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could  be  i n t e r p r e t e d  as a s l igh t  segrega t ion  of t h e  free 
M n  2+ in pockets ,  ra i s ing  t he  m e t a l  c o n c e n t r a t i o n  in these  
pockets .  The  presence  of t he  e n z y m e  itself  in t h e  M n  2+ + 
A D P  so lu t ion  h a s  t he  s ame  effect  on  t h e  signal,  en la rg ing  
t h e  l i n e w i d t h  b u t  r educ ing  i ts  in t ens i ty .  A s imi la r  in- 
t e r p r e t a t i o n  is the re fo re  cons idered  : t h e  complex ing  redu-  
ces t h e  a m o u n t  of free Mn 2+ a n d  the  segrega t ion  e n h a n c e s  
t h e  m e t a l  c o n c e n t r a t i o n  in c e r t a i n  regions  of t he  aqueous  
so lu t ion .  Since t h e  Ks  of A D P  for A T P  p h o s p h o r i b o -  
sy l t r ans fe rase  is 175 ~M (A. Bal les teros ,  unpub l i shed ) ,  
t h i s  m e a n s  t h a t  u n d e r  t h e  p r e s e n t  e x p e r i m e n t a l  condi-  

t ions  n e a r l y  60% of t h e  M n A D P  complex  is b o u n d  to  t h e  
enzyme.  Our  resu l t s  (cf. l ines  2 a n d  3 in  t he  tab le)  do n o t  
show s ign i f ican t  d i rec t  i n t e r ac t i ons  of e i the r  M n A D P  or  
M n  2+ w i t h  t he  enzyme.  Th i s  ind ica tes  t h a t  t h e  m e t a l  
does  n o t  i n t e r a c t  w i t h  t h e  p ro te in ,  a t  leas t  n o t  w i t h  h igh  
af f in i ty .  Hence ,  in  t h e  t e r n a r y  complex  (enzyme,  nucleo-  
t ide,  meta l ) ,  t h e  nuc leo t ide  m u s t  a c t  as a br idge  1~. W h e n  
h i s t id ine  is added  to  t he  sys tem,  i t  does n o t  a f fec t  t h e  
s p e c t r u m  apprec iab ly ,  as would  b e  expec ted  for  a l igand 
w h i c h  b inds  a t  a molecule  s e p a r a t e d  f rom t h e  m e t a l  b y  
t h e  nucleot ide .  
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Summary. Cryp to t i s  p a r v a  ha s  a diploid  n u m b e r  of 52 a n d  a f u n d a m e n t a l  n u m b e r  of 50. B l a r i na  b r e v i c a u d a  in N e b r a s k a  
a n d  P e n n s y l v a n i a  ha s  a d ip lo id  n u m b e r  of 49 or 50 a n d  a f u n d a m e n t a l  n u m b e r  of 48. B l a r i n a  caro l inens is  in  N e b r a s k a  
a n d  K a n s a s  ha s  a diploid  n u m b e r  of 52 a n d  a f u n d a m e n t a l  n u m b e r  of 62. The  X - c h r o m o s o m e  in al l  3 species is a large 
m e t a c e n t r i c  ch romosome.  T he  Y - c h r o m o s o m e  is a smal l  ac rocen t r i c  in  Bla r ina ,  whereas  in  Cryp to t i s  i t  is a sma l l  sub-  
t e locen t r i c .  

