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This work was undertaken in connection with a series of experi- 
ments on sex-determination in Aphids. O n  approaching the 
subject, it was found that very little is known concerning the ovo- 
genesis and spermatogenesis of these insects. Blochmann (’87) 
showed that the parthenogenetic egg gives off one polar body, and 
the winter egg two; but I find no account of the number of chro- 
mosomes or the method of reduction in either egg, nor is there any 
published work on the spermatogenesis of Aphids. T h e  present 
paper will be devoted mainly to the germ-cells, a few points in the 
early stages of parthenogenetic development being considered 
incidentally. 

This paper was awarded the prize of one thousand dollars offered in 1904 by the “Association 
€or Maintaining the American Woman’s Table at the Zoological Station at Naples, and for Pro- 
moting Scientific Research among Women.” 
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I .  MATERIAL A N D  METHODS. 

Sections of Aphids from various host plants-the rose, English 
ivy, honeysuckle, alder, arrow-head, CEnothera, and hop, were 
examined; but Aphis rosz proved the most satisfactory for study 
of the ovogenesis of both parthenogenetic and winter eggs, and 
Aphis cenotherae for the spermatogenesis. 

Both the Aphids and the winter eggs were killed and fixed with 
Gilson’s aceto-chloroform-sublimate mixture, which gives far 
better results than any other method tried. Very small Aphids 
were embedded whole; larger ones after removing the head and 
thorax. Sections were cut from 5 f~ to 7 fi thick, and stained with 
Delafield’s haematoxyiin and orange G, or with Heidenhain’s iron- 
hzmatoxylin. T h e  former method of staining gives remarkably 
good differentiation for ordinary purposes. The  latter is more 
satisfactory for the study of ovogenesis and spermatogenesis. 
Many slides stained at first with Delafield and orange, were re- 
stained with iron-hxmatoxylin for more careful study. 

11. PARTHENOGENETIC DEVELOPMENT 

I. Female Line. 
Most of the stages in ovogenesis of parthenogenetic eggs and also 

early segmentation stages were obtained from sections of the 
unborn young of the viviparous female. For more advanced 
segmentation stages and early embryos very young Aphids were 
sectioned. 

All the species examined have twelve ovaries in two groups as 
described by Balbiani (’69-’72). Oogonial mitoses were observed, 
but offered nothing of especial interest as the division figures are 
identical with other embryonic mitoses. 

The  resting oocyte, before the growth stage of the ovum begins, 
has a very large nucleus in proportion to the size of the cell (Figs. 
I and 2). A large nucleolus occupies the center of the nucleus, 
and in addition to this the nucleus contains a linin reticulum and 
irregular masses of material, presumably chromatin, which does 
not take the hzmatoxylin stain a t  this stage. 

One at a time the oocytes at the posterior end of the ovary 
enlarge and push out into the oviduct, remaining, however, con- 
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nected by a stalk with the central core of the ovary (Fig. I ) .  As 
many as three eggs may be thus connected by stalks with the cen- 
ter of an ovary-one egg just passing into the oviduct, another in 
maturation stage, and a third in 8 to 16-cell stage. As the oocyte 
increases in size, the cytoplasm changes its staining reaction, 
coloring somewhat deeply with Delafield; and the nucleus shows 
various changes. T h e  nucleolus disappears and the chromosomes 
become stainable at  an early stage (Figs. I ,  3, 4, 5). As the egg 
rapidly enlarges the nucleus approaches the periphery at  one side 
of the oval egg (Fig. 6). Just before maturation, clear vesicles 
appear in the cytoplasm and soon fuse forming large irregular 
spaces filled with a clear non-staining substance, presumably yolk 
material, separated from the general cytoplasm (Blochmann). 

Fig. 7 shows the equatorial plate of a polar spindle in metaphase. 
There are 10 chromosomes of 5 different sizes. This is the so- 
matic number, and there is therefore no synapsis or  conjugation of 
chromosomes and no reduction in the maturation of the female 
parthenogenetic egg. T h e  same number (10) and the same varia- 
tion in size (5 pairs) is shown in the segmentation spindles and 
equatorial plate of Fig. 12. T h e  maturation spindle in anaphase 
is well shown in Fig. 8; also the lacunar spaces in the interior of 
the egg. 

The  polar body is at first completely extruded from the egg and 
separated from it as seen in Figs. 8 and 9. It is distinctly a polar 
body not a “polar nucleus.” Soon, however, it comes to lie 
within the boundary of the egg among the segmentation nuclei 
(Figs. 10 and 1 1 ) .  In  such a stage as in Fig. 11, the polar 
body is easily recognizable by its clear cytoplasm and deeply- 
staining mass of  chromatin. It lies in a sort of vacuole in 
the egg-cytoplasm. I have been able to follow the polar body 
as far as the stage shown in Fig. 13. T h e  cytoplasm can 
no longer be distinguished from that of the egg; the chromatin 
mass is irregular in outline, usually stains less deeply and appears 
to be degenerating. I therefore feel sure that the polar body takes 
no part in the development of the embryo. Its inclusion within 
the egg is probably due merely to mechanical conditions, i. e . ,  to 
the pressure of the walls of the oviduct upon it, as it lies on the 
side of the oval egg. 

