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AN EXAMINATION OF OVOGENESIS IN THE CESTODE, TAENIA
PISIFORMIS |
‘ MTROM O

The 1little research which has been done in the past
fifteen years on the cytology of the censtodes dces not msan that
the probleme which first eroused interest in these forms have been
solved;

Thre9 opinions, &ll quite well documented, exist. Child
believes that amitosis 1s the method of cell proliferation in the
t1issues of eestodes although he grants the occurrence of matura-
tion in the orderly melotlio manner. Richards finds mitosls and
melosls to be the method of cell divisicn and maturation in ces-
todes. Young holds that mitosis 15 degenerating in cectodes in
line with their degeneracy or extreme specizlisation.

MaeBride, in his "Invertebrate Embryology”, indicates the
uncertainty that exists concerning these forms by leaving them»out
of conslderatlion on the basls that thelr organogeny 1s still to be
worked out. ‘

It seems neczesary 0 reexamine the cestodes as a group
and to establish the truth of all three views for various forms
within the class Cestoda or to bring the claszss into line with ihose
forms showing orderly mitosls and melosis and so complete the
evidence for the universallity of these procseses in animalse.

The present study concerns itself wlth the ovogenesls of a
castods varlously known apg Taenis serrata or Taenla plsliformis

both elassificatlions, in accordance with most eestods literature,

being used synonomously in this paper.
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A number of positive statements are made throughout the
text. It 18 necessary to understand that these statements grow
out of the material worked with. The writer does not propose to
have solved ell the questions of cestode cell divisione. MNany
suggestive flgures were meen. On the dbaszsis of thesce figures in
this one form, Taenia pisiformis, all such statements are baced.
The writer completly reallzeg that further work with many genera
1s necessary at every step.

The figures ehown are in sluple line form showing only the
ealient nuclear dstails. The cytoplasm except where it has bearing]
on the interpretation of nuclear phenomens has not been shown in

detall.
o HISTORICAL

¥uch of the cectode llterature has been of & taxononic

natures This need not concern us here. The controversial litera-
ture dsaling with mitosls and amitoslie falls agaln into a considers
tion of the writings of the principal investigators of cestode
cytology, Child, Richards, and Younge.

chilé.2'3'4'5'6'7.8 in a serles of detalled papers con-
cerning every phase of cestode cytology quectlons the impertance of
mitosis in the development of Monlezla. He finds that while
amltosis 18 the chief mode of reproduction lu the cells of the

ovarian anlage, son® mltoses do occur. He flgures these. Chlld

finds maturation to be typlecal in all respects with definlte Splndl?ﬁ,

chromogomes and centrosomnos. [l states that the fate ¢f a cell

may be ths same vhether 1t dlvides mitotlcally or amitotically.

He notes that the chromosomea pasa to the poles irregularly, that
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- and ovsries and that & nucleus vhich has glven rise amitotloally

5w

the spindle 1s extremely delicate, that a fertilization membrane
exists, and that metaphase plates ere rare. He figures polar bodl

and mitoses in early cleavage. He proposes physlological reasons fpr

the ocourrence of mitoais or amltosis in varlous regions of the
sestods dody, niltousis beling characteristic of rezions of slow
growth and amltosisz being the method of division in highly active
tivsuaz. His work is summarized by his sifirmation that amltosis

is nore frequent ithan mitosls during the development of the testes

to nany cell nuclel may at any point give rise to the number of
chromosomes characterlstle of the speéies.
Richarasl4'15.confining hima#lf to the &evelopment of the
fenale gametes in Monlezla confirms his earlier work on Taenis.
He finds no evidence for amitosls and sbundant evidence for both
mitosls and melosls. He notes that mitoses la the ovarlan anlage
occur in the actively growilng region &t thse periphery of the anw
laga. Richards' filgures ares positive as to the typical nuture of
the two maturation divisions and the polar boldles. |
The work of Harmaﬁ%? on Taenlsa taenlaeformis-la in complete
accord witi the work of Richards on lonlszia. Wilson in his latest
edition of "Ths Cell in Development and Heredity" ineclinss to the
wvork of Harmg?.%gfégfcharda in hlzs views of csstods oyltology.
Young does not attempt to adhere to Chlld's view
that amitosis 1s the chilef method of ¢ell division in cestodes but
states that mitosis 1s a degeneratling process in these animals.
Ho posez three methods whereby coll dlvisllion in cestodes may Ve

accomplished: (1) by amitosls, (2) by de novo development of nuclel

in the cytoplaam%;(S) by development from chromidial extruslon
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of materlial from preexisting nuclei.

In ovogenesls Young describes the ovccurrence of an abortive
prophaée which he interprets as an attempt at maturation. In most
02868 he f£inds that the prophase "skeiln" degenerates and the nucleys
returns to a resting state. In some Iinstances abortive metaphases
were observed by him. He states that the polar bodles observed by
other workers are yolk ¢ells. H1s views are summarized by his be-
lief that mitoals seldon occurs save in later cleavags stages and
that it is abortlive in gametogenesis. He believes these phénomena
to be a reveraigg to eimpler conditions frequent in the protista.

Motomura  working with Archigetes appendiculiatus finds
typleal maturation dlvislons and a h2aploid chromosome number of
nine, a diplold number of eighteen. He has never observed amitotiq
divisionse.

The state of the cectode problem is clearly indlcated by
this analysis of the most lmportant researches on the subjset
and the points in conflict are clearly evident. It has seemed
necessary for a reinvestigation of the whole question to be maéeg
The contemporary worker in cestode cyltology must sli in Judgment
on these wvarilous viewpoints. The implicatlons of the more radical

viewpoints toward modern genetlc and cytologlcal ldeas are clear.

I1II. MATERIALS AND METHODS

Five complete worms recovered from a dog lmmedlately after
death under ether were used. The worms which conslsied of over
ninety proglotiidas each showed in the older proglottids complete
embryos indleating that a couplete chain had been obtalned. Only

two scollces were recovered and on the basls of thess as well as

. Or Othor detarle ol structure tho Loxonomlic position ol
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the specimens wes determined. The other worms recovered were
complete except for the scolices since they hegan at the neck
reglon where conplete strobilizetion wes not yet evident. It
18 probeble thst the scolices of these individuels were broken
off in the washing of the intsstinal wall which was done in the
course of the search for the tapeworms.

The animals were fixed immediately after removal 1n Allen's
B-~15 modificstion of Boulnt's fluld, & meterial which has given
remarkable results with the tissues of other forms. Ths use of
this fixing fluid was Jjustified by the results obttained since the
cells showed practically no shrinkage and the eytological detsall
seemed well and sherply preserved., No other fixing fluids were
used although the meterial of Dr. Young fixed in various scolu-
tions was available for comparison. For the formula of allen's
B~15 modification of Bouin's fluild, Cuyer's ‘Animal Miérology’ﬁay
be consulted.

The use of the higher or lower slcohols after fixation was
evolded heceuse of thelr haerdening and shrinking effect upon
delicate tissues. The use of the fixinz fluild jJjust mentioned wes
perheps responsible for the very little dirfficulty whilch was ex-
perlenced with the chelk bodies,structures which have glven other
investigaetors meny puzzling pictures.

