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Diploid Arrhenotoky and Automictic Thelytoky 
in Soft Scale Insects 

( L e c a n i i d a e  : Cocco idea  : H o m o p t e r a )  * 

U z i  N u r  

Department of t~iology, University of Rochester, Rochester, New York 

Abstract. Parthenogenesis is reported in three soft scales with 2n = 16. In the 
unfertilized eggs of all three, oogenesis is normal and diploidy is restored by the 
fusion of the division products of the haploid female pronucleus. In Lecanium 
putmani Phillips 12 of 13 uninseminated females collected in the wild produced 
only males. The 21 inseminated females produced 15% males. The males were 
diploid but contained one euchromatic (E) and one heterochromatic (H) chromo- 
some set. Most of the eggs produced by the inseminated females contained sperm 
but a few did not. I t  was concluded, therefore, that females develop h'om fertilized 
eggs and males from unfertilized eggs and that  the species was diploid arrheno- 
tokous. In L. cerasi/ex Fitch only 18 of 56 females collected in the wild had been 
inseminated. The frequency of mMes among their embryos was 22%. The males 
were again diploid with one E and one H set of chromosomes. Among the 38 un- 
inseminated females, 27 produced only males, and 10 produced only females. 
All the female producers contained needle-like bacterial symbionts. Most of the 
male producers, and most of the inseminated females contained no symbionts; 
the rest contained rod-like symbionts. I t  was concluded, therefore, that  the females 
of L. cerasi/ex studied belonged to two races, a diploid arrhenotokous race and 
an obligate antomictic thelytokous race. Eucalymantus tessellatus (Signoret) is 
obligate automictic thelytokous. All the females examined were uninseminated 
and produced only females. 

Introduction 

Phi l l ips  (1965b) has  r e p o r t e d  u n u s u a l  t y p e s  of pa r t henogenes i s  in 
two  sof t  scales. I n  Lecanium putmani u n i n s e m i n a t e d  females  were  re- 

p o r t e d  to  p r o d u c e  on ly  hap lo id  males  a n d  p a r t h e n o g e n e s i s  was  t h u s  

hap lo id  a r rheno tokous .  I n  L. cerasi[ex u n i n s e m i n a t e d  females  were  re- 

p o r t e d  to  p r o d u c e  b o t h  ma les  and  females ,  a n d  p a r t h e n o g e n e s i s  was  t h u s  

d e u t e r o t o k o u s .  Ph i l l ips  a s s u m e d  t h a t  in  L. cerasi/ex t h e  males  were  

f u n c t i o n a l  and  c o n c l u d e d  t h a t  t h e  species was f a c u l t a t i v e  d e u t e r o t o k o u s .  
Ph i l l i p s '  r e p o r t  was  of i n t e r e s t  because  hap lo id  a r r h e n o t o k y  was  un-  
k n o w n  in  t h e  f a m i l y  Lecaniidae and  in r e l a t ed  eoccid  fami l ies  (Hughes-  
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Schrader,  1948; Nur,  1971). Deu te ro toky  has been previously  repor ted  

only f rom one other  coceid, the soft scale Pulvinaria hydrangeae, but  

in t h a t  species the males were not  funct ional  (Nut, 1963), and deutero- 

toky  was thus  obligate ra ther  than  facul ta t ive .  

A pre l iminary  examina t ion  of mater ia l  provided  by Phillips, con- 
f i rmed Phil l ips '  repor t  of a r rheno toky  and facul ta t ive  deu te ro toky  (Nur, 

1971), bu t  established t h a t  in both species the males were diploid. The 

examina t ion  also establ ished t h a t  in par thenogenet ica l ly  produced males 

and females diploidy is res tored by the fusion of the two haploid division 

products  of the females pronucleus.  

The present  repor t  presents  the details of the cytological  analysis of 

L. putmani and L. cerasi/ex, as well as t h a t  of an obligate the ly tokous  

soft scale, Eucalymantus tessellatus, in which diploidy is restored in the 

same way  as in the two Lecanium species. This more detai led s tudy  

revealed t h a t  L. cerasi/ex is apparen t ly  not  deuterotokous.  Ins tead,  i t  is 

made up of two races:  a diploid ar rhenotokous  race, and an obligate 

the ly tokous  race. The separat ion of the species into two races is based 
in par t  on the f inding t h a t  the un insemina ted  females of L. cerasi/ex 
are ei ther  male producing or female producing,  and t h a t  the two types  

differ in the  bacter ia- l ike symbionts  which they  may  harbor.  

Materials and Methods 
Collection data for each species will be presented in Observations. All indi- 

viduals were fixed in 4 parts chloroform, 3 parts 100% ethyl alcohol, and 1 part 
glacial acetic acid, for one day. The material was then transferred to 70 % alcohol 
and kept under refrigeration until used. Staining was carried out in alcoholic- 
HCl-carmine (Snow, 1963), and the material was squashed in aceto-carmine. In 
order to determine whether the females were inseminated, the reproductive system 
was dissected out, and the oviducts and spermatheca were examined for the 
presence of sperms and sperm bundles. In the three species examined, as well 
as in other species of this family, the spermatheca is spherical and is attached 
to the common oviduct at the point where the two oviducts join to form the com- 
mon oviduct. Part of the way through the study of Lecanium putmani and L. cera- 
si/ex, it was discovered that some of the females contained bacteria-like symbionts. 
From that time on the reproductive system of each female and some of the tissues 
attached to it were mounted and squashed in Hoyer's mounting medium, and 
the examination was then carried out using both regular and phase contrast 
optics. The slides so produced were then kept as a permanent record. 

