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not observed to occur in the cytoplasmic field, it is postulated that, 
having attained this condition, they become more or less confluent 
with each other and are in this condition inseparable from the hyalo- 
plasm. If such is the case, at least a quantity of the yolk present in 
the mature ovum is in an amorphous state, but it does not present the 
appearance described by Naumov (1956) in the herring. In the ripe 
oocyte of this fish he observed large, transparent lumps of the mater- 
ial which had sometimes fused together, a joining which he consider- 
ed might have been due to fixation. Although this condition was not 
apparent in the menhaden, it may occur in some types of oocytes; 
for example, in the dab oocytes about which Wheeler (1924) reports 
that at maturity the yolk becomes more fluid and globules of the ma- 
terial coalesce to form larger drops. Fusion of the yolk globules at 
maturity has also been reported by Cunningham (1894) in the plaice, 
whereas in Zoarces the yolk is present as large spheres according to 
Mendoza (1939), who also describes a granular flocculent form in 
Neotoca bilineata. He also reports that in Jenysia and Xiphophorus 
the yolk is present as a single, large, solid mass. Craig-Bennett (1930) 
directs attention to the terms “primary” and “secondary” yolk as 
used by Hann, who recognized differences following the employment 
of Masson’s Trichrome stain. 

Insofar as could be determined, lipogenesis does not occur in 
Stage VI. At this period, the centripetal migration of the cortical 
fat globules which was in progress earlier has ceased. Since this in- 
ward movement was not total in its effect, the mature ovarian ova 
contain a relatively small number of sub-cortical large (8 to 12 mic- 
rons), oval or spherical oil globules, some of which lie in conjunction 
with neighboring globules while others are more widely separated. 
They appear as colorless vacuoles in Plate V, Fig. 16. The intimate 
association of one or more smaller globules at the margins of some 
of the larger types suggests that a residual degree of coalescence is oc- 
curring. Internal to the sub-cortical layer of oil globules, a few glob- 
ules are indiscriminately distributed in the yolk. Although variable 
in size, they are, with rare exceptions, smaller than those in the per- 
ipherally-located aggregate. In this deployment some occur adjacent 
to or in the evirons of the peri-nuclear globules which appeared dur- 
ing nuclear regression in Stage V. It is not thought that these residual 
globules occupying the intermediate zone between the cortex and the 
central oil mass will become permanently established at these points, 
but that they will slowly move centrally and ultimately associate 
themselves with the interior fat body. The vitelline areas of the 
ovum would then be entirely devoid of lipid elements. 

The prominent internal lipid body (Plate V, Fig. 16) is typically 
located at the cell center in the area formerly occupied by the nucleus 
although it is occasionally eccentrically situated, a condition which 
may be caused by currents set up within the cell by the unequal rates 
of penetration of the fixing reagents. This is indicated by the fact 
that this condition was most common in menhaden that had been pre- 
served intact or frozen prior to killing and fixing the ovaries. On 
the other hand, it is quite probable that its eccentricity is a transi- 
tory carry over of its displaced position at one side of the nucleus 
as commonly occurs in Stage V oocytes (Plate IV, Fig. 14). The oil 
body is comprised of many scores of individual oil globules which are 
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organized into a solid aggregate. Each of the elements generally re- 
tains its fundamental spherical shape, although this configuration is 
frequently modified by pressure to form polygonial types. Delicate 
membranes surround each entity, but the surface of the aggregate is 
devoid of any specialized investment. In the absence of such mem- 
brane, the spherical entities at the marginal interface collectively 
impart a scalloped configuration, and the entire body is suggestive 
of a morula. The individual moieties comprising the oil globule evi- 
dence little fluctuation in size, which may be interpreted as meaning 
that their subsequent coalescence or fusion will not occur. 

VII. ATRESIA OF OOCYTES 

Atresia or the absorption of teleost oocytes has repeatedly been 
described in the literature. Although its general occurrence is known, 
diverse opinions have been held regarding the maturity status of the 
ovary at the time it occurs, its functional significance, the factors 
which precipitate it, and the mechanics of the absorptive process. 
Stuhlmann (1887) has described its existence in immature follicles of 
Zoarces, which he designated as “Zelldetritus” or “Galbertartigen 
Masse.” In the Pacific gunnard, Leuresthes tenuis, Clark (1925) hav- 
ing divided the sequential phases of oocyte development into im- 
mature, intermediate, and mature stages states that degeneration of 
unspent mature eggs occurs following the spawning season, while 
numbers of oocytes in the intermediate condition abort throughout 
the year. Wallace (1903) and Ghost and Kar (1952), working with 
Zoarces and Heteropneustes fossilis respectively, have reported its 
occurrence in all developmental stages, including quite immature 
oocytes. 

Complete abortion of an entire crop of oocytes was not observed 
in Brevoortia patronus, and reference to the condition in other clu- 
peids was not encountered in the literature, except for a statement by 
Naumov (1956) that in spent ovaries of the herring a reabsorption of 
unspawned cells occurred, a circumstance which, without further 
qualification, would include the incipient stages which in many fish, 
including the large scale menhaden, constitute a reserve for the fol- 
lowing season. The extent to which catastrophic abortion occurs in 
other fish is not fully established, although it is apparently an uncom- 
mon phenomenon. It has been noted however in maturing oocytes 
and eggs in a spawning condition in Zoarces by Wallace (1903), Men- 
doza (1939) in the viviparous teleost Neotoca bilineata, and by James 
(1946) in Lepomis macrochirus and the large mouth bass, Huro sal- 
moides. Wheeler (1924) was uncertain of the occurrence of total atre- 
sia in developing oocytes of the dab, although he observed the activity 
in numbers of residual ova remaining after spawning. Extensive, 
but not total mortality of unspawned mature ova has been observed 
by Cunningham (1894 and 1898) in ovaries of the plaice, although he 
considers it as an unnatural occurrence, and by Barfurth (1886) in 
unruptured follicles of the trout. Barfurth concludes that in such 
cases the degenerate masses may hinder the production of ova for 
the next spawning season and that the unripe condition may persist 
for two years or more. 

400 



Since most of the descriptions of atresia consider the frequency 
of its occurrence, the state of maturity of the cells involved, and the 
mechanics of reabsorption, little information has appeared regarding 
the specific factors which determine its onset. Since the activity has 
been shown to occur in cells during all developmental stages beyond 
the oogonia and first stage oocytes, and its extent to be partial or com- 
plete, it may be presumed that its precipitation may be effected either 
by generalized or localized factors respectively. In the former case, 
it must be presumed that a generalized “stimulus” is involved that 
has a broad range of influence on oocytes in every stage of develop- 
ment. This assumption would reduce the problem to two possibilities. 
Either the intraovarian vascular flow is diminished, which is not an 
uncommon condition in vertebrate organs, and would result in a phys- 
iological depression of the affected follicles and death of the con- 
tained oocytes and their subsequent reabsorption, or death is the 
result of an imbalance of the hormonal system. Of these alternatives 
an imbalance of hormones is indicated because of their established 
role in follicle, and therefore oocyte maintenance, and also because 
any reduction of the vascular flow sufficient to deprive the oocytes 
of materials essential to their existence would simultaneously hinder 
the removal of degenerative metabolic products. On the other hand 
selective atresia may be attributed to pressure atrophy which is prev- 
alent in the ovary during the period that large numbers of oocytes 
are simultaneously undergoing substantial enlargement. This has 
been suggested as a contributing factor by Mendoza (1939), who ob- 
served that for the ovary to accomodate the number of eggs reaching 
maturity, there must occur a numerical decrease in some of the cells 
in the developmental stages. On the other hand, local: pressure atresia 
cannot logically be implicated in those instances where large num- 
bers of unspawned ova are reabsorbed subsequent to the termination 
of a spawning season. Because of the extensive mortality character- 
istic of these cases, it must be inferred that the precipitating mechan- 
ism originates in such a manner that its action is deployed to all sus- 
ceptible oocytes. In the case of juvenile or adolescent fish that in- 
itiate the maturation process too late to be completed within the sea- 
son, catastrophic atresia of a crop of immature oocytes results from 
the precocious onset of seasonal environmental conditions that are 
unfavorable to the continued activation of the pertinent endocrine 
organs to produce sufficient quantities of hormonal substances to 
force the maturation of the cells to the terminal state. This condition 
has been demonstrated repeatedly in many of the higher vertebrates. 

The mechanics and physiology of reabsorption of atretic oocytes 
has received the attention of numerous investigators. In the inter- 
vening years since Barfurth (op .  cit.) set forth his views on the events 
involved in their removal, the process has diversely been attributed 
to the activity of the follicle cells, cells of connective tissue origin, and 
to phagocytic cells derived from the vascular system. Prior to 1897 
all of these criteria have been considered as playing a role of the re- 
moval of the aborted oocytes, which according to Cunningham (1898) 
includes the researches conducted by Brock, Emory, Owsiannikov, 
and others. The reabsorptive role of the follicle cells as the principal 
mediating factor has been emphasized by Cunningham (op. cit.). In 
the plaice he found in the younger atretic oocytes an increased man- 
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ifestation in basophilia, the fusion of nuclei with the matrix of the 
cytoplasm. He attributed the removal of the detritus as being per- 
formed by these nuclei and identified them as arising from the follic- 
ular epithelium which had been derived from the adjacent connective 
tissue cells of the lamellar stroma. Further support of this interpreta- 
tion has been provided by Wallace (1903), who observed that the 
follicular cells in Zoarces penetrate the zonal membrane and become 
phagocytes, sequentially instituting the reabsorptive process. He con- 
sidered the role of the vascular leucocytes to be insignificant except 
possibly in the terminal stages. This interpretation agrees substan- 
tially with Ruge’s concept (1889) that oocyte removal is due to an 
interaction of both leucocytes and follicular cells. On the other hand, 
considerable importance has been attributed to the leucocyte by Bar- 
furth (1886) and Mendoza (1940). In Neotoca Mendoza (1940) ob- 
served that evidences of oocyte abortion is first evident within the 
atretic cell and that normally the follicle cells retain their peripheral 
position for some time while the cytoplasm of the egg breaks up. He 
concluded that it is likely the debris is removed in part by absorption, 
(the origin of the necessary enzymes not indicated), and in part by 
leucocytic phagocytosis. Since there continues to exist a diversity of 
opinion as to the cellular and bio-chemical aspects involved in these 
regressive activities, Wallace’s comments in 1903 on this uncertainty 
remains to a large extent still pertinent when he stated that “ . . . 
the earlier attempts to explain this occurrence . . . were very wide of 
the mark.” In Brevoortia patronus abortion of oocytes in Stages I 
and I1 was not observed. It is held that because of their immatur- 
ity they exist as stable, undifferentiated cells that have not responded 
to the oogenetic control mechanisms involved in he maturation pro- 
cess but which at the same time culminate in the establishment of 
the unbalanced conditions associated with specialization of the oocyte. 
Under these conditions Stage I and I1 oocytes exist indefinitely as 
primitive cells. 

