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Homozygous Reciprocal Translocation as a Mode of Speciation in Microgale Thomas  1883 (Tenre- 
cidae- Insectivora) 

D u r i n g  t h e  course  of our  c y t o t a x o n o m i c  s tud ies  on  t h e  
in sec t ivo re  f ami ly  T e n r e c i d a e  G r a y  1821 we r e c e n t l y  in- 
v e s t i g a t e d  2 species of Alicrogale O. T h o m a s  1883: M. dob- 
soni O. T h o m a s  1884 a n d  M. talazaci F. Ma jo r  1896. These  
2 species, as all t h e  o t h e r  species of tenrecs ,  are  found  on ly  
on  t h e  i s land  of Madagasca r .  THOMAS 1 e rec ted  a new genus  
Nesogale to  a c c o m o d a t e  t he se  2 species b u t  fol lowing 
SIMPSON 2 we will re fer  t h e m  to  t h e  genus  Microgale for t h e  
p r e s e n t  paper .  One  male  spec imen  of M. dobsoni r e p o r t e d  
here  was  col lec ted  in March ,  19663 nea r  M a n a n d r o y  
(21°9'S, 47 ° 15' E) a n d  5 females  of M. dobsoni were collec- 
t ed  in April ,  1967 nea r  M a n o h i l a h y  (19 ° 17'S, 48 ° 01 'E) .  
Th ree  females  a n d  7 males  of M. talazaci were col lected 
f rom F e b r u a r y  to  Apri l ,  1967 n e a r  P e r i n e t  (18 ° 54'S,  
48 ° 24"E). T h e  a n i m a l s  were  t a k e n  in  S h e r m a n  a l u m i n u m  
l ive - t raps .  

The  c h r o m o s o m e  s tud ies  were  pe r fo rmed  on whole  
blood, spleen,  a n d  sk in  f i b r o b l a s t  cu l tu res  b y  s t a n d a r d  
techniques4 ,  ~. Tissue  s amp le s  were  ma i l ed  b y  a i r  in  cool 
(35-40°F)  c o n t a i n e r s  f r o m  Pe r ine t ,  M a d a g a s c a r  to  Ba l t i -  
more  a n d  t h e n  processed.  Meiot ic  s tud ies  were c o n d u c t e d  
o n  t e s t i cu l a r  m a t e r i a l  o b t a i n e d  f rom a n i m a l s  in  B a l t i m o r e  
b y  fol lowing a mod i f i c a t i on  of t he  t e c h n i q u e  of EVANS 
e t  al. e. Cells f rom d i f f e ren t  t i ssues  of all t h e  a n i m a l s  gave  a 
c o u n t  of 2 n = 30 c h r o m o s o m e s  (Table).  K a r y o t y p e s  pre-  
p a r e d  f rom d i f f e ren t  t i s sues  of a n i m a l s  in  each  species 