As in some other soft seales, each mature female deposits her embryos in a 
cavity beneath her body. The sex ratio of the offspring was determined by staining 
these embryos with aceto-propiono-carmine. Only embryos in which gastrulation 
had begun, or older embryos, were analyzed. Embryos were classed as males 
when they exhibited darkly staining heterochromatic chromosomes in most of 
their cells. Females lack such chromosomes altogether and their interphase nuclei 
contain only lightly staining chromatin distributed fairly uniformly. Most of the 
L. putn~ani females had only a few associated embryos. Only those females with 
larger numbers of embryos were chosen for analysis and all the embryos of each 
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of these  females  were ana lyzed .  I n  general ,  L. cerasi/ex females  h a d  more  assoc ia ted  
e m b r y o s  t h a n  those  of L. putmani. I n  L. cerasi/ex some  of t he  females  w i th  smal le r  
nmnbers of embryos were also studied, and when many embryos were present 
only about 100 were analyzed. 

Observations 

Lecaniun~ put~nani Phillips 

Collection. All the materiM of this species, as well as that  of L. eera- 
si/ex, was provided by Dr. J. H . H .  Phillips, Canada, Depar tment  of Agri- 
culture, Vineland Station, Ontario, to whom the author is very grateful. 
Late second instar and adult males were collected from Japanese plum 
in Grimsby, Ontario, on April 24, 1965. As tha t  t ime twigs with young 
femMes were brought into the lab and the males from these twigs were 
removed to insure tha t  the feamles remained uninseminated. Some of 
these isolated females were fixed on June 4, 1965, after they had begun 
to lay eggs. Laying females were collected from Japanese plum in the 
same area on June 10, 1965. According to Dr. Phillips the Japanese 
plum was infested with three Lecanium species. L. eoryli is readily 
distinguishable from the other two. However, L. putnami and L. eerasi/ex 
cannot be readily separated at  the adult stage. To check whether all 
the females collected belonged to L. putmani Dr. Phillips mounted some 
of the collected females, and allowed the eggs of some of the others 
to hatch. The analysis of the mounted females and the first instar larvae 
(which can be easily identified) indicated tha t  either all or almost all 
of the laying females belonged to L. putmani. Among the young un- 
inseminated females, however, as many  as 10% may  have belonged to 
L. cerasi/ex. 

Cytology o/ the Males. Most of the nuclei of the second instar and 
adult males exhibited a darkly staining body made up of hcterochromatic 
(H) chromosomes. The presence of H chromosomes is characteristic of 
males of Leeanium hesperidum and L. hemisphaerieum (Thomsen, 1927), 
as well as of male coeeids with the lecanoid and Comstoekiella chromo- 
some systems (Hughes-Sehrader, 1948; Brown, 1963). In  L. putmani the 
behavior of the chromosomes during spermatogenesis (Figs. 1 - -5 )was  
similar to tha t  of L. hemisphaericum (Thomsen, 1927) which was as- 
sumed to be of the leeanoid type (Hughes-Schrader, 1948). In  the 
leeanoid type the chromosomes do not pair in prophase I, they divide 
equationMly in anaphase I,  and the euchromatie (E) and the H set 
segregate from each other during anaphase I I .  Only telophase I is 
followed by eytokinesis. Following telophase I I  the pairs of cells produced 
by the first eytokinesis fuse to form quadrinucleate spermatids. During 
spermiogenesis only the nuclei derived from the E set form sperm. 
In  L. putmani most of the cells in prophase I exhibited the haploid 
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Figs. 1--5. Spermatogenesis in Lecanium putmani. • 2400. Fig. 1. Early prophase I 
with 8 heterochromatic (It) chromosomes. Figs. 2 and 3. Prophase I with 8 eu- 
chromatic (E) and 8 I t  chromosomes. Fig. 4. Four secondary spermatocytes in 
interkinesis with E and H chromosomes (phase optics). Fig. 5. The two elongated 
nuclei, each with an E set of chromosomes, are being transformed into sperm; 

the four round nuclei, each with an I-I set, remain inactive (phase optics) 

number  of e ight  E and  e ight  t I  chromosomes (Figs. 1- -3) .  In  the  cells 
of some of the  cysts,  however ,  only  seven H chromosomes could be 
counted.  This  observa t ion  suggested t h a t  while in mos t  of the  cysts  
spermatogenes is  was of the  lecanoid type ,  in some i t  m a y  have  been 
of the  Comstockiel la  type .  The Comstoekiel la  t y p e  differs f rom the  
lecanoid t y p e  in t h a t  the  number  of the  H chromosomes p resen t  dur ing  
prophase  I is less t han  the  haplo id  number  (Brown, 1963), a p p a r e n t l y  
as a resul t  of the  des t r icu t ion  of some of the  H chromosomes jus t  pr ior  
to  p rophase  I (Kitohin,  1970). 

Spermatogenes is  in L. putmani resembled  more closely t h a t  of the  
Eriococcidae and  especial ly t h a t  of Gossyparia spuria (Sehrader ,  1929; 
Nur,  1967b) than  t h a t  of mea lybugs  ( t Iughes-Sehrader ,  1948) in a t  leas t  
two aspects.  F i r s t ,  dur ing  me taphase  I the  two chromosome sets showed 
the  same degree of condensat ion .  Dur ing  me taphase  I in mea lybugs  the  
E chromosomes are somewha t  less condensed t h a n  those  of the  H set 
and  form an incomple te  circle a round  the  H set. Second, following 
te lophase  I the  chromosomes of the  E set became less condensed (Fig. 4). 
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and then they condensed again prior to anaphase II .  In  mealybugs 
telophase I apparently proceeds directly into prophase I I  and the E 
chromosomes do not become diffuse prior to prophase I I .  I t  is of interest 
to note that  in the Eriococcidae spermatogenesis is of the Comstoekiella 
type (Nur, 1967 b) while in mealybugs it is of the lecanoid type (Hughes- 
Schrader, 1948). 

