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un t i l  TLC homogeneous .  Over  500 m g  of t he  pure  m a t e -  
r ia l  were syn thes i zed  [ I R  (CC14): 1690, 1655, 1600 cm 1; 
N M R :  s ing le t  (1H) z = 1 . 9 3  p p m  (N-CH=O),  s ingle ts  
(3I t  each) z = 6 . 1 2 ,  6.72, 6.74, 6.77 p p m  (4 -OCHa) ;  
m/e = 415] 1~. The  s y n t h e t i c  c o m p o u n d  2 was h y d r o l y z e d  
b y  h e a t i n g  w i t h  m e t h a n o l - c o n c e n t r a t e d  hydroch lo r i c  
acid (9 : 1) a t  r e f lux  for 24 h. The  p r o d u c t  3 was  pur i f i ed  
b y  c h r o m a t o g r a p h y  and  c rys ta l l i za t ion  f rom e the r  [yield 
9 4 % ;  m p  176~ m / e =  387]. 

F ina l ly ,  a c e t y l a t i o n  of the  s y n t h e t i c  s econda ry  a m i n e  
3 w i t h  acet ic  a n h y d r i d e - p y r i d i n e  gave  c o m p o u n d  4 in a 
yie ld  of 95% Imp 188-190 ~ (hexane-e the r ) ;  I R  (CC14): 
1685, 1650, 1600 cm-1;  N M R :  s ing le t  (3t{) z = 7.90 p p m  
(-C-CHa)  ; m/e = 429]. 

O 
The  t o t a l l y  s y n t h e t i c  r a c e m a t e s  2, 3 and  4 were p r o v e d  

to  be  iden t i ca l  w i t h  t h e  co r re spond ing  op t ica l ly  ac t ive  
' n a t u r a l '  c o m p o u n d s  = b y  TLC in severa l  sys tems,  IIR in 
ch lo ro fo rm a n d  c a r b o n  t e t r ach lo r ide ,  N M R  a n d  mass  
spect roscopy.  W o r k  on  t he  cons t r uc t i on  of t h e  C - D  r ing  
s y s t e m  of de lph in ine  is in  progress  15 

Zusammenfassung. Die s te reose lek t ive  T o t a l s y n t h e s e  
eines D e l p h i n i n a b b a u p r o d u k t e s  wird  beschr ieben .  Dieses 
P r o d u k t ;  das  5 R inge  und  5 S u b s t i t u e n t e n  bes i tz t ,  i s t  
yon  D e l p h i n i n  aus  le ich t  zug/ ingl ich u n d  k a n n  desha lb  
als R e l a i s - V e r b i n d u n g  ftir die T o t a l s y n t h e s e  dieses Alka-  
loids dienen.  
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Chromosomes and Some Issues of the Evolution of the Ground Squirrel Genus Citellus (Rodentia: 
Sciuridae) 

Chromosome  analysis ,  c o m b i n e d  w i t h  o the r  m e t h o d s  
of s y s t e m a t i c  zoology, pa l eon to logy  a n d  zoogeography,  
can  be  used to  give all i n t e g r a t e d  ana lys i s  of t he  evo lu t ion  
of t a x o n o m i c a l l y  d iscre te  f auna l  e lements .  Such  ana lyses  
are of special  va lue  in s tud ies  of t he  evolu t ion ,  in  r e l a t i on  
to  space and  t ime,  of al l ied E u r a s i a n  a n d  N o r t h  A m e r i c a n  
forms.  

The  evo lu t ion  of t he  c h r o m o s o m e  c o m p l e m e n t s  of 
Nearc t i c  Citellini has  been  t h o r o u g h l y  s tud ied  b y  NADLER 
et  al.~-l~ The  u n d e r s t a n d i n g  of t he  evo lu t ion  of the  en t i r e  
Ho la rc t i c  genera,  however ,  requi res  inc lus ion  of t he  
Pa l ea rc t i c  species. T he  p r e s e n t  s t u d y  concerns  t he  chro-  
mosomes  of 6 species a n d  20 subspecies  and  forms  of t he  
genus  Citellus, a n d  a d iscuss ion of t he  resu l t s  in  con-  
j u n c t i o n  w i t h  those  of NADLER. I n  t he  course  of t h e  
s tudy ,  we h a v e  p roduced  a h y p o t h e t i c a l  r e c o n s t r u c t i o n  
of t he  evo lu t i on  of t he  k a r y o t y p e s  of t he  species s tudied ,  
w i t h  p a r t i c u l a r  reference to  t he  cor re la t ion  of t he  r a n g e  
of species w i t h  s imi la r  a n d  dif fer ing c h r o m o s o m e  com- 
p l emen t s .  

