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nected  wi th  reproduc t ive  f i tness . . . ' .  P r e s u m a b l y  th is  is 
because for charac te rs  concerned  wi th  reproduc t ive  fit- 
ness, species can only  to lera te  a l imited a m o u n t  of in- 
her i ted  var ia t ion.  In  na tu ra l  popula t ions  of t se tse  flies 
there  is selection aga ins t  cer ta in  size classes 2, a and  as 
GLASGOW 2 (on p. 167) concluded 'unident i f ied  agents  t end  
to remove  ex t remes  of size' f rom tsetse  populat ions .  In  

view of these  field observa t ions  i t  is no t  surpr izing t h a t  
her i t ab i l i ty  of adul t  weight  is low in t se tse  flies. How-  
ever, our  knowledge of the  genet ics  of adu l t  weight  and 
of the  biology of s t ra ins  of flies in the  high and  low weight  
range is no t  sufficient  to  pe rmi t  reasonable  specula t ion 
on the  usefulness, in t se tse  control ,  of we igh t  var ia t ions  
as condi t ional  lethMs. 
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Summary. Females  of two  pa rapa t r i c  ch romosomal  forms (2n -- 52 and  2n = 58) of the  fossorial mole rat,  Spalax 
ehrenbergi, in Israel,  were tes ted  for ma te  selection be tween  two a l ternat ive ,  a homo-  and a he te rochromosomal ,  males.  
Es t rous  females s ignif icant ly  preferred tile male of the i r  own chromosomal  form, on the  basis of several  behavioura l  
criteria. The evo lu t ionary  significance of the  posi t ive  assor ta t ive  ma t i n g  found,  lies p r e sumab ly  in reinforcing repro- 
duct ive  isolat ion be tween  the  chromosome forms, t h e r e b y  con t r ibu t ing  to finalize speciat ion.  

Specia t ion depends  on the  evolut ion of effective pre-  
ma t ing  and /o r  p o s t m a t i n g  isolat ing mechnisms  2. Most  
analyzed cases involve well es tabl ished reproduc t ive ly  
isolated sympa t r i c  species pairs. Ye t  l i t t le detai led in- 
fo rmat ion  is known abou t  isolat ing mechan i sms  dur ing 
the  final s tages of speciat ion.  Our object ive  was to ex- 
plore p rema t ing  sexual  isolat ion among the  ac t ively  
specia t ing complex  of mole rats,  Spalax, in Israel. 

Spalax ehrenbergi, is a sub te r r anean  roden t  displaying 
extens ive  chromosomal  specia t ion ranging f rom 2n = 48 
to 2n -- 62 in tile eas te rn  Medi te r ranean  regionK In  
Israel,  four  ch romosome  forms (211 -- 52, 54, 58 and  60) 
inhab i t  ex tens ive  pa rapa t r i c  regions and are d i s t r ibu ted  
clinally f rom nor th  to sou th  along an ecological g rad ien t  
of increasing ar id i ty  4. They  display progressive final 
s tages of speciat ion,  as evidenced by  the  increasingly 
na r rower  hybr id  zones separa t ing  t h e m  5. The ex i s t an t  
hybr id  zones indicate  t h a t  ch romosomal  incompat ib i l i ty  
is still incomplete ,  and  suggest  t h a t  behavioura l  pre-  
ma t i ng  isolat ing mechan i sms  would be a t  a selective 
p r e m i u m  to p r e v e n t  mismat ing .  Pre l iminary  s tudies  on 
ma t ing  behav iour  of Spalax 6 have  suggested t h a t  homoga-  
met ic  m a t e  selection opera tes  be tween  karyotypes .  The 
p resen t  s t u d y  was des igned to  t e s t  the  hypo thes i s  t h a t  
assor ta t ive  (nonrandom) ma t ing  be tween  the  chromo-  
somal  forms 2n = 52 and  2n = 58 operates ,  t h e r e b y  re- 
inforcing reproduc t ive  isolat ion of the  newly  emerging 
species. 

