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ABSTRACT 

Fleabeetles of the subtribe Oedionychina fa ll in two phylogenetic 
categories in relation to the structure of the nuclear envelope, and of the 
epinuclear material synthesized in the diffuse stage of spermatocyte I. 
Omophoita shows a plain envelope surrounded by a continuous sheath of 
epinuclear material, whereas Oedionychus and related genera show a 
rough envelope with cup-like nuclear sieve complexes , and a discontinu
ous epinuclear materia l. The epinuclear material has no part in 
breaking down the nuclear envelope, which is wrinkled and squashed 
against the cell wall by aster action . The envelope does not wholly 
disappear unti l the prometaphasic congression . Re leased, empty nuclear 
sieves form a swarm at the surface of the M I spindle, and can be 
sometimes recognized still in the M II spindle. No interkinetic nucleus 
forms . 

The un ique structure of nuclear envelope of Oedionychus suggests a 
more advanced evolutionary status as compared with Omophoita, a 
genus having some karyotypic affinities toward! the sister subtribe 
Disonychina. 

INTRODUCTION 

The spermatocyte I of Oedionychina t1eabeetles grows to dimensions 
unusual for Coleoptera: about 50 J..Lm across. This final size is the result of 
a large init ial size determined by the last, grossly unequal gonia! mitosis 
(12), and by a true growth in the follow ing prophase. In one of the Puerto 
Rican species, Omophoita cyanipennis F ., male meiosis has been studied 
in liv ing and in fixed condit ion (11). The epinuclear materia l synthesized 
during prophase was found to detach from its position just before PM I, 
to be collected around the just ac tivated asters at the basal (idiosomal) 
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region of the cytoplasm. After breakdown of the nuclear envelope, the 
material seemed to invade the nuclear space, pushing chromosomes to a 
clump aga inst the opposite cell wall (contraction stage ). From there, the 
congression movements started after one hour, resulting in a bipartite M 
I spi ndle: autosomal bivalents in the cente r of the cell , the distance sex 
biva lent laterally at the site of the former clu mp. Comparison wi t h 
similar observations made in endosperm mitosis of plants (1, 2) led to the 
opinion that the epinuclear material m ight be sim ilar, if not identical, 
to Bajer's clear zone materia l. 

Unpublished observation by Virkki of the spermatocytes I of Oediony
chus and related genera revealed a structure of nuclear envelope and 
epinuclear material different from Omophoita. The Puerto Ri can repre 
sentatives of t hese genera are now submitted to a new compar ison, using 
preparation methods common for elect ron microscopy . A similar study 
emphasizing t he ultrastructures will be publ ished elsewhere ( 13). 

MATERIAL AND METHODS 

Omophoita cyanipennis F . and Oedionychus bicolor L. specimens were 
collected on March 11th, 1975, in t he Puerto Rican local it ies P laya de 
Salinas and Vacia Ta lega, respectively . Testes were transported to New 
Brunswick, N.J ., U.S .A. , in chi lled 1. 5% glutara ldehyde made in 0.1 M 
cacodylat e buffer. The fixa t ion was . thus prolonged to about 20 h, wh ich 
may have caused some swell ing of mitochondria. Postfixation was in 
chilled 2% OsO •. Luft' s modified Epon mixture was used for embeddi ng. 
Thic k sections were sta ined in Giemsa, thi n sections in uranyl magnesi
umacetate and lead citrate . 

For cellular measurements, some living preparations were made, usi ng 
Forer's (5) technique. N uclea r and cellular diameters of ful l grown 
spermatocyte I were determined, using an ocula r m icrometer ca li bra ted 
with an object ive micrometer. Each measure is a mean of t he shortest 
and longest dia meter. Ten cells were t hus measured in both species . 
Approximate surface and vol ume va lues were calculated from t he mean 
dia meters of the ten cells (table 1) . 

T ABLE l. Some characteristics of full -grown spermatocyte I in Omophoita cya ni pen nis and 
Oedionychus bi co lor 

Cell di a meter 
N uclea r dia meter 
Nuclea r surface 
Nuclear volume 
NSCs per nucleus 

Omophoita cyan ipenni• 

43. 12 ± 0.64 !liD 

26.56 ± 0.48 !liD 

2222 14E 
9843 llf. 