Materials and methods. The  k a r y o t y p e s  of t he  fol lowing 
forms  of Citellus h a v e  been  s tudied .  C. (s. str.) felictus 
relictus Kaschk . ,  W e s t e r n  T ien  Shan,  K u r a m i n s k y  r idge 
nea r  K a m t c h i k  pass, 2300 in above  sea level,  3 ~ ,  9 ~)~. 
C. eelictus ralli K u z n e t s o v ,  Cen t ra l  T i en  Shan ,  I s syk  Ku l  
bas in ,  T e r s k y  Ala  T au  ridge, s o u t h  of t he  t o w n  Pr jeva l sk ,  
2100 m, 2 ~c~. C. dauricus daurieus B r a n d t ,  T r a n s b a i -  
kalia,  Ch i t a  region,  env i rons  of t h e  vi l lage Borzia ,  6 c~c~, 
5 99. C. pygmaeus pallidus Orlov,  K a l m y k  A.S.S.R. ,  
S t a t e  f a rm  'Po l inn iy ' ,  3 c?~, 3 99. C. p. pygmaeus Pall. ,  
b e tween  Volga a n d  Ura l  r ivers ,  lef t  b a n k  of Volga, n o r t h  
of A s t r a k h a n ,  1 ~, 2 99. C. (ColoboHs) /ulvus oxianus 
Thom. ,  Cen t ra l  Kyzy l  K u m  deser t ,  B u k h a r a  region,  
env i rons  of t he  vi l lage Mubarek ,  2 <y(~. C. ~. orlovi Ogn., 
b e t w e e n  Volga  a n d  U r a l  r ivers ,  nea r  s t a t i o n  Dassang,  
2 ~ ,  1 ~2. C. ]. nigrimontanus A n t i p i n :  M u y u n  K u m  
desert ,  D j a m b u l  region,  env i rons  of t he  vi l lages  Ak-kol  
and  Oik  1 ~, 2 9~;  p l a in  a t  t he  foot  of t h e  m o u n t a i n s ,  
n o r t h  of Trans i l i j sk i  Ala  Tau,  74 k m  wes t  f rom A l m a  
Ata,  2 d'd ~, 1 9; nea r  A l m a  A t a  1 ~, 1 9- C. erythrogenys 
erythrogenys I3 rand t :  r i g h t  b a n k  of Ob, Novos ib i r sk  

region, env i rons  of t he  vi l lage Toguchin ,  2 ~ ,  2 $9;  
be tween  Ob a n d  I r t i sh ,  b e t w e e n  t h e  t o w n  B a r n a u l  a n d  
t he  vi l lage K a l m a n k a ,  1 c?; s.w. Al ta i  m o u n t a i n s ,  r i gh t  
b a n k  of I r t i sh ,  env i rons  of t he  vi l lage Predgorno je ,  1 d ~, 
1 9. C. er. brevicauda B r a n d t :  Ala -Kul  bas in ,  nea r  Uch-  
Aral,  4 c~ ,  nea r  Ajaguz  1 ~. C. er. carruthersi Thorn  : 
Za i ssan  bas in ,  B u r a n  3 c?c?, 3 95;  nea r  K o k p e k t y ,  5 c?c?, 
5 ~9. C. undulatus stramineus Obolensky,  S. w. Dzunga -  
r i an  Ala  Tan ,  u p p e r  course of Karoy ,  2400 m, 4 d~ ,  2 ?9. 
C. u. eversmanni B r a n d t ,  A l t a i  m o u n t a i n s ,  T c h n j s k y  
h ighway ,  1400 m, 1 6, 1 9. C. u. undulatus Pall. ,  S o u t h  
T ransba ika l i a ,  S a y a n  m o u n t a i n s ,  T u n k i n s k y  basin,  r i g h t  
b a n k  of I rku t ,  1 ~, 1 9. 

Subspecif ic  d i s t inc t ions  of Citellus are g iven  accord ing  
to GROMOV n a n d  VASSILJEVA 12. 

W e  h a v e  c a u g h t  m o s t  of t he  g round  squir re ls  in  t he  
field du r ing  t he  Middle  As ian  a n d  S ibe r i an  exped i t ions  
t h r o u g h o u t  1965-1968. The  cytological  p r e p a r a t i o n s  were 
m a d e  b y  t he  s t a n d a r d  me thods ,  m a i n l y  f rom bone  
m a r r o w  ceils a n d  more  r a re ly  f rom spleen a n d  cornea l  
ep i the l ia l  cells. The  p r e p a r a t i o n  p rocedure  inc luded  
colchin iza t ion ,  p l a c e m e n t  in  a h y p o t o n i c  so lu t ion  of 

1 C. F. NADLER and D. A. SUTTON, Proc. Soc. exp. Biol. Med. 770, 
36 (1962). 

e C. F. NADLER, Proc. Soc. exp. Biol. Med. 7ZO, 785 (1962). 
a C. F. NADLER, Proc. XVI Intern. Congr. Zool., Washington g, 111 

(1963). 
4 C. F. NADLER, Am. Midl. Nat. 72, 2, 298 (1953). 
a C. F. NADLER, Chromosoma 15, 289 (1964). 
6 C. F. NADLER, Proe. Soc. exp. Biol. Med. 777, 486 (1964). 
T C. F. NADL~R, Cytogenetics d, 37 (1965). 
8 C. F. NADLER, Sys. Zool. 15, 199 (1966a). 
g C. F. NAI)LER and C. E. ttUOHES, J. Mammal. d7, 46 (1966). 