show no  v a r i a t i o n  (Figures  1 a n d  2). A t  meiosis  t h e  chro-  
mo s o mes  seem to  assoc ia te  i n to  15 b i v a l e n t s  i nc lud ing  t h e  
sex (X  a n d  Y) c h r o m o s o m e s  (F igure  3). C o m p a r i s o n  of t h e  
k a r y o t y p e s  of t h e  2 species M. dobsoni a n d  M. talazaci 
show obv ious  v a r i a t i o n  in 2 c h r o m o s o m e  pairs .  T h e  l a rges t  
pa i r  in  M. dobsoni is a n  ac rocen t r i c  c h r o m o s o m e  ( label led 
as No. 1 in  t h e  k a ry o t y p e ) .  Th i s  pa i r  a p p e a r s  to  ex i s t  also 
in o t h e r  species of t h e  s u b - f a m i l y  Tenrec inae~ :  Centetes 
ecaudatus S c h r e b e r  4, Hemicentetes semispinosus Cuvier ,  H .  
nigriceps G u n t h e r ,  Setifer setosus Fror iep ,  Echinops telfairi 
Mart in ,  whe reas  t h e  l a rges t  pa i r  in  M. talazaci ( label led as 
No. 1 in  t h e  k a r y o t y p e )  is s u b - m e t a c e n t r i c .  Th i s  sub-  
m e t a c e n t r i c  c h r o m o s o m e  is longer  t h a n  t h e  l a rges t  acro-  
cen t r i c  pa i r  of M. dobsoni a n d  in fac t  t h e  long  a r m s  of t h e  
ac rocen t r i c  pa i r  of dobsoni a n d  t h e  s u b - m e t a c e n t r i c  pa i r  of 
talazaci are  of e q u a l  l eng th .  T h e  species also d i f fer  in  t h a t  
t h e r e  are  2 smal l  ac rocen t r i c  c h r o m o s o m e  pa i r s  in  dobsoni 
( p r o b a b l y  10 a n d  13) a n d  3 in talazaci k a r y o t y p e  ( p r o b a b l y  
9, 10, a n d  13). W e  p o s t u l a t e  t h a t  t h e  s h o r t  a r m  of t h e  long  
s u b - m e t a c e n t r i c  c h r o m o s o m e  in  t h e  talazaci k a r y o t y p e  
(No. I) h a s  b e e n  t r a n s l o c a t e d  to  t h e  m e d i u m  sized acro-  
cen t r i c  c h r o m o s o m e  in t h e  talazaci k a r y o t y p e  ( p r o b a b l y  
No. 9) g iv ing  r ise to  a m e t a c e n t r i c  c h r o m o s o m e  ( p r o b a b l y  
No. 9) a n d  t h e  large  ac rocen t r i c  c h r o m o s o m e  (No. 1) in  t h e  
dobsoni k a r y o t y p e .  A d i a g r a m m a t i c  i l l u s t r a t i o n  of t h e  
poss ible  m e c h a n i s m  is i l l u s t r a t ed  in F i g u r e  4. Measure -  
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Fig. 1. A karyotype of a male Microgale 
talazacL 
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Fig. 2. A karyotype of a female Microgale dobsoni. 

m e n t s  of t h e  c h r o m o s o m e  l en g t h s  a n d  a r m  ra t ios  con f i rm  
th i s  i n t e r p r e t a t i o n .  I f  t h e  h y p o t h e s i s  of i n t e r c h a n g e  of 
s e g m e n t s  b e t w e e n  the se  2 c h r o m o s o m e  pa i r s  is co r rec t  t h e n  
th i s  m a y  h a v e  b e e n  t h e  cause  of v a r i a t i o n  in  t h e  an imal s .  
I n t e r c h a n g e  of c h r o m o s o m e  s e g m e n t s  would  c h a n g e  gene 
c o m b i n a t i o n  a n d  m i g h t  e x h i b i t  pos i t ion  effects  v. I n  he t e ro -  
zygous  c o n d i t i o n  t r a n s l o c a t i o n s  would  give rise to  p a r t i a l  
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Species No. Sex Lab. No. Tissue Counts 

28 29 30 Endo 4N  

Meiosis Locality 

301I 151I 14I I2 I  

M.t.alazaci 3 F 1536 Blood 
Spleen 
Skin SC2 

SC3 

M. ~alazaci 4 M 1537 Blood 
Spleen 

M. talazaci 5 M 1543 Blood 
Spleen 

M. talazaci 6 F 1544 Spleen 

M. talazaci 7 M 1545 Spleen 
Blood 

M. talazaci 8 F 1546 Spleen 
Blood 

M. tatazac~ 9 M 1551 Blood 
Spleen 

M. talazaci 10 M 1558 Blood 
Spleen 
Testis 

M. talazaci 11 M 1614 Blood 
Spleen 

M. talazaci 12 M 1617 Testis 
Spleen 

M. dobsonii 1 M 1655 Spleen 

M. dobsonii 3 F 1575 Skin SC2 

Spleen 

M. dobsonii 4 F 1576 Blood 
Spleen 
Skin SC 2 a 

SC2b 

M. dobsonii 5 F 1616 Spleen 

M. dobsonii 6 F 1630 Spleen 

M. dobsonii 7 F 1631 Spleen 

Failure 
Failure 
0 1 6 1 
0 2 3 

Failure 
7 2 

1 
1 1 2 

Failure (contaminated) 