There is only one point of especial interest in the later develop- 
ment, and that is the relation of  the young embryo to the vitellaria. 
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This is shown in Figs. 14 and 15. Fig. 14 shows an embryo which 
has just begun to take in yolk (the “secundare Dotter” of Will, 
’89). At the base of the embryo as figured are two conspicuous 
cells ( b )  which apparently guard a valvular opening in the wall 
of the oviduct, and recall the four guard-cells at  the inner end of 
the embryonic pharynx of Planaria simplicissima. At the lower 
focus of the section the valve is slightly open and a small amount 
of yolk material has entered (Fig. 14, a) .  I n  Fig. 15 the valve is 
widely open and yolk cells are being taken into the embryo. 
Whether the embryo actively sucks in the yolk, or the yolk cells 
themselves are the active agents, it is impossible to tell, but the 
former seems more likely. Will (’89) describes the secondary 
yolk as forming in connection with the follicle epithelium and then 
being taken into the gastrula. In  speaking of the work of Wit- 
laczil (’84), he says, Von seiner ganzen Darstellung ist nur das 
eine richtig, das der secundare Dotter von Follikelepithel seinen 
Ursprung nimmt,” and later he says, “ Diese innerhalb der Epi- 
thelverdickung producirte Dottermasse ist es nun welche in das Ei 
eintritt und demselben den sogenannten secundaren Dotter liefert. 
Dass es sich dabei nicht um eine Einwanderung von Zellen . . . 

T h e  close resemblance in structure between the secondary yolk 
and certain large cells in the body cavity of the mother was easily 
observed in the sections, but the relation between the embryo and 
the vitellaria described above was first seen in connection with the 
egg of Aleurodes, a related form, where the relation is much more 
conspicuous than in the Aphid. It was later traced with certainty 
in the winter egg and in the parthenogenetic embryo of the Aphid. 

No variation could be detected in the development of ova which 
produce winged parthenogenetic individuals. The  winged 
young can often be distinguished before birth, and some of the 
same brood may be winged, others apterous. T h e  winged par- 
thenogenetic individuals are migrants and their appearance seems 
to be conditioned by the amount or the quality of the food supply. 

< <  

’ 9  

2.  M a l e  L ine .  

The  mothers of the males are apterous and cannot be distin- 
guished externally from the apterous females which produce 
female offspring. T h e  ovaries show no difference in structure, 
unless it may be in size and number of the oocytes, and only one 
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polar body is given off. In  studying the development of male1 
eggs, one is at  a disadvantage so far as the amount of available 
material is concerned, because only eggs connected with the ova- 
ries of females which contain embryos large enough to be recog- 
nized as male can be utilized, while in the female line the best eggs 
for study are found in abundance in the larger embryos. No 
polar spindles were found in the few male eggs obtained. Figs. 
17 and 18 show the polar body as it appears in eggs containing 4 
and 8 nuclei. There is no indication of fusion of two polar bodies. 
In  Fig. 18 the chromosomes are not so fully fused as in Fig. 17, 
but this is the condition a t  a corresponding stage in the female eggs. 
Examination of the segmentation spindles in male embryos and 
of spermatogonial mitoses makes it certain that the full somatic 
number of chromosomes is present until we come to the spermato- 
cytes when reduction occurs. This is what we should expect had 
it not been claimed by CastIe ('03) that the female character 
which is usually dominant in parthenogenetic insects is removed 
from the egg with the second polar body, thus allowing the reces- 
sive male element to assert itself. There is no evidence in my 
material of any difference between the maturation of the female 
parthenogenetic egg and that of the male egg, and until I can 
procure more material and examine the point further, I shall 
assume that the method of maturation of all parthenogenetic 
Aphid eggs is the same, i. e. ,  only one polar body is produced and 
there is no reduction of chromosomes. There is no mixture of 
male and female young in the offspring of one individual: certain 
apterous females produce only females, either winged or apterous, 
and others produce only winged males. 

T h e  ovarian oocytes, eggs and polar bodies in the male line 
(Figs. 16, 17, 18) are noticeably larger than those figured in the 
female line (Figs. 1-12), but this may be due to the fact that the 
drawings were made from different species; the former from 
Aphis cznothera, the latter from Aphis rosae. T h e  difference is 
one of size not of structure, and much the best and most abundant 
male material was obtained from Aphis enothera ,  where partheno- 
genetic reproduction was wholly replaced by the sexual method 
early in October, and young males of all ages were abundant. 

'Male is used here merely in the sense that these eggs produce males. 
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111. THE WINTER EGGS. 