Type o/Parthenogenesis. Cytological examination of the embryos laid 
by 21 of the females isolated by Phillips before they became adults 
(Table 1, Females 36-56) showed tha t  all the embryos contained nuclei 
with H chromosomes. Since second instar and adult males contained H 
chromosomes, while adult females did not, it was concluded that  the 
embryos with H chromosomes were male embryos. The reproductive 
system of 18 of the isolated females was examined, and none contained 
sperm or sperm bundles (Table 1). Among the 13 females which were 
collected in the wild after they had begun to lay eggs (Table 1, Females 
23-35), 12 femMes produced only male embryos and all these femMes 
were also found to be uninseminated. These results, as well as the 
observation tha t  the inseminated females produced mostly females 
(Table 1, Females 1-22), tended to confirm Phillips' (1965b) conclusion 
tha t  the species is arrhenotokous. The exception to this conclusion is 
female 23 (Table 1) which was uninseminated but among whose embryos 
there were seven females. I f  these female embryos do not represent a 
contamination, they may indicate that  females of this species may  some- 
times reproduce deuterotokously. 

Cytology o/the Uninseminated Females. The cytology of the uninsemi- 
nated females and their embryos was very similar to that  of Pulvinaria 
hydrangeae (Nnr, 1963), and to that  of the uninseminated females of 
L. cerasi/ex and Eucalymantus tessellatus, to be reported later. The main 
difference between the four species was the sex of the embryos produced 
parthenogenetieMly. In  L. putmani almost all were males; in P. hydr- 
angeae most lacked an I t  set and were thus considered to be females; 
in L. cerasi/ex they were either males or females; and in E. tessellatus 
they were all females. Oogenesis and early embryogenesis in the un- 
inseminated L. putmani females will now be described briefly. The first 
stage in which chromosomes can be seen is diakinesis. During this stage 
eight bivalents may  be seen, which often exhibit chiasmata (Fig. 6). 
The first meiotic division is similar to that  observed in other coccids. 
During the second division the secondary oocyte divides regularly but 
polar body I (PBI) sometimes divides into three or more products. 
Following the second division and until early cleavage the chromosomes 
of the products of PBI  remain condensed and appear as prochromosomes 
(Fig. 7a). As a result the products of PBI  may be readily recognized. 
The haploid female pronuclens divides into two haploid products, and 
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Table 1. Lecanium putmani. The frequency of male embryos (sex ratio), insemina- 
tion, and the presence of bacteria-like symbionts. Blank spaces indicate lack of 
data. Females 1-35 were collected in the wild, together with their laid embryos. 
Females 36-56 were collected when young and then kept without males. Females 

with similar characteristics were grouped together 

:Female Male Female Sex Insem. Baet. in 
No. Embryos Embryos Ratio Female 

1 4 24 0.143 + n- 
2 22 100 0.180 n- n- 
3 7 27 0.206 + + 
4 14 16 0.467 n- @ 
5 1 15 0.063 -~ n- 
6 11 185 0.056 n- 
7 14 87 0.139 n- 
8 2 6 0.250 n- n- 
9 7 74 0.086 n- n- 

10 5 79 0.060 ~- --  
11 1 90 0.011 n- @ 
12 13 206 0.059 n- n- 
13 8 218 0.035 n- n- 
14 30 142 0.174 n- n- 
15 0 41 0 n- @ 
16 2 26 0.071 n- 
17 4 15 0.211 ~- 
18 10 9 0.526 -~ 
19 3 4 0.429 ~- 
20 0 28 0 + 
21 5 51 0.089 n- --  
22 66 133 0.332 n- 

Subtotals 229 1576 0.16~-0.03 21/21 16/17 

23 30 7 0.811 --  ~- 
24-32 580 0 1.0 --  n- 
33 35 56 0 1.0 --  

Subtotals 666 7 0.985 0/13 10/10 

Totals (1-35) 895 1583 0.47 :t_ 0.07 21/34 26/27 

36 49 161 0 1.0 --  @ 
50 16 0 1.0 --  --  
51 13 0 1.0 --  
52-54 150 0 1.0 --  
55, 56 57 0 1.0 _L 

Totals (36 56) 397 0 1.0 0/18 16/18 

d u r i n g  t h e  d iv i s ion  of t h e s e  p r o d u c t s  t h e  t w o  h a p l o i d  c h r o m o s o m e  g r o u p s  

c o m e  t o g e t h e r  a n d  fuse.  T h u s  t h e  f i r s t  t w o  c l eavage  d iv i s ions  p r o d u c e  

t w o  d ip lo id  nucle i ,  w h i c h  l a t e r  g ive  r ise  t o  t h e  en t i r e  e m b r y o .  T h e  