The worms were washed in 70% alcohol and then dehydrsted end
cleafod in enilin o1l &nd wintergreen in which liquid they were
preserved until the time of embedding. Little difficulty wes ex-
perlienced due to the contrsction of the proglottlids during fixing,

proglottids in & contracted and in an expanded state both being
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uwvailliuo e, showed under otservation no dissinmilerities which
could ve attributed to this factor.

After dehydration eand c¢learing, the worms were divided 1lnto
pleces of from one to five proglottids - depending on their size
end state of maturity « and embedded in a specisl peraffin con-
teining pure letex and bayberry wax., Through the use of this
method no difficulty was experilenced with crystallizastion. The
embedded maﬁerial inriltreted well and the ribbon left nothing
to be deslired. A warning may be sounded at this point in regerd
to proglottids contalning either meture eggs or embryos in fairly
edvanced development., These have the heblt of felliy out of the
section during the processes of washing or cutting end the dirffi-
culty must be guarded against. The use of a thin celloidin to
coat the slide carrying such sectlions seems to be Indicated,

By proceeding in this menner, an entire worm was sectioned
from the scolex to the ninetiefh proglottid, snd sections re=
quired for further work and observation were taken from the other
materiel as reqyired. The sectioning of a whole worm in this
manrer gives a complete view of what is occurrinz in the chaln
from the esrliest esnlage of the femalc reproductive organs to ths
end result of gametogenesis, the estsblishment of the embryo.

Both cross end sagittal sections were cut in the course of the
exanlnstion. The cross sections have perhaps thea dvantage over
the sagittal sectlons “ecause it 1s somewhst casler to orlent
oneself in the proglottid., The worms were sectioned from anterior
to posterior as these terms are commonly accepted in reference to
the cestodes. The sectlons were erranged serielly upon thin

s8lides. The sections were cut S5 micra thick.
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Several stains were used, among which were Heidenhain's iron-
alun haematoxylin, Mallory's phospho-tungstic ecid haematoxylin,
end Ehrlich's acid heemetoxylin. All were satisfactory alfhough
this investigator recommends the use of Mallory's phospho-tungstic
haematoxylin which stains with greet sharpness end pleasing color,
stains slowly and thus lends itself admirsebly to progressive
staining and has the advantage of staining the achromatic figure
better then either of the two other stalns., IZhrlicht's acid
haematoxylin gives excellent results but uniformity of staining
was found to be a bit difficult in this work.

All the haematoxylins of course have the distinct disadvantsge
In cestode work of staining the yolk,and careful disfaining is
essentisal to minimize thlis cobscurlng factor. |

No counter stains of eny sort were used, it being felﬁ thet
these, in small cells, tended rather to obscure than clarify the
structures, especially since little interest In the cytoplasnm
wes Indicated by the scope of the investigstion.

It may be mentioned here thet the Mallory's phospho-tungstic
" haematoxylin seems to give the sharpest end best results with t e
small cells involved in the study of spermatogenesis. Fire demon-
strations of thils were observed in the course of this study.

The completed glldes were exemined serielly under the oil
Imwersion lens of a blnocular miecroscope, usinz a substsge laump

as the source of i1illumination.

IV, OB3.RVATIONS

A clear undcrstanding of the processes involved in the ovo-
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genesls of Taenls serrata demends that a short explsnation of the
crganization of a typlcal proglottid be given to permit = cleer
orlentation within the proglottid., “he outline drawinzg which
accompanies this material will indicate in graphic form the level
of the most productive sections.

At the end commonly accepted es snterior, thet 18, toward
the scolex, iIn tapeworms the typlezl proglottid is mostly fllled
by the meny testes which join esch other by fine ducts emptying
into the common vas deferens leading to the genital pore, Occupy-
ing a space in the center of the proglottid is the uterus in
which the eggs complete thelr devslopment. This comuunicates
directly with the oviduct which serves the double ovaries at the
posterior end of the proglottid. Near the point where the ovi-
duct Joins the uterus, the vagina opens to bring spermatozoa to
the egzs. This is sometimes known as the fertlilizstion duct,
Posterior to the ovary lies the vikelline gland which in this form
1§ of problematical significance., 4 swmall shell gland lying be-
tween the yolk glend and the oviduct pours 1ts contents into the
oviduct near the opening of the vagina.

This, in brief, glves an outline of the nature of the morphox
ogy of the genltalla 1in Teenle serrata as determined from cleaved
whole mounts. Wwith the help of the mccecompanying sketch, these
statements should bve sufficiently clear.

ixcellent cross sections were obtained during the course of
this work showing maturing egg cells in the oviduet and uterus,
ovariasn egzs in various steges of developaent in the ovary and the

shell gland, yolk gland, vagine and shall gland duct in cross
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sections, It was in these sections in the series of proglottids
beginning st the forty-third end extending back to the sixtieth
that the cleerest evlidence of waturation was obtéined.

1. The Anlage of the Female Reproductive Iystem.

The develop.uent of the ducts end the glaud accsssorles of theﬂ
cestode Taenla serrasta dous not eoncern us here although Richardsl“
presents evidence which indicates thet,not only does the vitellar-
ium erise as part of the priumordlal anlesge dbut consists of undev-
eloped egz cells whose developuent hes been overlald by a functlion
other than thet of reproduction,

The first anlage of the overy was observed in my materlal
between the eleventh and twentieth proglottids as cords of cells
lying in the parenchyma of the proglottid. These worms are in-
completely protendrous end testes in rather advanced development
were glready present In the region where these observatiocns were
made,

The ovariean anlage avppeared to arise from the undifferentiate
perenchyma, and in this respect my results are in accord with

2 15 18 15
those of Chlld , Richerds , and Young . Richards points out
thet there is no marked region dividing the thickening of cells
which mark the deveclopling ovary from the parenchyns. YcungIS'gl
likev.igse notes the rise of the anlage of both the male and female
genitslla from the psesrenchyna. Youngzo further records &s sddi-

tional evidence of this orlgin the presence of developing flame

2
¢ells in the developlng testes, eand Chlld has olserved the rise

of germ cells from differentisted muscle cells, an observstion

which hes been questioned.
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The rise of the ovary from the thlckening cells c¢f ihe paren-
chyma seemed guite c¢lear 1n the preparetions used during thils
investication eand ths differences existing between the eells of
the perenchyma are quite difficult to see. The perenchyma cells
in ny prepsrastions showed a sllzhtly smsller end more chromatioe
nucleus then the cells of the ovarlan znlage, a more characteris-
tic spindle shepe=, and g grester distence from one snother,

I find this fect difflcult to reconclle with Child'35 view
that the parenchyza of the cestoldes 1s essentielly a syneytium,

& statement supported in octher gquasrters., iy observations are.iu
agreement with those of Richardsls who not only comments on the
distancs between the cells of the parenchyma bul slso notes,as

I have noted, the fict that perenchymel nuclel are slways surround-
ed with a well marked cytoplasm lying, to be sure, surrocunded by
much intercellular mzterilal.

The ovarian anlage is,; of ccourse, characterized by the pres-
ence of lcss intercellular materlel enl the arrangement of the
eclls Into strands or cords. A4ceceompanying 1llustrations will
easily demonstrete the slight Jdifferencss thet evist between in-
dividugl) cells of the ovarlien anlege and individual cells of the
rarenchymea.

