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to  each other ,  and  each  r ing-canal  is s imply  a sho r t  t ube  
p ro jec t ing  in to  t he  2 a d j a c e n t  cells (Figures 2 and  3). 

There  are  in all 15 such r ing-canals  in each egg-chamber .  
Two cells ( including the  oocyte)  h a v e  4 r ing-canals ,  2 cells 
have  3, 4 cells have  2, and  8 cells have  1 r ing-canal  each  
(Figure 4). Tak ing  in to  cons idera t ion  th is  ve ry  precise 
locat ion of r ing-canals ,  and  the  sugges t ion  t h a t  r ing- 
canals  are a resul t  of a r res ted  cytokines is  ~,7, a model  has  
been  cons t ruc t ed  to  ind ica te  t he  m a n n e r  in which  the  
cells compr i s ing  the  egg -chamber  m a y  h a v e  been  der ived  
by  mitosis  (Figure 5). I t  is clear t h e n  t h a t  t he  16 cells arise 
f rom the  divis ion of all t he  8 t h i rd -gene ra t i on  cells. 

I t  is n o t  ce r ta in  w h a t  t he  func t ion  of t he  r ing-canals  is 
in insect  egg-chambers .  There  is some sugges t ive  ev idence  
t h a t  cy top lasmic  co n t en t s  f low t h r o u g h  th is  canal  : (1) cy to-  
p lasmic  co n t en t s  a p p a r e n t l y  s ta in  s imilar ly  on e i ther  side 
of a r ing-canalS;  (2) large or d i s t inc t ive  cy top lasmic  
organelles  are  of ten  seen wi th in  t he  canal  ~,9; and  (c) radio-  
au tograph ic  s tudies  of t he  incorpora t ion  of in jec ted  t r i t i -  
a t ed  ur idine d e m o n s t r a t e s  t h a t  t he  label led R N A  appea r s  
in t he  c y t o p l a s m  a d j a c e n t  to  a r ing-canal  before  i t  is no t ed  
in t he  c y t o p l a s m  of t he  ad jo in ing  cell TM. However ,  t h e  
i n t e r c o m m u n i c a t i o n  t h r o u g h  r ing-canals  and  the  m a n n e r  
in which  th is  is r egu la ted  has  still to  be unequ ivoca l ly  
d e m o n s t r a t e d  n .  

Zusammenfassung.  In  der  Ovariole  der  Tsetsefl iege 
werden  15 T r o p h o z y t e n  und  eine Oozy te  fes tgeste l l t ,  die 
in woh lgeo rdne t e r  Weise  du rch  15 R ingb i ldungen  mi te in -  
ande r  v e r b u n d e n  sind.  E ine  Anordnung ,  welche die Re-  
k o n s t r u k t i o n  der  vo rausgegangenen  Mitosen dieser  16 
Zellen m6gl ich mach t .  

T. R. ODHIAMBO 

Department o[ Zoology, University College, 
Nairobi (Kenya), 15 January  1961. 

Fig. 5. A schematic model of the cell divisions that result in the 
16 cells of a tsetse-fly egg-chamber and its ring-canals. The numerical 
numbering follows that in Figure 4; the alphabetical numbering 
indicates A, first cell division; B, second division; C, third division; 
and D, fourth division. The sizes of the cells in the diagram give an 
(exaggerated) indication of the size differences between the various 
cells of the egg-chamber towards the end of the yolk-deposition 
stage. 
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C O G I T A T I O N E S  

C h r o m o s o m e s  and S y s t e m a t i c s  of s o m e  North  A m e r i c a n  Spec ies  of the Genus  M a r m o t a  (Rodent ia:  
Sc iur idae)  

The  N o r t h  Amer i can  m e m b e r s  of t he  genus  Marmota,  
t he  marmot s ,  were last  revised by  A. H. HOWELL 1. He  
recognized 3 groups  of species : the  woodchuck,  M.  monax 
(Linnaeus) ;  t he  yel low-bel l ied m a r m o t ,  M.  flaviventris 
(Audubon  and  Bachman)  ; and  the  h o a r y  m a r m o t  group,  
cons is t ing  of t he  h o a r y  m a r m o t ,  M.  caligata (Eschscholtz) ,  
t he  Olympic  m a r m o t ,  M.  olympus (Merriam), a n d  the  
Vancouve r  I s land  m a r m o t ,  M. vancouverensis Swar th .  
Subsequen t ly ,  a new form was  descr ibed  ~ f rom the  Brooks  
Range  of n o r t h e r n  Alaska  as a race of t he  hoa ry  m a r m o t ,  
M.  c. broweri Hal l  and  Gilmore.  ELLERMAN 3 re t a ined  
these  l a t t e r  forms  in t he  caligata group,  and  a d d e d  the  

b l ack -capped  m a r m o t ,  M.  camtschatica (Pallas), of eas t e rn  
Siberia to  it. He  t h e n  w e n t  fu r the r  4 submerg ing  the  en t i re  
caligata group  wi th in  t he  M.  marmota group,  which  as he 