16 1 
4 

13 
Failure 

Failure 
11 

1 break 3 

Failure 
2 
1 1 

Failure 
2 10 2 

6 
4 I 10 

1 15 12 

Spleen 4 

Failure 
Failure 

1 11 2 
10 5 17 3 6 

1 7 

9 

1 6 3 

12 1 

3 12 2 

Perinet 
(18054 ' S, 48024 ' E) 

Manandroy 
(21°9 ' S, 47015' E) 

Manohilahy, 
22 krn W of 
Morano-Sud 
(19017 , S, 48°01 ' E) 

s t e r i l i t y  a n d  i n v i a b l e  o f f s p r i n g  8. O n c e  a n  i n t e r c h a n g e  be -  
c o m e s  h o m o z y g o u s  i t  m a y  b e c o m e  a d v a n t a g e o u s  in  a p a r -  
t i c u l a r  e n v i r o n m e n t L  T h a t  c h r o m o s o m a l  r e a r r a n g e m e n t s  
s u c h  a s  t h e s e  d o  c a u s e  v a r i a t i o n  in  o r g a n i s m s  is we l l  
k n o w n  7, 8. F u r t h e r ,  w e  b e l i e v e  t h a t  s u c h  v a r i a t i o n  h e r e  h a s  
l ed  t o  s p e c i a t i o n .  

M o r p h o l o g i c a l l y  t h e  2 t a x a  M .  dobsoni a n d  M .  talazaci 
c a n  b e  s e p a r a t e d ,  a m o n g  o t h e r  c h a r a c t e r s ,  o n  t h e  b a s i s  o f  
t h e  l e n g t h  o f  t h e  h e a d ,  b o d y  a n d  ta i l ,  s k u l l  c h a r a c t e r i s t i c s ,  
a n d  f a t t e n i n g  o f  t h e  t a i l  9. M e a s u r e m e n t s  o n  o u r  a n i m a l s  
e n a b l e  u s  t o  g r o u p  t h e m  i n  t h e s e  2 t a x a  a n d  k a r y o t y p e  
d a t a  s u p p o r t  t h e  i d e n t i f i c a t i o n ,  t h e  2 a p p r o a c h e s  h a v i n g  
b e e n  a p p l i e d  i n d e p e n d e n t l y .  T h e  s p e c i m e n s  wil l  b e  d e p o s i -  
t e d  w i t h  z o o l o g i c a l  m u s e u m s .  

H o m o z y g o u s  r e c i p r o c a l  t r a n s l o c a t i o n s  in  t h e s e  2 s p e c i e s  
o f  Microgale c o u l d  b e  c o n f i r m e d  b y  o b t a i n i n g  a h y b r i d  be -  
t w e e n  t h e  2 spec i e s .  M e i o t i c  s t u d y  of  s u c h  h y b r i d  a n i m a l s  

s h o u l d  r e v e a l  a q u a d r i v a l e n t  a s s o c i a t i o n  o f  4 c h r o m o s o m e s  
b e c a u s e  o f  h o m o l o g y  of  s e g m e n t s  o f  t h e  4 c h r o m o s o m e s  in -  
v o l v e d  in  t h i s  r e a r r a n g e m e n t .  T h e s e  s p e c i e s  a r e  d i f f i c u l t  
t o  b r e e d  in  c a p t i v i t y  a n d  a t t e m p t s  a r e  b e i n g  m a d e  to  o b -  
t a i n  p r o g e n y .  