Because of the cytological diversity of the oocytes in Stages I11 
through VI and the differences in the degree of follicular develop- 
ment during the period, considerable variations are manifest in the 
images presented by the aborted cells and the events,which transpire 
during their dissolution. These factors require that separate con- 
sideration be given to the atretic activities as they appear in Stage 
I11 oocytes in contrast with the cells in later stages after the vitel- 
line materials have made their appearance. 

(1) Stage I11 Atresia 

Catastrophic atresia of Stage I11 oocytes rarely occurs in the ma- 
ture, large-scale menhaden. The author has observed substantial 
atresia of these cells in a few juvenile ovaries which had initiated a 
slight degree of maturation activities during the late summer and 
autumn but were not able to stabilize or maintain the cells to the on- 
set of the ensuing spawning season. In these ovaries the oocytes ap- 
peared to be in an early phase of Stage 111, and the abortive activities 
assumed a dominance in December and January. Most juvenile ovar- 
ies, however, pass through this phase without the involvement of any 
significant degenerative changes, although an occasional aborted cell 
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may appear in the ovary during any month of the year. In contrast 
to the season and the magnitude of cells aborted in juvenile fish as 
described above, females which have spawned abort Stage I11 ova 
most frequently in the interval between approximately April and 
September, during which time the ovary is in a relative quiescent 
state. The minimal atretic activity of oocytes in functional ovaries 
occurs during the spawning period and for a short period thereafter. 

Absence of yolk, the presence of few or no lipid masses, and a 
follicle devoid of highly organized epithelium in this stage provides 
a regressive picture unlike later stages. The initial indication of the 
onset of atresia involves a rapid change of the cytoplasm of the early 
phase oocyte from its usual hyaline basophilia to a flocculated, dusty 
blue or greyish lavender aspect as illustrated in Plates V and VI, Figs. 
21 and 22 (after Heidenhain). In cells which are more advanced and 
which are normally characterized by a pattern of intensely staining 
material embedded within the less basic cytoplasm (Plate 111, Fig. 12), 
the contained substance loses its pronounced affinity for these stains. 
Sequential to a considerable depletion of the basophilic condition, the 
cytosome is comprised in all aborted Stage I11 cells of a myriad num- 
ber of flocculated, grey-blue granules which lie in a colorless ground 
matrix, and are remarkably of a uniform size (0.1 to 0.2 microns in 
diameter). Although they tend to be homogeneously distributed, fre- 
quent clumping occurs which gives rise to small masses of less than 
1 micron. Oil globules, if present, disappear abruptly by a process of 
progressive diminution, as though actuated by inter-cellular enzymes. 

A series of nuclear changes are initiated concurrently with or 
soon after the onset of the cytoplasmic disorganization. These are 
introduced by the disappearance of all chromatin; a profound enlarge- 
ment of the nucleolus (if present); the development of a state of con- 
fluency of the proto-vitellonucleoli; and a transition of the original 
nuclear sap into a somewhat acidophilic substance. Very early the 
proto-vitellonucleoli lose their form and their substance runs together 
to create a continuous slightly hypertrophied ring on the inner face 
of the nucleus. The structure is strongly basophilic and has an initial 
wall thickness of from 3 to 5 microns. Occasionally it presents an en- 
larged trilaminate shell, of which the outer layer becomes rough-sur- 
faced and either presents a basophilia or occasionally an acidophilia. 
In the latter form the middle layer is somewhat chromophobic and 
slightly thicker than the adjacent layers, while the innermost stratum 
assumes basic properties to a variable degree. The internal margin 
of the deeper layer is either uniform or slightly undulating, but rag- 
ged or serrate on its opposite face which is in juxtaposition with the 
mid layer. Regardless of the form it assumes, the modified nuclear 
wall remains intact as regards size and position for only a brief per- 
iod as indicated by the small numbers of cells having nuclei in this 
condition. By rapid hypertrophication it expands both as to its di- 
ameter and the thickness of its wall into the state illustrated in Plate 
V, Fig. 21. The subsequent disintegration of the ring does not occur 
uniformly as indicated by the presence of places where its substance 
is interrupted and incomplete. In such cases, it develops in its inter- 
num a few small achromatic areas, which increase both in number 
and size until the body completely disappears. The initial events 
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are shown in Plate V, Fig. 21. Plate VI, Fig. 22, shows the oocyte 
after the absorption of this body is complete. 

The nucleolus, if present, enlarges materially so as to approach 
the size of the original nucleus. For a period it retains a basophilia. 
Very soon, however, an achromatic area appears in its center which 
spreads to the periphery resulting in the disappearance of the body. 
Since at this time external cellular elements have not penetrated the 
aborting Oocyte, the lysis of the nuclear bodies is effected entirely 
by enzymes, contained with the oocyte. The events terminating in 
the precocious removal of the nucleus now presents a state in which 
the cytoplasmic matrix is enclosed in a quite undeveloped follicle. 

After the completion of nuclear assimilation, the absorption of 
the cytosome progresses in a more leisurely manner. Its removal is 
introduced by a peripheral invasion of a small number of slightly 
modified fibroblast-like cells. They are best recognized immediately 
after their appearance near the periphery of the oocyte since their 
shape and internal structure ultimately becomes so highly modified 
that their ancestry cannot be definitely identified. In their earliest 
form they have a mean diameter of about 5 microns. The centrally- 
located, spherical nuclei, measuring about 2.5 microns, contain a single, 
small chromatin granule at the mid-point, from which a few delicate 
fibers radiate through a colorless nuclear sap to the distinct, but deli- 
cate karyotheca. The achromatic cytoplasm is distinguishable from 
the nuclear sap only by the presence of the nuclear wall. Jn favorable 
preparations, from two to six of these cells occur in the periphery of 
the oocyte cytoplasm immediately under the somewhat flattened fol- 
licle membrane, which, however, appears to remain intact. 

A number of possible alternatives may be advanced to account 
for the origin of the invading elements. Thus it may be theorized 
that they are derived either from the vascular system, the primitive 
follicle cells, or the stromal fibroblasts. That they are a type of vas- 
cular leucocyte would presuppose their migration through the in- 
vesting follicle. Although this may undetectibly occur, the cytology 
of the elements in the regressing cells is quite unlike the ichthyoid 
forms of leucocyte. Secondly, their origin may be attributed to a 
detachment of some of the follicle cells and their migration into the 
mass. This would produce interruption of the follicle membrane at 
the points of detachment although it is conceivable that a shifting of 
cells adjacent to their points of departure would reconstruct a continu- 
ous investment. This possibility is tentatively supported by the occas- 
ional occurrence in the follicle of a few hypertrophied cells which may 
be considered as the progenitors of the elements invading the oocyte, 
although it is contra-indicated by the persistence of an intact follicle 
throughout the period of absorption (Plate VI, Figs. 21 and 22). Fin- 
ally some evidence suggests that these entities may be derived from 
fibroblasts of the ovigerous lamella. Thus, there occurs on the outer 
face of the follicle a few cells which are transitional between the typ- 
ical fibroblasts and the phagocytic cells in the aborted oocyte. In- 
volvement of these cells in the absorptive processes would pre-as- 
sume their penetration of the follicle membrane. However, consider- 
ing the comparative cytology of the contingent stromal cells and those 
found at the surface of the aborted oocyte, it is the author’s opinion 
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that the phagocytic cells originate from fibroblasts. Although this 
represents a view which was not encountered in the literature, it 
appears to possess validity in view of the stability of the follicular 
components, as previously stated, the justification given for excluding 
vascular leucocytes, and the known potentialities of the fibroblastic 
cell types to redifferentiate. The mode of entrance of these cells 
into the atretic material was not established with certainty. Although 
in the terminal state of absorption the follicular membrane exhibits 
some discontinuity,the phagocytic cells in the oocyte usually occur in 
areas where the membrane appears intact. It is to be pointed out, 
however, that at Stage I11 the follicular investment is very primitive 
so that it is not completely organized on all surfaces of the oocyte. 
Under these curcumstances the entrance of the lytic cells occurred 
at openings which were not visible in the sections studies. Redupli- 
cation of the phagocytic cells after entrance into the oocyte was not 
observed. 

Reabsorption of the atretic mass occurs only at its periphery and 
is furthermore limited to the environs of the phagocytic cells. In such 
regions the cells lie in conforming lacunae which intrude into the 
surface of the granular oocyte substance. This pattern of encroach- 
ment is repeated at several points around the oocyte margin. With 
the establishment of this pattern, the achromatic cytoplasm of the in- 
vading cells almost immediately begins to display an intense baso- 
philia. This transformation may be limited to one or more particles 
measuring from 1 to 2 microns in size, or the change may occur as 
a generalized state throughout the cytosome. The enclosed substance 
is amorphic and with iron hematoxylin it stains a deep blue-black so 
that its intensity is many times greater than the adjacent grey-blue 
cytoplasmic remnants of the oocyte (Plate VI, Fig. 21). This suggests 
the intra-cellular elaboration of a product the source of which may 
be the oocyte ribosomes, or the associated intermediate or degraded 
RNA or RNP materials. Regardless of its origin, it soon occupies 
the entire interior of the phagocytic cells and effectively occludes 
their nuclear and other internal structure. In a few instances, a 
spherical or oval, light blue internum is visible, that may be con- 
strued as being the phagocyte nucleus. As this activity continues, 
it is accompanied by a transformation of the originally spheroid cell 
to oval, rod-shaped, or irregular patterns. The visible state of these 
bodies is questionable in that they may have been destroyed as a re- 
sult of their activity. 

Although proliferation of these cells was not observed, the in- 
crease in numbers of deeply staining peripheral entities of the ap- 
proximate size, form and position with respect to the earlier units 
suggests its possible occurrence, although it is also recognized that 
the increment may also be due to a supplemental addition of elements 
from the stromal connective tissue cells which is obscured by the 
presence of the existing dark (cellular?) masses. As peripheral ab- 
sorption proceeds, the basophilic masses become more extensive over 
the diminishing oocyte surface and assume a more or less confluence 
with each other. Since the rate of penetration of these masses into 
the internum is not synchronized, deep metastases develop which 
divide and subdivide the remaining atretic mass into smaller and 
smaller areas until it is completely obliterated. 
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Near the termination of the phagocytic activity the connective 
tissue follicular investment becomes thinner and disorganized. Its 
cells round up somewhat and become incorporated in the ovigerous 
stroma, where they are lost among the fibroblasts. The ultimate fate 
of the phagocytic cells burdened with the deeply basophilic material 
derived from the disorganized cytosome of the oocyte was not de- 
termined. During the mid or late phases of regression, many of the 
phagocytic elements develop a strong eosinophilia. Although a de- 
crease in the staining intensity of both basophilic and eosinophilic 
types and their subsequent migration into the adjacent stromal com- 
plex was noted their further history could not be determined. 

