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Abstract—A study of spermatogenesis in relation to phylogeny was carried out by using 78
species from 2 subfamilies, 8 genera and 12 subgenera of the Drosophilidae. Since definitive
spermatogonia dichotomously divide a characteristic number of times during the multiplica-
tion stage, the number of the first spermatocytes per cyst is indicative of the mitotic divisions of
the definitive spermatogonia. Accordingly, the total number of the mitotic divisions can be
estimated from cell counts in the first spermatocytal cyst.

The number of the first spermatocytes per cyst of 78 drosophilid species concerned here can
be classified into 4 regular classes, 64(2°), 32(2%), 16(2*), 8(23) and the exceptional ones. There
is a clear tendency for the number of first spermatocytes involved in a cyst to be largest at the
primitive level, and it decreases with the advancement of evolution in Drosophila.

Index descriptors (in addition to those in title): Spermatogenesis.

INTRODUCTION

THE FORMATION of gametes in animals is normally accomplished by a special series of cell
divisions. Gonocytes first multiply and give rise to spermatogonia. The latter undergo
successively mitotic and meiotic divisions, and a spermiogenic stage.

As reviewed by Courot et al. (1970), every animal species usually has a particular number
of synchronous divisions during the multiplication stage. Fishes have been reported to have
a number of divisions varying from 6 to 13. In birds, on the contrary, the multiplication
divisions are much fewer. Numerous investigations on mammals using different tools have
shown that the number of the spermatogonial generations varies from 4 to 6.

In insects, Virkki (1969) and Phillips (1970) summarized the range in total number of the
multiplication divisions and the number of the spermatozoa, respectively. There are 9-14 in
Odonata (Oksala, 1944; Omura, 1955, 1957), 4-9 in Orthoptera (Robertson, 1931; Powers,
1942; White, 1955), 3-8 in Hemiptera (Schrader, 1929; Reuter, 1930; Hughes-Schrader,
1935, 1946, 1948; Halkka, 1956; Nur, 1962; Dikshith, 1966), 4-6 in Neuroptera (Suo-
malainen, 1952), 5-7 in Coleoptera (Virkki, 1951), 5 in Trichoptera (Lutman, 1920), 5-6 in
Lepidoptera (Cretschmar, 1928; Depdolla, 1928; Kawaguchi, 1928; Knaben, 1931; Oksala,
1944; Virkki, 1963) and, 3-6 in Diptera (White, 1946, 1950; Cooper, 1950; Meyer, 1967).
The dragonflies appear to be a special group in this respect since the number of the divisions
vary both within and between species.

In drosophilid flies, as in most of the other Diptera, there are 2 morphologically different
types of spermatogonia, one of which is characterized by undergoing asynchronous mitoses,
and the other by undergoing synchronous, dichotomous mitoses in the cysts. The latter
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type is called the definitive (or secondary) spermatogonium (Stern, 1941; Cooper, 1950;
Kaufmann and Gay, 1963; Seidel, 1963; Hannah-Alava, 1965). Thus the exact generations
of the definitive spermatogonia can be determined by merely counting the number of cells
enclosed in a cyst of the final generation (Otte, 1906; Cooper, 1950). If 4 synchronous
divisions of the definitive spermatogonia occur, the first spermatocytes enclosed in the cyst,
which are derived from a single definitive spermatogonium, must number 16 (24). Likewise,
when the divisions take place 3 times, 8 spermatocytes should be produced.

A rather small number of reports concerning the number of the mitotic divisions in
Drosophila has so far been published. Cooper (1950) summarized this. Drosophila melano-
gaster has 4 divisions (Pontecorvo, 1944; Tihen, 1946). Dobzhansky (1934) reported that
both D. pseudoobscura and D. miranda have 5 divisions. Meyer (1967) indicated that 3
divisions were observed in D. hydei. The present article deals with the number of the
mitotic divisions of the definitive spermatogonia and its phylogenic meaning in 78 droso-
philid species covering several taxonomic groups.

MATERIALS AND METHODS

Two subfamilies, 8 genera, 12 subgenera, including 78 species in total were examined for spermatogenesis.
More than 20 adult males in each species were dissected for observation. Live adult males coming from both
laboratory stocks and natural habitats were dissected in Ephrussi-Beadle’s Ringer solution. After removing
the testicular wall on a glass slide with needles, a few drops of Ringer solution were added and the preparation
was gently covered with a coverslip. A phase contrast microscope was used for observation in every case.