The nuclel of the anlage stain cguite lizhtly in my rrepara=-
tions hut show a distinct nucleolus.

The cells cf the overiesn anlage are apparently prolifereting
very rapldly as they grow tc occupy thelr definitive position in
the proglottid, Thelr proliferation beginning in the reglon of

the excretory canals at the sides of the prozlottid rspidly sends
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strands of c¢ells to the median and ventral region of the proglotti
the growth proceeding quickly in three dimensions.

litoses in this reglon and et this time,although thelr occur-
rence in large numbers might be expected, are not as numercus as
one would believe. I have found few mitoses in the precogonia at
this stege. It is because of this apparent lack of mitoses et
this time that Childl’z finds so much evidence for the »prolifera-
tion by amitosis. Child2 himself shows several flgures of mito-
sis occurring in this region.

Richardsls.to explein the peucity of mitoses in this region
where they ere to be expected in abundance, considers the possi-
bility of migration from e region of high mitotic division In the
neck region of thevacclex. Indirect evidence alone, he suggests,
can be adduced in support of the hypothesis of migration. Rich-
ards himself hes found no region of high proliferation in the neck
of the cestodes to account for a point of origin of the presumably
migrating cells,

The observations galned in the present work show that the
anlage cells are very small, that they do mwt staln with the ease
and clarity of parenchyma cells, and thst mitoses, &lthough not
as abundant as one would expect a priori, do occur. Some of these
divisions sre figured and show the occurrence of a rether well
marked broad spindle and centrosomes ov reglons of high activity
in the cytoplasm from which radiate the astral linef.

It is guite essential to remember es 1~21|chardav.1‘J also points

out, thet the term "primordiel germ cells" 1s used with quelifl-

cations in regerd to genltal anlagen in thc cestodes, since the

— " —
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rise of the anlagen from undifferentiated parenchyma gives no
clear evidence of the existence of a "germ track". With this
statement the present observetions egree and have comperatively
l1ittle to add to the already well reported developm nt of the
ovariaen anlage - reports which heve been made by Childa. RichardslEE

18
and Young .

The evlidence gained from this present study indicates that
the mitoses in the ovarian anlage occur near the periphery of the
growing cell cords where such division would be expected to occur.
The cells in this region of the ovarlan anlage are drawn out and
elongsted as though the cell cords were under considerable tension,

Nuclel énowing peculier configurations are not rére et this
perlod, but the peculiarities are explainable in sbsence -of a
clear segquence of stages which, in my materiel, cannot be seen,
not as amitotic figures but as peculiar configurations of the nu-
cleus which can be attributed to the stretched out nature of the
cytoplasm end the tension under which the cells seem to be., Dumb=-
btell shaped nuclel were present in comsidcrable numbers in my
preparations and figzures of these are shown,

The repid growth of the proliferating snlage and the grewth
of the oogonia themsulves after they come to the end of the period
of proliferation 1= paced by the hollowing out of the psrenchyma
and the crestlion of hollows or follicles in which the nests of
sogonia lie. In many ceses the coalesoence of two rqllicles and
the formation of larzer follicles may be seen. The follicles
pﬁsh outward and downward in the proglottid formlng many finger-

like projections in which the cells often show a rather reguler
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arrangement. lany oogonie I have observed in rather advanced
steges of growth which have 8 characteristic pear-shape and are
attached to the follicular wall or limlting parenchyma by the
enall pedicel-like end. This condition is comnon in my material.

It may be sald that the true oogonial beriod begins with the
development of follicles for it 1s at this period thst the cells
destined to become the female gametes begin to show the charac-
teristics thst merk them out from all the other cells of the pro-
glottid. The precogonie ere differentiasted primarily only by
their position since they do not differ markedly in character‘
from the cells of the psrenchyma.

Of course In the younger proglottids, the transition is
gradually sccomplished. The proglottlids as they reech maturity
in the sense thet true gametes ere present show verious transi-
tional steges 1n which the ¢ells which have bsen fermed preoo~
gonia exist in the presence of cells vhich ere definitely enter-
ing upon the true oogoniel stete,

The passege of oogonla intc the uterus and oviduct zs oceytes
1s undoubtedly progressive since proglottids are found with the
female gametes in &1l stages.,

The preoogoniel period 1s purely a period of proliferation,
the character of the cells in th: anlege retaining their preoco-
gonlal character through the meny divisions which increase thelr
numbers,

In this regard the charecter of the pasrenchyma is somewhat
: 156 18
clarified, If the parenchyma partakes, as Richerds ard Young

both indicete, of the character of embryonic mesenchyme end possi=-
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bly of mesoderm « the rise of thé germ cells directly from this
tissue is to be expected. In thls respect the cestodes would mall
clearly in line with the other members of the platyhelminthes,

Neny preoogonia in my prepsesrations appear in pairs with nu-
clel in the same plane of the section. Many also apnear in which
a strand of ocytoplasm seems to connect two cells. 4is Richardsls
points out, only the absence of spindles or spindle remnants bars
one from interpreting these cases as examples of the final stage
of telophase.

Carefully &s I heve examined my msterials, I heve found no
cases showing the fraezmenting nuclel or extrusion of chromidiel

21
particles as found by Young .

The nuclel of the preoogonis esre definite entlitles and a
clear membrane sabout the nucleus 1s vislible in &ll my preparations

The technique used in stalning of eourse gives rather differ-
ent pictures. Fhrlich's acld haematoxylin doces not staln the nu-
¢lel of this stage very densely., FHeldenhain's iron slum and
¥allory's phospho~tungstice haematoxylins both show the preoogonial
nuclei as densely grasnuler. In many cases the small nuclel ere
80 densely chromatie that close observations reveal a dense splreme.

2., The Oogonial end Crowth Periods

15
Richards has sugg-sted,and I belleve rightly, thzt the

veriod of true oogonial aectivity is marked by the full developuent
of the follicles. Richards uses the term follicular membrane,.
with this I am in disagreement. The oozonla lie in clear spaces
or hollows of the parenchyma, separasted from each other 1n many

cases by thin strands of tissue but no definite limiting membrane
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of cells marks the boundaries of these spaces. In some cases,
end this 18 not alw:rys uniform, the perenchymal cells seem to be
e bit more numerous at the periphery of the follicles and show

a more reguler arrangement. This 1s true chiefly of some of the
small folliecles,

The oogonia which 1lie in the follicles heve ceased activity
from the standpoint of division. In ell the ceses exeamined, only
three divisicns were found at this time end these were in small
cells, which mey well have been preongonlas bvelatedly perform'ng
their final dlvision.before growth.

The oogonla are of warious sizes and shapes, depending upon
the stage of their development. At the periphery of many folllicleg
cells of long spindle shape ere still evident, mmny lsrger cells
of ovold shape mzy be seen. In some regions crording of the cells
no doubt accounts for the shape.

Oogonia meke their anpearance in the material observed in the
course of thls study in the region of the 25th to the 3Cth pro-
glottids. The region of preoogonial proliferetion is very
limited, Growth in the oogonis,ss Richard515 points out, must be
very long. Oogonla were found b the writer to be present fer
back In the reglion of the sixtieth proglottid.

