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CHAPTER 1
INTRODUCTION
The Prodlem

Many investigators have msde studies of the shromosomes
and their behavior during spermmtogenesis in the spescies of
éifferent representative families of the order Coleoptera,
The emphasis was placed om the sex ehromosomes {esrlier
cslled the hetero~shromosomes), ohromosomal number, snd
size and shape of the chromosomes for the vorious species,
Ko refcrence was found in the litersture to eytologioal work
on the send beeotls, Homophron smsricenum. This inseoct be-
longs to the family Homophronidae which has only the one
genus, Homophron.

This small beetle i1s very prevalent on the sandy beaches
of ereeks gnd fresh sater poads in the region of North Texss
and 18 found durrcwing in emsll tunnels, These tunnels are
located in the moist sand at a depth of spproximately one
inche. Therefore, sbundant materisl oean be scllected for
oytologieal studies,

This investigation was sonducted in sn ettempt to de=-
termine first, the cohromosomsl number snd types of sex
shromosomes, end second, the maturstion steges of the male

and femsale,
-1~
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Bevies of Litersture

in reviewing the resesrch that has desn dons conoeraing
the behavior of the chromosomes in verious speaies of the
Coleoptors, 1t has beoz found that soversl inwvestig:tors
have plizoed spesisl eajhsais upon the study of the sex ohromow
somes or as they were colled im earlier pepers, hetoro«oLro-
osgases. Thess esarlier siudies also included the chroaosomsl
count for the spegien, and a trsoing of the partisl or com~
plete formmtion of the gemstes,

Anong the first capars referring $o the ehromvsosel
studies of the beetle w=s that of Itevens (1908) 4n whish
she denonstratsd the ohromcsomal count and typs of ~eteros
shrososone for thirty speeies of Colsopters emd found Shet
the gre:ter perceantoge of the dastles descrided sdhered
to the X « Y type of hetero=ghromdscae, snf the others to the
i « 0 type for the msls.) This same worker {1908) coantisuing
vith the desoription of the heterosghrompsomes of f1Ity spoe-
eiea of the faniliea Coscinellidae, Chryscomslides, ielandry-
idae, Hsloides, Cerrmbyeides, Stapkylinidse, Bilphidse, Elate
sridue, ond Laapyridae as demonstrzted from the polsr apermete
agLeiz, sacondary apsrwetooytes, snd metaphase stagos found in
egrsexent to her previous results thet only twelw of tais
nuaber possess the uaprired hotero=orromo:onee-, 8ll of the

IN. M. Stevens, "Studies in Spermetogenesis With
Especial Reference to the 'Accessory Chromosome',™ Carnegie
Publication, No. 6 (1905),




2 Stevens found that the

aparustocyts stages were first found in the inseets ez the

others having an unequel pair.

larve begin to pupate, and the somstiec mitosis was found to
e grestier advantage in the larvel stages. The pupa too,
sonteined the spermetogoniel end esrly prophase stages of
maturation.

wWhile studying eytologlieally these fifty speoies, two
distinot types of synizesis anl synapsis wore found in the
genus Photinus (Family, Lampyridas). First, in the loop
type, synizesls seens toc dbe s prolonged telophase of the
first spermatogonial mitosis, the spermatogonial number of
shromosomes appesring as short loops erowded together s$
one end of the nucleus, After s time, the loops straighten
and the free ends unite in pairs and the pairs unite to form
8 spirema,. In some cases the synepsis stege is very distinets
in others, synspsis and union to form e spireme ocour neerly
or gquite simultaneously,

The second, or spireme type of synizesis, is preceded
by aynapsis which may foru s distinct stege ss in Fhotinus
peannsylvanicus and Lineus grissna, or it may oceur in the
snaphess or telophase of the last spermatogoniel mitosis,
sod @ closely wound spireme follows imsediately. Imn thia
latier type, the hetero-ehromosomes sre ususlly distinguishable
in the synizesis stage ocutside of the masaed spireme, while

aﬁh. M, Stevens, "3tudies in Spornatog.nosiai Sex Deterw
mination," Csrnegie Publigstion, No. &, Pert II {1506),




in the first type, they sre not seen until sfter the spirems
hss deon formed,

Stevens (1909) further reports thet she found the hetero~
shromosomes of three apecies of Disbrodice $o heve the unpalred
hetero-gchromoscass ia the mele, presumsdbly of the X - O type,
whieh divides in the ssoond maturstiom division but not the
firat. Jynapsis oecurs at the olose of the synizesis stage.
Also tie interesting jhenomsncn of the so=ocaslled “supere
AUNGTSry" ehromosones of uaiforam sige were descrided in the
germ cells of 50% of the group of Disbrodice soror end 12-
punctats which divided 2t the msturation stesges. However,
thers wes no indication of sn ss.oeciation of this fact with
any veristion in sxtoernal ohasracteriatics of the 1wcu."