I .  E a r l y  Deve lopment  and  Growth. 
T h e  material for study of the winter eggs was obtained by bring- 

ing into the laboratory rose twigs with broods of sexual females 
on the leaves. Adult males were usually found on the same 
leaves. These young females develop more rapidly in a warm 
room under glass, and soon begin to lay the fertilized eggs. The  
winged mothers of the sexual females were sectioned for the study 
of the ovaries of the sexual female embryos, and young sexual 
females for early stages in the development of the winter egg. 
Fig. 19 shows an ovary from such an embryo. It is considerably 
larger than the ovary of the ordinary parthenogenetic female 
embryo (Fig. I) ,  and in every case these ovaries show a large nuni- 
ber of degenerating oocytes at  the posterior end (Fig. 19, a ) .  
These cells are more or less shriveled and stain deeply and irregu- 
larly. Whether this is simply degeneration of a large number- 
at  least half-of the oocytes of an ordinary parthenogenetic ovary 
in order that the remainder may have room for growth, or 
whether the parthenogenetic ovary may contain originally both 
eggs capable of parthenogenetic development and others capable 
of development only after fertilization, and the former degenerate 
in order that the latter may develop, I am unable to say. The  
number of oocytes in the twelve parthenogenetic ovaries is cer- 
tainly more than double the number of young ever produced bj- 
an individual, so that the latter supposition might be possible. 
Two cases observed in dissection, but never duplicated in fixed 
material, might support either view, and certainly tend to show 
that the ovary which produces parthenogenetic embryos and the 
ovary which produces winter eggs are originally identical. In 
two individuals egg-strings and winter ovaries with developing 
eggs were found associated in both groups of ovaries. T h e  num- 
ber in each varied-in one individual one group contained 5 egg- 
strings and one winter ovary, the other group 3 egg-strings and 
3 winter ovaries; in the second individual each group contained 5 
winter ovaries and one egg-string; on one side there was one 
parthenogenetic ovary with eggs and embryos (Fig. 20, c and e ) ,  
on the other side was an egg-string consisting of two partheno- 
genetic embryos, a winter ovary and a young winter egg (Fig. 21, 
a, b and e). These individuals with mixed ovaries were found in 
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the greenhouse January 23,  1904, on a small rose bush which had 
lost its leaves and was nearly dead as a result of serving as a food 
pIant for several generations of Aphids. They were the third 
generation from a winged female. Two or three others escaped 
dissection. Unfortunately only freehand sketches were made, 
and no other such cases were observed. One of these sketches 
is reproduced in Fig. 20 and a part of another in Fig. 21. Similar 
observations were recorded by Bonnet ('45) and by Leydig ('so), 
and Kyber ('15) observed sexual forms on the willow in June and 
on ripening grain in midsummer, but did not connect both par- 
thenogenetic young and winter eggs with the same individual. 

T h e  oocytes in the winter ovaries increase immensely in size 
before any eggs are given off, and the large nearly spherical ova- 
ries are easily distinguished in dissections from the minute oval 
parthenogenetic ovaries (Fig. 20, a and c). T h e  first egg is given 
off after the birth of the sexual female. 

I t  is not my purpose to describe the growth period of the winter 
egg in detail. T h e  nucleus, a t  first central, gradually moves to the 
periphery at  one side, usually nearer the anterior end of the egg 
as it lies in the oviduct. When the egg has reached about one- 
half its ultimate size, yolk material from the vitellaria is 
taken in at  the posterior end of the egg. There seems to be 
no such definite opening as in the case of the parthenogen- 
etic embryo and of the egg of Aleurodes. Fig. 22 is an 
oblique section through an egg which plainly shows the rela- 
tion between the yolk within and that without the egg. Entrance 
seems to be effected between any of the cells of the follicle epithe- 
lium, which is merely a part of the oviduct. Here again one 
wonders which is the active agent, the egg or the yolk celis, but 
it is impossible to tell. I n  the case of the embryo one is inclined 
to believe that it may actively suck in the yolk as the planarian 
embryo does, but there is nothing to indicate that the egg could 
have any such power. I n  the case of Hydatina senta, Lenssen 
('98) describes the yolk cells as penetrating the egg by their own 
activity. T h e  entrance of yolk seems to be associated with a 
definite size of the ovum and would therefore occur at a definite 
point in the oviduct. T h e  relation between the oviduct and the 
volk gland may therefore be a more definite one than the sections 
show. Entrance of yolk must be effected very quickly as cases 
where the process can be demonstrated are very rare; and one 
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finds no such intermediate stages as would necessarily appear if 
this secondary yolk were formed within the egg as described by 
Balbiani ('69-'72). T h e  outlines of the yolk cells are lost and 
only fragments of nuclei are found (Fig. 22), while in Aleurodes 
several whole yolk cells with nuclei intact enter the oviduct below 
the egg and are later included in the posterior end of the egg. 

The  chromatin in the egg during its growth period offers no 
favorable conditions for study. In  earlier stages it does not take 
chromatin stains, and in later stages the chromosomes are spheri- 
cal and mingled with nucleoli of similar form and staining qualities. 

2. Maturation. 

The  earliest stage found in the laid egg was that shown in 
Fig. 23-the equatorial plate of the first polar spindle, showing 
5 chromosomes, the reduced number, of the same relative form 
and size as the chromosomes of the 5 pairs in Figs. 7 and 12. 
T h e  manner in which the egg chromosomes are paired is not 
evident, but the two divisions appear to be longitudinal and iden- 
tical with the maturation divisions of the spermatocyte where it is 
quite certain that they are paired longitudinally, and probable 
that the first division separates the paired chromosomes. 