Materials and methods. L a b o r a t o r y  female discr imina-  
t ion tes ts  were conduc ted  in the  winters  of 1969 and 1970 
on animals  collected 1-8 weeks pr ior  to  test ing.  Exper i -  
men t a l  animals  included 83 breeding  adul t s  composed  of 
40 individuals  of 211 = 52 (24 females;  16 males), and 
43 individuals  of 2n = 58 (23 females;  20 males). The 
to ta l  n u m b e r  of t es t s  pe r fo rmed  in 1969 and 1970 was 
262, compriz ing  140 tes t s  of 2n = 52 females, and  122 
tes ts  of 2n = 58 females  (table). Each  ch romosome  form 
included animals  collected across the  range excluding 
con tac t  zonesS. Sampl ing  was done in ex tens ive ly  karyo-  
t y p e d  areas previous ly  shown to be ka ryo typ ica l ly  homo-  
zygous ~. All animals  were kep t  in t in  cages wi th  wood 
shavings  and  received the  same diet  of carrots ,  onions 
and pota toes .  

The tes t ing  a p p a r a t u s  consis ted  of th ree  t in  cages 
(each 25 • 10 • 10 cm), in t e rconnec ted  b y  means  of Y- 
shaped  in te rchangeab le  glass tubes  50 cm long and 7 cm 

wide. One cage included the  t e s t ed  female, the  o ther  two 
the  a l t e rna t ive  males. Males were kep t  in the i r  respect ive  
cages while the  female was allowed free m o v e m e n t  in 
tubes  and  free con tac t  w i th  the  male ' s  screen divider,  
bu t  no t  al lowed en t rance  into his cage. Tes t ing  was con- 
ducted  dur ing  d ay t i me  and somet imes  dur ing  the  n igh t  
under  fully lit  and  w a rmed  (25 ~ condit ions.  

E a c h  t es t  involved a pair  of a l t e rna t ive  males, one 
2n = 52, the  o the r  2n = 58. The males were r andomly  
placed in the  left  or r ight  posi t ion.  E x p e r i m e n t s  las ted 
30 min in 1969 and  90 min in 1970. Each  female was tes ted  
once in 3 days.  If  females p roved  recept ive,  t hey  were 
re tes ted  wi th in  several hours  on ano the r  pair  of males 
af ter  swi tching  the i r  posit ions.  Only sexual ly act ive 
males d isplaying ex te rna l  tes tes  were used. Vaginal  
smears  were t aken  f rom each t e s t ed  female a t  the  end of 
the  t e s t  to es t imate  her  es t rous  phase.  Females  were 
considered es t rous  when  vaginal  smears  con ta ined  above 
80% cornif ied epithelial  cells. 

Observa t ions  were recorded manua l ly  every  30 sec 
t h r o u g h o u t  the  exper iments .  Thus  each t e s t  r e s u l t e d  in 
a behavioura l  profile of the  t e s t  female in b o t h  space and 
t ime. The following 18 behavioura l  var iables  were re- 
corded:  resting, presenting, biting male's screen, sni//ing, 
grooming, licking-genitals, de/ecating, urinating, bulldozing, 
scraping, beating tube with head, running ]orward, running 
backwards, turning, approaching male, retreating slowly, 
vocalizing, teeth chattering. The following d a t a  were calcu- 
la ted:  a) n u m b e r  of acts  in males '  tubes,  in the  junct ion,  
and in the  female ' s  tube ;  b) t ime spen t  in each region of 
the  appa ra tu s ;  c) n u m b e r  of ac ts  near  screen divider  of 
each male;  d) n u m b e r  of entr ies  into each male 's  t ube ;  
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Mate discrimination by females of two chromosome forms (2n = 52 and 2n = 58) a. 

EXPERIENTIA 32/12 

Criterion Test Total number of acts and time Z 2 of 
female b of all females in all WILKS s 
(2n) tests near either male: 

2n ~ 58 2n = 52 

1. Acts in male's tube 

2. Acts near male 

3. Time in male's tube 

4. Entries into male's tube 

5. Contacts with male's screen divider 

I 58 3566 1955 20.1 <0.001 
52 2460 5007 

II 58 3976 1643 6.8 <0.01 
52 1046 1760 

I 58 2697 t448 21.2 <0.00t  
52 1904 4110 

II 58 3568 1370 6.8 <0.01 
52 858 1428 

I 58 904 450 31.1 <0.001 
52 515 1340 

II 58 1509 432 9.2 <0.005 
52 253 405 

I 58 815 728 1.2 >0.10 
52 1167 1450 

II 58 880 759 0.1 > 0  90 
52 676 787 

I 58 748 630 4.9 <0.03 
52 959 1300 

II 58 738 686 0.1 > 0.90 
52 622 659 

�9 I: 201 tests of 30 rain each, performed in 1969. II: 61 tests of 90 min each, performed in 1970. bThe localities sampled, accompanied by 
the number of individuals tested in each, are as follows: a) 2n ~ 52: Saar (3), Bezet (1), Ma'alot (13), Peqiin (1), Rami (1), Meiron (4), Sasa 
(1), iKerem Ben-Zimra (13), Eii?-Zeitim (3); b) 2n = 58." Bet-Lid (16), Check-Post (6), Elroi (6), Ibelin (1), Bet-Alpha (6) and Mghar (8). 