RESULTS AND DISCUSSION
64-cell class
Sixty-four first spermatocytes per cyst is the largest number encounted in this investiga-
tion. This number indicates that the definitive spermatogonia have divided 6 times during
the multiplication stage (2°). Only 3 species, D. coracina, D. throckmortoni, and D. bryani,
all belonging to the subgenus Scaptodrosophila, are involved in this class (Table 1). Figure 1

TABLE 1. NUMBER OF FIRST SPERMATOCYTES PER CYST IN 78 SPECIES OF DROSOPHILIDAE (ASTERISKS IMPLY
SLIGHT VARIATION IN NUMBER).

Genus Subgenus Species gr. Species No. of Div.-Spc.
Subfamily Steganinae

Amiota Amiota dispina 4-16
Phortica variegata 4-16
- Leucophenga Leucophenga magnipalpis 4-16
ornatipennis 4-16
maculata 4-16
Paraleucophenga argentosa 4-16

Subfamily Drosophilinae

Drosophila Scaptodrosophila coracina 6-64
throckmortoni 6-64

bryani 6-64

Microdrosophila Microdrosophila purpurata 5-32
cristata 5-32

Chymomy:za procnemis 4-16
Drosophila Sophophora obscura gr. obscura 5-32
bifasciata 5-32

imaii 5-32

pseudoobscura 5-32

miranda 5-32

melanogaster gr. suzukii 4-16

pulchrella 4-16
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Genus Subgenus Species gr. Species No. of Div.-Spc.
melanogaster 4-16
simulans 4-16
ananassae 4-16
bipectinata 4-16
takahashii 4-16
lutea 4-16
rufa 4-16
auraria 4-16
pectinifera 4-16
kikkawai 4-16
panjabiensis 4-16
Sficusphila 4-16
Liodrosophila area 4-16
Drosophila Hirtodrosophila confusa 5-32
fascipennis 5-32
quadrivittata 5-32
alboralis 57-24
sexvittata 3-8
denticeps 3-8
Scaptomyza Scaptomyza graminum 4-16
consimilis 4-16
Parascaptomyza pallida 4-16
Drosophila Dorsilopha busckii 4-16
Zaprionus vittiger 4-16
tuberculatus 4-16
Drosophila Drosophila immigrans gr. curviceps 57-24
annulipes 57-18
quadrilineata 4-16
immigrans 4-16
albomicans 4-16
sulfurigaster 4-16
hypocausta 4-16
melanderi gr. makinoi 4-16
testacea gr. testacea 4-16
bizonata gr. bizonata 4-16
histrio gr. sternopleuralis 4-16
histrio 4-16*
grandis gr. acutissima 4-16
tenuicauda 4-16
quinaria gr. brachynephros 3-8
nigromaculata 3-8
kuntzei 3R
annulimana gr. daruma 416
virilis gr. ezoana 3-8
virilis 3-7,8
melanica gr. pengi 47-12*
tumiditarsus gr. tumiditarsus 4714
robusta gr. moriwakii 4-16
sordidula 47-14
lacertosa 3-7*
repleta gr. repleta 4-16
stalkeri 4-16
mercatorum 4-16
hydei 3-8
funebris gr. maculinotata 5?7-24
funebris 3-8
multispina 3-8
macrospina 3%
subfunebris 3-8
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shows several cysts of the first spermatocytes of D. bryani which are separated from each
other by optically clear borders. Sixty-four cells can be counted in every cyst. A later stage
of an isolated cyst is shown in Fig. 2. Figure 3 shows telophase of the first meiotic division in
the same species. All cells are simultaneously becoming second spermatocytes. Figure 4
illustrates the spermatid cells after the meiotic divisions. The cell number, 256 (25 X 4),
counted in this cyst must be 4 times as many as that calculated in the premeiotic stage. Each
sperm bundle presumably consists of the same number of spermatozoa as spermatids
(Fig. 5). Individual definitive spermatogonia, particularly in the earlier stages of these
species, cannot clearly be identified because the cells are very small in size.

The subgenus Scaptodrosophila is the only group including species with an unreduced
sixth sternite in the male (Throckmorton, 1962). Species having this type of sternite can be
placed in a more primitive position in the phylogeny of Drosophila than those having a
reduced one (Wheeler, 1960). Furthermore, most species of this subgenus have primitive
genital organs, namely, elliptical testes, primitive vasa in males, very short ventral receptacles
in females, etc. (Okada, 1956; Throckmorton, 1962). These characteristics of the internal
and external organs can adequately support the supposition that species having the higher
number of first spermatocytes per cyst can be considered to be more primitive. Thus, the
fact that all 3 species, D. coracina, D. throckmortoni and D. bryani, commonly have 64 cells
may support Throckmorton’s opinion that this group might have arisen from the most basal
stem of the Drosophila.