One 
chromosome appears in both figures (stippled in 6). I n  Fig. 25 
the first polar body and the second polar spindle in metaphase are 
figured. A part of a chromosome appears in a and parts of two 
in the spindle of 6. I n  Fig. 26, a later stage is seen; the chromo- 
somes of the first polar body are massed together, those of the 
second (not yet separated from the egg) show the comparative size 
relation of Fig. 23, their position indicating a longitudinal division; 
the chromatin of the egg nucleus is becoming diffuse and less 
stainable. 

The  spermatozoon enters at any point, more often near the pos- 
terior end of the egg, and leaves a train of cytoplasm behind it, 
as it traverses the yolk preceded by an aster. Fig. 27 shows the 
male and female pronuclei, the former distinguished by the cyto- 
plasmic path (indicated by arrows). I have never found the first 
segmentation spindle in my material nor indeed the divisions 
immediately following, though the resting nuclei of these stages 
have frequently been observed. In  the later segmentation stages 

Fig. 24 shows the first maturation spindle in metaphase. 
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it is impossible to distinguish the individual chromosomes in the 
spindle; they are crowded together and often are so united in 
metaphase as to resemble a spireme in one plane. 

IV. SPERMATOGENESIS . 
Nearly all of the material for the study of the spermatogenesis 

was obtained from the CEnothera. O n  the rose the young males 
are never met with in large numbers while on the CEnothera an 
abundance of all sizes may often be found on the still-blossoming 
tips of the flower spikes, while the sexual females are scattered over 
the leaves and stalks. Here also were found a few mothers of the 
males. T h e  few young males from the rose showed the same 
number and relative size of chromosomes. 

T h e  testes, as seen in dissections, have 6 lobes corresponding to 
the 6 ovaries in each group. T h e  lobes are much larger than the 
ovaries, and as the spermatogonia are somewhat smaller than the 
oogonia, the number of mitoses leading to the spermatocyte must 
be several more than in the case of the oogonia. Only spermat- 
ogonial divisions are found in the embryos, and the last such 
division often, if not always, occurs after birth. Fig. 28 shows a 
resting spermatogonium; Figs. 29 and 30 spermatogonia just before 
division. I n  Fig. 30, g chromosomes of characteristic form and 
size can be recognized, one of the smallest not being visible. T h e  
equatorial plate, as also in most somatic mitoses, is too crowded 
for dist&guishing either number or form of chromosomes. 

T h e  resting spermatocyte of the first order (Fig. 32) does not 
differ materially in appearance from the resting spermatogonium 
(Fig. 28) and indeed can often be recognized only by its relation 
to later stages. There is no evidence of so long a growth stage as 
in most forms. Closely associated with the first maturation 
mitosis and probably immediately preceding it are found the 
stages shown in Figs. 33 and 34. I n  Fig. 33, a,  8 of the 10 chro- 
mosomes are to be seen scattered through the nucleus; in 6 ,  c and 
d, chromosomes of the same form and size are seen paired longi- 
tudinally. Fig. 34 suggests the synapsis stage described for many 
insects. This stage is of much more frequent occurrence than 
that shown in Fig. 33, and appears to follow that, and immediately 
precede the first spermatocyte division which is shown in Figs. 
35-39. Fig. 35, a ,  b and c show the 5 chromosomes in the equa- 
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torial plate of the first maturation spindle. All are connected by 
linin threads, and every possible arrangement of the 5 chromo- 
somes is found in different cells. In  c the longest chromosome is 
seen to be double and as a side view of the spindle in metaphase 
always shows the chromosomes double, it is probable that they 
come into the mitotic figure in that condition from the preceding 
conjugation stage. A second longitudinal split to form a tetrad 
cannot be detected at  this stage. I n  Fig. 36, a side view and an 
oblique view of the equatorial plate show the double chromosomes. 
Two stages of the anaphase appear in Figs. 37 and 38. There 
is always one “lagging” chromosome in this division, and it cer- 
tainly is not usually the longest, as I at  first thought likely. In 
fact it appears in most cases to be either the second or third in size. 
After the two spermatocytes of the second order are fully formed, 
as shown in Fig. 39, the two daughter elements of this “lagging” 
chromosome are still connected by a thread extending through the 
cytoplasm of each cell. This phenomenon seems to be a peculiar 
characteristic of one of the chromosomes in this particular division. 
I have never seen an exception, nor have I ever seen anything 
similar in the second spermatocyte division or in fact in any other 
mitosis. 

If, as I have supposed, this first maturation division simply 
separates paired chromosomes, it is possible that the pair that 
shows this peculiarity has a different linin connection from the 
others. In  Fig. 35, it will be seen that the 5 chromosomes are 
united by linin threads into a chain with free ends. A side 
view (Fig. 36) shows- two pairs connected by two parallel linin 
threads. Now if one of the end pairs always has its two elements 
connected by a single thread, we might expect such figures as 37, 

Fig. 40 is the equatorial plate of the second maturation mitosis, 
showing again the 5 chromosomes of characteristic form and size. 
Fig. 41 shows one of a few fortunate sections showing the daughter 
chromosomes in anaphase, and removing all doubt as to the kind 
of division, longitudinal or transverse. 