e) n u m b e r  of  c o n t a c t s  w i t h  s c r e e n  d i v i d e r  of  e a c h  m a l e .  
T h e s e  f ive  c r i t e r i a  for  a s s e s s i n g  p r e f e r e n c e  w e r e  c h o s e n  
a p r io r i  b u t  a r e  o b v i o u s l y  c o r r e l a t e d  a n d  a r e  n o t  m u t u a l l y  
e x c l u s i v e .  

T h e  s t a t i s t i c a l  t e s t  u s e d  to  a s s e s s  f e m a l e  d i s c r i m i n a t i o n  
b e t w e e n  t h e  t w o  a l t e r n a t i v e  n l a l e s  w a s  W i l k ' s  Z ~ s, w h i c h  
is m o r e  s e n s i t i v e  t h a n  t h e  u s u a l  Z 2 t e s t .  T h e  n u l l  h y p o -  
t h e s i s  t e s t e d  w a s  t h a t  n o  c o r r e l a t i o n  e x i s t e d  b e t w e e n  
f e m a l e  p r e f e r e n c e  a n d  c h r o m o s o m e  f o r m  of  t h e  c h o s e n  
m a l e .  P r e f e r e n c e  w a s  a s s u m e d  w h e n  t h e  f e m a l e  s p e n t  a t  
l e a s t  t w i c e  as  m u c h  t i m e  in  t h e  h o m o c h r o m o s o m a l  m a l e  
t u b e  (T1) as  c o m p a r e d  to  t i m e  s p e n t  in  t h e  h e t e r o c h r o -  
m o s o m a l  o n e  (T , ) ;  in  o t h e r  w o r d s ,  w h e n  T x / T  1 + T  2 ~> 
0.66. T h e  p a r a m e t r i c  r e l e v a r i a n c e  t e s t  9 w a s  u s e d  t o  r a n k  
t h e  f ive  p r e f e r e n c e  c r i t e r i a  a s  to  t h e i r  r e l a t i v e  e f f i c i ency  
in  c h a r a c t e r i z i n g  s e x u a l  s e l ec t i on .  

Resu l t s  a n d  d i scuss ion .  A r e p r e s e n t a t i v e  t e s t  of  a n  
e s t r o u s  f e m a l e  c o n s i s t e d  s e q u e n t i a l l y  of  3 t y p i c a l  s t a g e s :  
a) adap ta t i on  b) exp lora t ion  a n d  c) d i s c r i m i n a t i o n .  T h e  
a d a p t a t i o n  s t a g e  i n v o l v e d  b o t h  a g o n i s t i c  a n d  m o t i v a -  
t i o n a l  c o n f l i c t  b e h a v i o u r .  A g o n i s t i c  e l e m e n t s  i n c l u d e d  
a t t a c k  p o s t u r e s  w i t h  e x p o s e d  inc i so r s ,  d e f e n s i v e  p o s t u r e s ,  
a n d  b i t i n g  t h e  a p p a r a t u s .  M o t i v a t i o n a l  con f l i c t  i n v o l v e d  
p l u g g i n g  t h e  m a l e  e n t r a n c e  w i t h  w o o d  s h a v i n g s ,  t r a n s f e r  
of  s h a v i n g s  b e t w e e n  m a l e s ,  b u l l d o z i n g ,  s c r a p i n g ,  u r i n a t -  
ing ,  a n d  d e f e c a t i n g .  T h e  e x p l o r a t o r y  s t a g e  i n v o l v e d  u n -  
p l u g g i n g  t h e  m a l e  e n t r a n c e ,  sn i f f i ng ,  g r o o m i n g  a n d  b i t i n g  
t h e  m a l e ' s  s c r een .  I n  t h e  d i s c r i m i n a t i o n  s t a g e ,  t h e  f e m a l e  
m o v e d  s l o w l y  w i t h  a r c h e d  b a c k  a n d  r e s t e d  for  l o n g  
p e r i o d s  of  t i m e  n e a r  t h e  m a l e ' s  s c r een .  O c c a s i o n a l l y ,  t h e  
f e m a l e  d e s e r t e d  t h e  p r e f e r r e d  m a l e ,  sn i f f ed  a t  t h e  a l t e r -  
n a t i v e  m a l e ,  t h e n  r e t u r n e d  t o  t h e  one  i n i t i a l l y  p r e f e r r e d ,  
s o m e t i m e s  w i t h  d i s t i n c t  l o rdos i s .  I n  n o n r e c e p t i v e  (di- 
e s t r o u s )  f e m a l e s ,  b o t h  s t a g e s  b) a n d  c) a r e  m i s s i n g ;  
f e m a l e s  u s u a l l y  r o a m e d  s w i f t l y  t h r o u g h o u t  t h e  a p p a r a t u s ,  
t r a n s f e r r i n g  s h a v i n g s ,  o r  s t a y e d  p r i m a r i l y  in  t h e  f e m a l e ' s  
c a g e  o r  in  t h e  Y j u n c t i o n .  