10 C. F. NADLER, J. Mammal. 47, 579 (1966). 
11 I. M. OROMOV, D. I. 13IBIKOV, N. I. KALABUKHOV and M. N. MEIER, 

Fauna SSSR, Mlel~opita]uchtchie, Marmotinae (Publ. House 
Nauka, Moscow - Leningrad 1965), vol. 3 iss. 2, no. 92, ill Russian. 

12 M. V. VASSILJEVA, Sbornik Trud. gos. zool. Muz. 70, 94 (1968), 
in Russian. 
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sod ium c i t r a t e  a n d  m e t h y l  a lcohol  glacial  acet ic  acid 
(3 : 1) f ixa t ion.  The  slides were s t a ined  w i t h  orcein, azure  
eosin a n d  Uhna -b lue .  The  specif ic i ty  of t h e  p rocedure  of 
t he  cytological  p r e p a r a t i o n  in h i b e r n a t i n g  species to  
wh ich  g r o u n d  squirre ls  be long  was s imi la r  to  t h e  one 
used for  m a r m o t s  18. 

Results. Accord ing  to  our  d a t a  C. (s. str.) relictus 
relictus, C. relictus rallii, C. (s. str.) dauricus, C. (s. str.) 
pygmaeus pallidus, C. p. pygmaeus, C. (Colobot{s) [ulvus 
oxianus, C. /. orlovi, C. [. nigrimontanus, C. (Col.) erythro- 
genys erythrogenys, C. e. bmvicauda, C. e. carruthersi are  
cha rac t e r i zed  b y  morpho log ica l ly  s imi la r  au tosomes ,  
2n = 36, N F  = 72 (Figures 1-5). 

Six groups  of au tosomes  are d i s t ingu i shed  w i t h i n  t h e  
k a r y o t y p e .  Group  I includes  2 pa i r s  of large me tacen t r i c s .  
Group  I I  compr ises  3 pa i rs  of large  subme tacen t r i c s .  
Group  I I I  con ta ins  2 pa i rs  of large sub te locen t r i c s ;  
g roup  I V  is composed  of 3 med ium-s i zed  m e t a c e n t r i c s ;  
g roup  V consis ts  of 3 pa i rs  of med ium-s i zed  s u b m e t a -  
and  m e t a c e n t r i c  au tosomes ,  and  group V I  has  4 pa i r s  
of smal l  s u b m e t a -  a n d  m e t a c e n t r i c  au tosomes .  Th e  sex 
ch romosomes  are m a r k e r l y  h e t e r o m o r p h i c :  t h e  X-ch ro -  
mosome  is a large s u b m e t a c e n t r i c  s imi la r  in  size to  t h e  

au tosomes  of g roup  II ,  t h e  Y c h r o m o s o m e  is t h e  smales t  
of the  c o m p l e m e n t  ; in  C. relictus, C. dauricus, C. pygmaeus 
t he  Y is a me tacen t r i c ,  an d  in C. [ulvus an d  C. erythro- 
genys i t  is e i the r  an  acrocent r ic ,  or subte locent r ic .  

C. (Urocitellus) undulatus s tramimus,  C. u. eversmanni 
a n d  C. u. undulatus h a v e  a d ip lo id  n u m b e r  of 2n = 32, 
N F  ~ 64 (Figure 6). T h e  k a r y o t y p e s  are classified in to  
5 g roups  of an tosomes .  Group  I includes  t h e  4 pa i r s  of 
large me tacen t r i c s .  Group  I I  is r ep re sen t ed  b y  2 pairs  
of s u b m e t a c e n t r i c s  s o m e w h a t  smal le r  t h a n  group  I ;  
g roup  I I I  is composed  of 2 pa i rs  of med ium-s i zed  me ta -  
cent r ics ;  group I V  inc ludes  4 pa i rs  of med ium-s i zed  sub-  
i l le tacentr ics ,  group V possesses 3 pa i r s  of smal l  sub-  
m e t a c e n t f i c  au tosomes .  The  h e t e r o m o r p h i c  sex ch romo-  
somes are s h a rp l y  discernible.  T h e  s u b m e t a c e n t r i c  X is 
v e r y  s imi la r  in  size to  t h e  au tosomes  of g roup  IV, t he  
Y c h r o m o s o m e  is e i the r  a smal l  acro- or sub te locen t r i c ,  
i t  is t h e  smal les t  of t h e  complemen t .  

13 N. N. VORONTSOV, E. A. LIAPU~OVA and N. G. ZAGOR~JKO, 
Zoologyt. Zh. 48, 3, 17 (1969), in Russian with English summary. 

Fig. 1. Karyotype of a male C. (s. str.) relictus relictus. 

Fig. 2. Karyotype of a male C. (s. str.) dauricus dauricus. 

