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seemed to move a round  the i r  cages more  slowly t h a n  
contro l  l i t t e rmates  of the  genotypes  Wxw, W~w and  ww. 
In i t ia l ly  we felt  t h a t  the  difference in m o v e m e n t  was due 
to a var ia t ion  in body  weight  be tween  the  contro l  and  
tumor -bea r ing  animals.  However ,  we calculated no signif- 
icant  differences in body  weight  be tween  the  genotypes .  
The presen t  work shows t h a t  genetic ovar ian  tumor igene-  
sis of the  geno type  W x W  v mice is associated wi th  inhi-  
b i ted  whee l running  act iv i ty .  

Materials and methods. Adul t  female mice of the  
C3B6F1-W series were ob ta ined  f rom crosses of s t ra ins  
C3H/HeJ -W*/  + wi th  C57BL-W~/ + which  gave rise to 
C3136F1 hybr ids  segregat ing only  for W-alleles. The 
an imals  were t h e n  d iv ided in to  4 geno types  : W z W  v- black 
eyed whi tes  (ovarian t u m o r  bearers) ;  W*w-agoute, whi te  
t ip  tai l ;  W~x-agoute, all whi te  tai l ;  and  ww-agoute, all 
b lack tail.  The  agoute  animals  served  as controls,  while 
t he  b lack eyed whi tes  were the  exper imen ta l  genetical ly 
developed ovar ian  tumor -bea r ing  animals.  We  weighed 
the  animals  and  placed each mouse in a t r ead  wheel  for 
2 h. The n u m b e r  of revolut ions  per  h was recorded and 
averaged  for each genotype.  We calculated the  s t anda rd  
error  for each mean  by  using the  formula,  S.E. = 

[/2M2N(N-1 ) and the  probabi l i ty  values (P) were 
de t e rmined  by  S tuden t ' s  t - tes t  5. 

Results. The W ~ W  ~ ovar ian  tumor -bea r ing  mice had 
mean  runn ing  ac t iv i ty  s ignif icant ly  less t h a n  the  runn ing  
ac t iv i ty  of any  control  agoute  genotype .  Animals  wi th  
ovar ian  tumors  ran  212.5 =~ 13.6 revolut ions  per  h. This 
runn ing  ac t iv i ty  was s ignif icant ly  slower t h a n  the  slowest  
runn ing  geno type  Wvw which  had  an ac t iv i ty  of 271.7 
12.6 revolu t ions  per  h (P  < 0.05). On the  o ther  hand,  the  
fas tes t  runn ing  ac t iv i ty  was  recorded by  W~w mice. 

Discussion. Ovar ian  tumorigenes is  as well as genetics 
appear  to be con t r ibu t ing  factors  in the  slower runn ing  of 
ovar ian  tumor -bea r ing  mice. The spon taneous  moto r  
ac t iv i ty  of the  3 control  groups appear  to be genet ical ly  
de te rmined .  The adrenals  of mice wi th  ovar ian  tumors  
common ly  con ta ined  cells s imula t ing  luteal  cells, and we 
in t e rp re t ed  the i r  presence as a s t imula t ing  effect  f rom the  

ovar ian  tumors  6. The remarkab le  modif ica t ion  of the  
adrena l  g lands  m a y  in t u r n  produce  an al tered ho rmona l  
secret ion which  along wi th  decreased estrogen secre t ion 
and  overproduc t ion  of g0nadot rop in  m a y  be responsible  
for the  inhib i ted  runn ing  of the  ovar ian  tumorigenic  mice. 
In  rats ,  spon taneous  moto r  ac t iv i ty  was greater  dur ing  
es t rus  7 a t  a t ime  when  sexual  r ecep t iv i ty  and es t rogen 
levels reached the  h ighes t  po in t  s suggest ing t h a t  runn ing  
behav ior  depends  upon sex-re la ted hormone  action. Since 

�9 the  uter i  of ovar ian  tumor -bea r ing  animals  man i fes t ed  
a t rophy ,  a decrease in endomet r ia l  gIands and subt le  
me tap las ia  of the  normal  s t roma  6, we feel t h a t  low 
es t rogen levels occur in geno type  W x W v  mice. 

The  fas ter  runn ing  cont ro l  animals  all showed signs of a 
more  ma tu re  and s t imula ted  exter ior  vaginal  orifice in 
con t ras t  to exper imenta l  ovar ian  tumor -bea r ing  animals  6. 
The ovaries and  uter i  of control  animals  were of normal  
size. Tile uter i  of control  animals  were red, vascular,  had  a 
normal  myomet r ium,  and  commonly  exhib i ted  cyst ic  
hyperp las ia  of the  endomet r i a l  glands.  Ind iv idua l  dif- 
ferences in runn ing  ac t iv i ty  of control  genotypes  m a y  be 
due to genet ic  differences in the  abi l i ty  to  utilize or secrete 
estrogen.  Fu tu re  s tudies  will be needed to clarify th is  
point .  