The oogonla during growth asre cells of very characteristice
form. The cells are very lurge with germinal vesicles of great
size, the relation of nuclear volumé:;ytoplasm being easily 3:1.
The cytoplasm is very clear and,in cells which cen be viewed in

iscletion, surrounds the nucleus in a uniform bend. The hugh

germinal vesicles of ooronia near the end of growth are extremely

clear.
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In Ehrlich acid haemetoxylin preparations few scattered chromatic gran-
ulqs may be seen on a very light network,. Accompanyicg iliustrations »ill
show this cundition., In these preparstions the chromatin lines the nuclear
meﬁbrano in an irrsgulsr band from vhich the light strands originate., This
condition is not uniform, nuclei are found which shovw all gredations froa
nuclel which are apfarentiy achromatic to those showing quite a definite
teticulﬁm.

In He¥denhain's heemetoxylin and Malicry's phos;ho tung‘:tic baezatoxyiin
the nuclel of the cogonla sniow & more granular ground worsy but camioct be
said to be more heavily charged with chromstin,

The nucieolus which is of large size is ususlly centrally located and
stains very darkly. Some nucleoler detail mey be observed but no special
staining was trled to exanine the internal structure of this body.

B growth proceeds %o its close the germinal vesicles sre at thelr cleer
est stage. Only scatier.d Ir.eguiar fragments of stelning materiei dbedng
lightly visible,

3. Yolk Production

Yolk is produced in the oogonia of Taspia sereats in large vo.ume, The
meghanism of its produétion is unknown, It is no doupt corra}ated_as
Ii:ng incicates with the degensrascy of the vitellsrium, Chixg observes that
no yolk I8 se:n to pass fro:z the yolx gland to the oviduct and uterus. Un-—
lese the yo.k produced from thne yols gland passcs o these utouctures to nour-
iash the egus, in a fluid form Child duves not find any function for the vit-
ellarium 88 such,

The onset of yo.ik producticn as the illustrations show is heruided by
the recollacﬁion ¢f the chromatin in the nucleusz in heavy clumps end masses

with a roeticulum supporting them., The nuclecius ..tains more heavily and be-
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comes vury prominent., During growth the nucleolusg has moved from the center
of the nucleus and at the beginning of yolk production becomes incresasingly
condensed end the nucleus passss into the stape celled by Richarig and
Ioui: "gynapsistor “bouquet.® Thisc it would secu is u misuge of torms.

Synapsis weans but one thing, the epiositiun of the ho.o.ogous chru/osuies

wasnof ehsevved .
e anvra M

In prep-ration for titrod { rmsticn. This yheﬁonenon‘ﬁppeurb i élumys and
in soms cases a spireme li.e structure is spjurcat. But the peir.ng of the
chroscsonss &pd  he formation of tetruds has not be:n obszrved, In wiew of
the fact that the synapcuis or "buuguet¥ stzpe passes off long before matur-
ation would indicate thet it is not & true gynapsis. Ad iticoes materlsl in
this regard will b2 cited & littie later.

During“the period of yolx deposition puzaling structures wers observed
in the cytoplesm. Some of these correspond guite closely to the yoli nucleus
mentioned by Richarus. wasaples of this are figured, VIn some cassg the
yoik center ap ears as & group of heavily stalining graoules in the maln body
of the yolk mass, In at least three cases at the very incepticn of yulk jxro=
duction e gmall sphere with dark grenuies within wes observed, what the func-
tion of this structure is must bes left in doubt until wors is dene on the
mecharwsm.ofyolk secreticn by the cell.

Yolk in Tacnia serrste is f.rut groduced in ccatiersd snall giobulzs
which increase in gize snd finuliy ccli.ctb &8 a largs sess at one ,cole of
the vogonium, The yoid giobuies and wkdoss stain in a Loeaopen.uas, hyaslne
raaner woich does not porm.t muck confusicn with nucleoll, chrumatin and
otier inciusicns it well jprepured siliuss,

At the com:leticn of yoir prouucticon the ewll 1s st ity largeot slze,
The yal&'mas» may be oo yrost theb ws the figures scow tLe nuclieus i# ;ushed
to the edge of the celi and wmay ssvuwas a dusbell shepe. That this appeurance

hes ,urely a mochanicul significupce is atissted by dts cecwrrence only in




cells with large yolk mssses or inm cells crowded by adjoliaing Gelis, Thig

sppoarance has sug,ected amitosis ia the past. Ciild (1), Youn@\}\ﬁ).
Yolk producticn does not coma inte full mcilvity uatil the perliod of

chromatin recollection has waned and the nucleus hes returned to a poriod of

rect in which the nucleus stains very lightly, the nucleclus lieé at th@ cell
per;ph&ny end the chromatin lies clous to the nuclear membfane. Ricﬁaréz
has noted that yolk production begins on that sids of the nucleua where the
"heuguet? was situsted, It would seem that this eriod of high nuclear aite
ivity before yolk production,chasvcterincd by the high staining power of the
nucleus,may be correlated to the intonse cytoplasmic activity which follovs,
At the end of yoik jproducticn the cells are in s 5tate.af,00$;lute revt.

At this point the quection ¢f the ociurrence of a nmuclesr pe.brane sy
vell be cﬁnsidered. Iouiz doeg not believe the cestovas tO'pOﬁ&SSS a nuclesr
mes=brene znd cons.ders this to accord with his thsory of crnrozidis. extrusion
of nucliear saterial, If by a2 nuclear me.brate ieg asant a d@finite'limiting
structure betaee; nucleus and cyto.lacm, de.vnstrable by staining and indic-
aiing the integrity of the muclear contsut such structur:s hove been ccnitant-
ly observed in the material considerwd in this work. The very fuct tbat the
yolk is able to comprsszs the nucleus without entering its ilmats blvﬁs celor
to these observ. tions,

Bany possibiiities of yolk ,rol#fwration exlst, The egy itselfl way jro-
duce yolk within iteclf and th.s hytpotnesiﬂ has tihe bui. of tl.e evidsuce to
supsort it, since the Myo.k nucl.-usY mey weli regruaaLt g com; . Lex of secruaiory
granules, Yolk might be trunsmitted to the eggs in “lﬁh\ﬁy cqluted furm in
the geueral body fiuld and stored within the egy. The el srest evadsnce
points te its prouuction by tne eg. 1to:;f. |

and
44 Pogin e of the Egg from tue Overy to Cviduct Utorus
: A
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Vith the completisn of yolk production the eggs 2vs m.ture end reudy for
maturation‘and wey bs just.y calied eocCytes. The cel.a are crowded toethor
end moy asuume a somevhat poiygonal shape. The nucleus as the iliuctrations
ghow iz in a c¢conditlon of coxpiete re:t. The e¢p, is roady for pascngr fron
the ovary to the oviduct and uterus,

The (rocess of jasoase ie offected in ¢ o .uys. The fol.icles holiow
out te prramit the eggs to lie distinct from one ancother, Fluld pres.ure may
rush the eggs out through the oviduct toward the wturus vhore- lun tos lov .o
porticn of this .tructurs the eges co:r2¢t togotner. In the oviduet which
is mor. or lesc conveliuted the ey o mgy bLe secn yucxéd close ﬁo cne ancther
in | isces and iying J.stinet frow cne another in others,

Richari: in the eggs of this stage has flgured centrosowes although he
does not cefinitely commlt L. .eif to thus interpr. totion of the structures,
The writor has slso sesn soveral suggestive cawes of which one is figured ln
which dark bodies nct ldentical with tha.yeln:furtiuias nyy ve the centro-
somes preporimg for moturation.

