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Gerbils  and  jirds  comprise  16  genera  with  between  86  and  90  species
(Nowak  and  Paradiso,  1983;  Carleton  and  Musser,  1984).  The  group  is
unique  and  probably  represents  a  separate  family  of  rodents—the  Ger-
billidae  (Heptner,  1933;  Chaline  et  al.,  1977;  Carleton  and  Musser,
1984;  Qumsiyeh,  1986a).  Recent  morphologic,  karyotypic,  and
electrophoretic  studies  have  documented  an  accelerated  rate  of  evolu¬
tion  and  diversification  in  several  lineages  within  this  economically  and
medically  important  group  of  rodents  (Benazzou  et  al.,  1982a,  1982b,
1984;  Pavlinov,  1982;  Qumsiyeh,  1986b;  1989;  Qumsiyeh  et  al.,  1987;
Qumsiyeh  and  Chesser,  1988).

Jotterand-Bellomo  (1984)  summarized  diploid  and  fundamental
numbers  for  rodents  including  42  species  of  Gerbillidae.  Herein,  we
provide  a  more  complete  and  detailed  account  and  updated  information
on  chromosomes  of  gerbils  and  jirds.  This  includes  a  review  of  1)
known  diploid  numbers  and  autosome  and  sex  chromosome  morphol¬
ogy,  2)  heterochromatin  evolution,  3)  individual  and  geographic  varia¬
tion,  and  4)  meiotic  studies.  We  hope  this  review  will  serve  as  a
resource  and  thereby  stimulate  additional  research  on  the  evolutionary
relationships  of  gerbils.

Interspecific  chromosomal  variation  .—Karyotypic  data  from  nondif-
ferentially  stained  chromosomes  are  known  for  64  species  of  gerbils
(Appendix  1).  These  data  illustrate  a  range  in  diploid  number  (2N)  from
18  in  Ammodillus  imbellis  and  females  of  Taterillus  petteri  to  74  in  Ger-
billus  dunni  and  G.  latastei.  The  distribution  of  diploid  numbers  in  the
species  of  gerbils  that  have  been  reported  is  plotted  in  Figure  1.  In  that
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Fig.  1  .  —Distribution  of  diploid  numbers  in  species  of  the  family  Gerbillidae.
Intraspecific variability in diploid numbers is indicated by thin horizontal lines. Astericks
indicate  species  with  sex  chromosome-autosome  translocations  (males  have  an  odd
diploid  number).  Abbreviations:  A,  Ammodillus;  De,  Desmodillus\  Di,  Dipodillus\  G,
Gerbillus',  Gu  ,  Gerbillurus;  M  ,  Meriones\  Pa  ,  Pachyuromys;  Ps,  Psammomy;  S,
Sekeetamys ; T, Tatera\ Tu, Taterillus.
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1982/?,  1984).  These  papers  documented  some  of  the  large  amount  of
variation  observed  and  suggested  some  basic  homologies  and  relation¬
ships  between  certain  groups.  Other  investigations  in  which  differen¬

tially  stained  chromosomes  have  been  utilized  include  the  studies  by
Wassif  (1981).  That  work  was  the  first  in  which  G-  banded  sex
chromosomes  in  gerbils  were  examined  and  comments  were  made  on

the  evolution  of  a  sex  chromosome  complex  (see  below).  The  study
was  limited  to  eight  species  of  the  Dipodillus-Gerbillus  complex  in¬
cluding  Gerbillus  calurus  (=  Sekeetamys  calurus).  However,  based  on
chromosomal,  electrophoretic,  and  morphological  data,  the  latter
species  is  not  a  member  of  that  group  but  is  more  closely  related  to
species  of  the  genus  Meriones  (Qumsiyeh  and  Chesser,  1988).  Out¬
groups  were  not  used  in  any  of  these  earlier  studies  of  chromosomal
evolution  in  gerbils.  When  characters  were  used  as  synapomorphies
(shared  derived  conditions),  the  most  common  condition  was  assumed

to  be  primitive.  However,  this  is  not  necessarily  true  and  was  shown  to
produce  limited  information  in  the  case  of  the  gerbillids  (Qumsiyeh  and
Baker,  1988;  Qumsiyeh,  1989).  In  our  own  studies  of  chromosomal
evolution  in  this  family,  the  outgroup  method  for  determining  primitive
as  opposed  to  derived  character  states  was  used  and  independent  data
sets  (morphology  and  allozyme  electrophoresis)  were  employed  to  test
these  relationships.  The  results  of  these  studies  can  be  summarized  as
follows.