32-cell class

Several species from 3 different groups are included in this class (Table 1). Microdrosophila
cristata and M. purpurata of the genus Microdrosophila; D. confusa, D. fascipennis, and D.
quadrivittata of the subgenus Hirtodrosophila; and D. obscura, D. bifasciata, D. imaii, D.
pseudoobscura and D. miranda, all belonging to obscura group of the subgenus Sophophora,
have commonly 32 first spermatocytes per cyst. The mitotic divisions in these species would
have been repeated 5 times (2°) during the multiplication stage. Figures 6 and 7 illustrate
various stages of the spermatogenesis of D. bifasciata. Thirty-two first spermatocytes can be
recognized in each cyst. The different stages of the spermatid and the spermatozoa, which
are definitely bordered by the cyst wall are also shown (Fig. 7). The cell number of the
spermatid per cyst can be expected to be 128 (2° x 4). These cells are, in general, larger in
size than those seen in species having 64 cells.

Both Microdrosophila cristata and M. purpurata are known to have primitive genital
organs, such as testes with a low degree of coiling in males and conical egg-guides and short
ventral receptacles in females (Okada, 1960, 1968a, b). The species M(I). incisurifrons (not
studied here) also has the primitive, fusiform testis. Thus the genus Microdrosophila may
also occupy the basal branch in the phylogeny of Drosophila.

There is considerable variation in the number of the first spermatocytes for the species of
the subgenus Hirtodrosophila. Three species, D. confusa, D. fascipennis, and D. quadrivittata,
have 32 cells, while 2 species, D. sexvittata and D. denticeps, have only 8 cells. The remaining
one, D. alboralis, appears to have 24 cells, and so belongs to the exceptional number class.
This cell number suggests that the mitotic divisions would have occurred 5 times as for the
species having 32 cells, and some of the spermatogonial cells have supposedly disappeared
during the successive mitoses. The first 3 species, representing the higher number of the cells,
have primitive testes and shorter ventral receptacles as compared with the latter 2 (Okada,
1956, 1967). Moreover, females of D. quadrivittata have a single sternite-like egg-guide
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which is also one of the most primitive characters (Okada, 1967). On the other hand, 2
species, D. sexvittata and D. denticeps, having 8 first spermatocytes, show highly coiled
testes and very long ventral receptacles (Okada, 1967). Drosophila alboralis has testis with
2 inner and 3-5 outer coils, and the ventral receptacle shows about 6 loops (Momma and
Takada, 1954). The shape and size of these organs observed in the last species are inter-
mediate between the former 2 types. This nicely coincides with the cytological observation
that D. alboralis has 24 cells, which is intermediate in number between 32-8, though Okada
(1971) has proposed that the denticeps species group can be placed on a branch derived most
basally from the hypothetical ancestor of the Hirtodrosophila.

In spite of the fact that most members of the subgenus Sophophora commonly show 16
cells per cyst, all 5 species of the obscura group consistently show the same number, 32,
regardless of whether their distribution is from the Palaearctic or the Nearctic region. This
group is characterized by having the most primitive morphological traits among the sub-
genus Sophophora (Okada, 1956). The cell number 32, observed in this group, is the same as
that observed in the genus Microdrosophila and in some members of the subgenus Hirto-
drosophila. In addition to the facts explained by Throckmorton (1962), the cytological
evidence also supports the possibility that the subgenus Sophophora might have arisen
during the time immediately following the separation of the Scaptodrosophila stem
population.

16-cell class

About 609, of the species dealt with, covering different subfamilies, genera and sub-
genera, commonly appeared to have 16 first spermatocytes per cyst (Table 1). The cell
divisions in the definitive spermatogonia would supposedly be 4 (2%). Six species from 2
different genera, Amiota and Leucophenga, both belonging to the subfamily Steganinae,
commonly appeared to have 16 cells per cyst. In the subfamily Drosophilinae, a number of
species from the genera, Liodrosophila, Chymomyza, Zaprionus and Scaptomyza, and from
the subgenera, Sophophora and Drosophila, all appeared to have the same number of the
cells. The fact that all 5 species from the 2 genera, Scaptomyza and Zaprionus, commonly
appeared to have 16 cells may support the conclusion by Throckmorton that these genera
have substantially similar characters in the external and internal organs, and hence they
. might be separated from a common stem of the phylogeny. Throckmorton (1962) mentioned
that the genus Chymomyza and the subgenus Sophophora have common characteristics in
both males and females. The number 16 of first spermatocytes, is also common to both
groups, although only one species of American Chymomyza was examined here. Some of the
Hirtodrosophila and the Scaptomyza possibly show similarity in their external morphology,
particularly in the genital organs (Okada, 1967), but they are not similar cytologically.