Fig. 3. Karyotype of a male C. (s. str.) pygmaeus pygmaeus. 
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Discussion. M a n y  a u t h o r s  h a v e  expressed  t he  v iew 
t h a t  C. undulatus a n d  C. parryi are  s y n o n y m s  for a s ingle 
species 1~ The  ex is tence  of d i f ferences  in  n u m b e r  
and  fo rm of t he  c h r o m o s o m e s  of As ia t ic  C. undulatus 
and  A m e r i c a n  C. parryi lo f rom Canada ,  Alaska,  an d  t h e  
i s land  K o d j a k  (2n = 34, N F =  68) conf i rms  t he  op in ion  
of GROMOV n , ~  on t h e  ex is tence  of specific d i f ferences  
b e t w e e n  C. undulatus a n d  C. parryi. 

Because  of t h e  s ign i f i can t  differences  in  n u m b e r  an d  
forms  b e t w e e n  t h e  c h r o m o s o m e  c o m p l e m e n t s  of C. undu- 
latus and  C. relictus, one is forced to  disagree w i t h  t h e  
r e l a t ive ly  wide ly  accep ted  view t h a t  these  fo rms  are 
closely re la ted .  T h e i r  s imi l a r i t y  is due  r a t h e r  to  t h e  
c o n v e r g e n t  a d a p t a t i o n  to  m o u n t a i n  h a b i t a t .  C. relictus 
is more  closely r e l a t ed  karyo log ica l ly  to  C. pygmaeus 
a n d  C. dauricus. 

The  p r o b l e m  of t he  e v o l u t i o n a r y  p a t h w a y s  of t h e  
c h r o m o s o m e s  of t he  genus  Citellus was f i rs t  s tud ied  on  
Nearc t i c  m a t e r i a l  b y  NADLER 1~ Af te r  a n a l y z i n g  t h e  
k a r y o t y p e s  of our  Pa lea rc t i c  g round  squirre ls  a n d  s t u d y i n g  
k a r y o g r a m s  of Nearc t i c  g r o u n d  squir re ls  ~-1~ we t h i n k  
t h a t  a d i f fe ren t  phy logene t i c  r e l a t ionsh ip  b e t w e e n  t h e  
s u b g e n e r a  Citellus-Colobotis-Urocitellus is possible  t h a n  

t h a t  be l ieved b y  some A m e r i c a n  au thors ,  who  hold  t h a t  
t h e y  be long  to t h e  single subgenus  Spermophilus (s. s tr . ) .  
Our  p roposed  scheme of t h e  poss ible  k a r y o t y p i c a l  t r a n s -  
f o r m a t i o n s  w i t h i n  t h e  g roups  m e n t i o n e d  (Figure  7) has  
been  discussed in g rea te r  de ta i l  in  a p rev ious  p a p e r  18. 
I n  c o n t r a s t  to  NADLER, we d r a w  a t t e n t i o n  to t h e  dif- 
f e r en t i a t i o n  of 2 subgroups  of t h e  species group descr ibed  
based  on  t h e  shape  of t h e  Y chromosome.  This  scheme,  

14 W. G. HEPTNER, Sbornik Trud gos. Zool. Muz. 5, 184 (1939), in 
Russian. 

15 S.  I. OaNEV, The Mammals o] Russia (U.S.S.R.) and Adjacent 
Countries (Academy of Science Press, Moscow - Leningrad 1947), 
vol. 5, in Russian. 

16 ]E. R. HALL and K. R. KELSON, The Mammals o/North America 
(Ronald Press, NewYork 1959), vol. 1. 

17 I. M. GROMOV, Rodentia in Mlekopita]uchtchie ]auni SSSR (Aca- 
demy of Science Press, Moscow - Leningrad 1963), vol. 1, in 
Russian. 

18 X. N. VORONTSOV and E. A. LIAPUNOVA, Bull. Moscow Soc. of 
Naturalists, Biological Series 75, 3 (1970), in Russian with English 
summary. 

Fig. 4. Karyotype of a male C. (Colobotis) ]ulvus nigrimontanus. 

Fig. 5. Karyotype of a male C. (Colobotis) erythrogenys brevicauda. 

Fig. 6. Karyotype of a inale C. (Urocitellus) undulatus undulatus. 
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while no t  i l lustrat ing the  phylogenet ic  re la t ionship of 
the  species whose cytology was studied, bu t  suggest ing 
only a way  of possible ka ryo typ ica l  t ransformat ion,  can 
be used to inves t igate  this relat ionship.  A final scheme 
of the  phy logeny  of chromosomes can only be drawn up 
when the  karyotypes  of C. major, C. xanthoprymnus, C. 
citellus, C. suslicus 1, and Asiatic C. parryi 2o and some 
unknown Amer ican  species of Citellus are invest igated.  