1.  It  is  possible  to  compare  and  find  homologies  for  most  or  all
euchromatic  segments  from  all  examined  species  of  gerbils  utilizing  a
standard  numbering  system  for  gerbil  chromosomes  (Qumsiyeh,
1986/?,  1989;  Qumsiyeh  and  Chesser,  1988;  Qumsiyeh  et  al.,  1991).

2.  Using  this  numbering  system  and  including  outgroup  taxa  (murids
and  sigmodontids),  the  primitive  karyotype  for  the  family  Gerbillidae
probably  had  a  2N  =  52  and  FN  =  68  condition.  This  reconstructed
karyotype  was  composed  of  acrocentric  or  telocentric  autosomes  1,2,
4d,  5,  6,  7,  8,  9,  10,  13,  14,  29,  30,  31,  32,  and  33,  and  biarmed

autosomes  3/4p,  11/12,  15/16,  17/18,  19/20,  21/22,  23/24,  25/26,  and
possibly  27/28  (Qumsiyeh,  1986/?;  Qumsiyeh  and  Chesser,  1988).

3.  From  this  proposed  primitive  karyotype,  chromosomal  evolution
in  gerbils  proceeded  with  centric  fissions,  centric  fusions,  paracentric
and  pericentric  inversions,  tandem  fusions,  translocations,  and
heterochromatic  additions  (Qumsiyeh,  1986/?,  1989;  Qumsiyeh  and

Chesser,  1988;  Qumsiyeh  etal.,  1991).
4.  These  chromosomal  rearrangements  provide  reliable  phylogenetic

information  on  gerbils  (as  shown  by  concordance  with  results  of  studies
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using  electrophoresis  and  morphology)  except  in  two  situations.  First,

phylogenetic  relationships  of  taxa  with  extensive  Robertsonian  rearran¬

gements  (centric  fusions  and  fissions)  can  be  obscured  if  one  follows

strict  parsimony  and  no  other  data  set  is  examined  (Qumsiyeh  et  al.,

1987;  Qumsiyeh,  1989).  Second,  heterochromatin  on  some  chromosomes

provides  no  phylogenetic  information  in  gerbils  (Qumsiyeh,  1988).
Individual  and  geographic  variation.  —Geographic  variation  in  num¬

ber  and  morphology  of  chromosomes  is  common  among  rodents.

Geographic  variation  in  diploid  numbers  has  been  reported  for  several

species  of  gerbils  (for  example,  Gerbillus  campestris,  G.  pyramidum,
and  Tatera  indica  ).  In  well  studied  examples,  variation  in  2N  is  usually

the  result  of  Robertsonian  translocations  (for  example,  in  Gerbillus

pyramidum  and  G.  nigeriae  ).  Other  types  of  geographic  variation  in

gerbil  chromosomes  are  additions  and  deletions  of  heterochromatin

(Korobitsyna  and  Korablev,  1980;  Qumsiyeh,  1986b;  Qumsiyeh  and

Chesser,  1988)  and  euchromatin  (Qumsiyeh,  1986b;  Qumsiyeh  et  al.,

1987).  An  interesting  variation  recently  discovered  is  the  presence  of

interstitial  C-  banded  regions  in  Gerbillurus  paeba  (Qumsiyeh  et  al.,

1991).  Similar  regions  found  in  wild  populations  of  Mus  musculus

were  shown  to  represent  homogeneously  staining  regions  carrying

amplified  DNA  (Traut  etal.,  1984;  Weith  etal.,  1987).
Heterochromatin.  —Patterns  of  heterochromatic  distribution  and