S5¢ Pertiiization

In this invsotigaticon no cuse of & @perm sctually entering the egy was

obaarved, indz d, in no unmistasable cu:-u v. r's sperivatozea found lying

amony the eg,s aithough trese are troceat in great number in the vagina, and
f
L]

sre secn in vast ciumps in the vesa deferentia ;roglottids et this stage.

~
Several cases were observed in which darkly staining bodies were found with-
in the egg surrounded by clear hali@u. wich have been inter reted as sperm
nuclei. Theze are figured, At least one case was seen in which either a
fertilization path, or the sperm tail was seen lying in the ¢ytoplasm of the
.0g88+ If this tail wis actually within the egg and if 1t w.s not the fertili-

sation path en interesting question is indicated., The sperm hesd in cestodes
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and the writer has observed a definite head is extremely small., The male
promucleus is very lorge. It seoms possible that the sperm tail nay enter
the egg and carry witn it materials for the formation of the large msle pro-
nucleus,
21

Young describes spermatozoa colled over the surface of cestode eggs. I
the above observed case wss of this nature the line which has been considored
to be either the sperm tail or pusth might be the tail iying on the egy sur
face in a secticn cut close to the surface of the egg.

Fertilization is undoubtedly effected eitber in the oviduct as the
egss pass the opening of the vagina, whic:u in these prejarations was seen
Gistended with spermstazoa or in the pasterior portion of the uterus, In
both the uterus and oviduct indubitable gronuclei were seen, Soms Lrom’
nueclei are figured,

Fertiillzation i further hera.ded by the appesrance of the ferbtiliszation
me.brane which surreunds eggs undergoing maturaticn as well as those showing
pronuclei, One case at least is figured in which the matwration prophsse is
orrurring with the spcrm sucleus inmcide the oy, and the fertilivatiovn membrane
investing the oocyte,

The erowding of the egys makes tihe obsorvation of sperm ontrunce and
the fertilization meabrane difficu.t. ko obswurvations have been rccorced nor
vere any made im this study to indicute & definite spot of sperm entrance,
One investigatoo\)ﬂicharéz,haa meutioned the possibility, in view of several
instances observed, of polyspermy.

By the time the sgys have entered the upger oviduct and uterus they have
rounded up and meny phases of nuclear activity may be obsarved,

Although it vas wtated st first that no case of sperm entrance was obuerve

ed, fertilization undoubtedly occurz since pronuclei make their aj, earance

and gtructures closely resecbling swollen sperm are seen lying in the cytoe
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plasm of cccytes,
8, Matwration

In the material under ¢bservation many matwration divisicns were ob.erve
ed in £ll sections from the region of the thirtieth to the fiftieth pro-
glottids, The most abundant evidences wers obtained from the region of the
forty third to the tiﬁtieth proglottids., At least two of these groglottids
even to the naked eye before embeddiing shoved a definite distenticn in the
uterine pogicn ﬁus to the contained egie, Haturation divisiuvns ay;s-red In
all preglqttida frowx thirtieth to fiftieth progéottidnmbut wore noat numercus
in the region cited. |

As vwas steted previcusly under ths.headidg tliaterials and Hethods,® the
clesrest achromatic figures were obsarved in.praparatians stainsd with
¥allory's phos.ho-tungstic hasmatoxylin, -

Difficulty wes experlienced in many cacves in differentiating betuween the
first end second maturation divisions aistheugh in a fev sections rather de-
- £inite tetrads secmsd to be viasible,

Tha reduged numbe; of chromosomes .ad al.ost certainly observed in seve
eral instances, Sugge:ctive cases of maturaticon divisions in various steges
and vicus ere figured as evideonce for the occurrence of this procesc,

One very clear cmss of dyads in sana hase vns nofed, These general cbe
servations are mode here to¢ apdicute wiy the nuclosr figursu obs.rved in
this regicn indicuted very e riy in ths invéatlaation thnt & region rich in
medotic flgures had been found, '

The onset of maturation is h.ra.ded by the ccowrrence of the s lreme af
the meictlic fizure lying in a deunse skin within the degeneruting nuclesr
menbrane, Child speaks of the lntrﬁnuelaar nature of the spindlss but in no

case was thiz obaserved,
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‘an apparently dufinite pilcture wis se.m of the centroscumes wmoving to the
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The chrometin durlny jrophase is concentrated finully in a very dense
bleb end it is st this point that true synapsis probably oécurs. It is
necossery to guard in examining for th.s stape, against nistuking (olor views
of anaphuse for the late prophass and synasptic period., The spireme in many
caseu wae secn very clesrly in both the dense and £inaiy spun stege and in a
fow cases tha’fragmantation of tue spireme wos viasible,

Puring the pericd of }rophuse, not only the mucleus ls .in activity but
deep seated changss ere occurring in the cytopiasm, The yolk wvwhich has lain
ipert in & largs globule becowmes diaﬁenﬁed through the cytoplasm and liss
srincipally in the equatoriel regions letarsl to the meiolic splndle, This
dispersal of the yolk gives the maturing cocytes a cheructer..tic wppearance
in stained preparuticns. The cytoplasm i3 durker and more hologensous in
apﬁe&ranae. This i3 probubly due not only 1o a yolk uispsrgal but alse to
the passage of nuclear coantents late the cell during late pro liuse,

In one instance, ct 1l.:st, at the time of the close uplreme in jrophuse,

polcs of the spindle. Thethsr one centrouome had divided te form two, it is

impossible to gays This phase of the msiosis woulu dupwnd upen tog find.ogaf

all stuye. for elucidation,
18 id 2 18
Various worqers, Kichurds, Harmsa, Cnlld, and Young have &, C..cll Varidubly

of centrouomes, centrosph.res anc have gussticned or affirmed the jrsconce of

asters during this phans of maturation, '
The obsurvaticns of the author are in acguvord with the obscrvations of
1L
Richarde to a fair extent, Definite controwcmes wore observed amy times, The

1 3 - J
ring shaped structure dz.cribed by Richaras was not svident gave in & few ine
stances. The cuntrosomes in the prapurations otuw.cd, .crt.culerly thoce staln-

ed with Mallory's ;bkoapho tung.tie haematonyling  or.. guite large snd stained
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in & clear hyaline manu.r. Occocsionully a demsely uteining greiule could
be secn in the centrosuuws by carofully racuking the microrcope uy. and down,
Radiating from the éwutroaémus the astral ruys wer. cloeorly vﬁbihlu in sev-
eral .nstances, Thewre rays wer. vory Loog oand were boon bending 10 selonod-
ate themselves to tho call peri hery.