Oedionychus bicolor 

53 .52 ± 1.04 !liD 

32.96 ± 0 .72 !liD 

3420 14 ~. 
! 880014m 3 

220 
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FIG. l.-Omophoita superba Weise . Pachyten e. Four fu soma lly in terco nnected sper 
ma tocytes I form the ent ire cont ents of cyst. Displace men t of id iosom e (a rrowheads) has 
begun; in the lower two cells, t he idiosome has d ivided in two . Large sex chromosomes fill 
the top portions of the bouqu ets. c ~ cyst ce ll nucl eus. Phase con trast photo from a squash 
preparat ion made from a spec imen fi xed with ace to-alcohol (1 :3) J une 19th. 1964 , in 
Belem-do-pani , Bra zil. 2000 x . 

Sq uash preparations made ea rlier from severa l South American 
species were compared with the above spec ies. 

Zeiss 3 P hotomicroscope II and J EM -120 electron m icroscope served for 
observa tions and photography. 

OBSERVATIONS 

Oed ionychina are characterized by a highly diffuse d iplotene and a 
notab le second ( di ploten ic) growth of t he spermatocyte I. P rediplotene 
spermatocytes are not easily recognized from t he las t spermatogon ia: the 

3 T rade names are used inthis publi ca t ion solely for the purpose of providing speci fic 
informat ion. Ment ion of a trade na me does not cons t it ute a guarantee or warra nty of 
equipment or mat eia ls by the Agric ultura l Ex periment S ta t ion of the Un ivers ity nf Puerto 
Rico or an endorsement over other equip ment or mate rials not ment ioned . 
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number of cells per cyst is four in both cases, and the classic images of 
leptotene and pachytene are often hard to find . The cells in figure 1 show 
exceptionally clear pachytene bouquets; usually no bivalents, not even 
the large sex chromosomes, can be individually traced. 

Each early spermatocyte I has a dark, seemingly vacuolized cytoplas
mic body adjacent to nucleus . Earlier observations on fixed and living 
preparations showed that this body is situated at the basal (fusomal) 
region of the cell and includes mitochondria, centrosome(s), and gelated 
material, probably tubulin (11). Following Smith and Virkki (7), the 
body is called here idiosome . Already at the end of pachytene , it may be 
div ided in two. 

OMOPHOITA CYANIPENNIS 

The postpachytene prophase of spermatocyte I can be roughly divided 
into six stages that may, however , overlap in d ifferent aspects . 

Stage I: Displacement of idiosomal components (figs. 2 and 3) 

Observations of living, Janus-green stained preparations show that 
swarms of mitochondria leave the idiosome when the prophase progresses 
(11) . The same is seen here. The main body of the idiosome does not 
disi ntegrate this way, but flattens against the nuclear envelope, may 
divide in two or three, and even detach temporarily from the nuclear 
envelope (fig . 4). 

Stage 2: Formation of nucleolus and epinuc/ear material (figs . 3 and 4) 

First, a chain or a swarm of small nucleoli appears . Later they coa lesce 
to form 1 to 3 solid, rounded nucleoli that tend to persist until A I (11) . A 
layer of dark epinuclear material starts forming . First it is hard to say 
whether it is derived from the idiosome or whether it is newly synthe
sized, but the final thickness of the practically cont inuous layer points to 
the latter a lternative . 

Stage 3: Mature spermatocyte I (fig. 5) 

Cellular and nuclear diameters are approx imately 43 11m and 26 11m 

(tab le 1) . A layer of epinuclear material about 2.5/lm thick surrounds the 
nucleus. The idiosomal component of the layer is not more recognizable. 
Electron microscopy (13) shows that cytoplasmic patches and inclusions 
are very common within the layer. They are practically free of mi tochon
dria, because intrusion of the nascent epinuclear material has preceded 
release of mitochondria from the idiosome . Although m itochondria are 
now d istributed all over the un locked cytoplasm, the distr ibution may 
still be uneven . 
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FIGs. 2 to 7.-0mophoita cyanipennis. Arrowheads: dark material from id iosome; 

m ~ mitochondria. n ~ nucleolus. :2 . Displacement and di,·ision of idi osome. :1. The same, 
p lus fo rma tion of a swarm of nucleoli. 4. Coalescence of the nucleoli, and incorpora t ion of 
idioso mal mater ial to t he nascent epinuclear material. 5 . Fully grown spermatocyte I wit h a 
pract ically continuous epinuclear material. 6. Beginning nuclear undulation. and accumu
lation of epinuclea r material to aggregates. 7. Nuclear displacemen t and undulation; 
accu m ulation of mitochondria and ep inuc lear aggregates to the opposite end of the cel l. 
T hi ck sectio ns. 1280 x . 
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FIG. 8.-0mophoita cyanipennis . A section tangentia l to nuclear envelope of growin g 
spermatocyte I. showing nuclear pore complexes with a central plug in most of t hem , 
epinuclear materia l (Em), and polyribosomal aggregates (a rrowheads) . Nu = nuclear si de, 
Cy = cytoplasm ic side . Thin section, 19600 x . 