Judging from analogy in other insects, I fully expected to find 
one longitudinal and one transverse division, but was soon con- 
vinced that both are longitudinal, and from such figures as 23 and 
26 that the same is true in the maturation division of the winter 
egg. 

38 and 39. 

This point will be more fully discussed later. 
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The  chromosomes retain their individuality in the spermatids 
for some time, but finally become massed together to form the 
sperrn-head (Fig. 42). T h e  development of the spermatozoon 
from the spermatid appears to be very simple, the head being 
formed mainly from the chromatin and the long, rather thick tail 
from the cytoplasm. None of the accessory structures described 
for other insects are present. No centrosome has been detected 
in any mitosis, and asters have been seen only in connection with 
the sperm-nucleus in the egg, the pronuclei, and the segmentation 
spindles of the winter egg. There is no trace of anything that 
could be called an " accessory chromosome" (McClung, '02). 
T h e  nucleolus appears to be of the same character throughout, 
appearing in resting cells and disappearing in mitosis. T h a t  it is 
not a chromatin nucleolus, or karyosome, is shown by the fact that 
the chromosomes in many cases are visible before it disappears 
(Fig. 29) and with the Delafield-orange combination the nucleolus 
invariably takes the orange stain while the nuclear reticulum 
stains with the haematoxylin. 

V. GENERAL DISCUSSION. 

I. Mendel's Law, and the Individuality of the Chromosomes. 

It appears that in the Aphids studied there is a series of 5 chro- 
mosomes of different shape and size in the germ cells of the sexual 
generation : the maternal or egg-series is exactly equivalent to the 
paternal or sperm-series. T h e  chromosomes show the same rela- 
tive form and size throughout the maturation divisions. T h e  two 
series of chromosomes meet in fertilization, and throughout the 
parthenogenetic generations, both female and male, we find the 
double series, 10 chromosomes of five different sizes. In  the 
spermatocytes, and presumably in the oocytes, the chromosomes 
of the double series are paired, and in one of the maturation divi- 
sions, apparently the first, the paired chromosomes are separated. 
Supposing that the different chromosomes have different physio- 
logical values, or  represent different hereditary characters, as 
maintained by Boveri ( '02), we find in the behavior of the chro- 
mosomes in the germ cells of the Aphid exactly the conditions re- 
quired by Mendel's Law of Heredity. T h e  characters represented 
by the 5 constantly different chromosomes would be segregated at 
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each recurrence of sexual reproduction, giving germ cells pure 
with respect to each of the 5 different characters or sets of corre- 
lated characters represented by the five chromosomes. During 
the whole series of parthenogenetic generations the same paternal 
and maternal series of chromosomes is maintained by longitudinal 
division, there is no amphimixis and no apparent chance for varia- 
tion unless it be a change in dominance of certain characters, due 
to external conditions; for example, the winged-character and the 
sex-character. 

T h e  constant recurrence of this single or double series of chro- 
mosomes of the same relative form and size, is one point more in 
support of the hypothesis of the individuality of the chromosomes, 
strongly advocated by Rabl ('85) and Boveri ('87, '88, '91, '02). 
Recent papers by Sutton ('02) on Brachystola and Baumgartner 
('04) on Gryllus show similar form and size relations of chromo- 
somes; but in the Aphid one has the advantage of working with a 
smaller number, where each individual chromosome can be dis- 
tinguished from all others of the series appearing in a winter egg 
or a spermatocyte. 

2.  Maturation of Parthenogenetic Eggs. 

In  comparing the results of various authors on this subject, one 
meets with great variations in different parthenogenetic forms. 
In  the drone bee (Blochmann, '88-'89) two polar bodies are found, 
and Petrunkewitsch ('01) states that reduction occurs in the second 
maturation division, the normal number of Chromosomes probably 
being restored by a subsequent longitudinal splitting of the chro- 
mosomes without mitosis. In  Liparis dispar, Bombyx mori and 
Ocneria dispar (Platner, '88-739, Henking, '92), two polar bodies 
are given off by the occasional parthenogenetic eggs and both sexes 
are produced. Weismann ('91), in attempting to bring these cases 
into line with his views of maturation and fertilization, says, "The 
nucleoplasm of certain eggs possesses a greater power of growth 
than that of a majority of the eggs of the same species, while in the 
case of the bee every ovum possesses a power of growth sufficient 
to double its nuclear substance." Petrunkewitsch's explanation 
of the presence of the normal number of chromosomes in somatic 
cells of the male bee sounds more like an echo of Weismann's 
argument than like the result of actual observation. 
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In  Rhodites rosz (Henking) there are two maturation divisions 
but no reduction of chromosomes in eggs that produce females. 
Males are rare and the maturation of the male egg is not known, 
In  Artemia salina (Brauer, '94) either one polar body only is 
formed, or a second division occurs and the resulting nucleus con- 
jugates with the egg nucleus. Here again the female and male 
generations seem not to have been distinguished. 