(2) Atresia - Yolk Stages 

The form of atresia for which an account is given in the follow- 
ing paragraphs occurs in eggs of Stages IV, V, and VI. The regressive 
activities not only involve the cytosome and the nucleus, as was the 
case in Stage 111 oocytes, but must include a consideration of the fate 
of the vitelline and oil bodies. 

Oocytes in these stages abort from late summer until after the 
termination of spawning. The process is rarely observed in eggs in 
which yolk formation was just beginning (Stage IV), since, as men- 
tioned above, the interval during which the egg remains in this con- 
dition is quite abbreviated so that the oocytes quickly pass to the fol- 
lowing stage. It is difficult to distinguish Stage V and Stage VI eggs 
after absorption has progressed somewhat, for which reason its rela- 
tive occurrence in each of these stages cannot be stated with certain- 
ty. The study presented some indication, however, that it occurred 
more frequently in Stage V oocytes prior to spawning, but that dur- 
ing and after ovulation cells in Stage VI became more involved. The 
period required for the complete removal of these aborted oocytes is 
of greater duration than in yolkless cells. In ovaries which were 
known to have ovulated during the winter, remnants of aborted fol- 
licles can be found as late as May or June. It seems that after the 
process has been precipitated the initial phases proceed with great 
rapidity, but that the rate progressively diminishes. 

The onset of atresia is marked by a precipitous modification of 
the zona radiata and by a hypertrophy and cytological alteration of 
the cells constituting the follicular coat of the follicle. During the 
earlier phase of this event, the follicle cells remain in a single layer, 
but after a short interval they become transformed into a wall from 
two to three cells in depth. With this occurrence the thickness of 
the investment may become as much as 10 to 15 microns, or com- 
paratively two or three times the normal membrane. A marked 
cytological similarity exists between the cells in the various layers. 
Compared to  normal follicle cells the nuclear changes are marked 
by some dilation, an almost complete disappearance of their contents 
so that they appear empty with only one or two small, occasional 
basophilic inclusions which may be vitellonucleoli, and an increase 
in the distinctness of the karyotheca. Coincidentally with these trans- 
formations the cell enlarges from about 5 to 9 microns. This in- 
crease is not the product of the accumulation of more cytoplasm but 
of a form of vacuolation. Whereas the cytosome in its original state 
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was homogeneously finely granular, the effect of impending atresia 
is the establishment of a reticulated or shredded matrix which en- 
compasses many variously sized and shaped vacuolate components. 
As a result of the development of the cytoplasmic strands and in the 
absence of a visible, limited cell membrane, the layer or layers soon 
assume the form of a continuous, uninterrupted mass of shredded ma- 
terial containing occasional vague nuclei. 

While the events described above are progressing, retrogressive 
activity is evidenced by the zona radiata externa and the zona radiata 
vera. The latter component exhibits a marked swelling which may 
double its thickness. Because it is erratically initiated throughout 
the extent of this sheath, disassociated areas of its inner face assume 
the shape of a few or many inwardly-directed mounds or nipple-like 
elevations which may be contiguous with each other or irregularly 
separated. Such elevations force the underlying vitelline membrane 
into the substance of the cortical cytoplasm of the oocyte. At first, 
the interfaces between these layers is sharply defined, but eventual- 
ly they become vaguely confluent. The hypertrophication of the 
radiate membrane not only displays an increase in its width but is 
also reflected by a marked circumferential increase in size. The cir- 
cumferential increment causes the entire membrane to be thrown 
into undulating folds as illustrated in the large central cell in Plate 
VI, Fig. 24, the inward extremities of which push somewhat into the 
cortical substance of the oocyte. Occurring concurrently or immed- 
iately following the events just described the oocytes display many 
minor differences in their further regression. In nucleated oocytes 
(Stage V) , the body precipitously undergoes disruption and it con- 
tents are quickly disseminated in the cytosome and become no longer 
evident. Because of the early disappearance of the nucleus, oocytes 
of Stage V are not always distinguishable from those of Stage VI, and 
after the disappearance of the central oil globule that characterizes 
the latter stage their separate identities are not distinguishable. 

While the zonal membranes are in the condition described above, 
the zona radiata vera for a short interval retains its normal acidophilic 
response to stains. Soon, however, disassociated areas of basophilia 
begin to appear within its internum. The size and morphology of the 
basophilic zones are extremely variable. In general, they appear in 
sectioned material as arcs which occupy about the mid third of the 
width of the zona radiata vera and are surrounded internally and ex- 
ternally by a thin layer of unaltered eosinophilic material. By the 
time the zona radiata vera has initiated the development of the in- 
ternal basophilia, or in other instances where the process is incom- 
plete, the membrane appears in sectioned material to break apart. 
The mechanics of membrane disjunction is thought to involve phys- 
ical rather than chemical forces. This is suggested by the appearance 
in areas which have not yet shown a shift to the basophilic state of 
a considerable number of oval or spindle-like cavities of one to three 
microns in length. The long axis of these vesicles conforms to the 
circumferential direction of the membrane. Since their occurrence 
coincides with the hypertrophy and in some cases the folding --I lI e m  
brane, it is probable they are derived from the system of radial canals 
which, due to the effect of distorting forces acting on the membrane 
at this time is causing the micro-tubules to be stretched along planes 

407 



coinciding with the zonal layer. Their presence is transitory. Because 
they disappear during the interval when the zona radiata fragments, 
they are thought to play an important role in disruption of the mem- 
brane by establishing points of fragility. 

The basophilic internum in the various segments continues to en- 
large so that it progressively replaces all of the original eosinophilic 
material of the zona radiata vera. The two components of the zonal 
membrane then become indistinguishable since they are still in con- 
junction with each other and evidence the same degree of basophilia. 
As they deploy toward the internum of the aborted oocyte, they irreg- 
ularly fold upon themselves in such a manner that the entities assume 
the appearance of irregular basophilic masses which are disposed prom- 
iscuously around the atretic cytosome (dark bodies at center right 
in Plate VI, Fig. 23, also Fig. 25). These sink into the deeper layers 
of the cortical cytoplasm and commingle with the vitelline substance. 
During their inward migration they pass through the region occupied 
by the vitelline membrane. The fate of this membrane is uncertain, 
although its distinct features disappear rather abruptly and it becomes 
structurally and tinctorially identical with the cortical cytoplasm. 

The breaking apart of the zona radiata is of utmost significance 
in the further absorption of the oocyte. At the interstices created by 
its disassociation, there will soon occur massive invasions of the cells 
of the follicular membrane. Within a short time they become dis- 
tributed either in groups or singly among the more peripheral yolk 
globules or along the faces of the zonal fragments. This situation is 
illustrated in Plate VI, Fig. 26, which includes only a small part of 
the oocyte. The follicular epithelium is seen as a dark band of cells 
in the lower part of the photograph just above the light space that 
separates the aborted cell from a Stage I11 oocyte at the bottom. 
Because the atretic cell contour was somewhat “U” shaped in the area 
photographed due to compression by other near-by oocytes, the fol- 
licular surface of the same cell is visible again at the upper left hand 
corner. Within the expanse of the cytoplasmic matrix, two irregular 
shaped homogeneous gray bodies can be seen. These are fragmnts 
of the zona radiata. Lying throughout the cytoplasm are two or three 
score dark circular nuclei of the follicular cells that have migrated 
to the internum. These cells are dispersed so that some of them lie 
adjacent to the zonal fragments and the yolk bodies. (The yolk gran- 
ules are represented as moderately large light grey bodies, cf. infra). 
A few of the invading cells are shown to be contiguous to or within 
the zonal masses. The figure also shows the continuity that occurs 
between the cells of the follicle layer and the free cells in the interior 
of the oocyte. 

With the completion of the disorganization of the zona radiata 
and the intrusion of the follicular cells, the aborted oocyte presents a 
complex comprised of a mass of indistinct cells of follicular origin, 
irregular bodies derived from the zona radiata, a moderate quantity 
of granular, acidophilic cytoplasm, and a mixture of vitelline bodies. 
The oil globules precipitously disappear in the same manner as in 
aborted Stage I11 oocytes, and without the apparent intervention of 
phagocytic activity. The vitelline bodies show evidence of a marginal 
indistinctiveness and a confluence with each other. They stain var- 



iously weakly acidophilic or basophilic. Often their internum, which 
may be entire or broken into two or four fragments, is for a time 
basophilic, while the cortical zone responds to the acid dyes. In the 
process of removal of these bodies, their final absorption can occur 
only when their substance is in an acidophilic condition. 

Selective absorption of the bodies within the oocyte was not ob- 
served. Rather there appears to be a simultaneous removal of yolk 
bodies together with the submerged portions of the zona radiata. In 
late stages of oocyte removal, parts of both of these materials may 
be present, although in some instances the zonal fragments are absent. 
The exact mechanism of the removal of the debris could not be es- 
tablished. Since vascular buds do not enter the remnants of the fol- 
licular investment until after the appearance of large numbers of 
scavenger cells in the detritus, the hemal system does not appear to 
be implicated as a source of phagocytes during most of the period 
of oocyte removal. Phagocytosis by the cells derived from the follicle 
was not suggested on the basis of an absence of atretic material with- 
in their cytosomes, although the possibility exists they are involved, 
but that the process is obscured by chemical or physical alteration of 
the debris during ingestion. Rather it appears that enzymes derived 
from the follicle cells act extra-cellularly on the yolk, cytoplasm, 
and fragments of the zona radiata. The validity of this assumption 
rests upon 1) the juxtaposition of the follicle cells to the yolk bodies 
or the masses originating from the zona radiata; 2) that at these points 
the substance of the detritus is always in a comparable acidophilic 
condition; 3) that with respect to the particles of zonal origin the 
follicle cells frequently occur in bays or lacunae conforming to the 
shape of the cell; 4) the cytosome of the follicle cell retains its vesi- 
cular morphology throughout the process; and 5) the not infrequent 
occurrence in the detritus of yellow-brown pigmented objects having 
irregular shapes and being slightly larger than the contained cells. 
These are recognized as metabolic by-products of extra-cellular lysis. 

Sooner or later the above described activities progress to a stage 
in which the volume of the aborted oocyte is greatly reduced. A few 
dozen yolk granules occur in a section instead of hundreds. When 
this phase is attained, numerous capillary buds or aggregates derived 
from the lamellar stroma push into the connective tissue investments 
which originally were present on the outer surface of the cellular 
layer of the follicle. Some shrinkage now occurs in the diameter of 
the connective tissue tunic, but since the change is not at rapid as the 
rate of diminution of the oocyte debris, a considerable space exists 
between them. The blood cells are at first confined to these new 
channels. In the final phases of absorption a few leucocytes are found 
in the space between the peripheral capillaries and the residual de- 
bris, and in rare instances an occasional hemal element is encountered 
in the detritus. It is doubtful from their cytological appearance and 
distribution that their role is one of actual phagocytosis, although they 
may be engaged in some form of extra-cellular digestion of the oocyte 
substance. 