Rdsumd. Les ovaires de souris C3B6F1, gCnotype W x W  v 
dCveloppent  des adCnomes tubula i res  ~ l'Age de 7 mois. 
Dans  l 'essai  du <~tread wheel  ~) l ' ac t iv i t6  spontanCe de ces 
an i mau x  6taft plus pe t i t e  que celle des contr61es. 
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Spontaneous running activity of C3B6F-W series adult female mice 
7-9 months of age 

Genotype No, of mice Body wt. P Revolutions P 
(g) per h 

W*W v 45 29.7 =L 0.5 - -  212.5 =E 13.6 - -  
W*w 23 30.3 :t= 0.7 >0.5 271.7 -t- 21.6 <0.05 
ww 30 30.3 ~ 0.5 >0.1 289.6 i 24.2 <0.01 
Wxw 19 31.3 i 1.0 >0.1 308.8 4- 26.2 <0.01 

P = Probability valuei 4- = standard error. 
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Sex Ratio and Geographic Parthenogenesis  in Macrobiotus (Tardigrada) 

The cell n u m b e r  in the  Tard igrades  is no t  absolu te ly  
fixed, because mi toses  can be de tec ted  in various t issues 1. 
Bu t  a cons t an t  n u m b e r  of cells being secundar i ly  a t t a in -  
ed, i t  m u s t  be deduced  t h a t  some ceils have  a shor t  
l i fe t ime s . Prev ious  observa t ions  have  also given inter-  
es t ing h in t s  abou t  t he  sex ra t io  and  the  sexual  d imorph-  
ism. 

I t  is well known  t h a t  in t he  Tardigrades  the  males  are 
general ly ve ry  few or absent3,~; somet imes  t h e y  are 

f r equen t  in spr ing t ime  b u t  t h e y  are a lways absen t  ill t he  
o the r  seasons~-L This suggested a pa r thenogene t i c  
behav iour  which was a f t e rward  p roved  by cytological  
obse rva t ions  on Hypsibius du~ardini s, 9 and by  cul ture  
m e t h o d s  on Milnes ium tardigradum lo. 

A sex ra t io  near  to  1:1 is observed in collections of 
Tard igrades  belonging to the  genus Macrobiotus (Table); 
popu la t ions  w i t h o u t  males  are observed in o ther  terr i-  
tories,  as in the  case of M. hu/elandii found near  R a v e n n a  
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a n d  M.  richtersi found  nea r  Modena.  These  d a t a  a n d  t h e  
cytological  work  on  t he  p o p u l a t i o n  of M.  richtersi f rom 
Modena  show the  presence  of a geographic  p a r t h e n o -  
genesis.  As a m a t t e r  of fac t  the  b i sexua l  p o p u l a t i o n  of M.  
richtersi f rom P i s s  has  12 ch r onm s om es  in t h e  gonial  cells 
(Figure  a) a n d  in t he  m i d g u t  cells of bo th  males  and  fe- 
ma les ;  t he  obse rva t i on  of t he  f i rs t  m e t a p h a s e  of t he  
oocytes  shows 6 c h r o m a t i c  bodies  (Figure b) ;  eve ry  
c h r o m a t i c  b o d y  in t he  meio t ic  sp indle  c lear ly  appea r s  to  
be  fo rmed  b y  4 ch romat ides ,  2 of wh ich  are over  and  2 
u n d e r  the  equa to r i a l  p l a n e  (Figure c);  t hus  t he re  are  6 

Species Location ~ Total 

M. areolatus Murray 
M. hu/elandii Schultze 
M. hu/elandii Schultze 
M. interrnedius Plate 
M. richtersi Murray 
M. richters: Murray 

Appennin (Modena) : 13 38 
Appennin (Modena) 128 371 
Coastal plain (Ravenna) 0 41 
Appennin (Modena) 5 16 
Coastal plain (Pisa) 54 122 
Appennin (Modena) 0 80 
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Ripening eggs in bisexual (a-c) and parthenogenetic (d-f) M. richtersi ~1 
(Lactic-acetic-orcein. From mierophotography). 

