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metaphases  I. Among  these bivalents  a sex-determining 
sys tem of 'parachute- l ike '  type,  Xy~, was clearly apparen t  
as in all o ther  t a x a  of Timarcha (Figure 2). 

Discussion and conclusions. The chromosome number  of 
T. intrieata allowed us to separate  the  Americanoti- 
marcha f rom the  o ther  Timarcha previously  studied, 
since this species shows the  highest  number  of the  genus 
(2n = 44) and its chromosomal  features  are no t  similar  
to those of any  o ther  species of the  genus. This high 
chromosome number  and the  acrocentr ic  shape of most  

Figs. 1 and 2. Spermatogonial metaphases of T. intricata. 7. ?r 
phase II showing 22 chromosomes mostly aerocentrics. 2 Metaphase 
I with 22 bivalents and among them the sex-determining mechanism, 
Xyp, is indicated ( X 2.300). 

e lements  in the  ka ryo type  of T. intricata suggest  a 
der iva t ive  origin of A mericanotimarcha, probably  th rough  
an ancestral  species hav ing  a p r imi t ive  ka ryo type  of 20 
chromosomes by  12 chromosomal  dissociations plus o ther  
possible chromosome rearrangements .  The best  candida te  
as an ancestral  species of Timarcha would be one of the  
Metallotimarcha, because this subgenus includes the  least  
evolved species f rom morphological  and ecological points  
of view. Nevertheless ,  i t  would be necessary to ver i fy  this 
assumpt ion on cytological  grounds by  examining  one or 
more species of this group. 

F r o m  the  chromosomal  results obta ined  in dmericano- 
timarcha, i t  could be concluded t h a t  this  subgenus can no 
longer be phylogenet ica l ly  considered a t  the  Timarcha 
basis, in spite of its ex terna l  morphology  and male genita-  
lia p r imi t ive  characterist ics.  These aspects probably  
poin t  towards  a di rect  re lat ionship be tween  Americano- 
timarcha and Metallotimarcha, bu t  since food-plant  
preferences and especially ti le ka ryo type  of T. intricata 
is perfect ly  dist inguishable from the  others, i t  is necessary 
to assume a great  genetic divergence f rom the  hypo the t i -  
cal ly mos t  p r imi t ive  Timarcha. 

According to some authors  t0, ~1, the  geographical  origin 
of the  genus was in Central  Asia and f rom this  area it  
spreaded to Europe  and Nor thern  Afr ica  in several  
evo lu t ionary  lineages, and reached Nor th  Amer ica  by  an 
independent  lineage, a l though  af ter  the  Ice  Age the  
Timarcha became ext inc ted  in a lmost  the  whole of Asia. 
The  chromosomal  results are no t  against  this in te rpre ta -  
t ion,  which wi th  our  present  knowledge, therefore,  is in 
agreement  wi th  all da ta  of evo lu t ionary  interest .  
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Summary. The chromosomes of the  spider mite  Tetranychus urticae can be stained different ial ly  wi th  Giemsa-staining 
methods  for G-bands.  C-band pa t te rns  represent ing cons t i tu t ive  he te rochromat in  could no t  be detected.  Thei r  ab- 
sence m a y  be related to ti le holokinet ic  condi t ion of the  chromosomes.  

The  two-spot ted  spider mi te  Tetranychus urticae Koch 
(Acari, Tet ranychidae)  reproduces by  ar rhenotokous  par-  
thenogenesis.  3 chromosomes are found in the  haploid  
male eggs and 6 chromosomes in the  diploid female eggs l-a. 
The metaphase  chromosomes differ in length  and measure  
1.3, 1.5 and 1.7 ~m 2. P r imary  constr ict ions are not  pre- 
sent  because of the  hotokinet ic  na tu re  of the  chromo- 
somes ~. Secundary  constr ict ions have  no t  been observed. 
Consequent ly  the  length  is the  only cr i ter ion to dist inguish 
the  individual  chromosomes wi th in  the  complement .  I l l  
order  to faci l i tate  the  ident i f icat ion of the  spider mi te  
chromosomes,  i t  was decided to  inves t igate  whether  the  
chromosomes could be stained by  Giemsa techniques  
t h a t  have  been developed to produce character is t ic  band-  
ing pa t te rns  on monocent r ic  mi to t ic  chromosomes 4,5. In  
the  present  paper  results will  be repor ted  which were 
obta ined wi th  procedures  for C-banding to  s ta in  consti-  

t u t i v e  he te rochromat in  and for G-banding to produce 
differential  s ta ining atong the  l eng th  of the  chromosomes.  