The species groups in the subgenus Sophophora are compact as compared with those in
the subgenus Drosophila. As described above, most of the species belonging to this subgenus
consistently show 16 cells, with the exception of the obscura group. The fact that all members
belonging to melanogaster group consistently show 16 cells is suggested. Figure 8 shows the
first spermatocytal cyst isolated from the testicular follicle of D. auraria. The dividing cells
in the telophase of the first meiotic division are illustrated in Fig. 9. Figure 10 shows
metamorphosing spermatids. The cytological evidence revealed here, incidentally, empha-

sizes the supposition by Throckmorton that this subgenus seems to have a monophyletic
origin.
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(Figures 1-10)
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A considerable number of species having 16 cells also appears in the subgenus Drosophila
(Table 1). The members of immigrans group, with the exception of 2, D. annulipes and D.
curviceps, commonly have 16 cells. Drosophila testacea, D. bizonata, D. makinoi, D. acutis-
sima, and D. tenuicauda, all from the quinaria section, and, D. repleta D. stalkeri, D.
mercatorum, from the repleta group have 16 cells in common.

The various stages of the spermatogenesis of D. immigrans are shown in Figs. 11-13. The
first spermatocytes and the number of spermatids per cyst can be calculated as 16 and 64,
respectively. From the standpoint of the cell number, the supposition by Throckmorton
(1962) that the immigrans group might have arisen directly from the basal stem population
for the subgenus Drosophila, and hence might have characters resembling those of the
Sophophora is also supported. The species included in this class seemed to be good material
for cytological observation. Cell size is large and the configuration is readily demonstrable
during mitoses.

8-cell class

Several species from different subgenera and species groups are included in this class
(Table 1). Of the 6 species examined, both D. sexvittata and D. denticeps of the subgenus
Hirtodrosophila appeared to have 8 first spermatocytes per cyst. The number of the mitotic
divisions is thus assumed to be only 3 (23). The cell number in the subgenus Drosophila is
quite variable between and within species and species groups. Some of the species have 16
cells (see former class), the same as those of the subgenus Sophophora, while others have 8
and the exceptional numbers.

The quinaria section consists of 2 different classes of cell numbers, one of which shows
16 cells (see former class) and the other shows 8 cells, and includes all 3 species of the
quinaria group. Drosophila histrio, which usually has 16 cells, appears to show a slight
amount of variation. The species of the funebris group appeared to show 8 cells, excepting
the Japanese member of D. maculinotata showing 24-. Only the species, D. hydei from the
repleta group has 8 cells.

Several cysts, including the first spermatocytes of D. virilis, are shown in Figs. 14-17.
Drosophila virilis and D. ezoana usually show 8 cells per cyst, but the former sometimes
appeared to have cysts involving 7 and 8 cells within a follicle (Fig. 14). The 14 secondary
spermatocytes which might have arisen from 7 first spermatocytes can accordingly be
observed in D. virilis. The 28 spermatids per cyst are also observable. Eight dividing cells
with elongated mitochondria at anaphase of the first meiotic division are shown (Fig. 16).
The cells that are going to be spermatozoa can be calculated as 32 (23 x 4) (Fig. 17). The
coexistence of 2 kinds of cysts involving different number of the cells is also seen in some
species of the subgenus Drosophila other than D. virilis.