Weismann and Ischikawa ('88) found only one polar body in 
the parthenogenetic eggs of several rotifers and crustaceans, no 
statement being made in regard to the male generations. Mrazek 
('97), and Erlanger and Lauterborn ('97) found that in Asplanchna, 
a rotifer, the parthenogenetic female eggs gave off one polar body, 
while the parthenogentic male eggs formed two, and there was 
no indication of a union of the second polar body with the egg 
nucleus. 

I n  Hydatina senta (Lenssen, '98) the first maturation division 
in parthenogenetic female eggs goes only as far as the metaphase; 
there is no reduction, and the chromosomes (10 or 12) fuse to form 
the egg nucleus. In  the male egg reduction occurs, 5 or 6 chro- 
mosomes appearing in the polar plates of the spindle. In  Hyda- 
tina it is supposed that the first maturation division is suppressed 
in both the parthenogenetic and the sexual eggs. I n  the Aphid 
only one polar body is given off in the parthenogenetic egg-male 
or female-and there is no evidence of reduction in either male 
or female parthenogenetic egg. 

Thus  we find a series, beginning with forms where partheno- 
genesis is either occasional or continues for only one generation, 
when maturation appears to follow the usual course for fertilized 
eggs; and ending with Hydatina senta where the whole process is 
practically suppressed in the parthenogenetic female eggs, and the 
Aphid where one maturation division without reduction remains 
in both male and female parthenogenetic eggs. We are thus led 
to question the importance of the second polar body in deter- 
mining the male sex, also to question the view that parthenogenesis 
is due to the suppression of one or both maturation divisions, and 
to suggest that the various degrees of suppression of maturatidn 
phenomena in parthenogenetic eggs may be a more or less simple 
and perfect adaptation to a necessity of continued parthenogenetic 
reproduction, t'. e., the retention of the full double series of mater- 
nal and paternal chromosomes throughout the parthenogenetic 
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portion of the cycle. 
tion from the standpoint of the determination of sex. 

T h e  whole subject needs further investiga- 

3, Determination of Sex. 

As the male sex cells of the Aphid contain no “accessory chro- 
mosome,” McClung’s theory of sex-determination need not be 
discussed in this connection. T h e  question naturally arises 
whether the “ accessory chromosome” is to be found in any of the 
parthenogenetic insects or crustaceans. 

Castle (’03) in his recent paper on “ T h e  Heredity of Sex” 
attempts to place the sex-character in the same category with other 
hereditary chracters and to apply to it the principles of Mendel’s 
Law of Heredity-dominance and segregation. He says on 
page 198, “ A  study of sex-heredity in parthenogenetic animals 
shows ( I )  that in such animals the female character uniformly 
dominates over the male whenever the two are present together,” 
and on page 199, “With a single exception, we know that in unin- 
terrupted parthenogenetic reproduction, as it occurs in the 
Daphnidae and Rotiferae at  certain seasons, the parthenogenetic 
egg forms only one polar cell, and the animal developing from 
such an egg is invariably female, or more correctly 8 ( P ) ,  the male 
character being recessive,” and further on, “At  the return to 
sexual reproduction, the parthenogenetic mother produces eggs 
which form a second polar cell, and from such eggs only males 
develop. It is clear, then, that in the second maturation division 
the female character has been eliminated from the egg, for were it 
still there, it must from its nature dominate.” 

As an exception Castle cites Rhodites rosae, in which according 
to Henking the parthenogenetic eggs produce two polar bodies, 
but no reduction occurs, and therefore no segregation of sex 
characters. Castle assumes that the occasional egg which pro- 
duces a male, does, in some way, eliminate the female character. 
Hydatina senta is also cited: according to Lenssen (’98) no polar 
body is formed and there is no reduction in the female egg, while 
in the male egg one maturation division occurs with reduction. 
Castle supposes in the latter case that the first maturation division 
is regularly suppressed as Sobotta (’99) has found to be the case in 
the mouse. 

In  the Aphid only one polar body is formed in the female and 
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also in the male parthenogenetic egg, and there is no reduction of 
chromosomes in either case. If the sex character resides in one 
of the chromosomes, it is certainly not eliminated from the male 
egg. How shall we harmonize the conditions in the Aphid with 
Castle’s theory? We cannot argue as he does for Bombyx mori, 
Ocneria dispar and all normally diaecious animals that there is no 
uniform dominance of one sex over the other. How then shall we 
account for the appearance of males, if all parthenogenetic Aphids 
are sex-hybrids with the female character usually dominant? 
The  only possible argument seems to be that certain favorable 
conditions (warmth and abundant food) determine that the female 
sex-character shall continue dominant, the male sex-character 
recessive; while certain other conditions (not yet definitely deter- 
mined) cause the male sex-character to become dominant and the 
female character recessive. A similar change in dominance may 
be imagined to account for the presence or absence of wings in 
both the parthenogenetic and the sexual generations. According 
to this theory we must suppose all of the oogonia to be alike in 
their hereditary characters-all sex-hybrids as well as hybrids in 
respect to other maternal and paternal characters. In  addition, 
we must suppose that in parthenogenetic eggs, which undergo no 
reduction, dominance of certain characters can be reversed by 
external circumstances. This may of course occur at a very early 
stage in the history of the germ-cells, making the eggs at  the time 
of maturation virtually male or female. 