In sgreeczent with 3Stevens® work on the hetero-chromosomes,
Goldsmith (1919) found thet & grester numder of the species
of the faxily Cisindelidse which he exeained to possess the
X « Y type rather than the X « O type in the nele germ cells,
During his study of the chromosomal behavior, snd s statenent
of the shromosonsl nusbers and shapes for esch species, he
failed to discuas in deteil the ilmportent prophase stages of
apemtogeuesu.‘

Consideration of snother phsse of the spermstogenesis

su. ds 3Stevens, "“Chroacsomes in Diebrodice,” Jr. Exp.
z0gle, II (1909), 275~303.

$u. M. Goldsmith, "A Comperative Study of the Chrome
osomss of the Tiger Beetles (Cicendelides), " Jr. Of Morph.,
1VX{1919), pps 341=362.



of the Coleoptera wes undertaken by Bowen (1924) in whieh
wes presented the desoription of the spermetid and sperms-
tozos formatiom of three spesies of Coleoptera: Chelymorphe
easaidea, Lixus eoncavue, and Cicindels segatte. The latter
spscies was atudied from the original siides of Goldamith,
The general typs of sperm Jeseribed for these insects is the
flts.llata.s All threes spesies correspond in general to the
rule of flagellste apermatoszos formetiomj 1. e. formetiom of
nebenkern, centrioles, golgi bodies, concentration of the
ehromatin, and eventuel elongation of the sperm and locutiom
of the acrosome -- sach having the seme fate as descrided

for the development of the spermetid and spermatozos in the
Hemipters by Bowem (1923).%

Hayden {(1925) csontriduted to the sytology of the Cole~
optera a study of the growth phases in the mele of the beetls
Phanssus, in whieh the twelve V-shaped leptotene thresds are
polerized with thoiy distel ends in enother body (primsrfy and
secondsry eaps, respectively), to undergo a conjugation of
the psraaynaptic type. The d&istsl ends of the ahromosomes
are fresd from their attmchment in the szeoondery cap. The
primsry cap spperently becomes incorporated agein in the

ehromosomes; the segondary cap, together with linin remnents

5. H,. Bowen,"3udies on Insect Spermatogenesis. VI Notes
on the Formation of the Sperm in Coleopters and Aptera, with
8 goneral discussion of Flagellate Spera,” Jr. of Horph.,

ITI (1924}, 351-372.

‘a. He. Bowen, "Studies on Inssct Spermatogenesis. I
Components of Spermatid =2nd Their Role in Formeation of Sperm
fn Hemiptera,” Jr. of Morph.XXX¥ (1923), 179-208.



of the pschytsne chromosomes, disintegrete in the nucleus as
residusl ehromatin.

In the dissolution of the karyosphere six ring shaped
tetrada emerge erranged in a temporarily conneoted ohsin,
glving under certein conditions, the mislesding impression
of twelve compcasnts arranged end to end, The entire content
of the karyosphere appeers to bs employed in the formation
of the chromosomes}i BC visible plaszosome rmhu."

The first complate general ascount of the spermatogenesis
of Coleoptera 1s given by Brauer {1928) of Brushus quedri-
masuletus Febr, Briefly, the spermatogonia undergo twe
mitotiec divisions. After the seoond division, the nucleil re~
main samall and very dense for some tims bdefore the beginning
of the growth phese, During this interval, the nuslei do
not as:ume sgain the chsrscteristies of the interkinesis
stagea,

In the primary spermstocytes typical tetrads are formed.
The shromosomes are symstrically V-shaped., The end of one
erm of the "V* fuses with the end of the corresponding erm
of its synaptioc mste. This fact eompares with the similar
synapsis formatiom of the oshromosoms chain in Fhanseus es
described by Hayden. In sgreement with Bowen'’s explansiion
for Ghelymorpha, Lixus, end Ciscindella, Brauer finde that

7nargaret Hayden, "Karyosphere Formation snd Synapsis
in the Bestle, Phaneeus," Jr. of Morph., XL (1925), 26l.
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after dis junction takes place in the primary spermastocyte div-
ision in Bruchus and after the division of the secondary sperma-
tocytes has tasxen plsee, tie chrozosones besoas vesigular
and form & retisulsr nucleus in the spermatid. Immediately
following the ohrometin become deposited as = schromatia ring
sround the auclesr periphery,.