H o m o z y g o u s  r e c i p r o c a l  t r a n s l o c a t i o n  is n o t  c o n s i d e r e d  
t o  be  a c o m m o n  m e c h a n i s m  of  s p e c i a t i o n  10. I t  is, h o w e v e r ,  
k n o w n  t o  o c c u r  in  e x p e r i m e n t a l  p o p u l a t i o n s ,  b a r l e y n ;  

8C.P.SwANSON, Cytology and Cytogenetics (Prentice-ttatl,  Inc., 
Englewood Cliffs, New Jersey 1957). 
T. C. S. MORRISON-ScoTT, Proc. Zool. Soe. Lond. 118, 817 (1948 49). 

10 E. MAVR, Animal Species and Evolution (Harvard University Press, 
Cambridge 1963). 

xl A. HAGBORC and J. H.TjIo ,  An. Estac. exp. Aula Dei 2, 215 (1952). 
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Fig.3. (A) A plate showing the XY bivalents from different cells. 
(B) A first meiotic metaphase cell showing 15 bivalents. 

¢ 

Drosophi la  lz. I f  one considers  R o b e r t s o n i a n  is fusion of 
acrocentr ic  c h r o m o s o m e s  as a k ind  of reciprocal  t rans loca-  
t ion  t h e n  p r o b a b l y  a t  least  for t he  resu l t ing  me tacen t r i c  
c h r o m o s o m e  i t  is s imilar  to  t h e  hypo thes i s  r epo r t ed  here.  
BURNHAM14 s ta tes  t h a t  a su rvey  of in te rchanges  in geo- 
graphic  races  shows t h a t  t h e y  are re la t ive ly  ra re ly  establ i-  
shed  in n a t u r e  and  are  k n o w n  in maize  15; D a t u r a  16 Trans-  
loca t ion  he t e rozygo te s  are  known  to  occur  in wild popula-  

12C.B.BRIDGES and K.S.BREHME, The Mutants of Drosophila 
melanogaster (Carnegie Inst. Wash. Publ. 552, Washington D.C. 
1944). 

I3 W.R.B. ROBERTSON, J. Morph. 27, 179 (1916). 
14 C.R.BuRNHAM, Discussions ir~ Cylogenetics {Burgess Publishing 

Company, Minneapolis 1962). 
x5 D.C.CooI'~R and R.A. BRINK, Am. Nat. 71, 582 (1937). 
16 A. F. BLAKESLEE, A. D. BERGNER and A. G. AVERY, Cytologia Fujii 

Jub. vol. 1070 (I937). 

/I.. falaz,~d 

Balanceo Nonosomic rrisomic Normal 

\ 

Fig. 4. A diagrammatic illustration of the mechanism of breakage and 
reunion of the chromosome pair in Microgale species and its fixation 
in a homozygous condition. 
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t ions  in  g r a s shoppe r s  ~7, bee t les  xs, Drosophila ananasse lg. 
However ,  some a u t h o r s  in  t h e  p a s t  ~0 h a v e  conc luded  t h a t  
t h e r e  is no  d i rec t  co r re l a t ion  b e t w e e n  t r a n s l o c a t i o n s  a n d  
specia t ion .  

W e  be l ieve  t h a t  t h e  p r e s e n t  s t u d y  i l lus t ra tes  v e r y  well  
t he  k a r y o t y p e  v a r i a t i o n  b e t w e e n  t h e  2 species of Microgale, 
M. dobsoni a n d  M. talazaci a n d  t h a t  t h e  m e c h a n i s m  b y  
w h i c h  such  a v a r i a t i o n  m i g h t  h a v e  occur red  in all  p r o b a -  
b i l i ty  is rec iproca l  i n t e r c h a n g e  of c h r o m o s o m e  seg- 
m e n t s  Zl, 22. 