Figs. 6--11. L. putrr~ani. Fig. 6. Eight bivalents in early diakinesis. Some show 
a ehiasma, x 800. Figs. 7- -1 l .  • 1500. Fig. 7a c. Haploid female pronucleus (b), 
polar body I (PBI) with 16 chromosomes (a), and PBII  with condensed chromatin 
(c) from an egg of an uninseminated female. Fig. 8. Six derivatives of the polar 
bodies from an embryo with 32 cleavage nuclei from an inseminated female. The 
derivative at the upper left is apparently haploid, but with broken chromosomes. 
Fig. 9. Four haploid groups of chromosomes which were probably derived from 
PBII.  The embryo was from an inseminated female and had about 200 other 
nuclei. Fig. 10. A nucleus in prophase with 8 E and 8 It  chromosomes from an 
embryo in the blastula stage. From an uninseminated female. Fig. 11. A nucleus 
with 8 H chromosomes. The diffuse E chromosomes cannot be seen but were 
visible in the original preparation. From an embryo of an uninseminated female 
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Figs. 12--14. L. putmani. Fig. 12. Sperm from an egg in telophase I. • 1200. 
Fig. 13a. Sperm. Fig. 13b. Four groups of chromosomes in telophase I I  from the 
same egg. • 1200. Fig. 14. Two haploid groups of chromosomes from an embryo 
of an inseminated female. The groups probably represent the sperm and the haploid 

female pronueleus. The polar bodies could not be seen. • 1500 

s tage represen ted  in Fig.  7 is crucial  for iden t i fy ing  the  me thod  of 
res tor ing d ip lo idy.  I n  th is  s tage only  one nucleus can be seen to divide.  
F r o m  the  examina t i on  of m a n y  embryos  a t  th is  s tage i t  is clear t h a t  
the  f irst  hap lo id  nucleus to  d iv ide  is the  female pronueleus  and  no t  P B I I .  
This  conclusion is based  on the  obse rva t ion  t h a t  the  d iv id ing  group of 
chromosomes  is usua l ly  i m b e d d e d  in an  is le t  of d a r k l y  s ta in ing cyto-  
p l a sm which is s i t ua t ed  a t  some dis tance  f rom the  egg surface. I n  the  
same eggs P B I  and  P B I I  are s i tua ted  near  the  surface, and  are not  
i m b e d d e d  in d a r k l y  s ta in ing cytoplasm.  P B I  a p p a r e n t l y  never  d iv ides  
again.  P B I I  d ivides  once af ter  the  second cleavage division,  and  m a y  
d iv ide  once again  later .  Figs.  8 and  9 represen t  der iva t ives  of the  po la r  
bodies in older  embryos  of in semina ted  females.  Similar  nuclei  were also 
observed  in embryos  of un insemina ted  females.  I t  is bel ieved t h a t  the  
de r iva t ives  of the  po la r  bodies  even tua l ly  degenera te  and  do no t  con- 
t r i bu t e  to  the  embryo .  

I n  embryos  wi th  over  100 nuclei  one chromosome set begins to appea r  
more condensed and  d a r k l y  s ta ining.  The  exac t  t ime  of this  process of 
he t e roeh roma t i za t i on  was no t  es tabl ished,  b u t  in embryos  wi th  a few 
hundred  nuclei  the  H chromosomes appea r  ve ry  d i s t inc t  (Fig. 10). I n  
l igh t ly  s ta ined  nuclei  in in te rphase  only the  t I  chromosomes are read i ly  
seen (Fig. 11), and  the  presence of such groups of 8 chromosomes  m a y  
have  led Phi l l ips  (1965b) to  conclude t h a t  some of the  embryos  were 
haplo id .  

The Inseminated Females and Their Embryos. Oogenesis in the  in- 
s emina ted  females was the  same as t h a t  in the  un insemina ted  ones 
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Figs. 15 and 16. L. putmani. Phase optics. Fig. 15. Yeast-like and bacteria-like 
symbionts from an adult female. • 1500. Fig. 16. Ovariole with part of the ooeyte 
(below) the nurse cells (above) and the "neck" connecting them. Bacteria-like 
symbionts are imbedded in the nurse cell on right. Yeast-like symbionts are im- 

bedded in the neck • 80 

unt i l  te lophase  I ,  a t  which t ime  sperm could be recognized in most  of 
the  eggs (Fig. 12). The sperm remained  vis ible  inside the  eggs un t i l  
shor t ly  a f te r  te lophase  I I  (Fig. 13). Most of the  eggs had  one sperm 
bu t  some had  two, and  some clearly had  none. E m b r y o s  with  a single 
hap lo id  group of d iv id ing  chromosomes were qui te  rare  bu t  a few were 
observed.  On the other  hand,  embryos  with two haplo id  groups of 
d iv id ing  chromosomes (which were very  rare in the  un insemina ted  
females) were qui te  common (Fig. 14). 

Among the 21 insemina ted  females wi th  embryos  old enough to be 
sexed, 19 produced  bo th  male and  female embryos  and  two p roduced  
only female embryos  (Table 1). The mean  f requency of males p roduced  
by  the  21 i n s e m i n a t e d  and b y  one female whose f requeney of males 
suggested t h a t  she was also insemina ted  was 0 . 1 6 •  This low 
f requency  of males and  the  observa t ion  t h a t  some of the  eggs in telo- 
phase  I - t e l o p h a s e  I I  d id  no t  conta in  sperm suggested t h a t  the  male  
embryos  p roduced  by  insemina ted  femMes deve loped  f rom unfer t i l ized 
eggs, and  suppor t ed  the  conclusion reached earl ier  t h a t  the  species is 
a r rhenotokous .  

The Symbionts. Females  of all the  Lecanium species prev ious ly  
examined,  as well as those of o ther  soft scales, are known to conta in  
yeas t - l ike  in t raee l lu la r  symbion t s  (Buehner,  1965). Such symbion t s  were 
also observed  in every  female of L. ~utmani, L. cerasilex, and  E. tessel- 
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latus (Figs. 15 and 16). The yeast-like symbionts (to be referred to as 
yeasts) are transmitted regularly to all the offspring. The yeasts accumu- 
late around the "neck"  of each ovariole (Fig. 16) and then sink into 
the egg prior to metaphase I of meiosis. This method of transmission 
is discussed by Buchner (1965, p. 234) and illustrated for Leeanium eorni. 