Fics. 1-5. Various stages of spermatogenesis of D. bryani. 1. First spermatocytal cysts consisting
of 64 cells in each. x 200 2. Later stage of a cyst isolated from a testicular follicle. x 200 3. Telo-
phase of first meiotic division. X 200 4. Spermatids consisting of 256 cells. x 200 5. Sperm
bundle. x 200
FiGs. 6, 7. Various stages of spermatogenesis of D. bifasciata. 6. First spermatocytal cysts con-
sisting of 32 cells in each. x 200 7. Cysts representing various stages, spermatids or spermatozoa
consisting of 128 cells per cyst. X 200
Figs. 8-10. Various stages of spermatogenesis of D. auraria. 8. Single cyst involving 16 first
spermatocytes. X 200 9. 16 dividing first spermatocytes at telophase of first meiotic division.
X 200 10. Metamorphosing spermatids. x 200
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The 3 species of the robusta group mutually appear to have different numbers of the cells
per cyst. Drosophila moriwakii, D. sordidula, and D. lacertosa show the numbers, 16, 14, and
7, respectively (Figs. 18-24). Figures 18 and 19 illustrate several cysts of D. sordidula, which
involve commonly 14 first spermatocytes. The 14 dividing cells at telophase of the first

FiGs. 11-13. Various stages of spermatogenesis of D. immigrans. 11. First spermatocytal cysts
involving 16 cells in each. X 200 12. Telophase of first meiotic division. x 200 13. Spermatids
consisting of 64 cells. x 200
FiGs. 14-17. Various stages of spermatogenesis of D. virilis. 14. Several first spermatocytal cysts.
Cysts usually involve 8 but sometimes 7 cells in this species. X 200 15. Singly isolated cyst with 8
first spermatocytes. X 200 16. Telophase of first meiotic division. X 200 17. Spermatids just
going to be metamorphosed. x 200
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FiGs. 18-22. Various stages of spermatogenesis of D. sordidula. 18. First spermatocytal cysts
consisting of 14 cells in each. x 200 19. Isolated first spermatocytal cysts. x 200 20. Telophase
of first meiotic division. x 200 21. Telophase of second meiotic division. x 200 22. Spermatids.
X 200
Fics. 23, 24. Various stages of spermatogenesis of D. lacertosa. 23. Tsolated cysts involving 7 first
spermatocytes in each. x 200 24. Spermatids. x 200

meiotic division are observed in Fig. 20. The 28 cells dividing at the secondary meiotic
division, and the 56 spermatids are seen in Figs. 21 and 22, respectively. Seven first sperm-
atocytes represented normally in D. lacertosa are the fewest among all the species dealt with
(Fig. 23). There is evidence that every first spermatocytal cyst apparently enclose only
7 cells, and that the spermatids can easily be counted as 28 (Fig. 24). This suggests that
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decrease in the cell number has occurred in the mitotic phase and not in the meiotic one. If
these spermatids produce altogether functional spermatozoa, 28 should be the lowest
number among drosophilid species. The cytological configuration of the species involved in
this class is very identifiable, because every cell is really large in size and observable.

Exceptional cell number class

The species representing the “exceptional cell number” are much more frequent in the
subgenus Drosophila than in the subgenus Sophophora, and they appear in various species
groups especially in the former. There are many exceptional cell numbers, such, 24, 18, 14,
12 and 7 (Table 1). Drosophila alboralis is the only member showing the exceptional number
24 in the subgenus Hirtodrosophila. The Japanese species, D. maculinotata of the funebris
group and D. curviceps of the immigrans group are both characterized by having 24 cells.
The number of mitotic divisions in these species can accordingly be estimated as 5. Only D.
annulipes of the immigrans group appears to show 18 cells. Both D. sordidula (Figs. 18-22)
and D. tumiditarsus usually show 14 cells. Each spermatid cyst of these species, accordingly,
consists of 56 cells (Fig. 22), with a few exceptional cases showing 54. As far as we have
observed, only D. pengi of the melanica group characteristically shows 12 cells. Drosophila
virilis sometimes appeared to have cyst with 8 or 7 cells, while D. lacertosa appeared to
show ordinarily the least number 7 (Figs. 23, 24).

It has been known that the number of spermatozoa in mammals is, in general, smaller
than the theoretically expected one. In fact, cellular degeneration occurs at a given stage
in the spermatogenic line (Courot et al., 1970). In this connection, whether the stem-cell
method is reliable or not in Drosophila is of great concern for cytologists and geneticists.
Hannah-Alava (1965) mentioned that a corollary of the stem-cell hypothesis is that the time
of origin of the new predefinitive (stem-cell) spermatogonium can be predicted on the basis
of counts of the number of definitive spermatogonia, or spermatocytes of common origin.
Since the definitive spermatogonia multiply dichotomously, if the new predefinitive spermato-
gonium is isolated in the first division, the number of definitive spermatogonia of common
origin will be a geometric multiple of 2 (i.e., 2" = 4, 8, 16, 32, 64 etc., depending upon the
total number of definitive divisions). If the stem-cell is isolated after the second definitive
division, the number of spermatogonia derived from its 3 sister cells will be a geometric
multiple of 3 (i.e., 6, 12, 24, 48 etc.), and after the third division a geometric multiple of 7
(i.e., 14, 28, 56 etc.) as shown in the model by Clermont and Leblond (1953). However,
whether or not some species with an “exceptional cell number” can be explained by the
above models is uncertain. Although the cause of the exceptional numbers has not yet been
determined, the fact that the species representing these numbers are conspicuously seen in
the subgenus Drosophila is interesting. Hypothetically, this could be indicative of the fact
that these species are transitional between the ordinary types, such 32 and 16, 16 and 8,
and, 8 and 4(?), respectively.