I n f o r m a t i o n  ha s  been  p u b l i s h e d  (for example ,  B a k e r  and  
Hsu  2; F e d y k  a n d  I v a n i t s k a y a  3 ; Mey lan  4-9; M e y l a n  a n d  
Hausser10,11; H a u s s e r  e t  a1.12 a n d  pape r s  c i ted  the re in )  
on  va r ious  aspec ts  of t h e  ka ryo logy  of shrews ( family  
Soricidae) ,  b u t  few d a t a  are  ava i l ab le  for t he  N o r t h  
A m e r i c a n  genera  Cryp to t i s  a n d  Bla r ina .  The  genus  
Cryp to t i s  is r ep r e sen t ed  in  t he  U n i t e d  S ta te s  b y  on ly  one 
species, C. p a r v a  ( the leas t  shrew),  w h i c h  occurs  t h r o u g h -  
o u t  m u c h  of t h e  ea s t e rn  ha l f  of t h i s  c o u n t r y  as well  as in  
mesic  a n d  m o n t a n e  h a b i t a t s  in Mexico a n d  Cen t r a l  A mer i ca  
(d i s t r ibu t ion  a n d  h a b i t a t s  s u m m a r i z e d  b y  Whi taker13) .  
The  r e l a t ionsh ips  of t h i s  species to  o the r  m e m b e r s  of t he  
genus  in  L a t i n  A m e r i c a  r ecen t l y  h a v e  been  rev iewed  
(Choate  14), a n d  t h e  t a x o n o m y  of t he  species in  t he  U n i t e d  
S t a t e s  p r o b a b l y  con t a in s  few prob lems .  Th i s  is n o t  t rue ,  
however ,  for t he  genus  B l a r i n a  ( shor t - ta i led  shrews),  t he  
d i s t r i b u t i o n  of w h i c h  inc ludes  on ly  t he  ea s t e rn  ha l f  of t he  
U n i t e d  S ta t e s  a n d  a d j a c e n t  regions  of C a n a d a  (Hal l  a n d  
KelsonlS).  P r io r  to  1972, t h e  genus  ]31arina genera l ly  was 
a s s u m e d  to cons i s t  of on ly  one species, B. b r e v i c a u d a ;  a 
second species, B. te lmales tes ,  h a d  been  descr ibed  f rom 
t h e  Di sma l  S w a m p  of coas ta l  Vi rg in ia  a n d  N o r t h  Caro l ina  
(Paul le) ,  b u t  was  of d o u b t f u l  t a x o n o m i c  s t a t u s  (Choate  l~). 
Then ,  in  1972, Genoways  a n d  Choa te  is p r e sen t ed  d a t a  
i n d i c a t i n g  t h a t  in  N e b r a s k a  a large, n o r t h e r n  subspec ies  
(B. b. b rev icauda )  a n d  a smaller ,  s o u t h e r n  subspec ies  
(B. .  b. carol inensis)  were b e h a v i n g  as good biological  
species.  Subsequen t ly ,  m o s t  a u t h o r s  h a v e  t r e a t e d  these  
t a x a  as a d i s t i nc t  species (B. b r e v i c a u d a  a n d  B. ca ro l inen-  
sis, respect ive ly) .  La te r ,  ba sed  on  the i r  s t u d y  of fossils of 
B la r ina ,  G r a h a m  a n d  S e m k e n  19 recognized a t h i r d  R e c e n t  
species (B. k i r t l and i )  in  t he  genus.  W e  c o n t i n u e  to 
recognize  on ly  2 species of B l a r i n a  in t h i s  paper .  
Cer ta in ly ,  m u c h  a d d i t i o n a l  s y s t e m a t i c  work  is needed  on  
N o r t h  A m e r i c a n  shrews,  especia l ly  Bla r ina .  To aid in  these  
s tudies ,  we p r e s e n t  be low t he  k a r y o t y p i c  d a t a  on  these  
shrews  t h a t  we h a v e  am as s ed  over  t h e  p a s t  severa l  years .  
The  on ly  p rev ious ly  p u b l i s h e d  i n f o r m a t i o n  for  these  
shrews  p e r t a i n e d  to  B. b r e v i c a u d a  t a lpo ides  (Meylan  e,8) 
a n d  B. b. k i r t l a n d i  (Lee a n d  Z i m m e r m a n  20). All  k a r y o t y p i c  
p r e p a r a t i o n s  were  m a d e  acco rd ing  to  m e t h o d s  descr ibed  
b y  B a k e r  21. 