T h e  r e s u l t s  of  t h e  1969 a n d  1970 t e s t s ,  i n v o l v i n g  b o t h  
e s t r o u s  a n d  d i e s t r o u s  f e m a l e s ,  a re  g i v e n  in  t h e  t ab l e .  T h e  
fo l l owing  c o n c l u s i o n s  a r e  d r a w n :  a) F e m a l e s  o f  b o t h  
2n ~ 52 a n d  2n = 58, s i g n i f i c a n t l y  p r e f e r r e d  h o m o c h r o  
m o s o m a l  m a l e s  on  e a c h  of  t h e  fo l l owing  c o r r e l a t e d  c r i t e r i a  : 
a c t s  in  m a l e ' s  t u b e ;  n u m b e r  of  a c t s  n e a r  m a l e ' s  s c r e e n ;  
a n d  t i m e  s p e n t  in  m a l e ' s  t u b e .  T h e  l a t t e r  p r o v e d  t h e  b e s t  
c r i t e r i o n  of  t h e  5 t e s t e d ,  b) M a t e  s e l e c t i o n  w a s  p r a c t i c e d  
o n l y  b y  e s t r o u s  f e m a l e s  as  d e f i n e d  a b o v e :  )~2(~) < 13.2 in  
1969 a n d  )~2(1 ) _< 17.7 in  1970;  in  b o t h  y e a r s  t5 < 0.001.  
D i e s t r o u s  f e m a l e s  s e l e c t e d  m a t e s  a t  r a n d o m .  T h e  be -  
h a v i o u r  of  e s t r o u s  f e m a l e s  w a s  d i f f e r e n t  f r o m  t h a t  of  
d i e s t r o u s  ones .  T h e i r  a d j u s t m e n t  s t a g e  w a s  s h o r t ,  t h e y  
s h o w e d  l i t t le  m o t i v a t i o n a l  con f l i c t  b e h a v i o u r ,  a n d  m o v e d  
w i t h  a r c h e d - b a c k s ,  s h o w i n g  l o rdos i s  in  f r o n t  of  t h e  m a l e ' s  
cage .  c) T h e  e f f i c i e n c y  o f  t h e  p r e f e r e n c e  c r i t e r i a  in  m a t e  
s e l ec t i on  w a s  s im i l a r ,  b u t  n o t  i d e n t i c a l ,  b e t w e e n  y e a r s ,  
t h e  r a n k i n g  b e i n g  3 > 2 > 1 > 5 > 4 in  1969 b u t  3 > 2 > 
i > 4 > 5 in  1970. T h e  h i g h e r  e f f i c i e n c y  of c r i t e r i o n  3 a n d  
a lso  2 a n d  1 r e f l e c t  p r i m a r i l y  t h e  b e h a v i o u r  of t h e  t e s t  
f e m a l e  a t  t h e  d i s c r i m i n a t o r y  p h a s e .  