1 A. H. HOWELL, N. Am. Fauna 37, 80 (1913). 
E. R. HALL and R. M. GILMORE, Can. Fld Nat. 48, 57 (1934). 

3 j .  R. ELLERMAN, The Families and Genera o! Living Rodents 
(British Museum, Natural History, London 1940), vol. 1. 

4 j .  R. ELLERMAN and T. C. S. MORRISON-SCOTT, Check List of 
Palaearctic and Indian Mammals: 1758 to 19ff6 (British Museum, 
Natural History, London 1951). 
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u n d e r s t o o d  it, also i nc luded  t h e  Alp ine  m a r m o t ,  M .  mar- 
mota (Linnaeus) ,  a n d  t h e  Cen t r a l  As ian  g r ay  m a r m o t ,  
M .  baibacina (Kas t schenko) ,  a n d  Menzb ie r ' s  m a r m o t ,  
~I. menzbieri (Kashka rov ) .  RAUSCH 5, fol lowing t h i s  lead,  
a r r a n g e d  all  of t h e  N o r t h  A m e r i c a n  forms  of t h e  ¢aligata 
group  as  races  of M .  marmota, a l t h o u g h  some a u t h o r i t i e s  s 
s t i l l  r e t a i n e d  M.  caligata, M .  olympus, a n d  M .  vancouver- 
ensis as d i s t i nc t  species. T h e  d i f fe ren t  k a r y o t y p e s  sug- 
gested,  as  d id  o t h e r  evidence,  t h a t  M.  broweri was  
specif ical ly  d i s t i nc t  f rom M.  caligata, a n d  t h a t  M. olympus 
a n d  M.  vancouvere**sis m i g h t  n o t  be  as closely r e l a t ed  to  
M .  caligata as fo rmer ly  supposed.  

C h r o m o s o m e s  h a v e  p rev ious ly  been  s tud ied  f rom speci- 
m e n s  of M.  mo**ax preblorum Howell ,  2n38, b y  COtlSER 
e t  al. 7, a n d  f rom Marmota c. caligata (Eschschol tz) ,  2n42, 
M.  c. broweri Hal l  and  Gilmore,  2n36, M.  olympus (Mer- 
r iam) ,  2**40, a n d  M. ]laviventris avara (Bangs),  2**42, b y  
RAUSCH a n d  RAUSCrl 8. K a r y o t y p e s  h a v e  n o t  been  re- 
p o r t e d  f rom M.  ]lavive**tris a n d  M. olympus a n d  t h e r e  are  
no  p u b l i s h e d  descr ip t ions  of c h r o m o s o m e s  f rom Pa lea rc t i e  
Marmota.  Final ly ,  excep t  for t he  discuss ion p e r t a i n i n g  to  
t h e  t a x o n o m i c  s t a t u s  of M.  broweri a n d  M. caligata 8, t h e r e  
ha s  b e e n  no  cor re la t ion  of c h r o m o s o m e  c h a r a c t e r s  w i t h  
o t h e r  l ines  of t a x o n o m i c  evidence.  

T h e  pu rposes  of th i s  r e p o r t  are to  descr ibe  t h e  k a r y o t y p e  
of M .  [laviventris, to  con f i rm  t h e  diploid  n u m b e r  of 
M.  caligata b y  e x a m i n a t i o n  of a spec imen  f rom a n  un-  
s t ud i ed  p a r t  of i ts  geographic  r a n g e  a n d  to  co r re l a t e  t h e  
c h r o m o s o m e s  of N o r t h  A m e r i c a n  M a r m o t s  wi th  a revised  
s y s t e m a t i c  concep t  of t he  genus  MarmotaL  

Materials and methods. Chromosomes  were ana lyzed  
f rom t h e  bone  m a r r o w  of a ma le  M. ]laviventris luteola 
Howel l  col lected a t  I sabe l l  Glac ier  Cirque,  B o u l d e r  Co., 
Colorado  a n d  f rom the  tes t i s  of a ma le  Marmota caligata 
**ivaria (Howell)  col lected a t  L o g a n  Pass ,  Glac ier  N a t i o n a l  
P a r k ,  M o n t a n a .  