CONCLUSION

The definitive spermatogonia undergo a particular number of dichotomous divisions and
produce first spermatocytes. Since the first spermatocytes undergo in common 2 meiotic
divisions and produce 4 times as many spermatozoa as first spermatocytes, the final number

of spermatozoa per bundle depends on the number of mitotic divisions during the multi-
plication stage (Fig. 25).
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- 32 per cyst

spg 1-spc sperm

F1G. 25. Scheme of spermatogenesis of certain species of Drosophila. A single definitive spermato-

gonium dichotomously multiplies 3 times, and gives rise to 8 first spermatocytes per cyst. Every

first spermatocyte subsequently divides twice during meiotic phase and gives rise to 4 spermatozoa,
respectively. spg: definitive spermatogonium, spc. first spermatocytes.

The number of the first spermatocytes per cyst of the 78 species of the Drosophilidae can
usually be classified into the following 5 classes: 64(2°), 32(2%), 16(2%), 8(2%), and the
exceptional ones. Thus, the number of divisions of the definitive spermatogonia can be
presumably classified into 4 types: 6, 5, 4 and 3, respectively. The cell number counted in
the cyst seems to be generally consistent within taxa, such as, species groups, subgenera and
genera (Table 1).

Figure 26 shows the phylogenic relationship of subfamilies, genera, subgenera, species
groups and species all included in this study. The phylogenic tree indicates only the general
sequence of origin of the different groups, because it is mostly based on the Throckmorton’s
opinion, which is derived from morphology (Throckmorton, 1962, 1965), and ecology and
geographical distribution (Throckmorton, 1975, in press). It can generally be recognized

funebris gr 8
bust hydei sgr. 8
robusta gr. N
7816 quinaria gr.8
virilis gr.7.8 tumi?— - merca) repleta
melanica gr 12 149 'sgrié | gr.l6 -
: fmmigrans gr testacea gr.16
16.18.24 bizonata gr16
histrio gr.16
grandisgr. 16
annulimana gr. 16 Zaprionus 16
i i Hirtod i
Liodrosophila 16 Hirtodros. 32 Scaptol,.:,;z:]semhﬂa 8
. melanderi gr\e
h \ Dorsiopra 16
ymomyza 16 melanogaster gr.16
Phortica 16 obscura gr.32
Amiota 16 Microdrosophila 32

Leucophenga 16 Scaptodrosophila 64

Phylogenic tree of Drosophita

F1G. 26. Phylogenic tree of Drosophilidae with numbers of first spermatocytes in a cyst. Figures
mean cell numbers of first spermatocytes per cyst found in species or taxonomic groups.
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that the mitotic divisions during the multiplication stage are fewer in the subgenus Drosophila
than in the subgenus Sophophora. The former group consists of morphologically more ad-
vanced forms as compared with the latter (Okada, 1955, 1956; Throckmorton, 1962, 1965).
This coincides with a tendency revealed here that the number of first spermatocytes per cyst
tends to be reduced in more advanced forms. There is also clear tendency that the sperm-
atocytes increase in volume as the cells decrease in number. The size of spermatozoa is, thus
considered to be largest in the members having fewest number of the spermatocytes (Hihara
and Kurokawa, in preparation). These facts can be supported by data summarized by
Virkki (1969) that the number of the spermatozoa per bundle decreases with the advance-
ment of evolution of insects. Generally, archaic groups appear to have many more spermato-
zoa, whereas the advanced or specialized groups have fewer ones. This has been demonstrated
in Orthoptera (White, 1955), Hemiptera (Virkki, 1969), and Coleoptera (Virkki, 1969).
It seems that the reduction of the first spermatocytes has taken place several times during
evolution of Drosophila: at least once in the subfamily Steganinae, at least once in the

subgenus Sophophora, and probably twice in the subgenus Drosophila. This suggests some
important adaptive significance.
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