The sp-ndle in .o.b cases ls very long end dellcatu with co.paritively
few fibers, The s indle, as 1s ccamon in the mazturation of wout forws, does
not in Teenia serrata lie nesr thes suricce of thw ey, but Ifrequeuntly exteﬁd;
frcm one cell bordsr through to the other, It ig possible that an equal dive
‘ision is prevented hore, as the mature of the &¢,indle might lesd one to sus-
pact, by the inert sccunulation of yolk which prohibita equal wivizion and
permite the extrusion of a suall poler body. A4 few ceoos, Lowever, uvore ob=
gerved in which the spindles rere broad and alrost sphurical in shapes ko
rzascn can be gilven for this by the wrater,

The phonomena cof meturation sra aifficult in the extreame to follow in
the ccutodes, the chromosomes are small and thelr wetivities sre not alisys
of the mo.t regulur type., Certain peculiarities exist which bhave led lnvest.q

i8

gators Ioung’to question the occourrence of a definite aunbor of chrowsoscmes

)

in tpe cells of these forms. The suthor elso huas noted scme of the.e abe
nerazl phencmenu-—sbnormsl oaly bzcuuue tha,’do not diractiy fall in line
with conceptions dariyed from the ctudy of other forms,.

Thar@.is, to be wvurc, an ep.arcat difforence ia chromoszome numbsr in
variaua,goqytea exumingd, Thé aubthor has obuserved ﬁomuver tnct these pew
culizrities are to be noted only at the tims of eurly asnaphasc vhen the chromoe
sones sro algrating to the poléu. There does ap,e«r to bz a csrt_in amount
.of fragaontation which givsé & mislending plcture,

i3
Yotawura, hovevor, wurking w.th Archigetes ippendleulatus hao made careful
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chremocome counts, He has found the nuzbor to be nine in haplcold and eighteen
in aljicié. A4 definite reduction ic inuicated,

The :riter ceuntin; cerefulliy the chromosores in tnocse meiosds vwiere these
wers distinct in the QitOQLasm sriived at a varisvle number Lor Toenle ver.oita,
The diyloid nunber se. s to be butwesn ten and tvelvs and the ha lody numbsr flve

pr six. ¥ors extensive .orx on other satorlal would very l.itiiy pin the numdur

crnii to one of thews [iyurec.

The f£ate of the chrowosc.es wuring iute pro. ha.o asud esrly metuphace could

ot be foliowed vith the clarity ceoiree .n the smsterlal undor 1nve$t15atiun.

0wdVLr 8 les Cagou of the Lreguvutstion of tue spireme have bewun noled,
Imucdicte.y following the {regmsutat.on of tus spiréum the chromosvumes of

he oocytes of Taenis sor:aba srisu,e theuwu.vis 1o 8 Crearly murksd @wels;lwns

late u,on the spindle, OSovoral exaijles gave incication that tutrios wexre thus

rraiiged uyon the achromceie figure of first mabturation, The splndle lies in

bhe long ax.s of the ¢:1l wvhich s usually evoid, Polarity ls cifiicuit 1o este

belish unless the foint of intrusicn of the poler bedy warks, in[cé“.to A@a&, as

in otier form., the an.mli roie of the ogu.

Some of the shsrpe.t figures, of mdtosis in this waberdal, wany of which aris

{igured, wvera the welotic metaphoses with the.r by,..eal wele,ns. & iat.us, Richards

18, =l

:nd Young, rarely report typicas mots; naces ln the cectuusz, Young of ccurse

for obvious reasons, &'uce he postuiatsm n dageneration of wltouis,

The mota,bsee p.utes were observed iu all stag.si as heawvy chrometio lines

in the equator of the s indlis in wome, as disctinet bance of dustinoct chrowosones

&n otaere, with the dauvghter C/arouosOuss weupur.ting in l.te metughase in othuer

fa.es., Not only were mamy lateral views secsn bub also nany polar viess,

Movement to the pwles 18 irregular. OSoms of the carcuosomss lag behind othess

jut, witk the ap,overance of tho com,icted enaphase the carcsosch & are pathored in

ey

0 groups at the spindle teruini, Two enayhases are fiiured in 7hici the five

— —
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dyads lie inm & crawcentic figure st the poles of the spindle, In many cases
the chromosomes 2t the poles are not eo diztinet snd in polur view may simulste
the synapcis of melotie pro hace,

The pressnce of dyads in the anaphase of tie melictic fijure in several
cag.8, gives clenr evidenco thst ciwomcsome reduction has occurred since the dyaés
are alveys one half the numbar'of the diplolid stute,

Two clear cawes of the extrusica of the poiar body wer: secmn with gpuindle
fragpents evident. zgy first polsr bodies sere observed in which ths pclar
nucleus wus in resting stege and the oocyte clroucsomes lying naked in the cytoe
Flasa were eranging themselves on the second maturation spindle,

The second maturation demonstruted by the appesrance of the secend polar
body is not essentiall;, different from the first polsr cdivisiom, The s;indle
is perheps a little more sliemuer snu difficult to demonstrate snd the a.ters and
centrogomes not so wolli marxsd. This way well have beca due o pature of the
meteriel,

Little c.fference bolween the Lfirst and sccond ovcybes can be secu, How-
ever a rabher evidant reducticn in the size of the 6ep woL Obscrved aiter tihe ex
truslion of the firot polur body which is colpasntivily large.

in ene cell esioclally the result of mcfuration vss wvery clear. 4 polor
view of the eygg nucleus showed five chromosoues. The spela nucieus iay nesr by
with & clear area surrounding it. |

All stoges of maturction ver: obs.rved and in them all the chromoscvmes shows
ed & ccupact densely stalning nature asd extremely snell size, |

Te The Polar Bodles

One cf the clesarest crituria of Lrue we o uraticn vivisions la the ovacytes
of mctazoans is of courve the formstion of tihe poiwr bocius. Young has wtated

ths cenial of tne existonce of polar Douiws in cestod .o wnd in the vs.e papers,

that tohe culls found in as.oclaticn with cestods ovacytes are yolk ce.is. He
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toints ocut the absence of these cells sud the sbsence of ,olar bouies 2s well in
a form which bas no vitsellerium, It is significant thet the Myolz cwll® doge
cribed by Young is not attached to the oocyte uniil lopg after yolx production
has been accompliched and its functions are not eluclowted by Young., No stite~
mont 13 mede Yo imilcute th € this jroblemsi.ca. Wyols call® surves to nourish
or pretect the egy in any soy.

In thls researca, the polsrx buulcs have bu.n geen in the actual proces. of
formsticn, The first polocgyte is rather large witl & considerable ascunt of
qytcpiaam. This ccndition is made clewr in the f. ures. Th2 second polar body
is smellzr, The nuclel of tlhe polar bodies are susll, quite dense.y chrcomatic
and conetimes shoe & reticulum,

The pelar bodies in the.e preparutions showed nv ru.ewblcnce %o yolk colls
either in the naﬁure of their cont.unts or in any woy. They ley in some quite
clear examg.es in imiediste contact with sn ovagyte in nitotic sctiv.ty sna were
invested by the vit._lline or fertilization muabrens, Their sp.easance haralded
2 slight reductiocn in the size of the ovecyte. Von Janicii vorsing with Taenla
sarrata identificd small dousely stzinling bodies st the cell puriphery as polar
vocies. The étructuras stﬁdiad by Junicki pre not the wame & those here des-
eribsd 85 poisr bodics. No confirmation of hle wors cen be noted,

8. The I'ronucledi

Although maturation is finiched with the extruriom of the uecond ,olur body
r'x)

the ap_earinc: cf the [rcnuclel whach argﬂform the fusicn nucleus wsy be briefly
degeribed,

¥eny esile chowing pronmuclai .ore notet and the reconstructicn of ronuclel
after maturction vies cbserved veverar times., In wevorsl celis, one of which 1s
figured, the ,ronuclei vwere secn in contuct witi: one ancther vwihile the pol:r bod-

ies vire vis.ble at the cell poeri hury,.