Symbionts of a second type were detected only after the reproductive 
tract of some of the females was examined with phase contrast optics 
to facilitate the detection of the sperm. The symbionts of the second 
type are much smaller than the yeasts, do not exhibiting budding, and 
appear bacteria-like-(Fig. 15). These symbionts, which will be referred 
to as bacteria, were present in various tissues, but  were especially 
common in the fat cells. The bacteria were sometimes found inside one 
or more of the nurse cells of the ovarioles but appeared not to be present 
at the "neck" .  Most of the females carried the bacteria, but one in- 
seminated and two uninseminated females apparently lacked them 
(Table 1). The transmission of the bacteria to the embryos varied in 
different females from about 20% to over 90%. There was also an 
indication that  the proportion of embryos with bacteria may increase 
from early cleavage to late gastrula. When present, the bacteria were 
found to be distributed throughout the embryo and, unlike the yeasts, 
were not restricted to the anterior pole. These observations suggested 
that  the bacteria did not enter the eggs through the "neck"  and the 
nutritive cord together with the yeast.. The maintenance of the bacteria 
will be considered in the Discussion. 

Lecanium cerasifex Fitch 

Collection. Laying adult females were collected by Dr. J. H. H. Phil- 
lips June 7, 1965, on maple, Acer sp., in Vineland Station, Ontario, 
Canada. According to Dr. Phillips all the females almost certainly 
belonged to that  species. 

Types o] Females. Oogenesis and early embryogeny were very similar 
to those observed in L. putmani (Figs. 17--19). There were two major 
differences, however. First, some of the uninseminated females produced 
only female embryos (Table 2); and second, when bacteria-like sym- 
bionts were present, they were of two types (Figs. 20 and 21). Phillips 
(1965b) reported that  groups of uninseminated females produced both 
males and females, and assumed that  both types may be produced 
by the same female. I t  was surprising, therefore, to find that  with the 
exception of one female, all the uninseminated females produced either 
only male or only female embryos (Table 2). In  the inseminated females 
most of the eggs in telophase I to telophase I I  contained sperm but 
a few did not. Moreover, in a few of the eggs a single haploid nucleus 
was seen to divide, indicating that  these eggs developed without fer- 
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Figs. 17 19. L. cerasi/ex. Fig. 17. Eight bivalents in late diakinesis. • 
Figs. 18 and 19. First cleavage of the haploid female pronucleus. PBI is charac- 
terized by its condensed chromosomes, and PBI[ by the diffuse chromatin. • 1200. 
Fig. 18a. PBII below. The female pronueleus is not in focus. From an embryo 
of an uninseminated female which produced only males. Fig. 18b. The same 
embryo after further squashing. PBII cannot be seen. Fig. 19a. PBII above. 
Fig. 19b. The haploid female pronucleus following further squashing. From an 

embryo of an inseminated female 

t i l ization. Since the frequency of male among the embryos produced 
by the inseminated  females was about  20 % it  is reasonable to conclude 
tha t  in  the inseminated  females most  of the eggs were fertilized, and  
tha t  these eggs developed into females. About  20% of the eggs remained 
unfert i l ized and  these eggs developed into males. 

The product ion of only females by some of the un insemina ted  females 
was at  first puzzling. The discovery of the presence of bacteria of two 
types, however, and  of a correlation between the type  of bacteria 
present  in  an un insemina ted  female and  the product ion of either males 
or females (Table 2) cleared the puzzle by  suggesting t ha t  the L. cerasi]ez 
females belonged to at  least two races: a diploid arrhenotokous race 
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Table  2. Lecanium cerasi/ex. All t he  females  were collected in t he  wild t oge the r  
wi th  the i r  laid embryos .  T he  p r e sen t a t i on  of d a t a  is s imilar  to t h a t  in Table  1. 

R : Rod- l ike  bacter ia .  N : Needle-l ike bacter ia .  I n  t he  las t  c o l u m n  N a n d  - -  indi- 
cate  t he  presence  or absence  of bac te r ia  in m o s t  of t he  e m b r y o s  

F e m a l e  Male F e m a l e  Sex In sem.  Bact .  in Bact .  in 
No. E m b r y o s  E m b r y o s  Ra t io  F e m a l e  E m b r y o s  

1 26 98 0.210 + 
2 187 172 0.521 @ 
3 18 110 0.141 + 
4 9 61 0.129 - -  
5 59 145 0.289 + 
6 28 147 0.160 @ 
7 23 156 0.128 @ 
8 28 77 0.267 @ 
9 8 117 0.064 @ 

10 9 130 0.065 -}- 
11 79 261 0.232 + 
12 218 100 0.686 + 
13 3 37 0.075 + 
14 4 8 0.333 @ 
15 0 140 0 
16 29 78 0.271 
17 11 51 0.177 @ 
18 14 73 0.161 + 
19 1 113 0.009 

R 
R 
R 

Sub to t a l s  754 2074  0 . 2 1 •  0.04 18/18 3/15 0/19 

R 20 22 129 0 1.0 - -  
23 42 2636 0 1.0 - -  
4 3 4 6  633 0 1.0 - -  
47 149 0 1.0 - -  - -  
48, 49 62 0 1.0 

Sub to t a l s  3 609 0 1.0 0/27 3/24 0/30 

To ta l s  4363 2074  0 . 6 9 •  0.06 18/45 6/39 0/49 

50 0 99 0 - -  
51 1 56 0.018 - -  N N 
52 58 0 563 0 - -  N N 
59, 60 0 190 0 - -  N 

Tota l s  1 908 0.002 0/11 8/8 10/10 

a n d  a n  o b l i g a t e  t h e l y t o k o u s  r a c e .  T h e  t w o  r a c e s  wi l l  b e  d i s c u s s e d  f u r t h e r  

i n  l a t e r  s e c t i o n s .  