The  s taining techniques  were carried ou t  on air-dried 
chromosome slides which were prepared f rom eggs in 
2nd or 3rd cleavage division 3, 6. Samples  of eggs were 
collected from detached leaf cultures of wild type  T. 
urticae (strain Sambucns) be tween  3-4 h af ter  oviposit ion.  
Tile eggs were placed, 5 in a row, on a slide, pricked, and 
smeared wi th  a needle. They  were then  air-dried a t  room 
tempera ture ,  f ixed in Carnoy 3:1 (alcohol-acetic acid), 
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and  air-dried again. The slides were t r e a t ed  wi th  one or 
more  of t he  various chemical  solutions 7-16 t h a t  have  
been  used to  induce G-bands  7-12 or C-bands  n-~6 in 
monocen t r i c  m a m m a l i a n  and  p l a n t  chromosomes .  The 
chemical  t r e a t m e n t s ,  followed by  Giemsa staining,  were 
carried out  according to  the  given methods ,  or w i th  sl ight  
modif icat ions .  Reproducib le  and  sa t i s fac to ry  resul ts  were 
ob ta ined  only  wi th  t he  A S S  t echn ique  for G-bands  ~2 in 
which  the  incuba t ion  in 2 • SSC and the  Giemsa s ta in ing 
each las ted for 30 min. However ,  we found t h a t  ident ical  
results  were ob ta ined  when  the  chromosomes  were in- 
cuba ted  in 5 N HC1 at  room t empera tu re .  Since th is  HC1 
procedure  could be carr ied o a t  more  quickly  t h a n  the  
A S S  technique ,  the  former  was used u l t imate ly .  The 
schedule was as follows : 1. Trea t  slides wi th  5 N HC1 for 
10 min  a t  room t e m p e r a t u r e ;  2. W a s h  wi th  t apwa te r ,  
t h e n  wi th  disti l led water ,  and a i r -dry;  3. S ta in  wi th  2% 
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Fig. 1. Giemsa banded meta-anaphase chromosomes of Tetranychus 
urticae from cleavage divisions of haploid male eggs. • 
Complement of the Sambueus strain (a) and idiogram (b). 

Giemsa (Gurr) in SSrensen buffer  ad jus ted  to  p H  6.9 a t  
room t e m p e r a t u r e  for 15 min. ;  4. Same as 2; 5. Place in 
xylol, and  m o u n t  in D P X  unde r  a coverglass.  

I t  appea red  tha t ,  in t he  chosen  s train,  t he  mos t  promi-  
n e n t  band ing  p a t t e rn s  were found in chromosomes  which  
were clearly spli t  into the  2 ch roma t ids  (Figure l a). 
Since the  chromosomes  are ve ry  small  and  the  chroma-  
t ids  do no t  appear  unt i l  me taphase ,  t he  yield of usable 
p la tes  was ve ry  low (about  1% of the  eggs), mak ing  th is  
research r a the r  t ime-consuming .  The resul ts  have  been  
summar ized  in a d iag ram (Figure lb ) .  I t  was also found  
t h a t  the  last  connect ions  be tween  the  paral lel  dis joining 
ch roma t id s  a lways were located a t  t h e  same places.  These 
connec t ions  caused charac ter i s t ic  curves in the  chroma-  
t ids  jus t  before  comple te  separat ion.  

In  addi t ion  to  t he  Sambucus  strain,  t he  s t ra in  Baardse  
J 12 which  is considered to  car ry  ch romosome  mu ta t i ons  17, 
was inves t iga ted .  I t  appea red  (Figures 2 a, b, c) t h a t  t he  
t e rmina l  bands  of t he  chromosomes  of the  Sambucus  
s t ra in  could easily be found  back  in the  Baardse  J12 
strain,  b u t  t h a t  the  in te rca la ry  b a n d s  could no t  be 
loca ted  wi th  cer ta in ty .  However ,  i t  is ve ry  clear t h a t  
reciprocal  t rans loca t ions  have  t aken  place in all th ree  
chromosomes .  

The resul ts  w i th  the  2 Giemsa s ta in ing  t echn iques  
r epor ted  here show t h a t  band ing  p a t t e r n s  can be pro-  
duced  along the  ch romosomes  of T. urticae. T h e y  can be 
used ve ry  well for the  ident i f ica t ion of t he  3 ind iv idua l  
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Fig. 2. Complement of 'the Baardse J12 strain (a), with prominent connections between the chromatids (b), and idiogram (c). The relative 
band sizes and distributions in the idiograms can be taken to be approximately correct. Positions of prominent connections between the ehro- 
matids are marked by dots. Solid area: very heavily stained band; crosshatched area: heavily stained band; clear area: unstained band. 
Figures in parentheses in Figure 2e refer to the bands in Figure Ib. 
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ch romosomes  as well  as for t he  de t ec t ion  of t r ans loca -  
t ions,  and  t h u s  can  fo rm a he lpfu l  tool  for t he  s tud ies  on  
genet ic  con t ro l  m e t h o d s  of spider  mi tes  is. 