Rdsumd. D e u x  esp~ces d ' insec t ivores ,  Microgale dobsoni 
et  M. talazaci, o n t  le m ~ m e  h o m b r e  de  ch romosomes ,  
2 n = 30. Leu r s  c a r y o t y p e s  respect i fs  p r 6 s e n t e n t  des  diff6- 
rences  p o r t a n t  su r  2 pa i r s  d ' a u t o s o m e s .  U n e  t r a n s l o c a t i o n  

r~ciproque,  d e v e n u e  homocygo t e ,  p e r m e t  d ' e x p l i q u e r  ces 
diff6rences.  On  p e u t  concevo i r  que  la sp6c ia t ion  es t  a lors  
i n t e r v e n u e  ~ la su i te  d ' e f fe t s  de pos i t ion ,  de la s t6ri l i t6 des  
h y b r i d e s  e t  de  la pr6f6rence  des p o r t e u r s  de  fo rmules  
c h r o m o s o m i q u e s  d i f f6ren tes  p o u r  telle ou tel le , n i che~  
6cologique.  
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On the  G e n e t i c s  of a Circad ian  R h y t h m  in Drosophila 

F r o m  all  we k n o w  so fa r  c e r t a i n  D N A - c o n t r o l l e d  pro-  
cesses seem to  p l a y  a n  i m p o r t a n t  p a r t  in  t h e  con t r o l  of 
ce l lu lar  c i r cad ian  r h y t h m s  1. I t  is, however ,  n o t  c lear  
w h e t h e r  t h e  en t i r e  genome,  c h r o m o s o m e  sect ions,  or 
s ingle genes  d e t e r m i n e  t h e  p a r a m e t e r s  of t h e  cel lular  
r h y t h m  a n d  m a i n t a i n  t h e  osci l la t ions.  P r o b i n g  exper i -  
m e n t s  h a d  led us to  t h e  idea  t h a t  sexua l  d i f ferences  in  
t h e  c i r cad ian  r h y t h m  m a y  be  co r re l a t ed  to t h e  r a t io  of 
X c h r o m o s o m e s  to  au tosomes .  I n  o rder  to  ana l yze  th i s  
ques t i on  in more  de ta i l  we t e s t e d  t he  p a t t e r n  of t he  cir- 
c a d i a n  r h y t h m  of oxygen  c o n s u m p t i o n  in 26 m u t a n t s  of 
Drosophila melanogaster Meigen.  

E a c h  e x p e r i m e n t  was  s t a r t e d  w h e n  t h e  flies were 
3-6  days  old. O2-consumpt ion  was  m e a s u r e d  for  g roups  
of 5 a n i m a l s  a n d  for  s ingle con t ro l s  in  12 ml  a n d  6 ml  
W a r b u r g  flasks,  respec t ive ly .  T h e  w a t e r  b a t h  a r o u n d  t he  
f lasks  was k e p t  a t  25 ° 4- 0.01 °C. T he  flies were exposed  
to  l igh t  (90 lx) f rom 09.00 to 21.00 h. Read ings  f rom 3 
f lasks  (wi th  5 a n i m a l s  each)  were  a v e r a g e d  over  2 days  
a n d  t h e  s t a n d a r d  e r ror  ca lcu la ted .  I n  ou r  m e t h o d  t h e  
abso lu t e  va lues  m a y  d e p e n d  on  t he  di f fus ion-  a n d  absorp -  
t ion-ve loc i t i e s  of t h e  CO, emi t t ed .  F o r  t h e  p r e s e n t  a rgu-  
m e n t ,  however ,  on ly  r e l a t ive  changes  are  cons idered .  

