunu Dobzhansky and Pavan
griseolineata Duda
zuaraje King
guarani subgroun
guarani Dobzhansky and Pavan
subbedia Patterson and M

group

nland

H435.21

11381.6

2502.5
2372.16
2321.9

178412
21813
2082.1

2076.8B
1753.7
2068.9
1062.6

2271.1
22113
H407.20

2211.2
2262.24

Te

, Colombia
Acatlar, Puehla, Mexico

Leti

s, Colombia

Ponape, E. Caroline Is.
Queensland, Australia
Cross Ancher, South Carolina

M
Willow Creel, Calmxrnm
Minnoapol:

Durang

ic, Minnesota

Silver City, New Mexico
T.ake Shetek. Minnesota
Oalkdale, Nobraska
Gt Smoky Mt. N. P., Tean.
Beirut, Leb
B San facinto, California
Cave Greek, Arizona
agle Nest, New Mexico
Aspen, B. G, Canada
England
Georgetown, South Carolina
Bemidji, Minnesota

Toxas

on

Vairhanks, Alaska
Austia, Texas

St Vicente, Cuba
Rio Negro, Colombia
Barvo Colorado, Canal Zone

Brazil
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Species

Gollection

Locality

cardini group
dunni Townsend and Wheeler
belladunni Head and Krishnamurthy
nigrodunni Heed and Wheeler
polymorpha Dobzhansky and Pavan
neomorpha Heed and Wheeler
neocardini Streisinger
parthenogenetica Stalker
acutilabella Stalker
procardinoides Frydenberg
cardinoides Dobzhansky and Pavan
cardini Sturtevant
ungrouped species nicar cardini group
species K
species L
rubsifrons group
parachrogaster Patrexson and Mainland
uninubes Patterson and Mainland
speci
species N
macroptera group
submacroptera Patterson and Mainland
macroptera Pattersom and Wheeler
pellidipennis groap
pallidipermis Dobzhansky and Paven
stripuneciata group
iodiffuse Heed and Wheeler
albicans Frota-Pe:
metzif Sturtevant
albirostris Sturtevant
unipunctata Patterson and Mainland
mediopunctata Dobzhansky and Pavan
tripunctata Loew
trapeza Heed and Wheeler

™

a

bandeirantorum Dobzhamsky and Pavan
paramediostriata Tosmsend and Wheeler

mediostriaic Duda
mediopictoides Heed and Wha
crocing Pattersen. and Mainlaz
ungrouped species near tripunctata group
sticta Wheeler
species not placed in section
aracea Heed and Wheeler
carsoni Wheeler
carbonaria Patterson and Wheeler
tumiditarsus Tan, Hsu and Sheng
Subgenus: PHLORIDOSA
species O
species PP
species Q

eler

2327.1
H356.3d
H2A7.1

23748

H51.10
H339.1

1802.17

2378.3

H407.23
H107.139

1787.3
B407.126

2510.6
H360.21

2522.9
2580.1h

H191.48

H352.4
H209.17
40415
25384
H3#33
2211

2539.
H29.16
H346.42
H254.12
H341.13

H16.28
2551.4
2540.2
1736.6

H444.2B
H444.2C
H444.2D

Genus; Chymomyza

amoena (Loew)
aldrichi Startevant
procnemis (Williston)

25324
2199.9
1782.7

Rio Piedras, Puerto Rico
Hardware Gap, Jamaica
Barbados, B.W.IL

Moutes Claros, Brazil
TLancetilla, Honduras
Angra dos Reis, Brazil
Atlixco, Pucbls, Mexico
$¢. Vicente, Cuba

Coroico, Bolivie

Lago Pigkichmela, El Salvador
Tezuitla, Puebla, Mexico

Boquete, Panitdia
Boquete, Panama

Zacatecas, Mexico
Boquete, Panama
Guatemala
Boquete, Panama

Antigua Boad, Guatemala
Focky Mt Nat'l Park, Colo.

Bucaramanga, Colombia

Ocha Rios, Jamaica

Merida, Venezuela
Changuinola, Panama
Barro Colorado, Canal Zone
Montero, Bolivia

Porita Grossa, Brazil
Austin, Texas

San Selvadol
Coroico, Bot
Mayeguez, Puerto Rico
Vila Atlantica, Brazi
Bogaete, Panamia
Rio Piedras, Puerto Rico

El Salvador

ia

it

Lancetilla, Hlonduras

Santa Tecla, Fl Salvador
Bridgewater, Vermont
Austin, Texas
Hangchow, China

T Golegio, Colombia
Tl Golegio, Golombia
B Colegio, Colombia

Austin, T
Vorgan, Uteh
Durango, Mexico
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Collecti

Locality

Genus: Scaptonyzu
adusta (Loew) 2368.
pallida (Zetterstedt)
2Zhsui Hackman

2532.3

Genus: Zaprionus
23713
19744

Genus: Mycodrosophila
2540.1

ghesquierei Collart
vittiger Coquillett

dimidiata (1.osw)

Gens: Zapriothrica
dispar (Schiiner} 4424
Genus: Gitonz

mericana Patterson
bivisualis Patterson .

Genus: Rhinoleucophenga
obesa (Loew) .

Diastata vagans Loew .
Family: SPHARROCERATIDAE
Leptocera sp.

Family: EPEYDRIDAE
Seatella stagnalis (Fallén}
Discotering obscurelle (Falién)

Family: PURISCELIDAT
Perisoelis anmulata (Fallén}
Fanily: Sersias

Sepsis violacea Meigen.
Sepsidimorpha secunda Melandex and Spaler
Family: CHoropIDAZ

Oscinella carbonaria (Loew)
Oscinella cozendiz (Fitch)
Thaumatomyia glabra (Meigen)
“amily: ANTHOMYZIDAE
Mumetopia occipitalis Melander .
Family: Acromyzivar

Phytobiasp.

Family: AULACIGASTRIDAE.
Aulacigaster leucopeza (Meigen) L
Family: Prorrmmie
Pinphita casei (L)
yliza xanthosioma Walker

Austin, Texas
Austin, Texas
San Jacinto Mts., California

Austiz, Texas

12 Cologsio, Colombia

Austin, Texas

Austin, Texas

Fairbanks, Alaska

Riverside, California

Sau Jacinio Mis., California
Riverside, California

Austin, Texas

Austin, Texas

Austin, Texas
Austin, Toxas

Austin, Texas
Austin, Texas
Austin, Texas

Austin, Texas
Austin, Texas
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