Like Stevens {1909), Brsuer finds thet en unpaired X-
chromosoas is present in the spermstogonis snd in mele
somatio oells, which fails to divide in the primery sperms~
tocyte divisiom, but peasses as & whole to one pole in edw-
vance of the sujosomes, indigsting the X «0 tjpe of sex
shroiscsoms, The X xhromoscms divides normelly in the sece
ondery sperastosyte division with the sutosomes.

Not until Verde (1950) stalied the morphology end
oytology of the ovaries of Dysticules pisenus snd several
related spocies in regerd to the development of the sggs waes
there any work done on ocogenesis of the destla, Stevens
eand Goldsaith used the signifiocent poler ¥iews of the pri-
meTy oceytes only to demonstrate the type of sex chromosomos
that the specles possessed, Varde found thet the overios
were differentistcd into five zomes: (1) multiplication,

8s1tred Brauer, "3permstogenesis of Brachys qusdrinsoc-
ulatus,” Jr. of Morph., XLVI {1929), 217231,

%Y. P. Verds, "Contribution & l'etude de l'ovcgensais

des inasctes; l'ovogenesis des Coleopteres dysticules,”
mm XXX1 (1930), Sellz2,
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{2) pre-differentiation, (3) differentiation, (4) little
growth (subzones synaptis and growth), (5) overien tuve
(subzones of great growth end beginning of meturation). The
oytology of these mones was slso described. 4n exaninstion
of the earlier maturatiom prophasss revesled that synapsis
begins immedistely sfter the fourth pre-cveeyte mitosis.
Also the germinative wesioles of the cocytes do not in @

great measure contsin chromatine.



CHAPTER II
MATERIALS, METHODS, AND OBSERVATIONS

Matcrisls and Methods

The materials used in thies investigeticon consisted of
mele and female gonedal tissue of the send deetle, Homphrom
smericenum, specimens of which were cocllected weekly frowm
the sandy basnks and becches of the dreins end streams flowing
into Audbrey pond {located approximstely nine nmiles northe
east of Denton, Texea) from June 13 until August 11, 1938,

Collections were mede by two methods: either by pouring
water on the slready molst danks, sllowing it to infiltrate
approximately en inch below the surfece iIn order to flood
sud sollapse the esmall tunnels, and thus foroe the beetles
to come to the surfece; or, by tremping the sand and foroing
the bestles to come to the surface dby flooding the burrows
with espillary -eter.l These were caught, corried to the
laboratory, heed removed (ihus withdrawing the digestive
traet slso), and preserved entire after splitting the ohi~
tinous covering of the hack in order better to sllow the
fixing agent to penetrate the tissus,

Bouin's and Flemming's fixing solutions were used for

19. K. Gwynn Silvey, "An Investigetion of the Burrowing
Inner-~Beach Inseots of Séme Freshwater Lakes,”™ Pspers of
Mich. Aoed. of Seience, XXI (1938), 656.

-9-
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pressrvation; however, best fixation was obtained by pleeing
the tissue in Bouin's with 2% uree orystals added end in
Allen's modification of Bouin's B«l5, from four to six hours.
Varying grades of slcohol end xylol were uscd for dehydratiom,
herdening, and clesring respectively. Ifore complets hardesning
was asoured by leesving the tissue in 80% or even higher gredes
of slecohols for &8s much as twenty~four to forty-eight hours.
Disseagtion of the gonede and reproductive tract was also
made while the tissue was in 80f aleohol,

After imbedding in pereffin, the meterial wass aestioned
at 4 xuicrs snd atained in Heidenhsin's iron-hematoxylin. Use

of eosin &8s s sounter stain proved ineffective.

Obaerystions
Deseription of the Reproductive Orgsns

Jeusle.~~The gonsds of the female of Homphron oconsist of
six ovarioles in the shape of slender filaments suspended by
& suspensory filament whish eppesrs to be imbedded in the
neighboring fat tissue es no connection to the dlaphragm or
body wall was bbserved, The overioles are held enelosed
together in a peritoneal shesth of eonnective tissue. The
prineipal divisions of each ovaeriole sonsist of the terminel
filsment followed posteriorly by the ege tube Which lesds
jnto the lsteral oviduct by means of the stalk-like pedieel.
A union of the lateral oviducts from ees:h overy form the
medisn oviduot or oviductus terminalis that in turn empties

iato the genitsl chamber, The spermothecs also has its
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opening into the genitel chamber.