A s s o r t a t i v e  m a t i n g  h a s  i m p o r t a n t  e v o l u t i o n a r y  con -  
s e q u e n c e s  on  t h e  g e n e t i c  s t r u c t u r e  of  p o p u l a t i o n s  1~ a n d  
t h e  p r o c e s s  of  s p e c i a t i o n  2. N o n r a n d o m  m a t i n g ,  e i t h e r  
posi t iveS% or  n e g a t i v e  ~2, is wel l  d o c u m e n t e d  in  m a n y  
a n i m a l  p o p u l a t i o n s  ~a. I n  t h e  h o u s e  m o u s e ,  p o s i t i v e  as-  
s o r t a t i v e  m a t i n g  h a s  b e e n  r e c o r d e d  b e t w e e n  s u b s p e c i e s  

8 S. WILKS, in Mathematical Statistics (John Wiley and Sons, 
New York 1962). 

9 M. HANSEN, W. HURWlTZ and W. MADOW, ill Sample Survey 
Methods and Theory (John Wiley and Sons, New York 1953). 

10 j .  F. CROW and J. F~LSENSTEI~, Eugen. Q. 15, 8.5 (1968). 
1~ p. O'Do~ALD, Nature 153, 1210 (1959). 
le j .  K. LOWETHER, Can. J. Zooh 39, 281 (1961). 
x3 p. A. PARSONS, in The Genetic Analysis o/ Behaviour (Methuen, 

London 1967). 
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reinforcing sexual  isolat ion 1% whereas  negat ive  assor- 
t a t ive  ma t ing  has been found  in d i f ferent  s t ra ins  wi th in  
subspecies ~5-~7 reeinforcing ou tbreed ing  and  t h e r e b y  in- 
creasing heterozygosi ty .  

In  a t w i n - s t u d y  is, o l fac tory  d iscr iminat ion  p roved  at  
least  one of the  mechan i sms  con t r ibu t ing  to posi t ive  as- 
sor ta t ive  ma t ing  in mole rats.  Addi t iona l  behavior  such 
as vocal 6, 19 and /o r  tact i le  6 cues m a y  c o m p l e m e n t  olfac- 
tion, and t h e y  are cu r ren t ly  being inves t iga ted  in our 
laboratory .  

In  specia t ing mole ra t s  4,5 posi t ive  assor ta t ive  ma t ing  
toge the r  wi th  o the r  species-specific signals such as ag- 

gression patterns26, m a y  ac t  as an i m p o r t a n t  p r ema t ing  
isolat ing mechanism.  The la t te r  p r e s u m a b l y  complemen t  
ch romosomal  incompat ib i l i ty ,  t h e r e b y  con t r ibu t ing  to  
finalize the  process of species format ion .  

14 D. MAINARDI, Inst .  Lombardo  (Rend. Sci.) B 97, 135 (1963). 
15 D. MAINARDI, At t i  Ass. genet,  itaI. 9, 141 (1964). 
16 j .  YANAI and G. E. MCCLEARN, Behav.  Genet. 2, 173 (1972). 
a7 j .  X/ANA 1 and G. E. MCCLEARN, Behav.  Genet. 3, 75 (1973). 
18 ]E. NEVO, ]Y[. BODMER, G. HETH, Exper ien t i a  (this issue). 
i9 E. NEvo and R. R. CAPRANIC* (in preparat ion) .  
20 E. NEVO, G. NAFTALI and R. GUTTMAN, Proc. Nat.  Acad. Sci. 

USA 72, 3250 (1975). 

Olfactory Di scr iminat ion  as an Isolat ing M e c h a n i s m  in Speciat ing Mole Rats  
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Department o/ Biology, University o~ Hal/a, Mount Carmel, Hai/a 31 999 (Israel), 70 May 7976. 

Summary. Olfac tory  d iscr iminat ion  was t e s t ed  in two ch romosome  forms of the  specia t ing fossorial rodent ,  Spalax 
ehrenbergi, in Israel.  Females  of the  chromosome forms 2n -- 52 and 2n = 58 were t e s t ed  for male odour  discr iminat ion,  
the  source of odour  being e i ther  cage l i t ter  or urine. Es t rons  females of bo th  forms preferred homochromosoma l  odours,  
whereas  diestrous females showed no discr iminat ion.  These resul ts  suggest  t h a t  o l fac tory  discr iminat ion m a y  serve as 
a reproduc t ive  isolating mechan i sm in the  speciat ion of mole rats.  

