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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 .  
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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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Olfactory discrimination by female mole rats belonging to two karyotypes of Spalax ehrenbergi~ 

EXPERIENTIA 32/12 

Female's diploid No. of No. of 
No. and estrous tested tests 
state females 

Time (min) per test, spent 
by female in odour receptacle 

T b P 

Homochromosomal Heterochromosomal 
Mean S.E.  Mean S.E.  

General odour 
58 E 10 20 17.95 2.43 6.42 2.35 53.5 ~ 0.03 
52 E 6 12 15.95 3.13 1.93 0.65 13.0 ~ 0.025 
58 D 8 11 7.90 3.53 13.25 3.95 41.5 n.s. 
52 D 10 12 5.33 2.27 11.03 2.45 60.0 n.s. 

Urine odour 
58 E 8 18 25.32 2.32 0.63 0.50 7.0 < 0.005 
52 E 8 14 8.30 3.05 5.33 2.60 27.0 ~ 0.06 

"2n = 58, Kabri population and 2 n 52, Ma'alot population, tested either in the estrous (E) or diestrous (D) state, bT -- The statistic 
obtained from a one-tailed Wilcoxon's matched-pairs signed-ranks test by comparing in each group the times that the tested female spent in 
homo as compared to heterochromosomal combination Ior every test. 

Two se t s  of e x p e r i m e n t s  were conduc ted .  The  first,  
general odour e x p e r i m e n t s ,  u sed  wood s h a v i n g s  f rom 
ma les '  cages  as t h e  s t imu lus .  These  were p r e s u m e d  to  
c o n t a i n  a comple t e  cross-sec t ion  of the  male  odour  reper-  
to i re :  ur ine,  faeces, and  poss ib ly  sa l iva  a n d  g l andu l a r  
e x u d a t e s ;  for the  second  set, urine odour expe r imen t s ,  
u r ine  collected d u r i n g  h a n d l i n g  males  was  abso rbed  in to  
co t ton .  Th e  ana lys i s  was  ba sed  on t he  t i m e  s p e n t  b y  the  
t e s t ed  female  in h o m o c h r o m o s o m a l  and  h e t e r o c h r o m o -  
s oma l  t u n n e l s  for each  expe r imen t .  As t he  p r i m a r y  inter-  
es t  was  in t h e  f inal  d i s c r imina t ion  b y  t he  female,  on ly  
t he  las t  ha l f  h o u r  of each  t e s t  was  ana lysed .  Preference  
s igni f icance  was  e x a m i n e d  b y  a one- ta i led  W i l c o x o n ' s  
s i g n e d - r a n k s  t e s t  s. 

Results  and discussion. The  resu l t s  are g iven  in the  
table .  I n  t h e  genera l  odour  set, e s t rous  females  f r om b o t h  
p o p u l a t i o n s  sh o w a s imi la r  s t rong  h o m o c h r o m o s o m a l  
preference,  desp i te  t he  r a t h e r  smal l  s amp le  size f r om 
Ma 'a lo t .  B y  con t ra s t ,  n e i t he r  d ies t rous  g roup  showed  
s u c h  a preference,  t h o u g h  t he r e  is a non - s ign i f i can t  t r e n d  
in t he  oppos i te  direct ion.  The  ur ine  odour  t e s t s  were r u n  
on ly  on es t rous  f emales  and  in t he  K a b r i  case t he  prefer-  
ence is s t r i k ing ly  s igni f icant ,  b u t  it  is on ly  m a r g i n a l l y  so 
in Ma 'a lo t .  

O l fac to ry  c o m m u n i c a t i o n  is of p a r a m o u n t  i m p o r t a n c e  
in a v a r i e t y  of an im a l s  9 i nc lud ing  roden t s  1% In  fossorial,  
b l ind  mole- ra t s ,  chemica l  and  a u d i t o r y  c o m m u n i c a t i o n  
replace v i sua l  cues.  The  p r e s e n t  expe r imen t s ,  in wh ich  