The Symbionts. A l l  t h e  f e m a l e s  c o n t a i n e d  y e a s t s  b u t  o n l y  a f e w  

e o n t M n e d  b a c t e r i a .  I n  t h e  i n s e m i n a t e d  f e m a l e s  w i t h  b a c t e r i a  t h e  b a c t e r i a  
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Figs. 20 and 21. L. ceraai/ex. Bacteria-like symbionts. Phase optics. • 
Fig. 20. l~od-like symbionts from an uninseminated female which produced only 
males. Fig. 21. Needle-like symbionts from an uninseminated female wieh produced 

only females 

were shor t  and  appea red  rod-shaped  (Fig. 20). They  were a p p a r e n t l y  
no t  t r a n s m i t t e d  to any  of the  embryos .  Because of the  small  size of 
these bacter ia ,  however,  the  poss ib i l i ty  t h a t  a few bac te r ia  were t rans-  
m i t t e d  to a smal l  p ropor t ion  of the  embryos  could not  be ruled out.  
The male  producers  among the un insemina ted  females resembled  the  
insemina ted  females (Table 2) in the  f requency  of females with bacter ia ,  
in the  t y p e  of bac te r ia  present ,  and  in the  lack of t ransmiss ion  of the  
bacter ia .  On the o ther  hand,  those female producers  among the  un- 
insemina ted  females,  which were examined  af ter  the  bac te r ia  were dis- 
covered, all carr ied bac te r ia  which were much longer and somewhat  
th icker  than  the  rod-l ike bac te r ia  present  in the  o ther  females (Fig. 21). 
Moreover,  these needle-l ike bac te r ia  were present  near  the  " n e c k "  of 
the  ovarioles in diakinesis ,  and  could be observed inside all  the  eggs 
a t  me taphase  I and  la te r  stages,  as well as in all  the  embryos .  I n  young  
embryos  these bac te r ia  were a lways  toge ther  wi th  the  yeas t  near  the  
an te r ior  pole. I t  appears ,  therefore,  t h a t  the  needle-l ike bac te r ia  en tered  
the egg toge ther  wi th  the  yeas t  near  the  nu t r i en t  cord of the  ovariole.  
Nei ther  the  needle-l ike nor the  rod- l ike  bac te r ia  were present  inside 
the  nurse cells of the  ovarioles,  and  in this  respect  as well as in the i r  
shape and  the i r  ra te  of t ransmiss ion  they  differed from the bac te r ia  
present  in L. putmani. 

E u c l a y n t a n t u s  t e s s e l l a t u s  (Signoret) 
Lay ing  females were collected Apr i l  24, 1960, on ivy,  Hedera helix, 

in Berkeley,  California.  The 16 females examined  were un insemina ted  
and  p roduced  only  female embryos .  Oogenesis and  ear ly  cmbryogeny  
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Figs. 22--24. Eucalymantus tessellatus. • 1500. Fig. 22a--d. Two haploid female 
pronucleus derivatives (a and b), PBII which is dividing irregularly (c), and three 
division products of PBI (d), all from the same embryo. Fig. 23. Dividing nucleus 
with 16 chromosomes from an embryo in the blastula stage. Fig. 24. Pairs of PBI 
(left) and PBII (right) derivatives from an embryo with 16 pairs of cleavage nuclei 

in telophase. One such nucleus is shown at lower right 

were very similar to those in  P. hydrangeae and  the two Lecanium 
species jus t  discussed. The diploid chromosome n u m b e r  is 2 n =  16 
(Fig. 23) and  diploidy is again restored by  the fusion of the two haploid 
products  of the female pronucleus (Fig. 22). P B I  divided abou t  as often 
into two as into three groups of chromosomes (Figs. 22 and  24). P B I I  
usual ly  divided into two groups bu t  in  Fig. 22 it  may  have been dividing 
into three or more groups. Many embryos were observed with a divided 
PBI ,  an undiv ided  P B I I  and  a dividing haploid pronueleus,  bu t  it  was 
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not possible to obtain a good photograph of this stage. The products 
of the polar bodies persisted into early cleavage but apparently did 
not contribute to the embryo. There is no information about the presence 
of bacteria. At the time that this species was studied the author was 
unaware of the possibility that  bacteria might be present. 

Discussion 

Biological Race8 in So/t Scale8 

On the basis of insemination, sex of offspring produced, presence of 
bacteria, and type of bacteria, the females of L. cera8i/ex may be clas- 
sified as belonging to seven different types. As was pointed out earlier, 
however, the simplest interpretation of the situation is to assume that  
all belonged to just two biological races: a diploid arrhenotokous race 
and an obligate automietic thelytokous race. In  the diploid arrheno- 
tokous race the females may carry rod-like bacteria which are apparently 
not transmitted to the offspring. Uninseminated females produce only 
diploid males and inseminated females usually produce both males and 
females. The tomes develop from unfertilized eggs and the females from 
fertilized eggs. Biologically, this race closely resembles L. putmani. I t  
differs from it only in the lower frequency of females with bacteria, 
the type of bacteria present, and the lack of transmission of the bacteria. 
The two species are also very similar morphologically, and were separated 
only recently by Phillips (1965a), who has shown that they will not 
hybridize (1965b). The second race of L. cerasi/ex, may be classified 
as obligate automictie thelytokous (Nut, 1971). The presence of one 
male embryo among the embryos of one female of this race may be 
due to contamination. The possibility cannot be ruled out, however, 
that  a few of the femMes of this race are deuterotokous. 