FossoriaI mole ra ts  of the  Spalax ehrenbergi super-  
species complex  in Israel  involve four main chromosome 
forms (2n = 52, 54, 58, and 60) represen t ing  four closely 
re la ted species a t  final s tages of speciation2-4. The four 
ka ryo types  inhab i t  vas t  pa rapa t r i c  regions and  are 
d i s t r ibu ted  clinally, f rom n o r t h  to south  Israel  (see dis- 
t r ibu t ion  m a p  in 1~). Selective mat ings  be tween  the  
ka ryo types  serve as p r ema t ing  reproduc t ive  isolating 
machan i sms  provid ing  species-specific recogni t ion sig- 
nals 5,6. However ,  the  na tu re  and  opera t ion  of the  com- 
munica t ion  signals by  which  females  d iscr imina te  be- 
t w e e n  males  have  no t  h i the r to  been  elucidated.  The ob- 
ject ive  of the  p resen t  s t u d y  was to t e s t  o l fac tory  dis- 
c r imina t ion  as a po ten t i a l  mechan i sm in sexual  prefer-  
ence and  isolat ion be tween  the  karyo types .  

Materials and methods. Based on the  results  of previous-  
ly conduc ted  m a t ing  expe r imen t s  5 and female discr imina-  
t ion  tes t s  6, th is  s t u d y  involved b o t h  estrous and diestrous 
females of two karyo types .  E x p e r i m e n t a l  animals  were 
sampled  a t  two n o r t h w e s t e r n  Israeli  popula t ions  : Ma 'a lo t  
(2n = 52) and  K a b r i  (2n --  58). These  collecting sites lie, 
a t  the  closest  point ,  app rox ima te ly  3 km apar t ,  and  jus t  
on opposi te  sides of the  300 m hybr id  zone be tween  the  
2n  = 52 and  2n = 58 ka ryo types  4. Tile sexual ly  adul t  
animals  were l ive - t rapped  in the  field dur ing N o v e m b e r -  
December  1974 and 1975, caged indiv idual ly  in the  
labora tory ,  and  t e s t ed  dur ing  the  December  1975-Janu-  
a ry  1976 breeding  season 7. 

The tes t ing  appa ra tu s  was a two-choice o l fac tor ium 
compris ing  a square  pe r spex  box  (40 • 40 • 20 cm), w i th  
two  shor t  (11 cm) r emovab le  tunnels  p ro t rud ing  on op- 
posi te  sides. Six vol t  l ight  bulbs  and  corresponding  
photocel ls  were connec ted  across the  tunnels .  The a m o u n t  
of t ime  a t e s t  an imal  spen t  in each tunne l  was au toma t i -  
cally recorded.  At  the  end of each tunne l  there  was a 
small  odour  s t imulus  receptacle,  and  odours  diffused 
into the  res t  of the  appa ra tu s  via  a pe r fo ra ted  perspex  
plate.  W h e n  the  t e s t  female was placed into the  olfac- 
tor ium,  the  odour  s t imuli  were a l ready  in posit ion,  no 
s t imulus-f ree  per iod of a d a p t a t i o n  being allowed pr ior  to 
tes t ing.  Test  l eng th  was s t anda rd i zed  to 1 h. The initial  

o r ien ta t ion  of homo-  and he te rochromosomal  st imuli  
(i.e., of the  same, or d i f fe rent  ch romosomal  form as the  
tes ted  female) was arb i t ra r i ly  decided,  bu t  in order  to 
e l iminate  possible bias due to a d i rect ional  preference of 
t he  tes t  females, runs  were general ly repea ted  in clean 
appa ra tu s  using fresh s t imuli  in the  reversed  posit ions.  
Af ter  each t es t  the  o l fac tor ium was d i smant led  and 
tho rough ly  washed wi th  ho t  wa te r  and  de tergent .  

Es t rus  was art if ical ly induced.  Abou t  44 h before tes- 
t ing, females were in jec ted  0.1 mg estradiol  benzoa te  
(suspended in olive oil), followed by  0.8 mg proges terone  
6-8 h before the  run. Females  normal ly  came into estrus  
42-48 h af ter  the  initial  inject ion of estrogen.  The high 
doses were found to be necessary  for cons i s ten t  induct ion  
of estrus.  Es t rous  s ta te  was de t e rmined  by  tak ing  samples  
of vaginal  fluid prior to  tes t ing  and  assessing the  relat ive 
amo u n t s  of leucocytes,  epi thel ial  cells and cornified epi- 
the l ium present .  Females  were considered es t rons  when  
the i r  vaginal  smears  included more  t h a n  80% cornified 
epithel ial  ceils, and  dies t rous  when  the  smears  consis ted 
p r imar i ly  of leucocytes.  
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