The  resul t s  f u r t h e r  d e m o n s t r a t e  for  t h e  f i rs t  t i m e  t h a t  
b a n d s  can  be induced  in ho lok ine t i c  chromosomes .  Ac- 
cord ing  to  t he  p rocedures  employed  t he  b a n d s  are  G- 
bands .  C-band  pa t t e rn s ,  however ,  could  n o t  be seen. I n  
m o n o c e n t r i c  m a m m a l i a n  ch romosomes  C-bands  are 
t yp i ca l l y  f o u n d  a d j a c e n t  to  t he  cen t romeres  a n d  m a y  
r ep re sen t  c o n s t i t u t i v e  h e t e r o c h r o m a t i n  w i t h  h igh ly  
r epe t i t i ve  DNA4, 5. I n  ho lok ine t i e  ch romosomes  cen~ro- 
meres  do n o t  occur  a n d  t h e  sp indle  a t t a c h m e n t  s i tes  
(kinetochores)  e x t e n d  t h e  en t i r e  l e n g t h  or a l m o s t  t he  
en t i r e  l e n g t h  of t h e  ch r om os om es  19-2~. R e p e a t e d  D N A  
sequences,  as found  in cen t romer i c  c o n s t i t u t i v e  he te ro -  
c h r o m a t i n ,  were found  to  be  s c a t t e r e d  t h r o u g h o u t  t he  

ho lok ine t i c  ch romosomes  of t h e  mi lkweed  bug  Oncopeltus 
/asciatus 22. The  absence  of C-bands  in  t h e  c h r o m o s o m e s  
of T. urticae m a y  t h u s  be  r e l a t ed  to  t h e  ho lok ine t i c  con-  
d i t ion  of t h e  chromosomes .  The  cen t romer i c  t y p e  of con-  
s t i t u t i v e  h e t e r o c h r o m a t i n  m a y  t h e n  be  e i t he r  no t  p re sen t  
a t  all  or  s ca t t e r ed  t h r o u g h o u t  t h e  genome  in un i t s  too  
smal l  to  fo rm vis ible  bands .  
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Contraction and Volume Reduction of the Glycerolated Carchesium Spasmoneme: Effects of Alkali 
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Summary.  The  series C a ) S r ) B a ) M g  represen t s  t he  r e l a t i ve  ac t iv i t i es  of t he  a lkal i  e a r t h  ca t ions  caus ing  c o n t r a c t i o n  
of g lycero la ted  Carchesium stalks.  D u r i n g  con t r ac t ion ,  s p a s m o n e m a l  v o l u m e  is r educed  b y  37%.  