Nuclear pore complexes seem to be randomly distributed , the dens ity 
being about 38/J.Lm 2 (fig. 8) . 

Stage 4: Nuclear movements and aggregation of epinuclear material 
(figs . 6 and 7) 

A slight undulation of nuclear envelope, and accumulation of epinu · 
clear materia l to several aggregates begin simultaneously. T hen the 
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aggregates become detached from the envelope and concentrate, together 
with mitochondria, at one end of the cell. The nucleus thus becomes 
displaced to the opposite end of the ce ll and suffers from an increas ing 
undulation and deformation at its median side . 

S tage 5.· Contraction stage (figs. 9 to 11) 

In a rapid process (half an hour approximately) , the nucleus collapses 
and its contents become clumped against the cell wall. The mitochondria 
seem to follow the receding median wall of the nucleus, but the 
epi nuclear material is dis integrated into shreds that soon disappear . 
During t he collapsing process, the nuclear envelope seems to retain its 
integrity; probably it is broken only at a few places from where the 

10 

11 12 

FIGS. 9 to 12.-0mophoita cyanipennis. 9. Disintegration of epinuclear material (dark 
sh reds in cytopl asm) , and beginning of nuclear shrinkage. Mitochondria appear as whitish 
bubbles in this se ries of photographs . 10. Far-advanced nuclear shrinkage; epinuc lear 
materia l almost out of sight. 11. Full contraction stage . Nuc lear envelope extremely folded 
and probably broken at multip le sites. 1:2. M I. Distance sex bivalent to the righ t. Thick 
sections, 1170 x . 
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karyolymph flows out. Still at the full contraction (fi g. 11 ), large 
extensions of the envelope can be seen unbroken, although extremely 
folded . In this species, condensation of chromosomes proceeds notably 
during this stage. 

Stage 6: Congress ion 

After a bout one hour ( 11) , the chromosomes leave the clump, the 
autosomal bivalents shifting to the center of the cell , the large sex 
chromosomes forming a distance bivalent at the clump site. 

At full M I (fig. 12), the autosomal bivalents lay in a centrally located 
equatorial plate, whereas the sexual distance bivalent lies in a separate, 
lateral portion ("sex spindle") of the same spindle. 

No interkinetic nucleus is formed. 

OEDIONYCHUS BICOLOR 

Stages 1 and 2 

These stages can hardly be delimited in this species, because formation 
of nucleolus and of epinuclear material seems to start earlier here. 
Incorporation of the idiosomal dark materia l to epinuclear mate rial is 
similar, as in Omophoita, but from the beginning, the layer remains 
discontinuous and more irregular in thickness (figs . 13 to 15) . T his 
irregula rity attai ns grotesque forms at the end of the stage, when dist inct, 
dark "cups" line the nuclear side of the aggregates of epinuclear materia l 
(fig. 16). In light microscope, it cannot be dec ided whether the cups 
belong to the epinuclear material or to the nuclear envelope . E lectron 
microscope reveals them as invaginations of the nuclear envelope, filled 
with polyribosomal aggregates assoc iated with nuclear pore complexes 
(fig. 20). These unique devices, called nuclear sieve comp lexes (NSC ) 
(1 3), are engaged in synthesis of the proteinous epinuclear mate ri al. 

S tage 3: Mature spermatocyte (fi!{. 17) 

The NSCs remain at the nuclear envelope, retammg some of t he 
epinuclear material in them. Most of the latte r leaves the envelope, a nd 
aggregates of it can be seen floating freely in the cytoplasm . 

Stage 4: Nuclear movements and aggregation of epinuclear material (fig . 
18) 

This stage resembles the same stage of the other species, with the 
difference t hat the aggregates of the epinuclear mate ria l disa ppear 
earlier, a lso from t he NSCs . 