In the subdivisions of the egg tube sre found the more
significant early maturation stages. Thess ars the germarium
(eontaining the gera cells .d youryg ocoytes ss wmell as: ocogo-
nis and nurse cells), and the egg chambers, whioh are formed
by further distension of the vitellerium into follieles that
become large toward the posterior end of the tube., The
folliocular walls sre gomposod of smusll follicle cells, s few
of whish were found in addition to the oogonia and nurse gells
in the germarium. By the time the egg chambers are reashed
the nurse oells have disappeared. Thia cheracteristic places
the ovaricles definitely es the panoistic type of overy. No
well-defined trophoeytes are tbunﬁ.a

Hale.——Baoh of the paired testes, resembling small sac-
like organs suspended in & peritonesl sheeth eontinuing from
the fat tissue near the dilsphregm, consists of several sperm
tubes whioh oontein the male germ cells in sucsessive sataeges
of development and other cells essocsisted with the germ collas
in vsricuas capscities, Rach tubule i3 sttached to the wvas
deferentia of each testlis and is considerebly coiled ending
in a union to the ductus e jaculatoris that in turn exlends
into the copulatory organ.

The wsll of & testiculer tubule consists of a cellular

2rerminology for the desoription of the gonads taken

from R. E. Snodgrass, Prisciples of Insec¢t Morphology,
bs 5850.
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epithaliel sheath of only one layer in thiekness. W#ithin
the tube sre oconsecutive compartments or eysts of developimg

germ cells, each separated by en eipthelial told.a

BEarly 8tagcs of vogensis

Located neardy end within the terminsl filement ars the
oogonis. The oogonia (¥ig. 1) undergo several multipliestion
divisions {apperently twe) before Rgeginning the giowth into
the primary ocoesytes {Fig. 4}« 7The density of the chromatin
granules and ihe elose clumping of the shrometin threesds es
well as thet of the chromosomes make 1t diffieult to observe
in oorrect detsil the mitotie divisions of the oogoniaj how=
ever, the spindle rfigures {(Fig. 2 snd 3) demonstirate the
gsneral behsvior of the nuslear materiel within the cell,
Ko esantrosome is present in these stages.

Chromatin within the resting primery ococyte (Fig. 4)
begins to form a typicsl leptotene figure consisting rirst
of & thin, lightly stainiag spireme whioh eventually shortens
and thickens intoc 2 more 4dense and pleinly visible spireme
eoiled throughout the nueleus {Fig. 5). At this point the
nucleus hes become larger snd hes lost ell trsse of & nu-
¢leey membrane, the entire eell being filled with the carly
maturation activity. The developing ococytes were much elsarer
in detsil then the ocogonis due to the continual growth of the

¢ell as the prophsaes of maturation progressed, The two

S1p1a.
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small groups of chroastin that ere identifieble in the rasting
oogonia &and also the resting oocytes (Fig. 1 and 4) ssem to
lose their identity a3 such and enter intoc the spirems along
with the diminuted chromatin.

The spireme, soncentrating and thickening further, sepw
srates into two groups of paired threeds, a xzygotens stage
(Fig. 6). Gradusily, these two groups move in closer to eaeh
other snd become more intertangled to besome pachytene in
nature {(Fig. 7). Immediately following within the mext fole
licle group, the ehromosomes ere found emerging from this
syndesis and can be recognized es paired homologues distrie
buted throughout the nuoleus (Fig. 8). Within the douquet
stege Just described a closer observation revesls that a
portion of the chromstin apiremes has brokem into thresdlike
fregments, whioh becoms more identical sa the ceired hom-
ologues (Fig 8). This formatiom of the homologues is so
progressive that no true diplotene sould be distinguished at
this time, The ohromosomes beeome more lengthemed and the
ends all fuse in a cap-~like plesmosome giving the appeerance
of 8 number of loops (Fig 6).

Agein, atelning wes lost and a confused staged ensued
as & period of greal growth set in. A definite boundsry or
nuelesr membrane wes laid dcwn snd the chromosumes, whieh
last sppesred as the loops of synizesis, reappeared after the
confused stage as vacuolated chromatin thresds, which retasined

the well-dofined shepe end numbser that they were in Fig. 8.
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Yet, the homologues appesred separately in two groups as nmsy
be obscrved by foseusing up snd down in order to view the
entire depth of tLe cell, {Pig. 10).

The egg now approached the gearmminal vesicle formetion,
The wvacuolated chromatin thresds eppesred to concentrate
together in a lsarge hesvily ateining nueleolus. HNevertheless,
some of the chromatin remsined residuel in the nucleus,
Throughout the continued growth of the ocosyte this nusleoclus
was loosted towsrds cne side of tie oval shgped nucleus. At
the beginning of this great growth, only three to five cells
were within & folliele; and when the development wes okimaxed
as the germinal vesicle, only one large cell was found within
a follicle. The germinal vesiele {Fig. 11) aaquired & covering
gonsisting of the impreassjion of or probably made up of the
folliocular cells.