a u d i t o r y  a n d  tac t i le  cues  are exc luded ,  ind ica te  t h a t  
odours  serve  in mole  r a t s  as s exua l  a t t r a c t a n t s .  F u r t h e r -  
more ,  while th i s  is c e r t a in ly  t r ue  in t he  genera l  odour  
e x p e r i m e n t s  ( involv ing  a m i x t u r e  of odor i ferous  sub-  
s tances) ,  t h e  u r ine  e x p e r i m e n t s  s u g g e s t  t h a t  t he  ac t ive  
c o m p o u n d  or p h e r o m o n e  ex is t s  a t  l eas t  p a r t l y  in the  
urine,  an d  i t  a p p e a r s  to be species-specific.  W e  therefore  
conc lude  t h a t  o l fac to ry  cues  alone, w i t h o u t  t he  ope ra t ion  
of a u d i t o r y  or tac t i le  cues,  s eem to p rov ide  effect ive guide  
for t he  s ex u a l  d i s c r i m i n a t i o n  b y  females .  Species-specif ic 
odour s  m a y  differ due  to b o t h  genet ica l  and  env i ron -  
m e n t a l  fac tors  *0. However ,  s ince l a b o r a t o r y  cond i t ions  
and  d ie t  were iden t ica l  for b o t h  k a r y o t y p e s ,  genet ic  
v a r i a t i o n  in t h e  p h e r o m o n e s  of t he  k a r y o t y p e s  is sug-  
ges ted .  Chemica l  iden t i f i ca t ion  of the  p h e r o m o n e s  in t he  
four  k a r y o t y p e s  m a y  e luc ida te  some  a spec t s  re la ted  to 
t he  gene t ics  of spec ia t ion  a n d  the  origin of i so la t ing  
m e c h a n i s m s .  O th e r  s t imu l i  besides  o l fac t ion  m a y  rein- 

force r e p roduc t i ve  i so la t ion  a m o n g  t he  k a r y o t y p e s  of S. 
ehrenbergi. Vocal  s igna ls  are e x t e n s i v e l y  used  d u r i n g  the  
m a t i n g  b e h a v i o u r  of mole  r a t s  5, a n d  b o t h  the i r  phys ica l  
p a t t e r n s  11 a n d  re la t ive  i m p o r t a n c e  in female  d i sc r imina-  
t i on  t e s t s  are c u r r e n t l y  be ing  i n v e s t i g a t e d  in our  labo- 
r a to ry .  

Ol fac to ry  cues  h a v e  been  s h o w n  to ac t  as r ep roduc t ive  
i so la t ing  m e c h a n i s m s  in a v a r i e t y  of m a m m a l i a n  species 
inc lud ing  r o d e n t s  suc h  as Clethrionomys 1~, Peromyscus  la, 16, 
Mus*4 a nd  Gerbillus*5. Fe ma le  d i s c r im ina t i on  t e s t s  con- 
d u c t e d  on k a r y o t y p i c a l l y  d i f fe rent  males  of Spalax  
ehrenbergi 6, s u g g e s t e d  t h a t  b o t h  2n  = 52 and  2n  = 58 
females  s ign i f i can t ly  (p < 0.001) selected h o m o c h r o m o -  
s o m a l  males .  The  p r e s e n t  e x p e r i m e n t s  ind ica te  t h a t  
females  can  d i s c r imina t e  conspecif ic  (or h o m o c h r o m o -  
somal)  males  on t he  bas is  of odour ,  poss ib ly  u r ine  phero-  
mones .  Since th i s  o l fac tory  d i s c r imina t ion  ab i l i ty  is 
p r e s e n t  on ly  in e s t rous  females ,  i t  p r o b a b l y  p l a ys  a role 
in p r e m a t i n g  sexua l  i so la t ion  a m o n g  t he  k a r y o t y p e s .  

Aggress ion  p a t t e r n s  h a v e  also been  s u g g e s t e d  as a 
f ac to r  in spec ia t ion  a m o n g  th ree  Spa lax  ehrenbergi ch romo-  
soma l  fo rms  in Israel  17. Levels  of aggress ion  are h igher  
in h e t e r o g a m e t i c  e n c o u n t e r s  t h a n  in h o m o g a m e t i c  ones, 
a nd  t h e y  are also h ighe r  be tw e e n  c o n t i g u o u s  (2n = 52 58) 
t h a n  be tw e e n  n o n c o n t i g u o u s  (2n = 52-60) k a r y o t y p e s .  
Since all mole  r a t  m a t i n g s  are in i t ia l ly  aggress ive  ~, it  is 
conce ivable  t h a t  o l fac t ion  m a y  also f u n c t i o n  as a re- 
cogn i t ion  t r igge r  in aggress ive  i n t e r ac t i ons .  Hence ,  ol- 
fac t ion  m a y  p rov ide  a m a j o r  m e c h a n i s m  m e d i a t i n g  b o t h  
select ive m a t i n g s  a nd  aggress ion  p a t t e r n s ,  t h e r e b y  re- 
inforc ing  r e p r o d u c t i v e  i so la t ion  a t  t he  f inal  s t ages  of 
speeiat ion.  
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