S tage 5: Contraction stage 

Most of the NSCs fo llow t he folding nuclear envelope, a lthough some 
may stay beh ind (fig. 19). 
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FIGS. 13. to 19.-0edionychus bicolor. 13. Beginning of formation of epinuclear material, 

and incorporation of the idiosoma l dark material (arrowheads) to it. 14 . Format ion of 
nucl eolar drop let chains (n) . Epinuclear material of idiosomal origin (arrowheads) st il l 
recognizable . 15 . Appear ing of dark nuclear sieve complexes (NSC) between nucleus and 
epi nuclear materia l. Coa lesce nce of nucleolar droplets (n). 16. Cup-like NSCs at the height 
of their syn thet ic activity. One cluster of NSCs produces one aggregate of epinuclear 
material. 17 . Fully grown spermatocyte I. Epinuclear material detached from nuclea r 
envelope, except at NSCs . Rounded nucleoli (n} formed by coalescence of former droplets . 
18 . Begi nning of the cont raction stage . NSCs follow the shrinking nuclear em·elope . 19. Full 
cont ract ion stage . Some NSC's have been left back in cytoplasm. which indicates a partial 
ru pture of t he nuclear envelope. Thick sections. 1100 Y . 
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S tage 6: Congression (fig. 21) 
A swarm of somewhat lengthened, empty NSCs becomes oriented at a 

limited area of the spindle surface . In this species, the condensation of 
chromosomes starts later a nd remains less conspicuous than in 0. 
cyanipennis, a trend seen a lso in living spermatocytes (11) . 

At full M I, a lengthy swarm of empty NSCs can be still seen 
surrounding the spindle (fi g. 22). As no interkinetic nucleus is formed, t he 
NSCs are obviously no longer needed. In the spindles of M II , bod ies 
resembling them still are sometimes seen . 

F IG. 20.-0edionychus bicolur.-Fu ll y grown spermatocyte (cf. fig. 17) . Nuclea r 
envelope runs from the left top corner to the right lower corner, leaving cytoplasmic side 
(Cy) to t he left, nucl ear side (N u) to t he right. A to C mark sect ions of NS Cs . A. A profi le 
showing the sha llow in vagi nat ion of envelope a nd dark polyribosoma l mass filling the 
"cup" thus arisen . A cloud of epinuclear material extends toward the cytoplasm. The 
t hi ckened envelope at t he s ieves seems to be sec tioned, due to t ight ly packed nuclear pore 
complexes (see C for the sa me effect). B. A NSC cut nea r its top, showing some nuclear pore 
complexes in a tangentia l view. C. A NSC cut near its mouth . Note th e fibrilla r 
(chromosomal?) materia l connected wi th nuclear pore com plexes here and in A. Two da rk 
masses in the right top corner a re sections of chro mosomes. T hin section, 16500 x . 
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Assuming that sec tions tangential to nuclear envelope show about 1/4 
of the ent ire surface, the number of the NSCs of a mature spermatocyte I 
can be est imated as about 220 per nucleus. T heir s ize va ri es con. idera 
bly. Clustering of NSCs is ofte n recognizab le (fig. 20 ). One such cluster 
forms one major aggrega te of epin uclear materia l {cf. fig . 16). T he 
spermatocyte I is not ably la rger than in Omophoita (tab le 1). 

a 

s 
s 

21 22 

Frcs. 21 and 22.-0edionychus bicolor. Prometaphase and metaphase I, respectively. 
E mpty, abandoned NSCs orientate and swarm around the spindl e. a = autosoma l port ion 
of tbe spindle, s = "sex spind le." T hi ck sections. 1150 x . 

23 
Frc. 23.- 0edionych.us bicolor. Fu lly grown spermatocyte I showing clus tering of NSCs 

(cf. Fig. 16 for profiles of suc h clusters). Thick section. 1400 x . 