The presence of two biological races which are morphologically in- 
distinguishable, but differ in their method of reproduction has also 
been reported from other coccids. Several mealybugs and armored scale 
insects eontMn both a purely bisexual race and an obligate thelytokons 
race (Nut, 1971). L. cerasi/ex, however, resembles more closely L. hes- 
peridum and L. hemisphaericum because, according to Thomsen (1927, 
1929), both species are made up of two different parthenogenetic races : 
an obligately parthenogenetic race, and a facultatively parthenogenetic 
race. According to Thomsen, oogenesis of the obligate parthenogenetic 
races of both L. hesperidum and L. hemisphaericum consists of but a 
single division and all the offspring are females. In  the faeultatively 
parthenogenetic races all the females raised by Thomsen were unin- 
seminated and produced only females. Oogenesis was normal and di- 
ploidy was restored by the fusion of the haploid female pronueleus 
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with the haploid PBII .  Populations of the facultative parthenogenetic 
race of both species sometimes contained a few males. Thomsen assumed 
that  the males were functional and developed from fertilized eggs, and 
referred to this race as the bisexual parthenogenetic race; however, he 
did not perform the necessary experiments to support these assumptions. 

The Maintenance o/the Bacteria 

Most eoeeids possess symbionts of one type but a few possess two 
distinct types (Walezueh, 1932; Buchner, 1965). In  the family Leeaniidae, 
two types were previously reported only in Lecanium corni (Benedek 
and Spceht, 1933). The symbionts of this species resembled those of 
L. putmani and L. ccrasi]ex in two ways. First, one type was yeast- 
llke and the other bacteria-like. Second, while the yeast were present 
in all the L. corni individuals examined, the bacteria were present only 
in some individuals (about 50% ). The presence in a given locality of 
individuals with and without bacteria raises the question of whether 
the individuals examined do not belong to two different species. In  
L. putmani only three of the 45 females examined lacked the bacteria. 
Since, according to Phillips, as many as 10% of the females collected 
as L. putmani may have been L. cerasi]ex, and mo~t of the females 
of the latter species lacked bacteria, the possibility cannot be ruled out 
that  the three females lacking bacteria belonged to L. cerasi]ex. 

In  L. putmani the bacteria did not appear to be transmitted to all 
the embryos. Since either most or all the laying females contained 
bacteria it is necessary to conclude either that  the bacteria may be 
acquired after hatching, or that  females lacking them do not survive 
to adulthood. 

In the diploid arrhenotokous race of L. cerasi]ex the females with 
the rod-like bacteria apparently did not transmit them to any of their 
offspring. Thus, it is necessary to assume that  some of the females 
acquire bacteria after hatching. In this species, however, it is clear that  
the presence of the bacteria is not essential for survival. 

Frequency o[ Males 

The inseminated females of L. putmani produced about 16% males 
and those of the arrhenotokous race of L. cerasi/ex about 21% males. 
The two species also differed in the frequency of laying females which 
were uninseminated. In L. putmani the frequency of uninseminated 
females was about 38%, while in L. cerasi/ex it was about 60%. The 
remarkably high frequency of uninseminated females observed in 
L. cerasi]ex is apparently due to the lack of adult males. According to 
Phillips (1965a): "When second instar larvae wintering on maple were 
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examined numerous males were found but these failed to develop beyond 
the second instar." I t  is of interest to note that  an arrhenotokous 
species cannot maintain a fixed frequency of inseminated females (dif- 
ferent from 1.0) generation after generation. Instead, this frequency is 
expected to oscillate between 1.0 and that frequency whieh may be 
inseminated by the males produced in those generations in which all 
the females are inseminated (Hamilton, 1967). The frequency of males 
is expected to oscillate in a similar manner. According to Hamilton: 
' : I f  each haploid male can mate with k females and if mated females 
produce sex ratio e, some females fail to mate if k<(1-e)/e. Such 
eases finally have a regular alternation of sex ratios between e and 1-ke." 
In the future, it would be of great interest to establish whether in the 
two species the frequencies of males and of the inseminated females 
do oscillate in this manner. 

Heterochromatin and Sex Determination 
The results of this study suggest that  in L. putmani and in the 

arrhenotokous race of L. cerasi[ex fertilized eggs develop into females 
and~nnfertilized eggs into males. In  the fertilized eggs the two chromo- 
some sets remain euchromatie, and the embryos develop into females. 
In the unfertilized eggs one of the sets becomes heterochromatic (I-I) 
and, apparently as a result, the embryos develop into males. 

The presence of an H set in males but not in females is typical of 
several families of coeeids with the lecanoid (Itughes-Schrader, 1948) 
and the Comstoekiella chromosome system (Brown, 1963). The H set 
was first observed by Schrader (1921), who believed that it played a 
role in sex determination similar to that  of a Y chromosome. Later, 
Sehrader (1929) discovered that the H set does not form functional 
sperm and suggested that  it is genetically inactive. Schrader and tIughes- 
Schrader (1931) then suggested that  in species in which the males 
possess an I-I set sex determination is of the haplo-diploid type; the 
male is cytologically diploid but genetically and physiological haploid. 
The genetic inactivity of the H set of mealybugs (Pseudococcidae) was 
demonstrated by Brown and Nelson-Rees (1961), by Berlowitz (1965), 
by Nur (1967a) and by Brown (1969). Brown and Nelson-Rees also 
demonstrated that in mealybugs the t I  set is of paternal origin, and 
Kitehin (1970) demonstrated that it has a similar origin in armored 
scale insects (Diaspididae) with the Comstoekiella chromosome system. 
In both families the male transmits only euehromatie chromosomes 
which then become heterochromatie in the embryos developing into 
males but not in those developing into females. 