The pronuclei proscat the appearcnce of typica. rooting nuclel, lishtly
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staining and wita dealicate stranu. within, The pronuclear mumbrunss ro
spurply ¢lesr smd the  ronucle. lie side by szide in many eolls veparsted by
a band of cytlo.lasu,

Tua yola mess in celis showing pronucieil lies at the pole of the cell
sith its madn axds botveon the tvwo pronuclei. The male pronucleus is chare
acterized iy a vlightiy sualler mise compared to the fensle proaucleus,

tath the ectubli-bmont of the pronuclel ovagenesls mey be coaoldured
completes The cicavage stuges snd thelr mechsnisn sre b yond the sgope of
this w.rk .nd are not coneidured,

IV, DISWULIIOKR
Before enbarxing ¢n a g.nurai discussion of the zignificance of thae ob-

servaticn, nads in the ,recocding portiuns of tnis puper znd their evaluatlions
in the liight of other resesrches of a sizliar pature, the queztion of the
psuibiity of artifacts in the m.terial should by conv:dered. It wus noted
at t.e begimnung of bais paper that the po.siblilty of srtitscis in costode
rateriul auring fixsetion and stainlog is ev.r presvat. In tne Lli ht of this
the nucleur phenomsna describsd in th.s course cf vwork mizht bo caliea into
question, In fersutaliling this oc¢ wri:nce a nuabuer of rew.rks showld be made,

The phenowm.na recorded have beoen c.uuisbently Lo nd in the materiel, and
build intc a cle.r secusnce of events typical of maturation figures in other
forms, They corroborate closely the crs oi weverai invest.gators in the
ga.e ¥ir.d. Moreover the [i,ures described lfe in tne midct of wuny cells
vtk fy,deal rs tong nucleis. IE the structurss deseribed were sriifacts
Cauved in tne puciel by the action of tix.ng flusde or otains, certainly all
nuclel would show the s.:e srtifects, Furtherwore the pictures obteined by
the uco of t ree diffsvrent sta-ns and the unifurnity of these pacturcs sug,ceb

that actuslly existent fipures verc ex..i.noed,
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The roview of the Litor ture wswde wb tie L.y oo, of then ork indicatds
quate clecrly the three ma.n lines of iwterjretuce n of tha Cyto.oyy of ce t-
odes~~the eunclusions of Child, qupwrpﬁ; i Young,

In any livung form the occurronce, of as bisic & meCL uiidin &8 ALl ugvisim
wnd ceveropmant of ga.eteo of an uvrder y sequunce of svents, Siople wnu dire
ect le to be & pnivnil expested., Thes does not wean that tre extreordloaxy
snd the seeiningly blzwxrre when thay ere .ruven t. be actusiibies wre tu be ’
rac3ed over :nd dicre; odod.

Eo ever st the ..e eont tise the » tred of cel diviedl  .nd geueetogeiedds
in practicals, s1l l.vi.g rorms ks beon reduced, with 11 .1t .cions, to essente
jally the s.i:e .rocesses, This is in cirvet sccord with the grest theory of
huredity, the ¢ nctency of tie enromeoscze bedy of evidence widch loaay plaxdse
Bpul wn unskskobdble fo.noe tivn tie chromvee @ numbar watuin tne s,eciec and the
significance of mzinte.ning the norasi chro.osows wel vy in c.otinuin, the
exlatence of s 5. ceias,

Tou vors of Child in thic discuss.on agy be passed ovir rabiwr [(UICKIY.

In the light of eontemp rary ovicence, his case fur am-touis io aot slrong as
he hiaseif miht grant, Not couy this bub the fundemeatul c.ulradiedsen ia

L,i8 . ork boec 8 increws.ng.y cl.er: That s thii a cel. wdch bes . lvided
amitoticaliy thr ugh seviral genurutiuns ch.uld sud.eniy s.ve rize tu ths chrong
8 .eu churact.ri tic of the s,ecies and undsrgo a mitotic sutwratich.

Tals view.cint re reszants the extrwme of cuneiuver.ng tuwe nucieus fron the
pura.y physiolegicad ctundpeint and is out of wmccord eo.plubely with the evidenfle
¢f genetice mnnd modern cytoiogy.

Frou ref.rences .ade throughout this ,e.cr it 1s evidest thut in the wain #he
obsorvetivns of the author agre. clocely wib. tue obs.rv.tivns of R.cherds and

Hurmen woo bring tihe wethous of cell civisson =nd guwetogsnesio in cestodes intg

the fold ¢f mitosic., It wus vath a view to d.cicing or ne.pin; to ueciue f¢n&l$r

betveen the © nfi.cting theories of Richards nnd Young that
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this study was undartaAeEJeayacially 5 nce Young publishing many yesrs after
Richards &, er brings up ad. itionsd evidznce ia sup uvrt of his ¢ ntentions,

If Youngs ildea that mitosas is augonaauting in tre cwstodass is to be
tenabie wowe expianstion must b, ofiercd to clarifly tae mochanisa wherehy at
least fragwents of mituvs.s sre still retainsa and evicence wust be collected
whareby tne proces-ss8 of hured.ly ia even theve sp:ciulizied furms iz acde
claar.

In viex of thc evidence for mitosas . resented by thig resezrch the view
that degsneracy of an s.trems purasite ic refiected in the breandown of
fundasental cell mechanicsms is wnde at lewst in the mind of the .ritor, quite
lmprcb.bls, Bicsule 1t romains thoet p.aes.tes hwve c.lis and that regrrdless
of thu:ir lo.s of orgun gyetsms tor.u,h dug.nerscy tuey retsin cellulsar ore
panlzation and from ths »vic: nce collucted owin w1y cell procusscs,

1; secms to tue writer thut trs fragmentsation of the 3 ireme described
by Iou:i in the ovecytes of cestoues way welli hove be.n a8 misinterpretution
of the clear:ng of tue nmucleus wltur the growth period and the bouguet stuge
Just jrior to yolk producticn and o follure t  obu.rve there.fter the complet
ion of the muturaticn pheacmsna whose abortive siiwiscra wre at leso.t granted
by Young. The very delicagy of these structures in cestods cells lunds color
to this expluapation, althougn it muct bs & .id ia ald ju tice to Young that
he em icyud mesy methods end forms, incs.d mugy -ore methods and forms than
the writer.

There is but one way in walch Young's wor. ecula be brought into line
%ith wioat ve mo- knox of the umlverval.ity of the mitotie proesss in the sni-
wal series, sad this line has not bs.n c.nuidered by Young.