T h e  resu l t s  of t h e  va r ious  m u t a n t  s tocks  i n d i c a t e  t h a t  
t he  c i r c a d i a n  p a t t e r n  of o x y g e n  c o n s u m p t i o n  of females  
(F igure  1, b,  c, d) a n d  males  (F igure  If, g, h) differ.  As 
s h o w n  p rev ious ly  ~, wild t y p e  females  a n d  males  show a 
m o r n i n g  a n d  a n  even i ng  p e a k  of oxygen  c o n s u m p t i o n  
(F igure  ld ,  f), a p a t t e r n  t h a t  also a p p e a r s  in  t h e  h o r m o n a l  
s y s t e m  3. I n  females,  however ,  t he  m o r n i n g  m a x i m u m  is 
sma l l e r  t h a n  t h e  e v e n i n g  m a x i m u m ,  a n d  in ma le s  b o t h  
m a x i m a  a re  a l m o s t  equa l  w i t h  r e spec t  to  t h e  t o t a l  o x y g e n  
c o n s u m e d  b e t w e e n  2 mi n i m a .  I n  a b o u t  ha l f  of t h e  m u t a n t s  
t e s t ed ,  t h e  f emales  show on ly  a s ingle p e a k  in t h e  e v e n i n g  
(F igure  l b ) ,  or  a second  p e a k  in  t h e  m o r n i n g  is j u s t  f a i n t l y  
ind ica t ed ,  e.g. in  a t r ip lo id  s tock  (Figure  lc) .  T h e  ma les  
n e v e r  h a v e  on ly  one  p e a k  in t h e  even ing .  T h e y  show, 
v a r y i n g  in ex t en t ,  h i g h e r  m o r n i n g  a n d  lower  e v e n i n g  

m a x i m a  (F igure  If, g, h), as c o m p a r e d  to  t he  females.  
T h e  c lo sed -X n m t a n t s ,  in  pa r t i cu la r ,  y ie ld  a v e r y  smal l  
e v e n i n g  m a x i m u m  or, in some e x p e r i m e n t s ,  n o n e  a t  all. 

I f  t hese  d i f ferences  in  t h e  c i r cad i an  p a t t e r n  were  due  
to a d i f f e ren t  r a t io  of X c h r o m o s o m e s  to  a u t o s o m e s  i t  
shou ld  be  poss ible  to  s u p p o r t  th i s  idea  b y  t e s t i n g  o t h e r  
ra t ios ,  as r e p r e s e n t e d  e.g. b y  in te r sexes  (0.67) or  super -  
females  (1.5). I n t e r s e x e s  of t he  t r ip lo id  s tock  (Figure  le) 
show, in  fact ,  a m o r n i n g  m a x i m u m  t h a t  is a b o u t  t h e  
i n t e r m e d i a t e  of t h e  females  (Figure  lc) a n d  t he  ma les  of 
th i s  s tock.  (The a d d i t i o n a l  b r o a d e n i n g  of t h i s  p e a k  in to  
t he  d a r k  pe r iod  is p r o b a b l y  c o n n e c t e d  w i t h  t h e  gene  w a, 
since w-males  also show th i s  change. )  F o u r  females,  o u t  
of a p p r o x i m a t e l y  900 females  of a n  a t t a c h e d - X  s tock  
cs53/y w bb) w h i c h  showed  wild p h e n o t y p e  a n d  t u r n e d  o u t  
to  be  sterile,  we a s s u m e d  to  be  super females .  I n  one  case 
we obse rved  a d e t a c h m e n t  in  t h i s  s tock,  where  t he  
a p p r o p r i a t e  n u m b e r  of males  w i t h  y w bb t u r n e d  u p  in 
t he  p rogeny .  T h e  a t t a c h e d - X  a n d  t h e  d e t a c h e d - X  females  
a n d  t he  males  show a t w o - p e a k  p a t t e r n  of O2-consumpt ion  , 
whereas  t he  4 supe r fema les  t e s t e d  e x h i b i t  a p r o n o u n c e d ,  
single m a x i m u m  in t h e  e v e n i n g  (Figure  la) .  

I f  one  a r r anges  t he  c u r v e s  acco rd ing  to  a r e l a t i ve  de-  
crease in t h e  e v e n i n g  m a x i m u m  a n d  to  a r e l a t i ve  inc rease  
in t he  m o r n i n g  m a x i m u m ,  i t  b ecomes  e v i d e n t  t h a t  in  t h i s  
s equence  also t h e  r a t i o  of X c h r o m o s o m e s  to  a u t o s o m e s  
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