T h e  case cited of two Aphids, each containing both partheno- 
genetic and winter ovaries (Fig. 20), and also showing that a 
parthenogenetic ovary may, after giving off parthenogenetic eggs, 
change to a winter ovary, the sexual form, is strong evidence that 
the ovarian oocytes of the Aphid may be affected by external con- 
ditions. Whether the degeneration of certain oocytes in all 
ovaries which are to produce winter eggs, can be considered evi- 
dence that there are two kinds of eggs, those that produce partheno- 
genetic young and those that require fertilization in order that they 
may develop, is not clear. 

Beard (’02) says, in discussing parthenogenesis, “When in a 
parthenogenetic form, a long series of one sex appears, the eggs 
of the other sex must have been either delayed or  suppressed.” 
According to Beard’s theory we must suppose that in the Aphid 
there are both male and female eggs, or at  least such germ-cells, 
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produced, and that all the male eggs are suppressed in the female 
generations while all the female eggs are suppressed in the male 
generations. There is no histological evidence of any such degen- 
eration of the germ-cells. 

I n  trying to fit the Mendelian theory of dominance, as elaborated 
by Castle, to the sex-conditions in Aphids, we meet with a peculiar 
contradiction in the fact that the same external conditions lead to 
the production of males and of sexual females. O n  the Enothera 
this condition is very conspicuous, for in the autumn partheno- 
genetic reproduction is completely changed over into the sexual 
method of reproduction. Certain apterous individuals are pro- 
ducing male offspring, and at  the same time or slightly earlier 
other winged individuals are producing the winter egg-layers. 
Three generations at  least are involved in the winter egg produc- 
tion-an apterous generation followed by a winged generation 
and that by the apterous sexual females. I n  the case of the males 
only two generations are necessarily involved, an apterous gen- 
eration and the generation of winged males. T h e  food conditions 
which probably lead to the change in method of reproduction, 
may therefore differ in degree, the earlier conditions starting the 
sexual female line, and later conditions the male line. In  favor 
af this argument is the fact that on the rose a scattered genera- 
tion of sexual females is often met with before there are any 
males and before the regular female sexual generation appears. 

It is perfectly evident that histological study of the germ-cells 
combined with observation of the living insects has not settled 
the question of sex-dztermination in the Aphid, but it has, in a 
way, cleared the field for interpretation of the results of experiment. 
We know ( I )  that there is no “accessory chromosome,” and (2) 
that the formation of a second polar body with reduction of chro- 
mosomes does not occur in the male generation. 

In  the discussion of sex-determination by Cuinot (’99), Beard 
(’02), 0. Schultze ( ’02),  and Lenhossek (’03) we find that the 
evidence is overwhelmingly on the side of the view that sex is 
determined in the egg; but to the question how sex is determined 
in the egg, no thoroughly convincing answer has yet been given. 
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V. SUMMARY OF RESULTS. 

I .  

2. 

3. 

There is no reduction in the number of chromosomes in the 

T h e  10 chromosomes form 5 pairs of different form and size. 
T h e  polar body, at first extruded from the egg, later becomes 

sunken in the cytoplasm, but takes no part in the development of 
the embryo. 

T h e  early segmentations are nuclear only, cell walls coming 
in at a later stage. 

T h e  young embryo takes in yolk material (the secundare 
Dotter) from the vitellaria, through a definite valvular opening in 
the oviduct. 

In  the maturation of male eggs only one polar body is given 
off, and there is no reduction in the number of chromosomes. 

T h e  offspring of one parthenogenetic female are either all 
females or all males. 

T h e  ovaries of the parthenogenetic and of the sexual 
females may be originally identical in structure, as shown (I)  by 
the presence of both kinds of ovaries in the same individuals; (2) 
by the degeneration of about half of the oocytes in the posterior 
half of the ovary of the sexual female embryo. T h e  significance 
of the latter phenomenon is uncertain. 

T h e  reduced number of chromosomes appears in the polar 
spindles of the winter eggs, and both divisions are longitudinal. 

T h e  somatic number of chromosomes appears in the sper- 
matogonia. 

Reduction in the spermatocytes is effected by longitudinal 
pairing of the chromosomes immediately before the first matura- 
tion mitosis. 

T h e  first maturation division probably separates paired 
chromosomes and the second is a Iongitudinal division of the 
original univalent chromosomes. 

T h e  delay in separation of one pair of chromosomes in the 
first maturation division is probably due to a different linin con- 
nection from the others, rather than to any physiological peculiarity. 

There is no “accessory chromosome” in the male germ- 
cells of aphids. 

female parthenogenetic egg. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Bryn Mawr College, 
Dec. 10, 1904. 
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D E S C R I P T I O N  OF P L A T E S .  