Ik the dogenerction of the .ro have s.ireme in ovegonesls and tuo return

cf the =gz to tne re-ting conuition as Youny's material indicatsd to him were
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trus it might be yot osu.bie to brang his . ors ante lime cain uhist be belleves
gbout the spermutogohonie of thowe forme, et is, thet o orm esyaNiie from in-
cividual granuies cabruued from tne y.rmatocyte muclel as chro.icis. Iuv mijht
be poceible Yo postulate tbat the cectode egg retsins & permaﬁent diioid chroze
some nuwb-r, cevelops perihenoy:oeticuliy, end that the g ractozca are sither
abortive or su, Jy m:rely tae wechanicn. sbtiswlus for tho covelopmsnt of the

~L
egse  BEven this dn the liyjht of Young's own stotenent thel pronucliei nexe their
ap;carancs in the cg s in the oviduct enu ubcrus cannot be uphsld in the l.oght
of his ounn obicrvetions,

Tha yregent rece.rch in the course of its development recorded some iatercets
ing rhencmens in the spermetoy. ne.iv of Teenls serrate wvhich in toonmswives, ale
thoush they .exre cuscsiry, further .cc.sen Young's cuie. Cpermatids vere moted in
all steges of develo, ment and cytoglzon.e rocuetions Althowch structures roseme
Liing Young's cyto,.bores wrere secm thwelr gynciuratl cosgucter was not convincing
to the author-—thors beiny too zuch powsibllity of mlobtuk.pp Cto_dcomic dubris
extrud _d frum the s,crnstids as & ¢y tophore and the possabiilly whut a muree or
sertosi type celi sy be eztabi.. bed for cestowcs, Theste sug_e.b.ons sould bear
& Curcful zna dutaelec €x..Lin.btLon,

The status of thi quest. un of cigomidis: development of nuclel is no longed
&8 gunerally tza~biz s forue.rly; and Younyg has dr:vn aerny of his analogiles from

8
the consitions ds.cribed by Brig.s, in the tun us Synchitrﬁim-

Young's intsrerctat.cns like thows of Chidd sewm to bu too such dominuted
by the ides that the nucleus is primuariiyy a "lyolcsreal unit.® ALl contesipor=
&Ly ovia:ucs denice this except when one cunvliaess th.t ¢.ll .tructur:. ond &4Ct-
dviti. e we jwin.rily bas.d on Jysioto ic.: proulic. .o &now zl. too well froa
the studias of dréBOyhil& wid My mors Lurme whalt hap .ong when Chro.ds.mus oP

rarts of chrumousuuwis are lost or altered, snu if Youny boiicves &3 ha seens to
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that the sp.rw brings scamsth.png to the eyy in ¢ostoedes as is ev.denced by
prv.uclel wnd his o n obs rvance of mitosis in carly cloavege the im,lacaticng
of his chromicisl spermatozos arising from s\nglse gronuvles from brokss down
nuclei are efident without furth.r elucldaticn,

It ié gvid nt hew basicalty this res .reh differs fromx the cenciusicns
of Young =znd Child merely by siudying the [figures which stcomymny the texh-~
but soxe pp.cific points of aifiler:nce may w.l. be brought cut b rs,

Hot 2 little of Youpy's case revis on hig fa¢lur9ﬂto fin@ poelaxy bpui;a snnd
bis int.rpr tation of the ziructures obsorved by Harm;:, Chilg, Richaréz, and
the vriter to be yolk cel.u. It may Ju.tly be csxed hoy to thssw yolk celis pet
into the oviduct and uterug .nad vhy has no inve.tigator deccribed their migprvati.jh?

“f. t i. their function if as Young himself utatig the yoik glend ln cestodes
is deg:nerate? How does this hold «itn the prodiferstion of yolk by the ogg
its.1f? Kﬁy dues nolt evory oocyte cerry & yolk cell and wny 1f it i3 a yolk
celi co:8 this structure wese its &, oivwics ecinelaont:l. it maturstion?
How coes Young ex,lain the spindle fragu.nts which so often conuect the polar
body nucleus witi. tie ovcyte? by is there no yolk 1n this yolk cell? Is
similarity of the ;ol r body nuclesus to = yolx celli nucivu. sufficlvnt evidunce
for ,romouncing them the su e--or v .n lo_iGal evia neo in v.on ol the pos<ibilify
of similarity betwe.n amy tvo ems1) nuclel. Cortsinly the yolk gland in thls
vriterts greparstione wus very compact and sho.ed no evidsuce th.t celis were
bruaking avcy %0 attech theuselves to ococytes, All these questionw zuct be
answered belfore Youngs position 1s tencble,

Thers ronains even as R*Ghuréi .0ints out in these v.ry words the posgsib.lify
of pericdic mitosis vhich Young's obo evattons thewsalves might bint in his
statemecnt cincerning the cilfler.ng freyu.mney of xnitooir in varicus proglott.ds

1
end various chamns, Of this the writer can way noth.nyg reslising thet be has
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vot #¥amMed sufc.co nb wotering e awe gy claws. cone raning this coss.bisity
who59 pfoof veuld usporndd w;on wuch muterini eoiicted under oli cirewsstonees
and on the cbe rv:tion of liv.ng moteriael. Eenbion might well be mude here

10 2l 1z
osncarning the sviaence rrseited by Earmwn, Young, and Lorse. A4 of vhom
vhile able to xe. cestove meterial clive fur gre ter or leL.or orlous were
unuole tu fina any growth. Ad iticn 4 rews senes ey, dizclose & wetlod for
cultivating these tigsues.

It 18 of theoretical iusp rteuce that tne division -ud A BC AL phew
noasns in cestodes ve uefinitively worsed oul becwuse of their bss.ring on our
theories of the roic unu eectivit, of the chromos. 2 I uevelopmoubt siu hefew
dlity.

This study with oli itz . slcicucioe ie GiJored od a condrabutica Lo the
avidunce ware.dy wxictang, but wcich ip yet Loo seager, that mitosis ls the
webuod of garetogeness.s in bne Peaclc sex celis of Tueniae 8ury ta, & Custodes

Vo cUki oY sl GUNwLUL o0l

Evid:znee iu gresanuted to wite, th t obhe methud 0f genoboy :bunae 0f thie fow-
mal: gera e2lls in Taenla o.roata occurs by mitonis.

Ths anla.e of the ovusy wri-os from the undifforantacted p.renchyna,

POL.r buiies are furacda.

There mes i asburet.on Giveoicdo.

Tre oeouri.nce ol totr .08 wou qrede is shown,

Tha prossnce of CenirosOiwee ong aotroi fijures is dosun.tr-ted.

Thas phevor.aon of yola iouuction is wuseribed,

The € rowocvae nuebor b buacig detopwiliod a8 10 or 1d 2u daploid, & or B
| 1n na,loid.

’
A Teview ol the libure turse as [ vuiciilea.
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EXPLANATION AND PLATES




Prefatory Note to the Plates.
The figurece spnwn were dravn from fixed and stained
| material. The ocouféence of mitotlic activity is quite clear.
Concerning the controversial sublects of polaf bodies in the
cegtodes and the presence of asters and centrosomes as well as the
ocecurrence of reduction divislons they cgntribute suggestive
evidence which is not by any means dlagrammatlically clear. The
figures are subject to interpretation. Long and careful study
of material which is extremely Aaifficult to stain and which is
frequently not as clear as one migit wish have lead the writer to
suggest the interpretatlions suggested in the explanations to the
plates. The astiral figures especially are very Adifficult to demong
trate in an unmistakable fashion. The writer ieg convinced that theé
6xist and that he has seen them c¢learly enouch to worrant figuring
them as clearly ac thoy sre shewn ke¥e. It must be kopt in nind
that these figures ~re tzlien from tuh one form & fact wihilch does
not permit any gencral<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>