Slides made from the ovaries of the follicular cells in
June showed the beginning growth steges but not the period
of great growth just described, This first appesred in the
group collected sbout three wecks lster, July 2, 1938, The
last collection, August 11, 1038, shozed many xnore follicles
whioch esontained grosing ocoeytes that were still] in the gere

minel vesicle stages.

later Stages of Spermatogenesis
The teates dissected from the males collected June 13
were too old to secure dividing spermatogonia and the impor-

tant prophsse 1 stages of maturation. However, they did
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gontain good dlakineais stages of the primary spermetocytes
and the successive meturation stages to the foramatiomn of the
spermatids and their metamorphosis. After July 21, nothing
but gecondary spermstocytes, spermatids, and en enormous
inoreass in the number of mature spermstozos were found.

The diakinesis of the male consisted of @ series of tetred-
appearing figures within the nucleus; however, sloser examw
ination demonstrseted a group of single, scmpact chromoscmes
which were ia very close contact with each other, only two
of the tetresds spposaring ss heterotypis chrémcom (rig. 13},
These tetreds line up in the center of ths cell preparetory
te reduction division or separstion of the homologous ehrom-
osomes (Fige. 1l4). After the reduction division the chrowm=
osomss appesred singly in the polar seeondary apermatoeyte
stages {(Fig. 16 snd 17), but soon underwent a mitotis dfvi-
sion (Pig. 15) to form the spermatids,

Spermiogenesis

The spermatid assumed a spheriosl form imuedistely fol-
lowing the telophase stage at the close of the mitotic di-
vision of the secondary spermatocytes. The typioeal resting
spermatid eonsisted of & smell sphericel cell with s darker
stained nueleolus and an aggregation of the ohromatin near the
periphory of the cell. As metamorphosis began the cell sooa
grew more filiform in shape. The acrosome of the mafure spersa-
tozoa was formed from & pertion of the spindle of the last telo-
phase division that rotsted erocund the nueleus until it resched the
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enterior end ss shovn in the drswing (Fig. 18}« The acrosoms
and nuelesr eontent formed & heed pleee with a loang barb-like
hook extending posteriorly thst in the more meture spermatozos
stained very dsrkly. In the early spsrmaiid, no ceatriole
was visible at firat; howavar, nesr whal will oventuelly be
the posterior or lower cnd of ths nuclcus, one wppesrs with a
small mess of protoplesm. This suall msss of protoplarm which
appears to have 1ts origin from tie materiel within the cell
of the seeondary spermetocyte before the mitotie division forms
the spermatid, is observed to form thLe shesth surrounding the
teil or flegellum of the rasture spermatozoon. The gentriole
is eitther two when it eppears in the spermatid or it divides
later to form two that can be observed in the lightly stained
mature svermatozoon, ¥From the distal centricle the flagellum
was formed and enclosed inside the sheath with whioh 1t fuses
30 closely that no evidence of the shesth could be observed
laters

No middle piece was present, the nuclaus and dentrioles
forming the main body of the spermatozoon with the long
flagellum attached vosteriorly.

Chromosomal Number end Sex Chromosomes
The chromosomsl number was det:rmined in the fsmale from
the growth stage in the overy (Fig. 8) in which seven peirs
of homologues were present giving a totel diploid count of
fourteen. By & cereful examinstion these may be observed

again in the veouoleted chromosome stege es portreyed in the
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formation of the germinsl vesiecle (Pig. 10). Still more
evidenee thet the diploid eount is fourteen msy be sesured
from a count of the chromosomes of the polar cogonium (Fig. 12).

In the male this ecount wes determined from sn exazinetion
of the diakinesis stsge in which ten single shromosomes were
found snd two tetrads comsisting of two chromosomes each
making the total number fourteem for the diploid count (Fig. 13).
Hore sonclusive evidenee 1is found in the poler secondsry
spermatooytes each of whieh eontained the haploid eocunt of
seven chromosomes completely separated from ohe another
(Fig. 16 and 17).

There was found in the male germ cells two chromosomes
whieh are not of the seme size and shape. These never under-
went synapsis ss did the other chromosomes in the diakinesis
(Fig. 13), thus nresenting s good opportunity to study them.
The first is a short, rather sherply eurved chromosoae, vhereas
the second 1s merely a small round body of chrometin.