A co lch ic ine -hypoton ic -c i t r a te -ce l l - suspens ion  t e c h n i q u e  
was  used to  e x a m i n e  t h e  mi to t i c  chromosomes10;  tes t i s  
t u b u l e s  were  p laced  in  1% N a  c i t r a t e  for  1 h, f ixed in 
MCP, h y d r o l y z e d  for 14 m i n  in 1 N HC1 a t  60 °C, Feu lgen  
s t a ined ,  a n d  squashed .  

Results. The  diploid  c h r o m o s o m e  n u m b e r  of t he  Colo- 
r a d a n  M.  ]laviventris luteola is 42, wh ich  agrees  w i t h  t h e  
n u m b e r  r e p o r t e d  for  M . / .  avara f rom B r i t i s h  ColumbiaS.  
T h e  k a r y o t y p e  (Figure)  c o n t a i n s  22 m e t a c e n t r i c s  a n d  
s u b m e t a c e n t r i c s ,  18 acrocentr ics ,  a m e t a c e n t r i c  X a n d  
m i n u t e  Y chromosome.  C o m p a r i s o n  of t h i s  k a r y o t y p e  
w i t h  t h a t  of M.  caligata 8 i nd ica tes  t h e i r  a u t o s o m e s  a re  
i nd i s t i ngu i shab l e ;  llavive**tris a n d  caligata differ  on ly  in  
X c h r o m o s o m e  morpho logy ,  caligata h a v i n g  a s u b m e t a -  
c en t r i c  X ch romosome .  

T h e  t e s t i s  p r e p a r a t i o n s  of M.  caligata **ivaria f rom 
M o n t a n a  a t  t h e  s o u t h e r n  e x t r e m e  of t h e  species '  r ange  

d i sp lay  20 a u t o s o m a l  b i v a l e n t s  a n d  a sex  b i v a l e n t ,  t h u s  
c o n f i r m i n g  t h e  2n of 42 f rom A l a s k a n  ~I. c. caligata, f rom 
t h e  n o r t h e r n  e x t r e m e  8. 

T h e  T a b l e  s u m m a r i z e s  t h e  k n o w n  c h r o m o s o m e  cha r -  
ac t e r s  of Marmota.  T h e  d a t a  sugges t  t h a t  ~l.  ]lavive**tris 
a n d  M .  caligata w i t h  2n42 a n d  i n d i s t i n g u i s h a b l e  a u t o -  
somes  compr i se  a g r o u p  of c lose ly- re la ted  species ;  t h e y  
m a y  also sha re  a r e l a t i o n s h i p  w i t h  M. olympus, 2n40, a n d  
p e r h a p s  M.  va**couvere**sis whose  c h r o m o s o m e s  h a v e  n o t  
been  ana lyzed .  I n  con t r a s t ,  M. monax  a n d  M .  broweri 
h a v e  success ively  lower  d ip lo id  n u m b e r s  a n d  a p p e a r  less 
closely r e l a t ed  cy to logica l ly  to  t h e  [lavive**tris-caligata 
group.  

Discussio**. A l t h o u g h  t h e  va r ious  species of Marmota  
e x h i b i t  d i f fe ren t  d ip lo id  n u m b e r s ,  t h e y  all  sha re  t h e  s a m e  
F N  ( n u m b e r  of a u t o s o m e  a rms)  wh ich  sugges t s  t h e  
d i f fe ren t  k a r y o t y p e s  are  i n t e r r e l a t e d  b y  a series of 
R o b e r t s o n i a n  cen t r i c  fus ions  or  fissions. I t  is imposs ib le  
conclus ive ly  to  d i f f e r en t i a t e  fusion f rom fission cy to-  
logical ly in  m a m m a l s  b u t  fus ion is t r a d i t i o n a l l y  con-  
s idered t h e  more  p laus ib le  m e c h a n i s m  of k a r y o t y p e  
e v o l u t i o n ;  t h i s  p r o b l e m  is d iscussed  e lsewhere  w i t h  pres-  
e n t a t i o n  of i nd i r ec t  ev idence  for  cen t r i c  f ission or  dis- 
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Karyotype of a male Marmota ]laviventris luteola. × 2000. 
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Chromosome characteristics of some North American Marmots 