Shortly after the leucocytic invasion, there gradually develops 
in the area occupied by the residual complex comprised of the re- 
maining follicle cells, the oocyte debris, and the hematic elements 
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an irregular, reticular network of fine connective tissue fibers. These 
elements are not numerous and are disposed throughout the detritus 
without any specific organization. Associated with the fibers is a 
cell type that was not previously present. These occur in varying 
numbers. They are oval or elongated with a distinct eosinophilic nu- 
cleus and a finely granular cytosome possessing a less intense but 
similar staining matrix. The approximate cell size is four microns. 
In all respects they closely resemble the fibroblasts present in other 
areas of the ovigerous lamellae. Because the outer investment of 
connective tissue remains at some distance from the residual atretic 
complex, and therefore is not spatially in a position to contribute 
these cells, it is believed that their origin is either from the leucocytes 
or the follicle cells which initially entered the substance of the abort- 
ed oocyte. While transitional forms were not specifically identified, 
their temporal appearance closely follows the leucocytic invasion, thus 
providing indirect evidence that the progenitor is the white blood 
cell. This, however, leaves unexplained the fate of the follicle cell 
whose numbers gradually diminish as the remnants of the oocyte are 
absorbed. This uncertainty is furthermore complicated by the ap- 
pearance in the mass during the final stages of a number of cells in- 
termediate in morphology between the earlier hypertrophied follicle 
cell and the fibroblast. If it is assumed that the fibroblasts present 
in the terminal, internal connective tissue mass are all derived from 
the numerous follicle cells which were originally associated with the 
absorptive process, it becomes necessary to account for the substantial 
reduction in their numbers, since at the time of complete absorption 
of the oocyte the total of cells present in this confined area is ma- 
terially less than those originally contributed by the follicle. Be- 
cause cells of follicular ancestry were never observed to leave the 
aborted mass, an activity which might otherwise explain their dimin- 
ution, it appears that the most valid explanation of the roles played 
by the cells contributed by the follicle and the leucocytes is that the 
follicle cell is entirely responsible for all activities involved in the 
digestion of the zona radiata and other constituents of the aborted cell, 
but that the leucocyte possesses the dual potentiality of destroying 
the degenerating follicle cells, after which a part of the leucocytes 
differentiate into fibroblasts while others return to the vascular sys- 
tem. 

In summary, it has been shown that in the menhaden ovary the 
process of absorption of atretic oocytes is basically identical regardless 
of the age of the oocyte. In this respect, the first evidence of regres- 
sion is always manifested by nuclear changes that soon result in the 
liberation of its substance into the cytosome. The chemical disinte- 
gration of the cytoplasm and its enclosures in all aborted cells is ac- 
complished by extracellular enzymes rather than by phagocytosis. 
The cells implicated in the lytic removal of the oocyte remnants are 
always of fibroblast origin, i. e., they are either invading fibroblasts 
as in the younger stages or modified fibroblasts serving as follicle 
cells in the case of older oocytes. The role performed by leucocytes 
is confined to the terminal re-establishment of stromal tissues. 

For an interval subsequent to the complete removal of the sub- 
stance of the aborted oocyte there occurs in the area it formerly oc- 
cupied an island of newly formed connective tissue which remains 
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separated from the stromal matrix of the lamella by a contiguous, 
empty zone which is in turn surrounded by a loosely organized layer 
of fibrous connective tissue as described above. The cavity separating 
the internal fibroblastic mass from the externum is progressively ob- 
literated by the encroachment of the blood vessels and the outer con- 
nective tissue tunic and also in part by a supplementation of the ele- 
ments of the central connective tissue body. Ultimately the external 
and internal tissue become applied to each other in such a manner 
that the fibers of one become continuous with those of the other. At 
this stage the follicle has been completely absorbed and the elements 
present are to be considered as comprising a portion of the connective 
tissue stroma of the ovigerous lamella. Nevertheless, it is possible to 
some degree to identify for prolonged periods the Connective tissue 
elements which arose in the residual oocyte detritus from the type 
derived by stromal invasion because of the greater density of the for- 
mer. Following an unknown lapse of time, the distinction becomes 
progressively more vague until the dual origin of the elements is 
obliterated and the area assumes the aspect of the general stroma. 

VIII. INVESTMENTS OF THE OOCYTES 

A number of investments are associated with oogenesis of fish 
oocytes. These show some variability in number and structure in 
the different species of fish but possess two characteristics which are 
universally applicable. In the first instance, the greater number of 
the membranes present are functionally concerned with the transmis- 
sion of synthesized and unsynthesized substances essential to the 
growth and differentiation of the oocytes. Additionally, one of the 
investments later becomes involved in the formation of the fertiliza- 
tion membrane. 

The variable terminologies and classifications which have been 
assigned to these structures by Mark, Eigenmann, Emory, Schraff, 
Heape, Caldwell, and Fulton have been reviewed by Wallace (1903). 
In the case of the Gulf menhaden, the following classification ap- 
pears to be the most descriptive of the types and relationships of 
the oocyte investments: 

A. Primary membranes. (Those which are retained in whole or 
in part by the ovum after ovulation.) 
1. Plasma membrane. (An interface cytoplasmic membrane 

lying external to the vitelline membrane.) 
2. Vitelline membrane. (Occurring at the oocyte surface.) 

B. Secondary membranes. (Those which are retained within the 
ovary as remnants of the follicle after ovulation, and identi- 
fied in sequence from the exterior to the interior.) 
1. Follicular connective tissue fiber tunic. (A loosely organ- 

ized association of connective tissue fibers.) 
2. Epithelial follicular membrane. (The principal investment 

as regards synthesis and transport of materials essential 
to oogensis.) 

3. Zona radiata ezterna. (An outer component of the zona 
radiata. Basophilic.) 
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4. Zona radiata vera. (The inner component of the zona 

Considering the temporal development of these investments, it 
can be stated that the primary structures make their appearance prior 
to the secondary membranes. This condition may not be particularly 
obvious in the youngest oocytes because of the feeble tinctorial re- 
sponses of the elements and because the components are so delicate 
they are difficult to identify. In the following sections, follicle de- 
velopment will be correlated with the maturation stages of the oocytes. 

Stage I: A true vitelline membrane does not occur at the sur- 
face of these oocytes. There is present, however, a poorly defined, 
peripheral condensation which may or may not be discernible in dif- 
ferent preparations. When present, it varies in thickness from the 
limits of visibility to 0.2 microns in thickness. It is most effectively 
demonstrated by Cajal’s trichrome method, following which its sub- 
stance seems to be of a finely granular nature, Because of its im- 
maturity, it cannot be specifically recognized as either cortical cyto- 
plasm or vitelline membrane material. It is logical to assume, in 
view of the primitive state of the cell, that the vitelline membrane 
is incapable of precociously differentiating and that the substance 
is therefore cortical cytoplasm. 

Lying on the margins of the oocyte, the stromal connective tissue 
becomes loosely associated with the germ cell (Plate 11, Fig. 9) to es- 
tablish the primordium of the follicle. Although no distinct demarca- 
tion exists between the general connective tissue of the lamellar 
stroma and the elements which lie in contact with the oocyte, slight 
cytological differences can be observed. Despite the delicacy of the 
fibers in both areas, they tend to attain predominance near the oocyte 
where they are roughly oriented in the form of a concentric, undulat- 
ing pattern wherein the fibers frequently intertwine with each other. 
Since the circumferential fibrous zone gradually integrates with the 
randomly disposed fibers of the stroma, its thickness can be stated 
only in a general way to be between 0.3 and 0.5 microns. 

Cellular differences occur between the fibroblasts of the stroma 
and those lying in the environs of the oocyte, but as in the case of the 
related connective tissue fibers, the transition is gradual. Typical 
stroma fibroblasts are multi-shaped, have rather imperceptible cell 
boundaries, and are usually from 3.0 to 5.0 microns in diameter. En- 
closed in the weakly stained cytosomes are well-defined, uniform 
sized nuclei containing unstained or dimly stained karyoplasm em- 
bedded in which are six to twelve or more small and irregular chrom- 
atin particles. In contrast, the connective tissue cells as they ap- 
proach the periphery of a Stage I oocyte, begin to elongate, a t  first 
slightly and subsequently more so as they come to lie in closer con- 
tact with the germ cell. Their long axis becomes noticeably arched 
as they approach the oocyte. In conformance with the shape of these 
cells, the prominent nuclei are elongated and crescent-like. The in- 
ternal aspects of these karyosomes are similar to those of the outlying 
fibroblasts . 

In summary, Stage I is passed over without formation of any of 
the membranes of the oocyte. The principal activities in this direc- 
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tion are confined to the provisional organization of the connective 
tissue entities which are destined to form the follicle. 

Stage 11: Since this stage is transitory and does not involve ex- 
tensive cytoplasmic maturation, very little progression occurs in the 
elaboration of the oocyte investments. The encapsulating connective 
tissue fibers become somewhat more abundant (Plate 111, Fig. 9, 
darker cell), although their fundamental arrangement remains un- 
changed. While the thickness of the layer may increase to about one 
and one-half of its original extent, there is no suggestion of its sequen- 
tial differentiation into the characteristic follicular investments. I The 
cytosome of the oocyte also remains passive as regards the formation 
of a vitelline membrane. 

Stage 111: Actual follicular differentiation begins during the early 
part of this stage and is correlated with the initiation of cytosomal 
differentiation, i. e. the assumption of a generalized basophilia and 
lipogenesis. Before the oocyte enters the subsequent stage, the young 
follicle has become a two-layered structure consisting of the incipient 
epithelial follicular membrane and the primordium of the zona radi- 
ata. Follicular epithelium is not present on the surface of the oocyte 
during the earlier part of Stage 111. The period of its organization 
begins at about the time the germinal component has attained an in- 
tense basophilia. The first indication of its development is the appear- 
ance on the outer surface of the oocyte of an occasional cell that is 
closely adherent to the surface. These cells are cytologically similar 
to the fibroblasts that occur in moderate numbers in the environs of 
the oocyte and from which they were derived. Almost immediately 
the presumptive follicle cell becomes greatly flattened against the 
oocyte surface although it is not unusual to see its margin reflected 
from the oocyte surface in the manner of a tangent. This imperfect 
attachment is only a temporary condition that occurs while it is still 
in the process of conforming to the curvature of the oocyte. During 
this interim there are considerable areas of the germ cell that are 
devoid of the external investment. Soon, however, other cells appear 
at the surface of the oocyte so that it becomes completely ensheathed. 
It appears from the material that the supplemental cells are derived 
from the stock of fibroblasts rather than by replication of the original 
adherent cells. With the completion of these events, a primitive fol- 
licle has been created. 