It was assumed that these chromosomes represented the
sex ohromosomes for the following reasons: ¥Yirst, one of
these shromosomes passes into one daughter segondary spermse
tooyte and the other into the second dsughter cell as casn be
obgserved in the polsr view of the sccondary spermatooytes
(Fig. 16 and 17). Second, one of the pairs of chromosomes
consists of two homologues corresponding identically to the
8lze and shape of the first short, curved unpeired chromosome

of the femele (Fig. 8). This assumption was borne out further
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from en exsminaticn of the vacucleted chromosome stage im

the dsvolopment of the germinal vesiole, for the two definite,
short, curved chromosomes sre slso presents According to this
evidence the Lomophron is of the X « X, X - Y, type of sex
chromosome. The curved ochromosome is interpreted as the X

and the round clromosome as the Y.

Further study of the behevior of these sex chromosomes
showsd that they always, during all divisions of the cell
preceded the autoscmes in their migration from the equatoriel
plate to the poules, a3 is represented in the anaphsse of the
dividing oogonium {(Fige &), that hed been sectioned disgonally.
This phenomenon s3s also shown in the metaphase of the cogonium
(Fige 3) end in the metuphese divisior of the s ecordery sperm=
atooytes in their awmltipliontion te Twem spermstids (Fig. 15).
It wos obscrved thet the sex ehromozmomes of the spermatid
were the last of the ehromosomes to lose their identity in the
formatiorn of the chrometin grasnules preparatory to & conoenw~
tretion of the nucleus. 7The sex echromosomes during oogenesls
loat their identity first in the leptotene stage of the pro=-
pheses snd regained it in the vacuolated chromosome stage pre-~
paratory to the formation of the germinel vesiole only to lose

it when the gorminel vesicle vas reached,



CHAPTER 111
DISCUSSION, SUMMARY, AND CONGCLUSIONS

Dissussion

In Homophrom the two sonsecutive mitotis divisions of
the oogonis substantiates the evidence reported by Varde (1950)
that the cogonis undergo & definite number of preocvocyte |
divisions before entering the resting stage preparatory to
growth into the primary costye (Fig. 1).1 This definite num=
ber of divisions is reported by Stevens (1908), Goldamith
(1919) and Brauner (1929¢) in the spermatogonia of the species
that they investigated,

The rosting oogonis (¥ig. 1) of Homophron began immedi-~
ate growth into the resting ooeyte without sny pause oy weat
periocd, This immedieate chenge wes found nlso in Dystisous,
Varde {(1930). On the contrsry, Steveas (1908) and Hayden
(1925) found in the speelo: which they exsmized e long rest
period of ths spermatogonis before growing into the resting
spermatooytes.

Study of the growth from the resting oogonia (Fig. 4)
into the primary ococyte of the sand beetle reveals that there
wore two periods of growths. A period of 1little grosth oo-
gurred in which the ohromatin underwent the principal pro-

1y, pP. Yerde, Op. Git., Pp. 5=1l12.
-19~
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pheses of maturation from the formation of the resting cootye
(Fig. 4) to the paired homologue stage (Fig. 8}, Thism period
of little growth involves only the growth of the nucleus, A
period of grest growth follows whioch ocntinues from the confused
stage entered into dy the paired homologues to the germinal
vesiele (Fig. 11), Cytoplasm becomes visidle snd by the time
the germinal vesicle atsge 18 reached 3 eovering of follicular
eells ia beglinning to surround the cytoplasm, This deseription
is in accord with the results of Verde (1930) who stated that
thore are two growth periods in Dystisecus, & period of little
growth and & period of great growthe

However, Stevens (1906) end Brauer {1929) found that in
spermatogenesis, the fomation of the primary spermatocytes
from the resting spermstocytes consisted of only one oon-
tinuous growth. Probebly, this difference in growth is ao~
oounted for by the great deposition of yolk thet is necessery
in the formation of the egg of most inseets. Bowen (1923)
found this to d»e trues in certsin species of the Hemipters,

Chromatin of the resting oooyte (Fig. 1ll) of Hoaophron
forms the spireme which devclops into 8 psshytene or spnapsais
stage (Fig. 7) fron which psired homologues are formed (Fig. 8).
Synizesis follows afterwhich the chromosomes lose their
staining capescity and eppeer in a confused stage. These pro-
phess changes are not in sgrecment with t e description of the
¢hromatin behavior of the prophases of Dystiseus as descrided
by Verde (1930), for in Dystiseus the synizesis follows the



synapais. Beylen (1925] deserided s synepsis follosing e
spirems forastion, end ax immediate changing into the syn-
izenis during the spermsiogenssis of ‘hanseus, The wide
viristion in these resultz is not unusuel, hewsver, for
“iison (16835) found in genersl insest spersatogencsis that
the aynizenis may osour st any stage of developmsat from
syuspsis %0 the closs of the diplotens stage, verying with
the apeaies,® is osa be seen fron ¢ dissussion of the 1ite
ereture, this varietioca in the tine of oscurrence of the
syaisesis cecurs evea smong mambers of the same order.