The first evidence that in males of the family Leeaniiclae the t I  set 
may be of maternal origin was the observation (Nur, 1963) that some 
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of the embryos produced by uninseminated females of the soft scale, 
Pulvinaria hydrangeae, contained an H set. The present observations 
on L. putmani and L. cerasi/ex extend the evidence about the maternM 
origin of the H set to two nmre species of this family and demonstrate 
that  the t t  set is not transmitted by the male even when it is of maternal 
origin. 

In  P. hydrangeae, L. putmani and L. cerasi/ex the set which becomes 
heterochromatie is one of two sets which must be genetically identical 
and also appear to have very similar developmental history. The mecha- 
nism responsible for the heteroehromatization of only one set and the 
reason why the haploid maternal set does not become heterochromatic 
in the presence of the sperm, are at present unknown. 

The Maintenance o/ Males in Facultative Parthenogenesis 
In many soft scales males are rare. As mentioned earlier, Thomsen 

(1927, 1929) suggested that  these males developed only from fertilized 
eggs and that  in populations in which males were present partheno- 
genesis was faeultative thelytokons. He explMned the lack of males in 
some of the populations by pointing out that  once the males were lost 
they could not reappear. Thomsen's postulated origin of the rare males 
seemed to receive support from the results of breeding experiments in 
Eulecaniurn (--Lecanium) corni, since according to Habib (1956) in this 
species males were produced only by inseminated females. Habib reported 
that  unmated females of E. corni produced only females and mated 
females produced both males and females, but that  in the latter " the  
percentage of males was always very low". He also reported that  each 
male died after mating with only one female, and that in the populations 
of this species on Cotoneaster mierophyla the frequency of males was 
about 4%. I t  is dear, however, that  under the conditions described 
by tIabib the males could not have been maintained, and should have 
disappeared within very few generations. 

For species in which uninseminated femMes produce only females, 
the percentage of males can be maintained only when the product of 
the number of females inseminated by each male and the fraction of 
offspring of these females which develops into males equals or exceeds 
unity. For example, when only 20% of the females are inseminated 
and each produces 20% males, the frequency of mMes in the population 
will be 4%. In  order to maintain this percentage each male must in- 
seminate an average of about five females, or else the number of males 
will decline from generation to generation. However, even in species 
in which the product just discussed is unity, the percentage of males in 
the population is not expected to remain stable, but rather to increase 
until all the females are inseminated, or to decrease to zero. Any per- 
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turbat ion which results in either fewer or more males in a given generation 
is expected to change the frequency of males in the next generation 
in the same direction. For example, when for some reason the frequency 
of males decreases in a given generation, fewer females will be insemi- 
nated, and thus there will also be fewer males in the next  generation. 
Following a series of perturbation,  the males will either be lost, or the 
frequency of males will increase until  there are enough males to in- 
seminate all the females and the populations will no longer reproduce 
parthenogenetically.  

The fact tha t  in many soft scales males are maintained at  a low 
frequency suggests tha t  other explanations are needed for the origin 
and the maintenance of these males. One such an explanation assumes 
tha t  a t  least some of the males are produced parthenogenetically. This 
explanation has the advantage tha t  the males will be maintained even 
when they are of low viabil i ty or when they can inseminate only one 
or a few females. The absence of males from some of the populations, 
will then be interpreted as due to the loss of females which can reproduce 
deuterotokously. 

The explanation just  discussed can also account for the presence 
of males in species like Pulvinaria hydrangeae and P. mesembryanthemi 
in which the males are either inviable or non-functional, even though 
it does not explain why such males continue to appear. In  P. hydrangeae 
(Nur, 1963) males were not observed and all the females analyzed were 
uninseminated. Some of the females, however, produced a few male 
embryos. In  P. mesembryanthemi adult  males were present but  according 
to Pesson (1941) they were non-functional, and thus, had to be produced 
parthenogenetically. 

The Types o/Facultative Parthenogenesis 
I t  may be of interest to consider the types of parthenogenesis which 

may be expected in those species in which the males are at  least par t ia l ly  
functional. In  such species i t  is expected tha t  a t  ]east some of the 
fertilized eggs will develop into females. The advantage of sexual repro- 
duction is tha t  i t  permits recombination. In  males with an H set, how- 
ever, there is neither chromosome segregation nor crossing over. Thus, 
i t  is unlikely tha t  any form of sexual reproduction will be maintained 
unless at  least some of the fertilized eggs developed into females. I t  
may be concluded, therefore, tha t  in species with faeultative partheno- 
genesis the fertilized eggs must develop either into females or into 
both males and females. In  the preceding section it was concluded 
tha t  in order to maintain the males, a t  least some of the unfertilized 
eggs had to develop into males, and thus tha t  species with rare males 
are probably not faeultative thelytokous. These conclusions suggest tha t  

27 Chromosoma (Berl.), Bd. 39 
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there can be only three basic types of facul ta t ive parthenogenesis :  
diploid arrhenotokoy,  and  two types of deuterotoky.  I n  one type of 
deuterotoky all the fertilized eggs develop into females, and  in  the 
other they  develop into both  males and  females. The last type  is of 
special interest  because of the possibil i ty t ha t  in  the tomes developing 
from fertilized egg the H set may  be of pa te rna l  origin, and  thus t ha t  
the H set may  have different origin in different males. The first of the 
three types was described in  this report.  Whether  any  of the soft scales 
with rare tomes belong to the other two types is no t  known. At  present,  
i t  is also not  known whether some soft scale are purely sexual. I t  appears, 
therefore, t h a t  addi t ional  studies on this group should prove rewarding. 
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