At the time the components of the follicle have reached the stage 
of organization described above, they appear as a continuous entity 
in which cell boundaries cannot be found. The thickness of their cy- 
tosomes is hardly within the limits of visibility. Their basophilic 
nuclei are compact and although flattened against the oocyte rise 
slightly above the cytosomes. Because of this the outer surface of 
the follicle appears slightly undulate. 

Very little further development of the investment occurs during 
Stage 111. The cells become slightly less flattened and the nuclei 
lose their basophilia so that their internal structure becomes visible. 
Within the distinct nuclear membrane there occurs a vesicular ar- 
rangement of the components and numerous small chromatin masses. 
The achromatic cytosomes are finely granular. Plate IV, Fig. 17, 
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shows a general view of the follicle on the oocvte in the umer  Dart 
of the i l lhration. The oocyte represented is ;bout midway *thr&gh 
Stage 111. 

Underlying all areas of the epithelial investment a very delicate 
non-cellular layer is present which represents the appearance of the 
zona radiata. I t  is amorphous and reacts weakly to acid dyes. At the 
termination of Stage 111, it attains a uniform thickness of slightly 
more than 2 microns. In some preparations suggestive evidence is 
presented that the structure is composed of circumferentially ar- 
ranged, masked parallel bands of broad fibers or layers of a material 
physically resembling regular dense collagenic connective tissue. In 
areas where the techniques caused its separation from the margin 
of the oocyte, it appears to possess on its inner face a thin layer of 
denser material. This may be the result of the separation of the deli- 
cate vitelline membrane from the oocyte and its adherence to  or 
fusion with the zonal anlage. In other areas where this has not oc- 
curred, the vitelline membrane is barely discernible as it lies on the 
surface of the cortical cytoplasm. At this period this membrane does 
not yet evidence a recognizable difference in staining properties from 
the cortical substance, except for a minimal increase in chromophilia. 

Stage IV: Throughout this abbreviated stage the oocyte invest- 
ments undergo progressive, minor differentiations of the layers de- 
veloped in the preceding stage. Correlated with the institution of the 
process of the provisional yolk elaboration, the single layered epithel- 
ial follicular membrane increases in thickness to a maximum of about 
6 microns, which represents a two to threefold increment (Plate IV, 
Fig. 17, lower and upper left oocytes.) With this development, the 
cytology of the cytosomes is unaltered, and their intercellular mem- 
branes are only suggested. The internal faces of the follicle cells 
which rest upon the incompletely differentiated zona radiata show 
some irregularity. The limiting membranes at this surface are com- 
paratively more distinct than those separating one cell from another. 
The superficial cellular margin is represented as a thin layer of cor- 
tical cytoplasm rather than a well defined membrane. The interiors 
of the cytosomes are somewhat finely vacuolated and present a “wash- 
ed-out” appearance. 

Progressive nuclear enlargement in the follicular cells occurs 
so that they attain a diameter of about 6 microns, meanwhile under- 
going a change from the earlier flattened discs to ovate discs. They 
generally lie at the cell center. Cytological changes from the earlier 
forms are insignificant. 

The developing zona radiata at this period shows tinctorial evi- 
dence of differentiating into two inseparable stratifications, the zona 
radiata externa and the zona radiata vera. The entire membrane in- 
creases in thickness from about 2 microns to 3 or more microns. The 
zona radiata externa now develops a basophilia which completely en- 
circles and encloses an inner ring of the acidophilic material consti- 
tuting the zona radiata vera. Individual follicles evidence consider- 
able variation in the respective thickness of each of the zonal compon- 
ents. The extreme condition, which is encountered rarely, involves 
complete replacement of the acidophilic part by the basophilic counter- 
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part. Under these circumstances the condition seems to be tempor- 
ary and reversion of the tinctorial pattern to the original condition 
occurs during subsequent stages. Both components are amorphic 
throughout Stage IV and fail to display any suggestions of the intern- 
al structure. 

The presence of the plasma membrane is not yet indicated. Al- 
though the vitelline membrane is still vaguely foreshadowed by its 
greater density, it does not occur as a distinct structure. 

Correlated with the accelerated rate of deutogenesis 
and lipogenesis characteristic of this stage, the follicular epithelial and 
zonal layers show a marked development. 

The unstratified layer of follicular epithelium increases in thick- 
ness as the stage progresses and at its termination varies between 8 
to 10 microns. Its cellular elements assume a cuboidal aspect as il- 
lustrated in Plate V, Fig. 18. The large oval or spherical nuclei are 
slightly apical in position, seeming to lie almost in contact with the 
cell membrane. Occasional small masses of chromatin lie against the 
prominent nuclear walls, otherwise they are structureless. The cyto- 
somes appear foamy and vacuolated the elements of which progress- 
ively increase in size toward the basal regions of the cells adjacent 
to the zona radiata. Because this margin of the cells is adherent to 
the zona, and due to the apparent absence of basal membranes, con- 
siderable numbers of the vacuolations appear to be in contact with 
the zonal substance. 

Zonal membrane development occurs so rapidly at the onset of 
this stage that the structure becomes fully functional in the earliest 
phase. Three views at different periods during the interim of the 
fifth stage are shown in Plate IV, Fig. 14, and Plate V, Fig. 18. The 
superficial zona radiata externa is extremely basophilic and of a con- 
stant thickness of about 1.6 microns. It is structureless internally ex- 
cept for an abundance of radial striations which pass through the 
matrix and which have been shown by E/M studies to be canals. 
These canals are less than 0.2 microns in diameter and in sectioned 
material are seen to be spaced uniformly at intervals of 0.6 microns. 
Their external apertures are intimately associated with the zonal 
faces of the cells of the follicular epithelium. Sections which happen 
to pass tangentially through the zonal layer so as to cut through the 
canals in a cross-sectional aspect reveal a regular geometrical ar- 
rangement of a polygonial nature. The zona radiata externa is bound 
firmly to the zona radiata vera. It consists of an amorphic hyaline 
acidophilic matrix, uniformly about 5.5 microns thick, and is permeat- 
ed by indistinct radiations representing a continuation of the canal 
system of the zona radiata vera. 

Internal to the zona radiata veru there begins to appear during 
the later interim of this stage a circumferential zone whose width is 
essentially 1 micron or slightly more. Its appearance in fixed ma- 
terial is such as to suggest the inclusion of a viscous, semi-fluid in vivo. 
Not infrequently a small number of minute granules are oriented in a 
radial pattern that suggests the existnce of diffusion currents between 
the canals of the zona radiata vera and the vitelline membrane of the 
oocyte. This morphological entity is the plasma membrane, which 
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because of its apparent high degree of viscosity is retained in whole 
or in part by the ovum at ovulation. 

The vitelline membrane is definitely established during this stage, 
although its terminal differentiation is not accomplished until later. 
As shown in Plate IV, Fig. 18, the demarcation is rather sharp be- 
tween this membrane (black line) and both the adjacent outer plas- 
ma membrane and the inner cortical cytoplasm. Whereas in the 
previous stage its lack of definition precluded exact measurements, 
it now presents a uniform thickness of about 0.8 microns. Structural- 
ly it seems to consist of a homogeneous basophilic ground substance 
which, however, does not suggest a fibrous texture. 

Stage VI: Because deutogenic and lipogenic activities during this 
stage become progressively less pronounced, the investing membranes 
remain in a static condition, except for the intervention of some de- 
generative changes involving the fibrous connective tissues that lie 
on the surface of the follicular epithelium and also in the cells of the 
follicular epithelium. These regressions are manifest shortly before 
ovulation begins. Nuclei of the fibroblasts of the outer fibrous tunic 
decrease in size and their morphology is altered so that they often ap- 
pear as splinter-like elements with respect to which a cytosome could 
not be identified. The apparent absence of the cytosomes results in 
a condition in which the naked nuclei seem to lie along the margins 
of the fibrous elements. The distribution and abundance of the coarse 
undulating fibers become altered from the previous pattern so that 
the filaments are often reduced to a single strand that incompletely 
surrounds the underlying follicular membrane, while at other surfaces 
the fibers are considerably more numerous. The result of these ac- 
tivities, which are obviously of a degenerative nature, appears to be 
directed toward a weakening of this particular investment to facili- 
tate the escape of the ovum. 

The follicular epithelium evidences a state of deterioration by a 
transformation of the nuclei from a vesicular form to a dense or pyc- 
notic condition as compared to its Stage V status. Although the cells 
do not further increase in size, their internal vacuolation becomes 
more pronounced. 

The zona radiata externa throughout this stage retains its earlier 
morphology and tinctorial properties. The zona radiata vera on the 
other hand evidences an increasing basophilia accompanied by a di- 
minution in its thickness. By the time the oocyte has reached ma- 
turity the staining response of the zona radiata vera becomes more 
basophilic so that it approximates that of the zona radiata externa 
although of a lesser intensity. A concurrent diminution of the thick- 
ness of the sub-zonal membrane of such magnitude that it ultimately 
is reduced to one-half its previous thickness accompanies the change 
in its staining properties. Its system of radial canals can no longer 
be detected due either to their obliteration or to having become ob- 
scured due to the increase in the staining intensity of the zonal sub- 
stances. The significance of the regression of the layer may be inter- 
preted on the basis that having completed its role in bringing the 
oocyte to maturity it becomes hypotrophied with loss of function, 
and that the changes are specifically designated to facilitate the es- 
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cape of the egg by minimizing the restraining capacity of the mem- 
brane. 

Except for a slight increase in the quantity of the matrix of the 
plasma membrane, it has undergone no detectable change following 
its origin during the previous stage. The vitelline membrane, having 
completed its differentiation during stage VI, lies on the thin layer 
of faintly acidophilic cortical cytoplasm. No increase has occurred 
in its thickness, but its margins have attained a greater degree of 
definition. 

Spent Follicle: With the discharge of the ovum, the follicular in- 
vestments retained in the ovary consist of the fibrous connective tis- 
sue components, the cellular layer of the follicle, the zona radiata vera, 
and the zona radiata externa. A number of empty follicles are shown 
in Plate VI, Fig. 19, at a period immediately after ovulation. Separa- 
tion of the outer fibrous together with the adherent follicular layer 
from the underlying zona radiata occurs either during the rupture 
of the follicle or immediately thereafter. The composite outer layers 
are visible in the figure as gray undulating lines. This separation is 
initiated by localized elevations of the epithelial layer with respect 
to the underlying zona radiata externa. In these areas numerous 
circumferential clefts arise and disjunction of the membranes occurs. 
Through an extension of the process, it soon involves all areas of the 
follicle. 