The synizcals of Hozophron is of the same 1lnop type as
that deucribed dy Stevens (1906}, The ends of the ehromosomss
fuse 1a%9 8 plamsosomslike dody (Fig. 9)e In the sperme-
togenesis of henscus, Hayden {19:5) fousd tkis type of
s;aizosls slao,.

Frevious to the pariod of greet growth, shromsscses in
oocnfused stsges sare found in Homophron and showed no results
of staining, which sfier a laying down of the sytoplesa resule
ted in she vaouolxted ohromosone stage (Fige 10)s In this veo-
uoleted eshromoaome 3t e, the shromosomes are spresd in two
grou,s throughout the sucleus,s *“hess chroaosonss sove closer
together snd coneentrete iante the &-rkly stahﬁng nuweleelus of
the gorainal vesiols stoge (Fige 1ll)e Mo desoription of s

254mind ilson,
(1925) 5 P “g: @ilson, The Cell in Developaent snd Heredity
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sonfused stage is found in the results of Voxrde (1930), even
though Homophroa oogsnesis otherwise slosely corrobates his
deseription of the formstion of the germinal vesicle. This
vaouolsted chromosome stesge {Fig. 10) was interpreted by
Stevens (1906) as e diplotene stage because of an identicel
resemblance to the diplotons formation dessribed in the aale
spes#ies with which she worked.

At the time tbet eocllections of Homophron were firs$
made, spermatogenesis had progressed to the diakineais stage
{(Fige 13) with ths chromosomes in tetreds. These tetreds
line up on the spindle and separats. into the respective
geecondery spermatocytes (Fig. 18 and 17). Without any iatere
vening stags, the chromosomes liine up on the spindle agein
and undergo & mitotic division or longitudinsl splitting %o
fora spermatids (Fig. 15). The typiesl spermatid consists of
a sphericel cell #ith s nueleolus in the center and & dis«
tribution of the chromatin near the periphery of the &ell
(Figs 18). This desaription is in sccord with that given
for the spermatid of Termopsis by Stevens (1905)°,

The primsry spermetoeytes showing diekinesis were very
large, but after the reduction division of the chromosomes
the secondsry spermetocytes vere reduced one-helf the size of
the primary spermatooytes. The spermstide continued to shrink
without sny apparent sloughing of of oytoplasam that ususlly
asccompanies the metauzorphosis of the spermetid. Stevems (1905)

reported like behavior in spermiogenesis of Termopsise.

3. M. Stevens, Op. Git.{1925)



2%

Significant steges of the spermiogenesis of Homophrom
indicate thet the spermatids gredually decems more filiform
in ahape. At one side of the spermatid two centriocles sppesred
to rise in situ (Fig. 15)., From the distal centricle s simple
Tlagellum was fomed, The spindle fibers of the telophane of
the ssoond division greduslly migrated to the saterior end of
the spermetid to sssume the eppearsnce of a barb-like acrosome
that fuses with the nucleus to0 form one large head pilece eon-
sisting of the scrosoms, nucleus end centrioles. No middle
piecs was observed in the mature spermatozosn. The ashsath
that surrounds and fuses with the flagellum originated from
the smell emount of oytoplasm that surrounded the spermatid,
This description sgress in genersl with tha metemorphosis of
ths flagellum spsrm as described by Bowen (1925).

There were obssrved in the polar oogonis fourtesn smell
ecompsct chromosomes and in the diakineais of the mele fourteen
ehromosomes. Yet, the most acocurste ehromosomal count may
be obteined from the pasired homologues of the developing pri-
mery oocyte (Fig. 9). Im this stage, the proportionsl sizes
and shapes were also clesrly identified, A still further
presentaiion of the diploid count is visible in the vecuolated
shromocsomes or diplotene stage of the developing gerninsl
vesicle. Stevens (1909) used in aidition to the stagss
mentioned ebove the poler spermatogoniel stages and polar
views of the primary spermatceyte 8o determine the diplold

oount of the ehromoscomes for Diabrotica.
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The hapleid count was found to be sevea in Homophron
from the polsar secondary spermetoeytes whereim the shrom-
osomes were eovenly distributed throughout the cell,