There is an interes t ing relat ionship be tween  the  ranges 
of Palearc t ic  Citellus. Only 2 largest  species of the  plains 
ground squirrels C. [ulvus and C. mayor are sympa t r i c  
wi th  one of the  small  species C. pygmaeus. The range of 
C. undulatus in some areas overlaps wi th  tha t  of C. erythro- 
genys (foothills of Altai) and C. dauricus (Transbaikalia).  
The  semisympat r ic  species C. ]ulvus and C. pygmaeus 
differ ve ry  considerably in body size and color and are 
also character ized by  sl ight  differences in the  morphology  
of the  Y chromosomes.  Tile moun ta in  species C. undulatus, 
which is semisympat r ic  wi th  C. erythrogenys and C. dauri- 
cus, is character ized by  al lobiotopy,  while differing con- 
s iderably bo th  in karyotypes  and in the  'usual '  mor-  
phological  characterist ics.  Thus,  i t  seems t h a t  the  dif- 
ferences ill the  size, shape and the  morphology  of the  
chromosomes secure a to ta l ly  rel iable reproduc t ive  isola- 
t ion be tween  all the  semisympat r ic  species of the  Eur -  
asian ground squirrels. I t  is character is t ic  of most  of ti le 
Euras ian  species to have  al lopatr ic  ranges. T h a t  a l lopa t ry  
is widespread among  Palearc t ic  ground squirrels as 
compared  to the  wide sympat r ic  occurrence of the  
Amer ican  ground squirrels is evidence of Palearct ic  
Citellus being re la t ively  more recent  t han  the  Nearct ic  
species. 

The  da ta  of chromosomal  analysis indicate  t h a t  in the  
Palearc t ic  wi th in  ti le karyological ly  s tudied species 3 

phylogenet ica l ly  dis junct  groups should be dist inguished:  
(I) parryi; (II) undulatus; (IIIa) dauricus, pygmaeus, 
relictus; ( I I Ib )  erythrogenys, /ulvus. 

I t  is of in teres t  to compare  the  suggested scheme of 
the  phy logeny  of the  karyotypes  wi th  the  actual  geogra- 
phical  d is t r ibut ion  area of some of the  Amer ican  Citellus 
species. Of the  recent  species s tudied of the  Amer ican  
ground squirrels, C. vigilis (2n : 46) has ti le most  p r imi t ive  
chromosome complement  and is res t r ic ted to a ve ry  
narrow range of an obviously  relict  character .  C. washing- 
toni is isolated a l lopatr ical ly  f rom the  la t te r  species and 
has the  diploid chromosome number  of 2 n =  36. The  
ka ryo type  of C. washingtoni can be der ived direct ly  f rom 
the  ancestral  ka ryo type :  the  fus ion  of 20 autosomes into 
4 metacen t r i c  and 6 submetacent r ic  chromosomes th rough  
tile fusion of centromeres  (Rober tsonian rearrangements)  
gives rise to the  ka ryo type  of C. washingtoni with  16 
metacentr ic ,  16 submetacent r ie  and 2 acrocentr ic  auto-  
somes. 

C. towmendii  which is sympat r ic  wi th  C. washingtoni 
has 2n = 36. The  ka ryo type  of C. towmendii ,  however,  
could have  arisen independent ly  only f rom the ancestral  
ka ryo type  of C. vigilis due to Rober t son ian  fusion of 20 
acrocentr ic  chromosomes into 4 metacent r ics  and 6 sub- 
metacent r ics  and also in consequence of a single peri- 
centr ic  inversion tha t  has led to the  t rans format ion  of 

19 N. N. VORONTSOV and E. A. LIAPUNOVA, in The Mammals (Evol- 
ution, Karyology, Taxonomy, Fauna) (Ed. N. N. VORONTSOV; 
Novosibirsk 1969), p. 41, in Russian. 

20 E. A. LIAPUNOVA, in The Mammals (Evolution, Karyology, Taxo- 
nomy, Fauna) (Ed. N. N. VORONTSOV; Novosibirsk 1969), p. 53, 
in Russian. 
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a pair  of acrocentr ie  chromosomes  into a meta -  or sub- 
metacen t r i c  one. 

C. richardsoni is isolated a l lopatr ical ly  f rom C. vigilis. 
The ka ryo type  of C. richardsoni can be der ived also f rom 
t h a t  of C. vigilis: the  t rans format ion  of 16 acrocentr ics  
in to  8 metacent r ics  th rough  Rober t son ian  rearrange-  
ments  in addi t ion  to the  f ragmenta t ion  of a pair  of 
acrocentr ic  chromosomes wi th  the  subsequent  t ransloca-  
t ion of the  f ragments  to the  o ther  autosomes gives rise 
to the  ka ryo type  of the  species C. richardsoni (2n = 36) 
which is a t  present  widely  spread and Iluorishing. 