variation  in  some  species  of  gerbils  have  been  reviewed  by  Qumsiyeh

(1988).  Heterochromatic  additions  in  gerbils  are  extensive.  In  some

taxa  as  much  as  one-third  of  the  chromosomal  material  is  C-band  posi¬

tive  (Viegas-Peuignot  et  al.,  1984).  As  in  other  rodents,  hetero¬

chromatic  variations  appear  to  provide  little  phylogenetic  information.
However,  there  are  certain  features  of  the  heterochromatic  distribution

that  are  not  easily  explained.  In  many  of  the  species  of  gerbils  that  have

been  studied,  a  pair  of  autosomes,  corresponding  to  no.  33  of  the  stand¬

ard  numbering  system  for  gerbils  (Qumsiyeh,  1986b),  appears  to  be
completely  heterochromatic.  These  species  include  members  of

diverse  genera  of  gerbils  (for  example,  Meriones  unguiculatus,  Tatera

leucogaster,  and  Gerbillurus  paeba).  The  function  and  significance  of
this  observation  remains  to  be  elucidated.

Sex-determining  mechanism  .—Four  of  the  64  karyotypically  charac¬
terized  species  of  gerbils  show  autosome  to  sex  chromosomes  trans¬

locations,  which  result  in  a  non-XX/XY  sex-determining  system
(Appendix).  These  four  species  are  Gerbillus  gerbillus,  G.  gleadowi,

Taterillus  gracilis,  and  T.  petteri.  Detailed  studies  implicated  both
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X-  and  Y-autosome  translocations  in  these  species  (Wassif,  1977,  1981;
Wahrman  etal.,  1983;  Viegas-Pequignotef  a/.,  1984).

Meiotic  studies  .—Synaptonemal  complex  analyses  in  gerbils  have
contributed  to  understanding  the  behavior  and  origin  of  sex  chromo¬
somes  (Wahrman  et  al  .,  1983).  Our  understanding  of  the  behavior  of
synaptonemal  complexes  in  general  has  also  been  advanced  by  studies
on  gerbils.  The  classical  studies  on  XY  synapsis  (Solari  and  Ashley,
1977)  and  the  synapsis  in  inversion  loops  (Ashley  and  Moses,  1980;
Ashley  et  al.,  1981)  in  Psammomys  obesus  provided  the  impetus  for  fur¬
ther  development  of  this  field  of  cytogenetic  investigation.

Conclusions

The  extensive  karyotypic  diversity  in  the  family  Gerbillidae  contrasts

sharply  with  the  limited  morphological  evolution  found  in  the  family
and  provides  an  example  of  accelerated  karyotypic  evolution.
Chromosomal  rearrangements  reported  in  gerbils  include  centric

fusions,  centric  fissions,  tandem  fusions,  pericentric  and  paracentric  in¬
versions,  translocations,  euchromatic  additions  and  deletions,  and

heterochromatic  additions  and  deletions.  Intraspecific  geographic
variation  in  chromosomal  rearrangements  also  appears  to  be  common  in
gerbils.

Studies  of  the  rich  chromosomal  evolution  in  gerbils  combined  with
recent  new  studies  of  variation  in  morphology  and  proteins  should  con¬
tinue  to  provide  empirical  data  needed  to  test  the  many  hypotheses  con¬
cerning  chromosomal  evolution  and  speciation.  The  feasibility  of
collecting  samples  and  establishing  laboratory  colonies  in  gerbils  adds
to  the  benefits  of  using  them  as  models  for  studying  chromosomal
evolution  in  mammals.
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Tatera guineae 50 16 32 ISM A Burkina Faso - (Matthey and Petter, 1970)

50 16 32 ISM A BurkinaFaso R (Benazzou^tf/., 1984;

Gautun etal., 1985)

Tatera hopkinsoni 48 16 30 1A A BurkinaFaso - (Matthey and Petter, 1970;

Gautun etal., 1985)
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Tatera robusta 36 34 0 ISM sSM Kenya G,C (Qumsiyeh etal., 1987)

Teteravalida 52 14 36 ISM - Senegal - (Matthey, 1969)

Taterillus angelus No data

Taterillus arenarius 30 8 20 1M - Mauritania - (Matthey, 1969—a sT.nigeriae,

see Robbins, 1974)
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