Autosomes Sex chromosomes 

Species 2n M & S A X Y FN References 

M. caligata 42 22 18 S minute 62 RAosc~ and RAUSCH s 
M. ]laviventris 42 22 18 M minute 62 RAUSCH and RAUSCn s 

and present paper 
M. olympus 40 - - - RAvscn and RAUSCH s 
M. monax 38 26 10 M A (small) 62 COUSER et a13 
M. broweri 36 28 6 M minute 62 RAUSCll and RAUSCH s 

M, metacentric; S, submetacentric; A, acrocentrie; FN, fundamental No. of autosomal arms (metacentries contain 2 arms and acrocentrics 
contain 1 arm). 
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sociat ion of chromosomes  in evo lu t ion  of the  prar ie  dog 
(Cynomys) k a r y o t y p e  n.  

I f  fusion of acrocentr ics  to  produce  metacen t r i c s  had  
occurred dur ing  evo lu t ion  of m a r m o t  species, t hen  
M. flaviventris and  2~I. caligata could be regarded  as cyto-  
logical ly more  ancest ra l  t h a n  M. monax and M. broweri. 
Conversely,  if dissociat ion or  fission of metacen t r i cs  wi th  
resu l tan t  p roduc t ion  of acrocentr ics  were  opera t ive  M.  
broweri and M. monax could be considered the  more 
p r imi t ive  species. Correla t ion of the  chromosome da ta  
wi th  o ther  lines of ev idence  is requi red  to  c lar i fy  the  
ques t ion  concerning direct ions  of evo lu t ion  wi th in  Mar- 
mota. Using gross morphological ,  ecological, and zoogeo- 
graphic  informat ion ,  an  in tegra ted  evo lu t iona ry  hypo-  
thesis wi th  several  a l t e rna t ives  can be proposed.  

The  genus Marmota appeared  in the  ear ly  Pl iocene in 
N o r t h  America,  perhaps  evolv ing  f rom large, ter res t r ia l  
ground squirrel-l ike forms (Protospermophilus)la In  la te  
Pliocene, Marmota was present  in eastern Euras ia  la,xd, 
and reached western  Euras ia  in the  Pleis tocene ~5. The  
fossil record thus  clearly indicates  t h a t  the  m a r m o t s  arose 
in Nor th  America ,  and subsequen t ly  mig ra t ed  across the  
Ber ing land connect ion  into  Euras ia  in the  Pliocene, con- 
t r a ry  to the  suggest ion of MOORE 16. The  least  specialized, 
ecologically, of the  Nor th  Amer ican  m a r m o t s  is M. monax, 
which l ives in a va r i e ty  of hab i ta t s  17-~° t h roughou t  its 
range,  the  largest  in the  genus. Moreover ,  M. marmota of 
the  Alps and Carpa th ians  morphologica l ly  mos t  resembles 
M. monax, as HOWELL himself  po in ted  out1;  M. marmota 
also is no t  ecologically specialized, a l though  commonly  
t h o u g h t  of as an  i nhab i t an t  of the  alpine zone~L Thus,  
the  p r imi t ive  N o r t h  Amer ican  m a r m o t  t h a t  migra ted  into  
Euras ia  p robab ly  resembled  M. monax and M. marmota 
morphological ly ,  and was a eury top ic  species. 

Subsequen t  ecological  special izat ion in the  genus has 
been in 2 direct ions.  I n  Euras ia ,  the  bobac group 9 includes 
species t h a t  have  become adap ted  to  colonial  life in open 
grassland (M. bobac, M. siberica, M. himalayana in part) ,  
or  to  alpine t u n d r a  (M. camtschatica), as well  as one 
(M. baibacina) which  is re la t ive ly  unspecial ized in choice 
of habi ta t ,  t hough  found ma in ly  in rocky  or  moun ta inous  
co u n t ry  ~a. I n  N o r t h  America ,  the  open grassland niche 
has  been p re - empted  by  pra i r ie  dogs (Cynomys), b u t  
M. caligata is adap t ed  to  alpine hab i t a t s  17,2°. The  rel ict  
species, M. olympus and M. vancouverensis, w i t h  v e r y  
smal l  ranges,  are  general ly  t h o u g h t  of as alpine m a r m o t s  
also ~7,~2, b u t  in fac t  appea r  adap ted  to  an  even  nar rower  
ecological  niche, whose h a b i t a t  c o m p o n e n t  is wi th in  the  
h igh  subatpine to alpine zones of the  be l t  of v e r y  high 
p rec ip i t a t ion  a long the  Pacif ic  Coast  g,~a Like  M. baibacina 
in Centra l  Asia, _~f. /taviventris occupies a va r i e t y  of 
hab i t a t s  wi th in  moun ta ins  and 'bad lands '  ~. Final ly ,  the  
alpine ~I. broweri of nor the rn  Alaska  is morphologica l ly  
and ecological ly ve ry  s imilar  to  M. camtschatica of eas tern  
Siberia,  and clear ly  represents  a la te  Ple is tocene (*vVurm- 
Wisconsin) remigra t ion  in to  N o r t h  Amer ica  9 