Homophron belongs to the group of Coleoptera thet hes
been described aytologlieally %o be of the X & X, X « ¥
type of sox chromosomes. Esch sscondery spermatosyts oone
tained an odd chromosome(Fige. 16 end 17), In one cell was
seen spherical shromosoame, snd in the other a sharply curved
chromosoms wes obscrved. Iwo of these sharply ecurved chrom~
osomss were visible in the growth stege that followed the
lete pesshytene. TLeoss were slso visible in the lster growth
stage where the chromosomeas were veguoleted, In diskinesis
when the diplotene appeared in syndesis, the sex chromoscass
were visible as separate chromosomes.

Summarizing this informaiion, it can be assumed that the
sherply eurved chromosome is the X since it is psired in the
germ cells of the female Homophron, and the spherisal dody
of ohromstin is the Y due to the feet thet it is only present
in the mele germ cells.

In Homophrom, the sex chromosomes preceded the autosome
on the mitotio spindle., Too, the unlike sex chromosomes fail
to come together or nesr each other in the diekinesis of
spermatogenesis, end during the resting stages of ocogonla,
coeytes, eand the spermatid, they are visible either singly
or in pairs while $he other shromosomes heve apperently broken

up into chromatin granules. These results substantiale ths
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description of the behavior of the ssx chromosomes as found in

other Beleoptera by Steyens (1909), Goldsmith (1919), md
Brauer (1928).

Summery snd Conolusions

1. Early oogenesis of Homophron americenum is irsced from
the resting oogonia and thelr divisions to the formation of
the germinsal Wesiole atage,.

2. In spermatogenesis of Homophron, the primary sporva-
tocytes are found to undergo two divisions to form the
spermstid. The first of these divisions 1s the reduction
division, and the second is s longitudinal division.

3. The representative steges of the metamorphosis of the
spermatid intc the mature spermatozos sre studied.

4. The diploid ehromosome ecount for Homophron is de-
termined and the diploid chromosome count 18 fomd to be
fourteen. The type of sex chromosome for the female is of

the X - X type and that for the male is the X - Y type.
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PLATE I

B . Pig 3, . Fige ¢

Fige le - Comers lucide drewing of a group of oogonis
showing one oogonium with the c¢hromosomes lined up in the
eguatorisl plate on the apiandle,

Fige 2+ Cemers luecide drowing of late metaphase of an
cogonfum showing the sex chromosomes in sdvance.

Fige 3« Cmeora lucida drseing of an ocogonium sectioned
obliquely io which the ehromosoles ere lined up on the
spindle, The gsex chromosomes ere in =dvance,.

Fige. 4, Cemere luclida drewing of a restlng oveyte.
Sex ehromosomes are not diminuted into chromatin,
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PLATE 11
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Fige 7

Fige S+ Cemere lueida drewing of the leptotene stege
of oogencsis.

Fige 8. Camers lucida drawing of the zygotene stage
of oogenesig.

Figs 7. Cemers luelde drewing of the pachytene stage
of ocogenesis. ‘

~_ Fig. 8. Camers lucids drswing of a growth stzge in the .
dxylataga showing the chromosomes sosttered throughout
the cell.
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PLATE 111

g

Fige. 10

Fige 9« Cswers lucide drswing of the sinlzesis of
vogenfzis.

Fige 10. Cooors lucida drawing | of the veouolsted

ehromozome eondition or diplotems of the second growth period
of ocogenesis.

Fige 11s Csumera lucide drswing of the germinel vesicle
stege of oogonesis.
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Fige 12. Comere lucide &rewing of & poler cogoniume

¥ige 13. Comera lucida drawing of the diskinesis of
spermatogencslis. Hote i@ 86X CLromOSONES.

Pige 1l4. Camers lucids drswing of two cells showlag
the totrads lined up on the spindle preparasory to the
reduction division in svermetogenesis., GHols the sex
ehromosones,

Figze 15. Casere lucids drawing of s sseondary sperse-
tocy te prepsratory to division $o fora the spormastid. FHote
the edvance of sex cLromosoues,
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Fig. 16, Cemera ludids drawing of a secondary sperwva-
tocyte showing the X chromoscme.

Fige 17. Cemers lucida drewing of e secondary speraa-
tocyte sbowing the T chromosome.

Fig. 18, Cemera lucide drawings of representstive stages
in the matamorphosis of the spermatid.

Fig. 19. Camere lucide drswings of mature spermatozoa,
the first is dsrkly stained, and the second is stained lightly.
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