Concurrent with the sloughing off of the follicle epithelium and 
its transformation into the corpus albicans, the zona radiata externa 
diminishes to a thickness of 1 micron or less, and the zona radiata vera 
to 1 to 1.5 microns. Disappearance of the canals which were present 
when the follicle was functional occurs immediately with egg re- 
lease. Following a short interval the two layers, the components of 
which soon become indistinguishable from each other, become further 
reduced in thickness to less than 1 micron. The few or numerous 
fractions thus created gradually lose their basophilic properties and 
finally become achromatic and disappear. Since these changes oc- 
curred uniformly in the material, and because of the absence of medi- 
ating cells, the responsible enzymes must be elaborated elsewhere in 
the lamella and be generally distributed throughout its tissues. The 
absorptive process is very rapid, probably not requiring more than 
one or two weeks. 

The epithelial layer of the follicle becomes materially thinner, 
a change which is accompanied by, or is the result of, a transformation 
of its cellular components into a low cuboidal form. The faces of 
most of these cells which were in contact with the zona radiata ex- 
terna present a shredded aspect, due possibly to the tensions exerted 
in the separation of the layers. Some nuclear degeneration is indicat- 
ed by the prevalence of dense or pycnotic types having a mean di- 
ameter of 1.3 microns and which are slightly elongated and strongly 
basophilic. The vacuolated cytoplasm is converted during the initial 
period of nuclear transformation into a homogeneous mass of mod- 
erate density consisting of fine acidophilic granules. Further re- 
gression of the follicular epithelial layer and the establishment of 
a corpus albicans are accomplished by a shrinkage of the follicular 
layer, thereby decreasing its diameter, and an inward extension or 
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movement of the cells into the central cavity. As the layer moves 
inward, it is accompanied by the superficial fibrous connective tissue 
investment which begins to show evidence of regeneration. As a 
result of the inward extension of the epithelial cells, the central 
cavity ultimately becomes obliterated and a corpus albicans is pro- 
duced. Subsequently the cellular components appear to undergo a 
form of regression in which they become dilated and devoid of cyto- 
plasm. Their nuclei shrink in size, assume a pycnotic state, and ulti- 
mately disappear. At this period the corpus appears as illustrated in 
Plate V, Fig. 20. 

During the early phases of regression, the connective tissue ele- 
ments lying on the surface of the body begin to receive numerous vas- 
cular buds so that they soon occupy almost the entire peripheral area. 
A number of these channels can be identified in the figure by the in- 
clusion of the dark nucleated blood cells. As the vascular flow in- 
creases, the corpus aZbicuns diminishes in size until it completely dis- 
appears. It is believed that leucocytic action is responsible for the 
absorption of its substance although this point was not definitely 
established. 

In the final stages the corpus is reduced to a complex consisting 
only of the fibrous elements and a few blood vessels. Ultimately 
the connective tissue becomes very tenuous so that it can not be dis- 
tinguished from the general stromal material. During this time, the 
vascular entities decrease in numbers so that they, too, are finally 
obliterated. 

The removal of the corpus dbicans apparently occurs gradually 
requiring several weeks for its completion. Residual bodies have 
been encountered in spent ovaries as late as mid June. 

IX. SUMMARY 

In the Gulf of Mexico menhaden, Brevoortia patronus, events re- 
lating to gonadogenesis have not previously been described. In the 
present study it was found that the process first becomes discernible 
in 17 to 18 mm larvae with the appearance of small numbers of primor- 
dial germ cells in the retroperitoneal dorsal-lateral areas of the body 
wall. Shortly thereafter, when the fish have attained a length of 
about 23 mm, the germinal ridge becomes evident. With this develop- 
ment, the germ cells begin a leisurely migration toward the epithelial 
thickening to become incorporated in the germinal fold as occurs in 
other vetebrates. This migratory activity also includes a comple- 
ment of associated body wall mesenchymal or fibroblast elements 
from which the stromal and connective tissues of the organ will arise. 
With further substention of the germinal fold, the cells of retroperi- 
toneal origin pass into it. By the time the larvae have attained a length 
of 29 mm, the gonad has attained its definitive form and is suspended 
in the coelom by a broad mesentery. 

Gonadogenesis was found to occur only in larvae that had arrived 
in a euryhaline littoral habitat. This relationship makes it appear 
that the activity is incapable of being initiated in waters of high salin- 
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ity. It furthermore appears that only a relatively brief interim is 
required in the estuarine habitat to induce gonadal inception. This 
conclusion is derived from the known larval size at the time of their 
entrance into this environment. Although some variation can be ex- 
pected regarding the beginning and termination of the period of go- 
nadogenesis due to the intermittency with which the larvae reach 
the low salinity habitat, it is confined to April and May. 

During the remainder of the larval period the organ rapidly in- 
creases in size but remains in the primitive state of organization. Its 
enlargement is in large part due to the intense activity of gonia1 pro- 
duction. Whereas the number of these cells in the newly formed 
gonad is less than one hundred, subsequent replication in the nature 
of geometrical rates of increments provides a population of more than 
60,000 by the time the organ has attained a length of 66 mm. Ulti- 
mately with the appearance of sexual characteristics in the gonads, 
the rate of production of new generations in the female is greatly 
diminished, while in the male it is maintained at a relatively high 
level. The accelerated growth of the organ and the augmentation of 
the supply of gonia is most pronounced during the mid- and late sum- 
mer. 

As in other vertebrates, the gonad is histologically indifferent in 
its earlier stages. Sex differentiation in the material studied had 
definitely occurred in post-larvae having a length of 60 mm. It is be- 
lieved, however, that the initial transitional events probably occur 
in fish of about 50 mm, representatives of which were not available 
for  study. The conclusion that the change occurs in the 50 mm range 
is supported by the complete absence of the sexual condition in, all 
specimens smaller than this size as related to the established condi- 
tion in all of the 60 mm fish. Thus the intermediate phases in which 
evidence of its appearance would be manifest in some post-larvae and 
not in others were not observed. The earliest characteristics which 
differentiate the ovary from the testis include its more rotund shape 
in cross sections, the development of a central and a number of strom- 
al cavities, the heavier connective tissue investment of its gonia, the 
greater density of its stromal components, the relatively smaller num- 
ber of gonia present, and the appearance of a number of bays or in- 
dentations of the central cavity that foreshadow the development of 
the ovigerous lamella. The transformation of the indifferent gonad 
into a primitive ovary in which the pattern of the ovigerous lamella 
and the arrangement of the gonia become established appears to oc- 
cupy several weeks. In most of the specimens the process initially 
became apparent in June, although in others it was delayed until July 
or the first part of August. The differential between the earlier and 
later dates is considered to rePlect variations in time of hatching and 
rates of migration of the larvae into the estuarine waters. 

Zero year fish are incapable of completing gametogenesis prior to 
the onset of the ensuing spawning season. Until that time most of 
the sex cells of the ovary are oogonia or transitional first stage oocytes. 
Occasional cells, howover, reach a phase of maturity that immediately 
precedes the elaboration of oil. Such oocytes remain in this condition 
until the beginning of the following cycle or are aborted. The latter 
condition is not prevalent. Fish evidencing incomplete gametogenesis 
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do not participate in the annual migration to the spawning grounds in 
the offshore waters. It is only after mature ova appear in fish hav- 
ing a body length of 100 mm or more that they are encountered dup- 
ing the spawning season in higher salinity environments. 

In mature females, the gametogenic cycle has been divided into 
specific phases or stages by various investigators on the basis of the 
sequential occurrence of histologic changes in the oocytes. In these 
cases, there exists considerable variability between the classifications. 
As regards the clupeids, Naumov (1956) recognizes in the Murmansk 
herring five phases which, however, in the case of Brevoortia patronus 
appear to be inadequate to account for all the transformations en- 
countered. For this reason a total of six stages are dealt with in the 
present paper. The earliest stage is the undifferentiated mitotic cell 
that occurs in variable numbers in all functional gonads. Although 
Naumov states that these cells are present in the ovary at all times, 
the present study shows that their numbers are inversely proportional 
to the degree of maturity of other oocytes in the organ. For a con- 
siderable period while most of the oocytes are passing through the 
final maturational phases, these first stage cells could not be seen in 
any part of the ovary, although they reappear at the beginning of 
subsequent cycles. Transformation of these oocytes into the next 
stage occurs principally at the onset of a new cycle. At this time the 
author considers them as being in Stage 11, which is characterized by 
cellular and nuclear enlargement accompanied by the development 
of a cytoplasmic acidophilia. These cells are still capable of mitotic 
activity. Oocytes which have not advanced beyond the first two 
stages are capable of being maintained from year to year in a status 
quo condition as evidenced by the non-occurrence of atresia. 

The following phase, Stage 111, is marked by the intra-nuclear ap- 
pearance of scores of nucleoli-like bodies that lie against the inner 
face of the nuclear membrane and which are responsible for lipogenesis 
and deutogenesis. They exhibit several characteristics that preclude 
their being ordinary nucleoli including their persistence after the 
disappearance of the original nucleolus, differences in their behavior 
during the early stages of atresia, the release of their substance into 
the cytoplasm, and in the final stages of oocyte maturation, the sudden 
discharge of large numbers of them into the cytosome concurrently 
with the absorption of the nuclear membrane, and their specialized 
role in fat and yolk formation as stated above. Since they induce and 
regulate the production of metaplasmic materials, they are identified 
in this study by the terms proto-vitellonucleoli and eu-vitellonucleoli 
according to whether they are operating within or outside the nuclear 
membrane, respectively. The so-called yolk nuclei do not occur in 
menhaden oocytes. Although maturation activities are sufficiently 
advanced in this stage that oil production is initiated, they retain the 
potentiality of remaining in the ovary from one cycle to the next 
without undergoing atresia. 

After oil production has been initiated as described above the 
oocyte becomes radically altered as regards both the nucleus and the 
cytosome. These changes reflect functional adjustments in the oocyte 
that presage the onset of yolk formation. The cells at this time are 
in an early phase of Stage IV. During the later phases provisional 
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yolk will make its appearance. Oocytes which have reached this 
stage of maturation have lost all potentialities to continue to reside 
in the ovary from season to season and must complete their develop- 
ment prior to spawning or be aborted. The length of the period that 
they remain at this level of maturation is short, probably not exceed- 
ing a few days. They normally begin to appear in ovaries during 
October. From that time until their disappearance in January they 
represent about 24% of the total number of all oocytes in the organ. 