The  p r imi t ive  m a r m o t  of the  Pliocene,  according to the  
above  analysis,  p robab ly  had  38 diploid chromosomes.  
Subsequen t  Ple is tocene evo lu t ion  of Marmota in Euras ia  
then  led to the  more  specialized m a r m o t s  of the  bobac 
group wi th  2n36, by  centr ic  fusion;  M. broweri represents  
the  recent  pene t r a t ion  of th is  pr inc ipa l ly  Old Wor ld  
group of m a r m o t s  into Nor th  America.  E lsewhere  in 
Nor th  Amer ica  dur ing the  ear ly  Pleistocene,  the  m a r m o t s  
became separa ted  into  eastern and western  populat ions .  
The  eastern group remained  unspecialized,  and evo lved  
into M. monax, re ta in ing  2n38, b u t  the  western  group 
became more adap ted  to moun ta inous  terrain,  and by  
centr ic  fission, 2n became 40. This  chromosome n u m b e r  

is re ta ined  in the  rel ict  species M. olympus (and perhaps  
~I. vancouverensis), which as a resul t  of env i ronmen ta l  
pressures of t he  l a te r  Pleistocene,  became  v e r y  m u c h  
res t r ic ted  in range and  habi ta t .  F inal ly ,  la te  Ple is tocene 
evo lu t ion  of this  western  group led, by  fu r the r  centr ic  
fission, to  M. caligata and  M. /laviventris, 2n42. M. caligata 
became  a h ighly  specialized alpine m a r m o t  of the  nor the rn  
and nor th -cen t ra l  R o c k y  Mountains ,  Cascades, and Coast  
Ranges ;  M. /laviventris, while remain ing  a special ized 
rock-dwel l ing marmot ,  did no t  become so nar rowly  re- 
s t r ic ted in o ther  aspects  of its hab i t a t  requi rements .  

Al te rna t ive ly ,  the  p r imi t ive  Pl iocene m a r m o t  m a y  have  
had  2n40, and M. monax, while remain ing  close to i ts  
original  morpho logy  and ecology, m a y  have  evo lved  2n38 
by  centr ic  fusion, and M. caligata and ~/I. /laviventris 
evolved  2n42 by  centr ic  fission, M. olympus re ta in ing  the  
p r imi t ive  number .  I n  Eurasia ,  the  ]~I. bobac group would  
h a v e  evo lved  2n36 by  centr ic  fusion, as in the  first  a l ter-  
nat ive,  bu t  f rom a diploid number  of 40, r a ther  t h a n  38. 
In  e i ther  case, the  morphological ,  ecological,  and zoo- 
geographic  evidence indicates  t h a t  bo th  fission and fusion 
are invo lved  in the  evo lu t ion  of the  genus Marmota. 

The a l te rna t ives  to this  hypothes is  m a y  be tes ted  by  
de te rmin ing  the  ka ryo types  of the  remain ing  species of 
marmots ,  especial ly the  Old Wor ld  forms. Marmota 
marmota should have  2n38 (Alt. 1) or 40 (Alt. 2). Marmota 
vancouverensis should be 2n40. The  hypothes is  does no t  
include the  Centra l  Asian M. menzbieri or M. caudata, bu t  
de te rmina t ion  of thei r  ka ryo types  should pe rmi t  the i r  
in tegra t ion  into this evo lu t iona ry  scheme ~5. 

Zusammen/assung. Die Zahl der  diploiden Chromosomen 
yon Marmota caligata und M./laviventris ist  42 in Bev61ke- 
rungen  der n6rdl ichen und stidlichen Verbre i tungsgebie te  
beider  Spezies. E in  Vergleich zwischen den bisher  ver-  
6f fent l ichten  In fo rmat ionen  fiber Marmota-Chromosomen 
mi t  Angaben  fiber ihre Morphologie,  Ekologie,  Zoogeo- 
graphie  legt  nahe,  dass die ursprfingliche Chromosomen-  
zahl 2n 38-40 war. 
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