The  ka ryo type  of C. elegans, C. nevadensis and C. parryi 
call be der ived  di rec t ly  f rom the  ka ryo type  of C. richard- 
soni th rough  the  Rober t son ian  fusion of 4 acrocentr ic  
chromosomes  into 2 submetacentr ics .  All the  3 species 
are character ized morphologica l ly  by  ident ical  karyotypes  
wi th  20 metacen t r i c  and 2 submetacent r ic  autosomes 
( 2 n =  34). The  first  two species are morphological ly  
ex t r eme ly  similar  to C. richardsoni and h i the r to  have  
been considered only as subspecies of the  lat ter .  C. neva- 
densis is an a l lopatr ic  isolate inhabi t ing  Nevada .  The  
range of C. elegans includes W y o m i n g  and Colorado and 
in the  nor th  its range borders  wi th  the  range of C. 
richardsoni. In  Amer ica  the  range of C. parryi extends  
f rom nor thern  Bri t ish Columbia th rough  the  Cont inenta l  
areas of Keewat in ,  Mackenzie,  Yukon  and Alaska and 
includes St. Laurence  and t i le ad jacen t  islands. Of the  
ground squirrels hav ing  more southern  ranges only 2 
species, C. colombianus and C. richardsoni, have  pene- 
t r a t ed  nor thern  most  (to the  southwestern  regions of 
Canada). I t  should be noted tha t  C. parryi is s imilar  
karyological ly  to C. richardsoni only. All the  species 
considered above  (C. washingtoni, C. townsendii, C. 
richardsoni, C. elegans, C. nevadensis) are character ized 
by  a small  Y chromosome.  The  ka ryo type  of C. mollis 
can be der ived f rom C. vigilis: Rober t son ian  fusion of 
8 acrocentr ics  into 4 me ta  and submetacent r ic  chromo- 
somes as well as the  f r agmenta t ion  of 2 pairs  of acro- 
centr ic  chromosomes  followed by  the  t ranslocat ion of 
the  f ragments  to the  o ther  chromosomes have  been 
responsible for the rise of this line. I n  the  nor th-eas t  the  
range of C. mollis borders  wi th  t h a t  of C. armatus. C. 
armatus has der ived its ka ryo type  f rom C. mollis: 8 acro- 
centrics underwent  Rober t son ian  fusion and formed 4 
metacen t r i c  chromosomes,  2 acrocentr ic  chromosomes  
th rough  per icentr ic  inversion have  been t ransformed into 
2 metacentr ics .  C. armatus has a 2n of 34 and its ka ryo type  
possesses 20 metacen t r i c  autosomes. 

We have  publ ished elsewhere the  detai led discussion 
of the  causes of the  morphologica l  iden t i ty  of the  karyo-  
types  of the  Palearc t ic  C. undulatus and the  Nearc t ic  
C. columbianus ls,21. The karyotypes  of C. columbianus 
and C. undulatus are der ived f rom the  ka ryo type  of 
C. armatus. I t  m a y  be assumed tha t  one of the  pairs of 
the  metacen t r i c  chromosomes of C. armalus underwent  
f r agmenta t ion  wi th  the  subsequent  t rans locat ion  of the  
f ragments  to the  o ther  chromosomes.  Similar  chromo- 
somal rear rangements  occurred in the  line evolv ing  f rom 
C. columbianus and C. beldingi. Of the  karyological ly  
s tudied ground squirrels, the  l a t t e r  species dis t inguished 
by  its small  chromosomal  number  (2n = 30). 

The  karyotypes  of the  Palearc t ic  C. dauricus, C. 
pygmaeus C. relictus can probab ly  be der ived also f rom 
the  p r imi t ive  ka ryo type  similar  to t h a t  of C. vigilis. The 
t ransformat ion  of 12 acrocentr ic  chromosomes  into 6 
metacen t r i c  chromosomes due to Rober t son ian  fusion, 
and 8 acrocentr ic  chromosomes th rough  1Robertsonian 
fusion into  4 submetaeent r ic  chromosomes in addi t ion 
to a per icentr ic  inversion, which has t ransformed a pair  
of acrocentr ic  chromosomes into a pair  of submetacent r ic  

chromosomes;  such is the  possible evolu t ionary  p a t h w a y  
of the  ka ryo type  of the  small  species of the  Palearc t ic  
ground squirrels f rom thei r  ancestral  chromosome com- 
p lement  of the  type  C. vigilis. These t ransformat ions  
possibly did not  occur synchronously  and there  existed 
some in termedia tes  wi th  t rans i t ional  karyotypes  be tween  
these forms. I t  is less l ikely tha t  the  karyotypes  of the  
Euras ian  ground squirrels of the  group dauricus-pygmaeus- 
relictus have  evolved  f rom a ka ryo type  s imilar  to t h a t  
of C. mollis. If  such were the  mode of emergence of its 
karyotype ,  i t  should have  undergone the  fusion of 4 
acrocentrics and 2 metacentr ics ,  and also in consequence 
of 3 per icentr ic  inversions have  been subjec ted  to the  
t ransformat ion  of 6 acrocentrics into 6 meta-  and sub- 
metacentr ics .  

Final ly,  the  karyotypes  of C. erythrogenys and C./ulvus 
are der ived f rom the ka ryo type  of the  groups dauricus- 
pygmaeus-relictus as the  result  of a single rear rangement ,  
the  pericentr ic  inversion of a small  acrocentr ic  into a 
small  metacent r ic  Y chromosome.  