OTI-!ER SPECIES 

Although identification of NS Cs is now perfectly poss ible at light 
microscope level, its success depends much on t he method used. Livi ng 
spermatocytes in salin e or haemolymph are fairly good , glutara ldehyde 
plus OsO.-fixed sections are still better. Squashes following ace ta -
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alcohol fixation are poor . Specimens fixed in this way were the only ones 
available for comparison. In all events, it seems safe to say that all 
Omophoita taxons checked (aequoatorialis Harold, aequinoctialis L., 
albicollis F., clerica Erichson, cyanipennis octomaculata Crotch, lunata 
F., quadrinotata quadrinotata F ., and superba Weise ) have the sa me 
envelope structure as 0 . cyanipennis . Also, a ll Ala!{oasa taxons checked 
(dipus Ill., dissepta cyanofasciata Jacoby, mella commutata Bech. & 
Bech., postigalis Kirsch, trifasc iata F, trifasciata t rifasciata F., 
trifasciata uulgatissima Bech .) have dist inct NSCs, and so have two 
Capraita species, egleri Bech . and trinidadensis Bech . Walterianella, 
represented by species eugenia Bec h., humilis II I. , and aphtha/mica 
Harold, might also be a regular NSC former, but Asphaera spp. 
(abdomina/is Chevr., limitata Harold, octopunctata Jacoby, pauperata 
Harold, and weyrauchi Bech .) and Pedema umbratica Oliv. seem to 
stand somewhere between Omophoita and Oed·,m y chus . 

DISCUSSION 

CONTRACTION STAGE: AN AMENDMENT 

Present thick section preparations. much superior to acetic acid-fixed 
or living preparations for observing interior structure of spermatocytes, 
generally confirm the earlier observations (11). but call for a rev ision as 
to the contraction stage . It now appears that the shri nking nuclear 
envelope remains largely unbroken until the end of the stage. The 
epinuclear material van ishes in the cytoplasm and does not invade the 
nuclear space, as believed before. Nuclear undulation and shrinkage, 
with all the chromosomal contents, against the cell wall, seems to be due 
solely to microtubular action of the two asters that still remain at the 
same side of the cell. 

NSC IN RELATION TO EVOLUTION 

In the system of Bechyne and Springlova de Bechyne (3), the tribe 
Oedionychini is divided into two subtribes, Oedionychina and Disony
china . The latter, of neotropical origin , has very variable chromosome 
numbers and sex chromosome systems, whereas the former, of pantropi
cal origin . has almost invariably 10 II + X + y (7) . Among the 
neotropical genera of Oedionychina . only Oedionychus has representa
tives outside the Americas: five species in the Western Mediterranean of 
the Old World. Oedionychus in the wider sense (including genera 
Ala!{oasa , Pedema, and Walterianella) is also the largest subgroup 
among Oedionychina (4). It has the widest distribution in America: from 
Argentina ( 4) to the region of Great Slave Lake in Canada (according to 
the collection of Biosystematics Research Institute, Canada Department 
of Agriculture , Ottawa) . Such a size and wide range suggest a ntiqui ty of 
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the genus. Bu: it see ms unacceptable that the more s imple organi zat ion 
fou nd in Om ophoita spermatocytes would be derivative of the NSC 
system . Also, evidence from karyotypes fa vors the other way: the 
m ulti ple asynapt ic sex chromoso mes of Omophoita clerica (9) and 
Asphaera daniela (10) connect Oed ionychina with si milar Disonychina 
cases (7). 

T hus the high degree of speciati on and distribution with in Oediony 
chus might be due to a better fitness ra ther than to an t iquity. Th::: 
organ ization of the spermatocyte I nuclear envelope might be one ex
press ion of it . Undoubtedly, the Oedionychus system is more effic ien t 
than the Omophoita system ; " factory" vs . " ha ndwork" comes in mind. 
It is a surprising novelty in a cellula r structure known to be rathe r con
servative (6, 8). 

RESUMEN 

Los a lticidos de Ia sub-tribu Oedionychi na se divid en en dos categorfas filogeneticas 
segun Ia estructura de su membra na nuclear doble y del material epinuclear sintet izado en 
Ia eta pa difusa del es permatocito I. Om ophoita muestra una cst ructura relativamente 
simple. rodea da por una zona de l ma teri a l epin ucl ea r, mientras que OE>dionychu.s y los 
generos aliados muestran una membrana doble provista de complejos de cedazo nucleares 
(NS C), y de una zona discontinua del matc riill epinuclear. Este ultimo no pilrticira en Ia 
d isintegracion de Ia membrana dob le , Ia cua l es aplas tada contra Ja pared de Ia celula, pero 
no desa parece antes de Ia congres ion de los cromoso mas. Los cedazos nuclean·' vacios y 
abandonados forman un enjambre alrededor del huso de M I, y sus restos se ven a veces 
toda via en el huso de M TI. El nu deo interci netico no se forma. 

La estruct ura unica de Ia membrana doble de Oedionvchus sugiere que este genem tiene 
un status evolucionario mas ava nzado que Om op hoita, un genera que aun tiene afinidacles 
cromos6micas con Ia subtribu vec in a de Disonyc hin a. 
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