C ryp to t i s  p a r v a  (figure 1). The  diploid  n u m b e r  for t he  
l eas t  shrew is 52 a n d  t he  f u n d a m e n t a l  n u m b e r  w i t h o u t  
t he  sex -ch romosomes  is 50. The  au tosomes ,  w h i c h  are  all  
acrocent r ic ,  r ange  in size f rom one  large pa i r  to  severa l  
m i n u t e  pairs .  The  X - c h r o m o s o m e  is a large m e t a c e n t r i c  
a n d  t he  Y - c h r o m o s o m e  is a smal l  sub te locen t r i c .  
B l a r i n a  b r e v i c a u d a  (figure 2). Spec imens  of B. b. b rev i -  
c a u d a  f rom N e b r a s k a  h a v e  a d ip lo id  n u m b e r  of e i t he r  
49 or 50 a n d  a f u n d a m e n t a l  n u m b e r  of 48. The  po lymor -  
p h i s m  in diploid n u m b e r  is t h e  r e su l t  of a R o b e r t s o n i a n  
f iss ion/fus ion be tween  a pa i r  of large ac rocen t r ic  au to -  
somes and  a pa i r  of smal l  ac rocen t r i c  au tosomes l  Spec imens  
w i t h  a diploid n u m b e r  of 48, r e su l t ing  f rom fusion of b o t h  
m e m b e r s  of thes  e pairs ,  were n o t  r ep resen ted  in  our  
ma te r i a l .  The  X - c h r o m o s o m e  is a large m e t a c e n t r i c  a n d  
t h e  Y - c h r o m o s o m e  is a sma l l  acrocent r ic .  
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These  d ip lo id  a n d  f u n d a m e n t a l  n u m b e r s  are  t he  same  as 
those  r epo r t ed  b y  M e y l a n  6,8 for B. b. t a lpo ides  f rom 
On ta r i o  a n d  b y  Lee a n d  Z i m m e r m a n  s0 for B. b. k i r t l a n d i  
f rom Ill inois.  Our  2 spec imens  of B. b. k i r t l a n d i  f rom 
P e n n s y l v a n i a  also agree  in these  n u m b e r s .  The  R o b e r t -  
son ian  p o l y m o r p h i s m  descr ibed  a b o v e  also was  n o t e d  b y  
M e y l a n  a n d  b y  Lee a n d  Z i m m e r m a n ;  M e y l a n  found  
2 N = 50 in 16 a n d  2 N = 49 in 5 specimens,  whe reas  
Lee a n d  Z i m m e r m a n  found  2 N = 50 in 46 specimens ,  
2 N = 49 in 6, a n d  2 N = 48 in i specimen.  C o m b i n e d  
w i t h  our  spec imens  in w h i c h  6 h a d  2 N = 50 a n d  4 h a d  
2 N = 49, t h i s  gives a r a t io  of 68: 15:1  for t h i s  R o b e r t -  
son ian  p o l y m o r p h i c  sys tem.  

Fig. 1. Male Cryptotis parva from 41/~ miles N, 7 miles E Palo Pinto, 
Palo Pinto Co., Texas. - Fig. 2. Female Blarina brevicauda from 
1 mile W Kearney, Buffalo Co., Nebraska. - Fig. 3. Femate Blarina 
carolinensis from 3 miles W Hays, Ellis Co., Kansas. 