The fifth maturational stage is principally devoted to yolk form- 
ation although some oil continues to be produced during this period. 
At about mid-phase, the prominent nucleus shifts to a somewhat ec- 
centric position in the cytosome as the peripheral oil globules begin 
migrating to the center of the cell. The displacement of the nucleus 
marks the beginning of its dissolution. This event is characterized 
by the absorption of the nuclear membrane and the discharge of its 
contents into the cytosome. Included in the effluent material are 
hundreds of proto-vitellonucleoli of many sizes. In the areas where 
nuclear and cytoplasmic matrices are confluent, these bodies are trans- 
formed, either directly or by a series of indistinguishable metabolic 
changes into yolk granules which are indistinguishable from that pro- 
duced earlier. At the close of the fifth stage no visible components 
of the nucleus remain. Although in occasional instances a small num- 
ber of oocytes at this phase of maturation occur in ovaries as early 
as October and as late as March, they reach a modal point in Decem- 
ber. In January, their population is about one-half of the December 
numbers. 

In the absence of a nuclear control mechanism, the final stage of 
maturation of the oocyte is limited to the completion of activities that 
had their origin in the previous stages. A residual migration of the 
oil globules ultimately brings these bodies together to constitute a 
large centrally located mass in which the separate components under- 
go a degree of coalescence. The yolk granules show evidence of un- 
dergoing changes as indicated by a modfication in their staining pro- 
perties. These modifications give rise to a condition in which some 
confluence develops between the separate granules, Many of the 
oocytes complete these events in advance of other cells and are retain- 
ed in a “resting” state until the initiating of spawning activities. 

The histology and cytology of the oocyte follicle is similar to that 
encountered in other members of the Clupeidae. The structure arises 
during the third stage of maturation through the application of a 
small number of fibroblast cells from the adjacent lamellar stroma 
to the surface of the oocyte. Enlargement of the follicle during the 
ensuing stages of oocyte maturation is accomplished by the mitotic 
activity of the original investing fibroblasts rather than by the intro- 
duction of additional stromal cells. The original squamous form of the 
investment progressively becomes transformed into a simple cuboidal 
condition. During the period of this transition and prior to the elabor- 
ation of yolk, the follicle lays down the zona radiata. Although fre- 
quent references occur in the literature describing it as having a uni- 
form structure throughout, the present study shows that in the Gulf 
menhaden it consists of outer and inner layers which possess dif- 
ferent staining properties. The external layer has been designated 
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in this study as the zona radiata externa while the internal division is 
appropriately referred to as the zona radiata vera. Both layers are 
permeated by the zonal canals. The functional significance of each 
of the layers, other than serving as an exchange mechanism, is not 
known. 

Atresia is not uncommon in menhaden oocytes although the activ- 
ity is limited to the phases of maturation following the introduction 
of lipogenesis, i. e. Stages I11 through VI. Although certain ovaries 
may show a rather high rate of atresia, the condition of mass mortad- 
ity was never observed. It most commonly occurs from early fall 
to late winter and is associated with the crowding of the oocytes in 
the organ, and in the case of spent ovaries, the removal of yolk laden 
oocytes which were not spawned. In a few aberrant cases consider- 
able atresia was found in yolk containing cells prior to the beginning 
of the running period. It appears in this situation that some form 
of hormonal imbalance is the precipitating factor. While considerable 
controversy exists as to the nature of the mechanism involved in the 
removal of the atretic cells, the evidence provided in this study shows 
that the follicle cells are implicated. This is particularly noticeable in 
the case of atretic yolk bearing oocytes which are invaded by numbers 
of cells of follicular origin. The chemical degradation of the detritus 
and its ultimate removal is brought about by extra-cellular enzymes 
produced by the transformed follicle cells. With the establishment 
of vascular elements at the periphery of the detritus during the term- 
inal phases of the absorptive process, the cells which have been re- 
sponsible for the digestion of the debris disappear and a few leucocytes 
appear in the residuum. Evidence suggests that the disappearance 
of the lytic cells is brought about by their de-differentiation into 
fibroblasts and incorporation into the connective tissues of the lamel- 
la. 

Earlier studies have indicated that spawning of Brevoortia pa- 
tronus in the Gulf of Mexico occurs during the winter months. This 
is confirmed by the present work in which it is shown that the ovaries 
contain ripe oocytes from October to March. Although the study did 
not delineate the exact geographical areas in which the activity oc- 
curs, it provides evidence that it transpires only in high salinity en- 
vironments. 

Spawning is initiated in one year fish, irrespective of the seasonal 
period that catches were made. Ovaries taken from females of less 
than 100 mm fork length contained only the earliest stages of oocytes. 
These have been shown to be stable and capable of being carried over 
from year to year. 

Spawning in this species is total but intermittent. At the close 
of the running season the organ is depleted of mature oocytes. The 
intermittent nature of the activity is established by the continued 
presence over a period of months of spawnable oocytes together with 
numbers of advanced stages which are potentially spawnable. Be- 
ginning with October, the earliest date that spawnable eggs are pres- 
ent in the ovaries, the potentially spawnable oocytes (Stages IV and V) 
concurrently present range from 8% in that month to a mode of 28% 
in November, thereafter decreasing to 9% in February. Therefore 
spawning is not only intermittent, but the process occupies an extend- 
ed period. 
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XI. EXPLANATION OF PLATES 

PLATE I 

Fig. 1. Area of gonad formation in an 18 mm larva. The body wall 
is separated from the gut by the diagonal clear area. Lying 
above the band of melanophores are two primitive germ 
cells, a number of fibroblasts, and a quantity of aerolated 
connective tissue. The paerital epithelium that occurs on 
the coelomic face of the melanophores is not visible in the 
figure, but its position coincides with the numerous small 
pigment granules that have been discharged by the melano- 
phores. A fibroblast is seen entering the interstice between 
two pigment cells. (FeH & E x.s; 15x-9Ox obj.) a. Germ cell, 
b. Parietal epithelium, c. Melanophores, d. Coelom, e. Fibro- 
blasts, f. Pigment granules, g. Viscera. 
Area of gonad formation from a 24 mm larva showing the 
origin of the germinal ridge and the aggregation of retroper- 
itoneal cellular elements that will soon pass through the spac- 
es between the melanophores so as to be incorporated in the 
gonad as the epithelium continues to  distend into the coelom. 
Three primitive germ cells occur in the upper area of the 
retroperitoneal cellular complex. (FeH & E, x.s; 1Ox-9Ox 
obj.) a. Germ cells, b. Germinal epithelium, c. Parietal 
epithelium, d. Melanophores, e. Fibroblasts, f. Coelom, g. 
Gut. 

Fig. 3. Primitive gonad from a 29 mm fish shortly after the subten- 
tion of the germinal ridge and the entrance of the retroper- 
itoneal elements. A single centrally located oogonium is en- 
closed in a capsule of circularly arranged fibroblasts. The 
organ at this stage has a robust profile and a relatively 
broad mesentery. (Cajal: x.s; 12x-43x obj.). a. Germ cell, 
b. Capsular layer, c. Stroma, d. Gut, e. Blood cells, f .  Gonadal 
epithelium, g. Coelomic layers of body wall, h. Coelom. 
Older gonad from a 47 mm fish showing the precocious origin 
of the central cavity and numerous spaces. These features 
are characteristic of the metamorphosis of the indifferent 
gonad into an ovary. A number of spherical oogonia occur 
among the stromal fibroblasts. The form of the organ is less 
robust than earlier. (Cajal; x.s; 5x-43x obj.). a. Germ cells, 
b. Central cavity, c. Stromal cavities, d. Gut, e. Coelomic 
layers of body wall, f. Coelom, g. Air Bladder. 

Fig. 5. Ovary from a 70 mm fish showing enlargement of the central 
ovigerous cavity. The oviducal space lies at the upper left. 
The stromal spaces are more prominent than earlier. The 
rate of replication of the oogonia is evident by comparison 
with Fig. 4 (FeH & E; x.s; 1Ox-lox). a. Germ cells, b. Stroma, 
c. Central cavity, d. Stromal cavities. 

Fig. 2. 

Fig. 4. 

PLATE I1 
Fig. 6.  Ovary from an 84 mm fish caught in August. The radial in- 

dentations leading from the central cavity into the stroma, 
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Fig. 7. 

Fig. 8. 

Fig. 9. 

Which was slightly foreshadowed in Figure 5, is well under- 
way. These transverse clefts represent the manner by which 
the stroma becomes divided to give rise to the ovigerous 
lamella. The inter-ovigerous clefts become continuous with 
the stromal spaces which existed earlier so as to extend 
them radially. The visible germ cells are in the earliest 
stages of maturation. Oogonia are not visible. (FeH & E; 
sag. sec; 12x-lox obj.) . a. Inter-ovigerous clefts, b. Central 
cavity, c. Oocyte transitional from Stage I to Stage 11, d. 
Stromal cavity, e. Stage I Oocyte. 
A 14 mm ovary from an adolescent fish showing the funda- 
mental early form of the ovigerous lamellae before their sub- 
sequent modifications in which they become tortuous, sub- 
divided, and of unequal thickness due to the burden of the 
maturing oocytes. The paucity of the intra-lamellar con- 
nective tissue characteristic of these structures is evident. 
(Cajal; x.s; 1Ox-43x obj.). a. Three Stage I oocytes entering 
Stage 11, b. Inter-ovigerous clefts, c. Intra-lamellar connective 
tissue, d. Early Stage 111 oocytes, e. Stage I1 oocytes. 
Detail of the tunica albuginea of a 26 mm ovary from a female 
caught in September. The morphology of the intra-lamellar 
septum as it arises from the tunica albuginea is shown. The 
tunic, here seen as a broad vertical band of tissue, consists 
of four layers at this age, the two internal layers of which 
are poorly separated from each other. From right to left 
they are a thin reflection of the visceral epithelium; a fib- 
rous layer which has been cut transversely in the figure so 
that the fibers appear as almost colorless dots and among 
which numerous dark fibroblasts occur; a layer of darkly 
staining smooth muscle; and an internal investing layer of 
epithelial-like cells. The latter is shown at the bottom ex- 
tent of the tunic as a light grey amorphous band. (Flem- 
ming; l.s, 12x-43x obj.). a. Visceral epithelium, b. Circular 
fibrous layer, c. Smooth muscle, d. Position of internal layer 
of epithelial-like cells, e. Intra-lamellar septum. 
Adult ovary from a fish caught in May. Two nests contain- 
ing a total of seven Stage I oocytes are represented. The 
dark nucleolus is centrally located within the large nucleus. 
The thick serrate walled condition of the nucleus is due to 
the peripheral deposition of chromatin. The cytoplasm is 
achromatic. Cells at this stage typically occur near the mar- 
gin of the lamellae and lack a well organized capsule or fol- 
licle investment. (FeH & E; x.s; 15x-9Ox obj.). a. Inter- 
lamellar cavity, b. Nests of Stage I oocytes, c. Connective tis- 
sue associated with nests. 