The es tabl i shment  of the  morphological  s imi lar i ty  
be tween the  chromosome complements  of C. columbianus 
and C. undulalus as well as the  fact  t ha t  there  is no 
s imi lar i ty  be tween the  karyotypes  of these species and 
those of C. parryi suggests the  fol lowing evo lu t ionary  
p a t h w a y  of some of the  Holarc t ic  species of ground 
squirrels. C. armatus (2n = 34) has evolved independent ly  
f rom C. mollis (2n = 38) in the  nor theas te rn  areas of its 
range. In  the  nor thwes tern  range of the  la t te r  C. colum- 
bianus (2n = 32) or its ancestor  wi th  a similar  ka ryo type  
has evolved independent ly .  By  the  close of the  Pl iocene 
or the  beginning of the  Eopleis tocene C. columbianus has 
migra ted  across the  Ber ing land bridge to Palearc t ic  
where fossil records of C. undulatus date  f rom the  Middle 
Eopleistocene.  In  Eas t  Asia C. undulatus has surv ived  
through the  Samarov  ( ~  Kansas) glacia t ion period. 
C. undulatus has become ex t inc t  over  the  te r r i to ry  f rom 
the  r ight  bank  of Lena  to Alaska and Canada,  probably,  
dur ing the  Kazan t sev  ( ~  Sangamon)  in terglacia t ion 
period when the  xe rophy te  flora of the  tundra -s teppe  
receded. Dur ing the  xe rophy te  stage of the  Ea r ly  Wiscon-  
sin glaciation,  when the  tundra-s teppe  approached  the  
prairies due to the  recession of the  forested areas, C. 
richardsoni migra ted  to the  north,  and C. parryi origi- 
na ted  f rom it. The signif icant  differences in the  chro- 
mosome complements  of these species p rompt s  us to  
suggest  t h a t  a small  number  of ground squirrels were 
involved  in the  migrat ion.  Rear rangements  occurred in 
the  karyo types  of the  popula t ions  of the  founder  stocks 
and af ter  t ha t  the  species dispersed over  the  t e r r i to ry  
of nor thern  Canada and Alaska. The  spread of ground 
squirrels over  nor theas te rn  Asia across the  Ber ing land 
bridge dates  f rom the  Zyr jan  ( ~  Salmon,  ~ Ea r ly  
Wisconsin) glaciat ion period because dur ing the  Sar tan  
( ~  La te  Wisconsin) glaciat ion per iod C. parryi al ready 
inhabi ted  Alaska and nor theas te rn  Asia. Spreading west-  
wards over  Asia, C. parryi occupied the  mounta inous-  
s teppe regions of nor theas te rn  Asia f rom Chukotka  to the  
r ight  bank  of Lena,  the  region f rom which C. undulatus 
had disappeared earlier. Similar  habi ta t s  have  resulted 
in the  convergent  s imi lar i ty  be tween  C. parryi and C. 
undulatus. This s imi lar i ty  has confused m a n y  taxonomis ts ,  
A more detai led his tory  of the  ranges of C. columbianus, 
C. undulatus, C. richardsoni, and C. parryi is g iven in 
another  paper  which includes paleontologic  and paleo- 

21 N. N. VORONTSOV arid E. A. LIAPUNOVA, Dokl Akdad. Nauk 
SSSR 187, 1, 207 (1969), in Russian. 
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g e o g r a p h i c  e v i d e n c e  o f  t h e  h y p o t h e s i s  we  h a v e  p u t  
f o r w a r d  Sl. 

L e a v i n g  o p e n  t h e  q u e s t i o n  of  t h e  a c t u a l  d a t e  of  t h e  
p e n e t r a t i o n  o f  t h e  a n c e s t o r s  of  t h e  s u b g e n e r a  Citellus 
(s. str.) a n d  Colobotis i n t o  t h e  P a l e a r c t i c ,  we  m u s t  a c c e p t  
t h a t  t h e  N o r t h  A m e r i c a n  l o n g t a i l e d  g r o u n d  s q u i r r e l s  h a v e  
m i g r a t e d  t o  A s i a  a c r o s s  t h e  B e r i n g  l a n d  b r i d g e  d u r i n g  
a t  l e a s t  t w o  d i s j u n c t  p e r i o d s  ~2. 