Meylan6  descr ibed  (bu t  d id  n o t  i l lus t ra te)  t h e  Y - c h r o m o -  
some of h i s  m a t e r i a l  as be ing  a v e r y  sma l l  m e t a c e n t r i c  
ch romosome ,  whereas  we found  i t  to  be a sma l l  ac rocen-  
tr ic.  Lee a n d  Z i m m e r m a n  ~~ do n o t  descr ibe  t h e  Y-chro-  
m o s o m e  in t he i r  specimens .  
B l a r i n a  caro l inens is  (figure 3). Spec imens  of B. ca ro l inen-  
sis f rom N e b r a s k a  a n d  K a n s a s  h a d  a diploid  n u m b e r  of 
52 a n d  a f u n d a m e n t a l  n u m b e r  of 62. The re  are 4 pa i rs  of 
large  to  med i u m-s i zed  sub te locen t r i c  au to somes  arid 2 
pa i rs  of smal l  s u b m e t a c e n t r i c  au tosomes ;  t h e  r e m a i n i n g  
19 pa i rs  of au tosomes  are acrocent r ic .  The  X - c h r o m o -  
some is a large m e t a c e n t r i c  an d  t h e  Y - c h r o m o s o m e  is 
acrocent r ic .  
The  spec imen  of B. caro l inens is  f rom 1 mi le  wes t  Otoe,  
Otoe County ,  Neb ra ska ,  was  o b t a i n e d  on ly  15 miles  s o u t h  
of t h e  loca l i ty  of c a p t u r e  of t h e  3 spec imens  of B. b rev i -  
c a u d a  f rom Cass a n d  S a r p y  count ies .  T h e  ex i s tence  of 
these  d i v e r g e n t  k a r y o t y p e s  w i t h i n  such  a s h o r t  d i s t ance  
lends  s u p p o r t  to  t h e  con ten t ion ,  based  on  mopho log ica l  
d a t a  (Genoways  a n d  Choatel*) ,  t h a t  t h e  2 p h e n a  of 
B l a r i n a  in N e b r a s k a  r e p r e s e n t  d i s t i nc t  species. None  of 
our  karyologica l  d a t a  ind ica te  i n t e r b r e e d i n g  b e t w een  these  
t axa ,  b u t  cons ide rab ly  more  da ta ,  especia l ly  f rom zones  
of con tac t ,  will be  needed  before  a de f in i t ive  s t a t e m e n t  
to  th i s  effect  can  be  made .  
Discussion. The  k a r y o t y p e s  of these  3 shrews of t h e  T r i b e  
B la r in i  show some i n t e r e s t i n g  s imi lar i t ies  a n d  differences.  
Cryp to t i s  p a r v a  h a s  t h e  same  diploid  n u m b e r  as B l a r i n a  
carolinensis~ however ,  t h e  en t i r e ly  ac rocen t r i c  comple-  
m e n t  of ch ro mo s o mes  in C. p a r v a  more  n e a r l y  resembles  
tl~at of B. b r e v i c a u d a  ( a l t hough  t h e  l a t t e r  possesses 2 
fewer au tosomes) .  T h e  2 species of B l a r i n a  differ  in  b o t h  
diploid  n u m b e r s  a n d  m o r p h o l o g y  of a t  l eas t  6 pa i rs  of 
au tosomes .  The  m o r p h o l o g y  of t h e  X - c h r o m o s o m e  a p p a r -  
e n t l y  is t h e  same in t h e  3 species, b u t  t h e  Y - c h r o m o s o m e  
is ac rocen t r i c  in b o t h  species of B l a r i n a  a n d  sub te locen t r i c  
in  Crypto t i s .  The  or ig in  of these  c h r o m o s o m a l  di f ferences  
a n d  t h e  course  of c h r o m o s o m a l  evo lu t i on  in  th i s  g roup  
are  unc lea r  a t  t h e  p r e s e n t  t ime.  I t  is hoped  t h a t  p l a n n e d  
s tud ies  of c h r o m o s o m a l  b a n d i n g  p a t t e r n s  will  he lp  resolve 
these  p rob lems .  
The  d i scovery  t h a t  t h e  n o m i n a l  t a x a  B. b r ev i cauda ,  
k i r t l a n d i  a n d  t a lpo ides  possess t h e  same  c h r o m o s o m a l  
n u m b e r s  a n d  R o b e r t s o n i a n  p o l y m o r p h i s m  cas ts  serious 
d o u b t ,  in  o u r  minds ,  t h a t  these  are  d i s t i n c t  f rom each  
o t h e r  a t  t h e  species level. ConsequeI~tly, we h a v e  n o t  
fol lowed t h e  p roposa l  b y  G r a h a m  a n d  S e m k e n  19 t h a t  k i r t -  
l and i  r ep re sen t s  a species d i s t i nc t  f rom b rev i cauda .  I f  k i r t -  
l and i  is a d i s t i nc t  species, t h e n  specific d ive rgence  b e t w een  
k i r t l a n d i  a n d  b r e v i c a u s a  m u s t  h a v e  been  m u c h  more  r ecen t  
t h a n  t h a t  b e t w een  b r e v i c a u d a  a n d  caro l inens i s ;  t he  
R o b e r t s o n i a n  p o l y m o r p h i s m ,  w h i c h  is p r e s e n t  in b rev i -  
c a u d a  b u t  n o t  in  carol inensis ,  would  need  to  h a v e  devel -  

. oped a n d  become  e s t ab l i shed  in p o p u l a t i o n s  of b r e v i c a u d a  
s u b s e q u e n t  to  i t s  spl i t  w i t h  caro l inens is  a n d  pr io r  to  
d ive rgence  of b r e v i c a u d a  a n d  k i r t l and i .  
Specimens examined. Cryp to t i s  p a r v a :  41/2 miles  N, 7 
miles  E Pa lo  P in to ,  Pa lo  P i n t o  Co., Texas ,  1. 
B l a r i n a  b r e v i c a u d a :  1 mi le  W Kea rney ,  Buffa lo  Co., 
Neb ra ska ,  5~ 1/3 mi le  W Manley,  Cass Co., Neb ra ska ,  1; 
1 mile  N, 2 miles  W W e e p i n g  W a t e r ,  Cass Co., Nebraska ,  
1 ; 4 miles  N Springf ie ld ,  S a r p y  Co., N e b r a s k a ,  1 ; 2 miles  
S Rector ,  W e s t m o r e l a n d  Co., P e n n s y l v a n i a ,  1; 3 miles  
S Rector ,  W e s t m o r e l a n d  Co., P e n n s y l v a n i a ,  1. 
B l a r i n a  caro l inens is  : 3 miles  W Hays ,  El l is  Co., Kansas ,  5 ; 
5 miles  N, 2 miles  W Parks ,  D u n d y  Co., Neb ra ska ,  3; 
1 mile  W Otoe, Otoe  Co., Neb ra ska ,  1. 

21 R . J .  Baker, in: Biology of bats, vol. 1, p. 65. Ed. W. A. Wim- 
satt. Academic Press 1970. 