PLATE I11 
Fig. 10. A composite figure showing three Stage I1 oocytes taken at a 

magnification slightly less than Figure 5. A number of these 
cells are also visible in Figure 7 where they appear as hav- 
ing large clear duclei surrounded by a thin grey layer of 
cytoplasm. The cytosome at this time has developed a mod- 
erate eosinophilia that makes it more evident than earlier. 
The nucleus has assumed a greater prominence and encloses 
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varying amounts of chromatin or occasionally clearly de- 
fined chromosomes if the cells are mitotically active. (FeH 
& E; x.s; 12x-9Ox obj.). a. Stage I oocytes, b. Inter-lamellar 
cavity, c. Typical Stage I1 oocyte, d. Late Stage I1 oocyte. 

Fig. 11. A group of Stage I11 oocytes showing their characteristic an- 
gular shapes. The darkness of the cytosomes is due to the 
extreme basophilia which occurs at this time. The large cell 
at the right contains within its nucleus the remnant of the 
nucleolus. Numbers of the proto-vitellonucleoli are arranged 
around the inner face of the nuclear membrane. These 
oocytes are present in all mature ovaries throughout the year. 
(Flemming; x.s; 15x-lox obj.) . a. Proto-vitellonucleoli, b. 
Remnant of nucleolus. 

Fig. 12. An early phase of Stage I11 oocyte. The slight cytosomal baso- 
philia which occurs throughout is being replaced by an in- 
tense basophilia which is initiated and controlled by the 
proto-vitellonucleoli. It will be observed that the points of 
origin of the basophilic strands co-incide with the distribution 
of the proto-vitellonucleoli. Ultimately the strands become 
confluent giving rise to the state shown in Figure 11. (FeH 
& E; x.s; lox-43x obj.). a. Basophilic strands, b. Fat globule, 
c. Proto-vitellonucleoli, d. Shrunken mass of karyoplasm, 
e.Eosinophilic cytoplasm. 

Fig. 13. An early Stage IV oocyte showing the loss of peripheral 
basophilia, the appearance of provisional yolk granules (which 
imparts a granular aspect to the cytosome), and continued 
formation and coalescence of the oil globules. The proto- 
vitellonucleoli continue to increase in numbers. The thin 
black line lying at the margin of the oocyte represents the 
inception of the zona radiata. (Flemming; x.s; 5x-43x obj.). 
a. Region of provisional yolk granules, b. Aggregations of 
oil globules, c. Layer of proto-vitellonucleoli, d. Developing 
zona radiata. 

PLATE IV 

Fig. 14. A typical late Stage V oocyte. The nucleus has assumed an 
eccentric position and its former location is becoming oc- 
cupied by a central oil body. Considerable discontinuance of 
the peripheral and central oil globules also occurs at this 
period. The nuclear membrane is in the process of regres- 
sion and the nuclear matrix contains great numbers of the 
final generations of the proto-vitellonucleoli. The epithelial 
follicular investment is well-developed, but only slightly 
visible in the figure, while the zona radiata appears quite 
distinctly as a homogeneous circular band. (FeH & E; x.s; 
1Ox-lox obj.) . a. Nucleus, b. Oil body, c. Zona radiata, d. De- 
finitive yolk, e. Residual proto-vitellonucleoli. 

Fig. 15. Detail of the nucleus and its environs of a late Stage V oocyte. 
The proto-vitellonucleoli have been discharged and the nu- 
cleus is in the process of freeing the eu-vitellonucleoli into 
the cytosome which is now confluent with the nuclear matrix. 
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The extruded vitellonucleoli appear to be capable of being 
directly transformed into yolk. This is shown in the figure 
by the gradual transition in size of the bodies as they ap- 
proach the cytosomal area so that no distinction can be made 
between the yolk and the vitellonucleoli. Following the lib- 
eration of these bodies, the nuclear matrix becomes incor- 
porated in the cytosome and it is lost from view. (FeH & E; 
x.s; 1Ox-43x obj.) . a. Karyoplasm, b. Eu-vitellonucleoli, 
c. Proto-vitellonucleoli, d. Oil globules, e. Layer of provision- 
al yolk, f .  Definitive yolk. 

Fig. 16. An early stage VI oocyte shortly after the absorption of the 
nucleus illustrating the form of the central oil mass and the 
chromophobia of the yolk which develops at this time. With 
some further coalescence of the components of the central 
oil mass, the oocyte is in a condition for spawning. The fol- 
licular investments remain substantially the same as in 
Stage V. (FeH & E; x.s; 12x-lox obj.). 

Fig. 17. A composite figure showing the origin of the follicle. Its in- 
ception involves the application of a few fibroblasts to widely 
separated areas of the surface of the oocyte. The Stage 111 
oocyte at the upper right shows the condition slightly after 
the initiation of the activity. In this case about seven prim- 
itive follicle cells lie on the surface of the oocyte. The 
oocytes at the bottom and upper right are in early Stage IV. 
They are now completely covered by a follicular investment 
from which additional investing cells will be derived by 
mitosis. The zona radiata is represented by a dark line. 
(Cajal; x.s; 15x-43x obj.). a. Fibroblasts, b. Zona radiata. 

PLATE V 
Fig. 18. A composite view of Stage V follicles showing the character- 

istic cuboidal nature of the epithelium and its outer fibrous 
connective tissue investment. Lying under the epithelial 
covering is the zona radiata which, in the case of the oocyte 
at the lower left, shows its typical differentiation into an 
outer zona radiata externa and an inner zona radiata vera. 
A suggestion of the presence of the radial canals which pen- 
etrate this structure is visible. Under the zonal structures 
lies the vitelline membrane which in the figures shows a de- 
tachment from the zonal investment. The follicle remains 
in this condition until spawning. (FeH & E; x.s; 15x-9Ox 
obj.). a. Vitelline membrane, b. Epithelial layer, c. Zona 
radiata externa, d. Zona radiata vera. 

Fig. 19. A number of follicles shortly after spawning. The zona 
radiata (black margins) enclose a follicular fluid which has 
formed an amorphous precipitate due to the techniques used 
in preparing the sections. External to the zona radiata the 
grey wavy lines represent the remains of the epithelial por- 
tion of the follicle. The darker cells at the bottom and to 
right are Stage I11 and Stage IV oocytes that show evidence 
of atresia. a. Zona radiata, 
b. Epithelial follicular investment. 

(FeH & E; x.s; 1Ox-lox obj.). 
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Fig. 20. An early stage in the absoption of a spawned follicle. The 
vascular system soon invades the follicle wall as shown by 
the numerous channels containing hemal elements at the per- 
iphery of the follicle. With the removal of the internal coa- 
gulum shown, the follicular layer will move inward folding 
upon itself meanwhile. In this manner it will give rise to 
the corpus albicans which will ultimately during its regres- 
sion contribute its cells to the stroma in the form of fibro- 
blasts. (FeH & E; x.s; 1 2 x 9 0 ~  obj.). a. Vascular channels, 
b. Regressing zona radiata, c. Hypertrophied fat globules, 
d. Degenerating yolk granules, e. Intra-lamellar fibroblasts. 

Fig. 21. An early phase of atresia of a Stage 111 oocyte. While this 
epoch has many manifestations, it is usually accompanied by 
an exaggerated enlargement of the nucleolus with disruption 
of its morphology, and the concurrent outward migration of 
the proto-vitellonucleoli after they have become confluent 
with each other. Cytosomal basophilia is materially reduced 
with the onset of the condition and the cytoplasm becomes 
noticeably granular. The dark peripheral masses apparently 
represent changes in the zona radiata which becomes first 
visible during the later phases of this stage. They are not 
always present. (FeH & E; x.s; 15x-43x obj.). a. Confluent 
proto-vitellonucleoli, b. Hypertrophied nucleolus, c. Zona 
radiata, d. Granulating cytoplasm. 

PLATE VI 

Fig, 22. A later phase of a Stage I11 oocyte in atresia. The nuclear 
components are the first elements in the cell to disappear. 
In the figure a remnant of the nucleolus remains. The cell 
continues to decrease in size until it can no longer be seen. 
The cells of the partially formed follicle return to the stroma 
as fibroblasts. (FeH & E; x.s; 1 5 x 4 3 ~  obj.). a. Nucleolar 
remnant, b. Granulated cytoplasm, c. Zona radiata. 

Fig. 23. A view of several Stage V oocytes undergoing atresia. The 
earliest signs of regression in cells of this age is a sudden 
dilation of the nucleus (not shown) and its almost immediate 
disappearance as seen in the two oocytes in the center of the 
picture. Concurrently the zona radiata separates from the 
overlying cellular follicle and irregularly begins to sink into 
the cytosome. There it later segments as shown in the oocyte 
at center right. Immediately under the central large oocyte, 
and also in the upper right hand area of the figure can be 
seen the remnants of two cells which are reaching the term- 
inal phase of reabsorption. (FeH & E; x.s; 5x-lox obj.). 
a. Normal oocytes, b. Early phase of regression, c. Later 
phase, d. Oocytes undergoing terminal absorption, e. Zona 
radiata. 

Fig. 24. A more detailed view of a Stage V oocyte in atresia showing 
the characteristic manner in which the zona radiata folds up- 
on itself as it sinks deeper in the cytoplasm. A slight frag- 
mentation of the structure is evident. With the movement of 
the zona radiata into the interior of the oocyte, the layers of 
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follicle cells are brought into juxtaposition with the surface of 
the oocyte. Until this is accomplished, absorption of the oocyte 
cannot occur. (Flemming; x.s; 15x-lox obj.). a. Zona radi- 
ata, b. Follicle layer, c. Aggregation of fat globules, d. Yolk 
granules. 

Fig. 25. A partially absorbed Stage V oocyte. The zona radiata has 
become discontinuous in numerous places as result of the ac- 
tion of digestive enzymes. Similarly the yolk is transformed 
from a granular state to a somewhat amorphous matrix that 
has affinity for stains. The fat globules are disrupted so that 
the material lies free among the yolk. (FeH & E; x.s; 15x- 
lox obj.). a. Normal late Stage I11 oocyte, b. Late Stage I1 
oocyte, c. Yolk becoming amorphous, d. Zona radiata, e. Un- 
organized fat. 

Fig. 26. Detail of a portion of a Stage V oocyte in about the same 
stage of absorption as shown in Figure 25. Some evidence 
of the layer of marginal follicle cells is visible at the bottom 
of the photograph. Two large amorphic segments of the 
zona radiata occupy a more internal position. Large numbers 
of small spherical cells occur throughout the internum. These 
bodies originated from the follicle and are producing extra- 
cellular digestive enzymes essential to the removal of the 
oocyte detritus. The gray irregular masses of yolk evidence 
the lytic action of enzymes, while the oil (lighter circular 
areas) is affected to a lesser degree. (FeH & E; x.s; 15x-43x 
obj.) . a. Amorphous yolk material, b. Zona radiata, c. Cellu- 
lar layer of follicle, d. Invading cellular elements, e. Fat mass. 
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