BbIBO~IbI Citellus (s. str.) relictus, C. dauricus C. pygmaeus 
o6:ia~lamw HJIeHTHqHbIMH KapHoT~naMH (2n  = 36, N F  = 72). 
F p y n n a  C. (Colobotis) erythrogenys H C. fulvus OTJiilqaeTc~t 
OT 3THX BH~0B JIHIIIb HeaHaqHTe~bHblMH paa~HqH~MH B qbopMe 
y-xp0~a0COMb~, tZapHoTmI C. (Urocitellus) undulatus (2n = 32, 
N F  = 64) CylI~eCTBeHHO OTYIHqaCTC~I OT Bcex OHHCaHHbIX Bblme 
BH~0B HO H}IeHTHqeH KapHOTI4rly C. columbianus. O6cy>K- 
~aIOTC~I HpHqHHbl KapHOJIOFHqeCKO!4 FOMOFeHH0CTH 60JIblI/HH- 
CTBa CoBpeMeHHblX a3HflTCKHX Citellus, xapaKTepH3yfoI~HXC~I 
aJI~OIIaTpHqeCKHM pacllpOCTpaHeHHeM, B cpaBHeHHH C Heap- 
KTI~qeCKHM~ Citellus, xapaKTepH3y~muMHCS IIIHpO~HM pac-  

npocTpaHeHHeM CHMHaTpHH H pe3KHMH pa3~HHH~MH B CTpOe- 
HHH XpOMOCOM. COHOCTaB~g~TCfl ~HTO~0FHqecKHe~ 300Feo- 
rpa~HqecKHe H Ha~eOHTO~OFHqecKHe RaHHMe HO 3BOrOUgH 
cyc~HKOB. 
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PRO EXPERIMENTIS 

A Nylon Reograd Rotor Embodyin~ New Principles 

ANDERSON e t  al. 1 i n t r o d u c e d  t h e  p r i n c i p l e  of  t h e  
r e o r i e n t i n g  g r a d i e n t  ( r eograd)  ro to r .  T h i s  r o t o r  was '  s u b -  
s e q u e n t l y  s u p e r c e d e d  b y  t h e  c o n t i n u o u s  f low a n d  t h e  
l a rge  sca le  g r a d i e n t  r o t o r s  (as m a n u f a c t u r e d  b y  B e c k m a n  
I n s t r u m e n t s  I n c o r p o r a t e d ) .  A d e t a i l e d  r e v i e w  o n  t h e  
a p p l i c a t i o n  of  z o n a l  c e n t r i f u g a t i o n  m a y  be  f o u n d  in  t h e  
S p i n c o  D S 3 2 6  b r o c h u r e  e n t i t l e d  ' L a r g e - s c a l e  Z o n a l  R o t o r s  
for  u s e  in  t h e  B e c k m a n  P r e p a r a t i v e  U l t r a c e n t r i f u g e s ' .  

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

The Nylon Reograd Rotor. N y l o n  w a s  s e l e c t e d  as  a 
s u i t a b l e  m a t e r i a l  fo r  t h e  c o n s t r u c t i o n  of t h i s  p r o t o t y p e  
r o t o r  b e c a u s e  of  i t s  f a v o u r a b l e  t e n s i l e  s t r e n g t h - d e n s i t y  
r a t i o ,  i t s  c h e m i c a l  i n e r t n e s s  a n d  t h e  e a s e  w i t h  w h i c h  i t  
m a y  be  m a c h i n e d  on  a l a t h e .  

T h e  r o t o r  d e s c r i b e d  h e r e  w a s  m a c h i n e d  f r o m  a cy l i n -  
d r i c a l  b l o c k  of  n y l o n  21 • 10 c m .  T h e  f i n a l  p r o d u c t  h a s  
a d i a m e t e r  n e a r  t h e  b a s e  of  20.5 c m  a n d  16 c m  a t  t h e  t op .  
T h e  c y l i n d r i c a l  c a v i t y  w h i c h  is 12.3 c m  w i d e  a n d  5 c m  
d e e p  w i t h  t h e  b a s e  s l o p i n g  t o w a r d s  t h e  c e n t r e  a t  a n  a n g l e  
of  3 ~ f r o m  t h e  h o r i z o n t a l .  T h e  r o t o r  is f i t t e d  w i t h  a 
d u r a l u m i n u m  lid,  a n d  a b a s e  of  t h e  s a m e  m a t e r i a l  d e s i g n e d  

Fig. 1. Left: A cross-sectional drawing of the nylon zonal rotor. A) The main body of the rotor with the cylindrical central cavity. 
The base of the cylinder slopes towards the centre at 3.0~ B) The base, made of duralulninum, is screwed on to A with 4 steel screws. 
2 brass pins protrude from the main body. The base and pins enable it to be driven on the Spinco Model L ultracentrifuge. C) The lid, 
made of duralulninuln is screwed on to the rotor by means of 6 aluminiuln screws. D) An O ring fits exactly into the rim of the 
cylinder. When the lid is screwed down a water-tight seal is  formed. E) The central core composed of a perspex cylinder into which a 
cup-like cavity is cut holding an inner column through which a capilliary, 1 rain in diameter, is drilled through its entire length. 
F) The central core is attached to 8 perspex septa with O rings wrapped over recesses cut into their peripheries. 8 strips of rubber 
are glued on to the base of the central core to raise it approximately 0.8 Into from the lower surface of the cylinder. Right: A plan view 
of the central core showing the O rings wrapped around each of the 8 septa, and the rubber strips radiating from the centre. The 
capillary down the centre rod is also indicated. 