M a t u r e  colonies of Carchesium, a sessile colonial  pe r i t -  
r i ch  cil iate,  m a y  cons is t  of more  t h a n  100 zooids each  
w i t h  a n  i n d i v i d u a l  spasmoneme .  The re  is no  s t r u c t u r a l  
c o n t i n u i t y  be tween  s p a s m o n e m e s  of d i f fe rent  zooids a n d  
ind iv idua l  s ta lks  m a y  r e t r a c t  i ndependen t ly .  S ta lk  
coiling in t he  pe r i t r i ch  ci l ia tes  resul t s  f rom s p a s m o n e m a l  
shor ten ing .  S tudies  of t he  Zoothamnium s p a s m o n e m e  
h a v e  revea led  mechan ica l ,  s t ress-opt ical ,  chemica l  and  
u l t r a s t r u c t u r a l  cha rac te r i s t i c s  i n c o m p a t i b l e  w i t h  e i the r  
a c t o m y o s i n  or m i c r o t u b u l e - b a s e d  cell mot i le  sys tems  2. 
Specifically,  con t r ac t i on  O f t h e  g lycero la ted  s p a s m o n e m e s  
in Vorticella 3-5, Carchesium ~ a n d  Zoothamnium 2 can  be  
induced  s imp ly  b y  increas ing  t h e  a m b i e n t  free ca lc ium 
ion c o n c e n t r a t i o n  f rom 10 -s to  10 -~ g ion/1. N e i t he r  A T P  7 
no r  m a g n e s i u m  ion is required .  S p a s m o n e m e  re -ex tens ion  
follows t h e  r e m o v a l  of free ca lc ium ion. Th i s  is d i s t i nc t  
f rom p r i m i t i v e  a c t o m y o s i n  sys t ems  which  requi re  A T P  
a n d  b o t h  ca lc ium a n d  m a g n e s i u m  ions, a n d  f rom i n t e r -  
ac t ing  m i c r o t u b u i e  m e c h a n i s m s  in  wh ich  A T P  a n d  mag-  
n e s i u m  a re  essent ia l  a nd  ca lc ium i n h i b i t o r y  s, 3. 
Materials and methods. Carchesium sp. were cu l tu red  a t  
20~ in  C so lu t ion  (10 -8 M CaC1 v 10 -4 M MgCI 2, 10 -4 M 
KC1, 10 -3 M N a H C O  3, in dis t i l led  w a t e r ) t o  wh ich  was 
added  15% v / v  0 .03% le t tuce  infusion.  Glass microscope 
sl ides p rov ided  a c o n v e n i e n t  subs t ra t e .  Cul tures  of y o u n g  
carches ia  were  o b t a i n e d  b y  t r e a t i n g  m a t u r e  colonies w i t h  
0.6 M u rea  in C solut ion.  Th i s  t r e a t m e n t  induced  shedd ing  
f rom the  co lony  of m o s t  zooids w i t h i n  30 rain,  a n d  shed  
zooids, w h e n  r e t u r n e d  to  C solut ion,  deve loped  new 
con t rac t i l e  s ta lks  w i t h i n  24 h ~~ I n  th i s  repor t ,  y o u n g  
colonies are  t hose  w i t h  1-2 zooids, m a t u r e  colonies those  
w i t h  more  t h a n  20 zooids. T he  younges t  s t a lks  in  m a t u r e  
colonies o r ig ina te  f a r t h e s t  f rom t h e  peda l  end.  

The  s ame  g lycero la t ion  t e c h n i q u e  was used for  b o t h  
y o u n g  a n d  m a t u r e  colonies. Slides bea r i ng  su i t ab le  
colonies were w a s h e d  a n d  lef t  o v e r n i g h t  in  C so lu t ion  
p r io r  to  ex t r ac t ion .  T he  slides w i t h  a t t a c h e d  carches ia  
were i n c u b a t e d  for  24 h a t  0~ in  re lax ing  so lu t ion  
(10 -~ M KC1, 2 • 10 .3 M tris-maleate buffer  p H  6.8, 

4 • 10 -a M E G T A  7, in dis t i l led  water)  to  wh ich  was ad -  
ded  50% v / v  glycerol,  t h e n  passed  t h r o u g h  2 • 30 ra in  
washes  in r e l ax ing  so lu t ion  a t  0~ a n d  f ina l ly  al lowed 
to  w a r m  to  room t e m p e r a t u r e .  Cells r e m a i n e d  a n c h o r e d  
to  t h e  cu l tu re  slide t h r o u g h o u t  ex t rac t ion .  

The  t h r e s h o l d  d i v a l e n t  ca t ion  c o n c e n t r a t i o n  for spas-  
m o n e m a l  c o n t r a c t i o n  was d e t e r m i n e d  b y  t i t r a t i o n ,  us ing  
t h e  s p a s m o n e m e  i tself  as t he  i nd i ca to r  of e n d  poin t .  
I n d i v i d u a l  g lycero la ted  colonies or s ingle cells were 
dis lodged f rom t h e  s u b s t r a t e  a n d  t r a n s f e r r e d  to  a glass, 
f l a t -bo t t omed ,  50 m m  p e t r i  d i sh  c o n t a i n i n g  10.0 ml  of 
re lax ing  solut ion.  A coversl ip  s h a r d  r e s t i ng  on  t h e  m a i n  
s t a l k  p in ioned  t he  co lony  w i t h i n  t he  dish. S ta lk  coil ing 
was  p r e v e n t e d  as r equ i red  b y  s imi la r ly  r e s t r a in ing  b o t h  
ends  of t he  colony. Con t r ac t i on  was obse rved  w i t h  a 
Zeiss Un ive r sa l  microscope equ ipped  w i t h  phase  c o n t r a s t  
a n d  N o m a r s k i  d i f fe ren t ia l  in te r fe rence  c o n t r a s t  opt ics  
w i t h  t he  aid o f  a w a t e r - i m m e r s i o n  cap  11. Th re sho ld  was 
m e a s u r e d  b y  a d d i n g  f rom a b u r e t t e  d rop  b y  d rop  a solu- 
t i on  of d i v a l e n t  c a t i o n  (4 • 10 -s M MeC127, 10 -1 M KC1, 
2 • 10 -2 M tris-maleate buf fe r  p H  6.8, in  dis t i l led water)  
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