With the exception of Figs. 20 and 21, the figures are all camera drawings, made with Zeiss obj. 
z mm.., oc. 8, except Figs. I ,  14, 15 and 19, which were drawn with Zeiss obj. 2 mm., oc. 4, and Fig. 2 2 ,  

for which Zeiss obj. D, oc. 4 was used. Plates I1 and I11 have been reduced one-tenth. 

PLATE I. 

Fig. I .  Parthenogenetic ovary from an embryo of Aphis rosae. u = a developing ovum. b = stalk 

Fig. 2. Oocyte from above ovary. 
Fig. 3. Oocytes at the beginning of their growth period, showing chromosomes but no nucleolus. 
Figs. 4-6. Later growth stages of the oScyte. 
Fig. 7. Equatorial plate of the polar spindle, showing 10 chromosomes of 5 different sizes and 

shapes a-e. 
Fig. 8. Polar spindle in anaphase. 
Fig. 9. A later stage, showing the polar body (p), and the egg-nucleus (n). 
Fig. 10. An egg containing the first segmentation spindle, and the polar body (p) somewhat sunken 

in the cytoplasm of the egg. 
Fig. I I .  Segmentation stage with resting nuclei and polar body (p) lying in a vacuole in the cyto- 

plasm of the unsegmented egg. 
Fig. 12. Segmentaticjn stage, showing polar body (p) and mitotic figures. The chromosomes of 

the equatorial plate are lettered a-e to correspond to those cf thc equatorial plate of the polar spindle 
in Fig. 7.  

of the next ovum in the egg-string. 

Polar body already separated from the egg. 

PLATE 11. 

Fig. 13. Later segmentation stage, showing polar body (p) probably degenerating. 
Fig. 14. Young parthenogenetic embryo just beginning to take in yolk (u) through a valvular 

Fig. 15. A slightly later stage of the same process. 
Fig. 16. Resting oScyte from an ovary of Aphis aenotherae, all the embryos male. 
Fig. 17. Section of a segmenting egg from an individual containing male embryos, showing one 

Fig. 18. Part of a section similar to the above, showing chromosomes not so completely fused. 
Fig. 19. Ovary from a female embryo of the sexual generation, showing degenerating oocytes (a) .  
Fig. 20. Freehand sketch of a mixed group of ovaries, consisting of five winter ovaries (a) with 

Fig. 21. Freehand sketch of egg-string from the other side of the same individual, showing two 

opening in the oviduct ( b ) .  

polar body (p ) .  

winter eggs (b) ,  and one parthenogenetic ovary ( c )  with developing eggs and embryos (e). 

parthenogenetic embryos (e ) ,  a winter egg (6) and a winter ovary (a). 

PLATE 111. 

Oblique section of a winter egg, showing entrance of secondary yolk from without. 

Equatorial plate of first polar spindle in winter egg of Aphis rosae. 

First polar spindle, metaphase. 

Fig. 22. 

Fig. 23. 

Fig. 24. 

a = 

yolk cell (nucleus in next section). 

are lettered a-e corresponding to the five pairs in Figs. 7 and 12. 

in a. 

6 and c = fragments of nuclei. 
The five chromosomes 

The stippled chromosome is a part of one which appears 
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Fig. 25. First polar body (pi) containing five chromosomes, and second polar spindle. Two chro- 

mosomes appear in two sections b and c, and a part of one belonging to the first polar body is seen in 
section a. 

Fig. 26. First polar body (0’); chromosomes of second polar body (p’)); and female pronucleus 
forming (n). 

Fig. 27. Male and female pronuclei. The arrows indicate the path bf the sperm nucleus. 

PLATE IV. 

Fig. 28. Resting spermatcgonium of Aphis enothorz.  
Fig. 29. Spermatogonia preparing for mitosis, showing both nucleolus and chromosomes. 
Fig. 30. Spermatogonium showing 9 of the 10 chromosomes, and no nucleolus. 
Fig. 3 I. Equatorial plate of spermatogonial mitosis. 
Fig. 32. Spermatocyte of first order in resting stage. 
Fig. 33. Spermatocytes of first order, showing (Q) eight of the ten chromosomes not paired and 

Fig. 34. Spermatocytes before division, possibly a “synapsis” stage. 
Fig. 35. Equatorial plate of first maturation mitosis, showing variations in arrangement of chromo- 

somes (Q, b, c), and double chromosomes, ( c )  chromosomes lettered as in Figs. 7,12 and 23. 
Fig. 36. Side view and oblique view of equatorial plate of first maturation mitosis showing double 

chromosomes. 
Fig. 37. Anaphase of first maturation mitosis showing “lagging” chromosome. 
Fig. 38. Later stage of the same. 
Fig. 39. A pair of spermatocytes of the second order in a partial resting stage, the lagging chromo- 

Fig. 40. Equatorial plate of second maturation mitosis, chromosomes lettered as in Figs. 7, 12, 

23 and 35. 
Fig. 41. Anaphase of second maturation mitosis. 
Fig. 42. Spermatids in various stages. 

( b ,  c, d )  chromosomea of the same size in pairs. 

somes still connected. 
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