b iva len t s .  Also 6 c lus te red  c h r o m a t i c  bodies  are observed  
in t he  f i rs t  m e t a p h a s e  of the  spe rma tocy t e s ,  b u t  in t h i s  
case i t  is no t  poss ible  to  see w h e t h e r  t h e y  are b iva len ts .  
The  un i sexua l  p o p u l a t i o n  of M.  richtersi f rom Modena  
shows 18 ch romosomes  b o t h  in t he  somat ic  a n d  gonial  
mi toses  (Figure d) : i.e. a t r ip lo id  n u m b e r .  In  t he  p rome ta -  
phases  a n d  m e t a p h a s e s  of t he  oocytes  (Figure e-f),  t he re  
are 18 c h r o m a t i c  bodies  w i t h o u t  l ong i tud ina l  cleft, which  
are to  be  i n t e r p r e t e d  as un iva len t s .  So t he  m a t u r a t i v e  
d iv i s ion  in M.  richtersi f rom Modena  is s imi la r  to  a mitos is  
and,  an3~ r educ t i on  of the  c h r o m o s o m e  n u m b e r  be ing  
absen t ,  a c o n s t a n t  p a r t h e n o g e n e t i c  b e h a v i o u r  is to  be 
inferred,  The  pa r thenogenes i s  in t h i s  T a r d i g r a d e  is ame-  
io t i c  as in some o the r  i n v e r t e b r a t e s :  t i le  t r ip lo id  p a t t e r n  
in t he  i n v e r t e b r a t e s  was connec ted  w i t h  a n  ameio t ic  
pa r thenogenes i s  eve ry  t i m e  where  t he  r ipen ing  eggs were 
s tud ied  b y  a caryological  p o i n t  of v iew n. Besides i t  m u s t  
be  r e m a r k e d  t h a t  in  a n o t h e r  Tard ig rade ,  H. dujardini, t he  
pa r thenogenes i s  is d iploid  a n d  meio t ic :  t he  c h r o m o s o m e  
n u m b e r  is dup l i ca t ed  b y  endomi tos i s  in t he  oocytes  before 
t he  second m a t u r a t i v e  d iv is ion  9. 

Riassunto. I n  Macrobiotus esis tono popolaz ioni  bises- 
sua te  con un  rappor to-sess i  di  c i rca  i :  1. Due  specie 
(M. richtersi e M .  hu/elandii), che in a lcune  localit& sono 
bisessuate ,  in  a l t re  p r e s e n t a n o  popolaz ion i  pr ive  di masehi .  
L ' e s ame  cariologico di M. richtersi m o s t r a  che la popola-  
zione pa r t enogene t i c a  ~ t r ip lo ide  e che le uova  m a t u r a n o  
in assenza  di meiosi.  
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M u l t i p l e  W C h r o m o s o m e  in a S e a  S n a k e ,  Enhydrina schistosa D a u d i n  

The  f i r s t  case of a mu l t i p l e  sex c h r o m o s o m e  complex  in 
v e r t e b r a t e  species w i t h  female  h e t e r o g a m e t y  was recorded  
b y  SINGVI et  al. 1, w h e n  t h e y  descr ibed t he  Z1ZIZ~Z26Z~Z 2 
W~ sex c h r o m o s o m e  com pl ex  in t h e  c o m m o n  I n d i a n  
kra i t ,  Bz~ngarus caeruleus. W e  are  p r e s e n t i n g  in th i s  p a p e r  
a n o t h e r  t y p e  of mul t ip le  sex c h r o m o s o m e  cons t i t u t i on  
in t h e  sea snake,  Enhydrina schistosa of t he  h igh ly  evo lved  
f ami ly  Hydroph i idae .  

The  spec imens  u n d e r  s tudy ,  12 females  a n d  7 males,  
were col lected f rom t he  coas t  of t he  B a y  of Benga l  a t  
D igha  in W e s t  Bengal ,  Ind ia ,  where  th i s  species is 
a b u n d a n t .  The  h e a r t  was  exposed f rom t he  v e n t r a l  side 
in l iv ing  cond i t ion  and  b lood was d r a w n  ou t  d i rec ty l  

f rom the  h e a r t  w i th  t he  he lp  of hepa r in i zed  syr inge  for  
leucocyte  cul ture .  Colcemid (0.25 m l / k g  body  wt.) was 
in jec ted  i m m e d i a t e l y  a f t e rwards  for c h r o m o s o m e  prepa-  
r a t i ons  f rom the  m a r r o w  of r ibs  a n d  f rom spleen.  The  
leucocyte  cu l tu re  was m a d e  accord ing  t o - t h e  p rocedure  
descr ibed b y  SINGH et  al. 1. 

For  the  s t u d y  of W c h r o m a t i n  (RAY-CHAUDHURI et  al. ~) 
bra in ,  k i d n e y  and  leucocyte  cu l tu re  were d i rec t ly  f ixed in 

1 L, SINGH, T. SHARMA and S.P. RAY-CHAUDHURI, Chromosoma 31, 
386 (1970). 


