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f luorescence i n t e n s i t y  b e t w e e n  n o r m a l  a n d  he te rozygous  
cells. 

I n  b lood  of i nd iv idua l s  h o m o z y g o u s  for a c a t a l a s e m i a  a 
p seudomosa ic i sm can  be  obse rved  (Figure  1), s imi la r  to  
t h a t  seen b y  a p p l y i n g  t he  e lu t ion  t e c h n i q u e  3. However ,  
us ing  th i s  procedure ,  i t  becomes  e v i d e n t  t h a t  t h e  ca ta lase  
pos i t ive  cells do no t  r e p r e s e n t  a un i f o r m  en t i ty ,  b u t  seem 
to  be  composed  of va r ious  s tages  of i n t e r m e d i a t e  fluores- 
cence in tens i ty .  I n  t o t a l  b lood  t he  n u m b e r  of t luorescen t  
( =  ca ta lase  posi t ive)  cells va r ies  be t w een  1 - 2 % ,  a f igure 
wh ich  is s l igh t ly  h igher  t h a n  t h a t  p rev ious ly  o b t a i n e d  
us ing  t he  BETKE s t a in ing  t e c h n i q u e  (0 .5-1 .0%) 3. Frac-  
t i o n a t i o n  e x p e r i m e n t s  h a v e  revea led  t h a t  t he  n u m b e r  of 
ca ta lase  pos i t ive  cells, as v isua l ized  b y  f luorescent  an t i -  
ca ta lase ,  s tead i ly  decreases  f rom t he  t op  to the  b o t t o m  
frac t ion.  As shown in F igure  2, in each  f r ac t ion  a correla-  
t i on  be tween  t he  f luorescen t  cell c o u n t  and  t he  n u m b e r  
of re t icu locytes  is found.  H o w e v e r ,  t h r o u g h o u t  th i s  s t u d y  
t he  n u m b e r  of ca ta lase  pos i t ive  cells has  b e e n  found  to 
be  s l ight ly  h ighe r  t h a n  t h e  re t i cu locy te  count .  Members  
of all  3 Swiss a c a t a l a s e m i a  famil ies  ( type III) h a v e  been  
i nves t i ga t ed  3. T h e y  all  led to  s imi la r  results .  This  pro- 
cedure  of local iz ing ca ta lase  in  single cells was  c o m p a r e d  
w i t h  a n  ana logue  t e c h n i q u e  v i sua l iz ing  a n o t h e r  red cell 
cons t i t uen t .  Fo r  th i s  pu rpose  H b F  was s t a ined  w i t h  a 
specific f luorescent  a n t i b o d y .  T he  pe rcen t age  of t he  H b F -  
pos i t ive  cells r e m a i n s  cons t an t ,  whereas  a s t e a d y  decrease  
in t he  n u m b e r  of f luorescent ,  ca ta lase  pos i t ive  cells is 
obse rved  f rom the  t op  to  t h e  b o t t o m  frac t ion.  

The  u n e v e n  d i s t r i b u t i o n  of res idua l  ca ta lase  a c t i v i t y  
p rev ious ly  found  w i t h  t he  e lu t ion  m e t h o d  is conf i rmed  
w i t h  t he  f luorescent  a n t i b o d y  t echn ique .  However ,  t he  
i d e n t i t y  of ca ta lase  pos i t ive  cells a n d  re t icu locytes  c a n n o t  
be  proved .  The  f indings  r epo r t ed  are  cons i s t en t  w i t h  t he  

h y p o t h e s i s  t h a t  t he  low level  of ca ta lase  a c t i v i t y  ( ~  1%) 
in b lood of homozygo t e s  is due  to  t he  syn thes i s  of a n  
u n s t a b l e  e n z y m e  va r i an t .  A f inal  p roof  of t h i s  concep t  
will  on ly  ar ise  f rom a s t r u c t u r a l  ana lys i s  of t he  ca ta lase  
v a r i a n t  n .  

Zusammen]assung. I m  B l u t a u s s t r i c h  lassen sich E ry -  
t h r o z y t e n  v o n  n o r m a l e m  u n d  solche yon  s t a r k  v e r m i n -  
d e r t e m  K a t a l a s e g e h a l t  d u r c h  V e r w e n d u n g  yon  fluores- 
z ie render  A n t i k a t a l a s e  un te r sche iden .  Mi t  dieser  Me thode  
k o n n t e  der  f r i iher  e rhobene  Befund ,  w o n a c h  bei  homo-  
zygo ten  Tr / igern  des E n z y m d e f e k t e s  Aka ta la s i e  ein 
P s e u d o m o s a i z i s m u s  bes teh t ,  best~Ltigt werden .  Bei  der  
U n t e r s u c h u n g  v o n  E r y t h r o z y t e n f r a k t i o n e n  ve r sch iedene r  
D ich te  b e s t e h t  eine Kor re l a t i on  zwischen  der  Anzah l  
R e t i k u l o z y t e n  u n d  f luoresz ie render  Zellen. Dieser  B e f u n d  
pas s t  zur  A n n a h m e ,  dass  es sich bei  de r  K a t a l a s e r e s t a k t i -  
v i t i i t  im  B l u t  h o m o z y g o t e r  Defekttr~iger  u m  eine ins ta -  
bile, j edoch  a n t i g e n i d e n t i s c h e  E n z y m v a r i a n t e  hande l t .  
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Karyotypic Data for Five Species of Anguid Lizards 

McDOWELL and  BOGERT I def ined an  in f ra -o rde r  of 
l izards,  t he  A n g u i m o r p h a ,  w i t h  2 m a j o r  phy le t i c  b ranches ,  
t he  Diploglossa wh ich  r e t a i n e d  t h e  more  usual  and  
p r e s u m a b l y  more  p r i m i t i v e  charac te r s ,  a n d  t he  P l a t y n o t a .  
Diploglossa  includes  t h e  wide-spread  a n d  species-r ich 
Anguidae ,  cons idered  to  be  t he  m o s t  p r i m i t i v e  family,  
a n d  2 o the r  smal l  e x t a n t  families.  Three  subfami l ies  of 
Angu idae  are recognized1:  Diploglossinae,  p r e s u m a b l y  
t h e  m o s t  p r i m i t i v e ;  Ge r rhono t inae ,  whose  ances t ry  is 
p r o b a b l y  der ived  f rom a p r i m i t i v e  diploglossine;  and  
A n g u i n a e  wh ich  is cons idered  close to  a n d  der ived  f rom 
Ger rhono t inae .  The  Ge r rhono t inae ,  con t a in ing  Gerrho- 
notus a n d  Ophisaurus, show a g rea t  deal  of c h r o m o s o m e  
v a r i a t i o n  2. W e  k n o w  of no  p rev ious  c h r o m o s o m e  d a t a  
for t h e  neo t rop ica l  Diploglossinae.  

P rev ious  t a x o n o m i c  s tud ies  on  A m e r i c a n  ge r rhono t ine  
l izards,  exc lud ing  Ophisaurus, a p p e a r  to  conflict .  TIHEN 3 
d iv ided  t h e  group  in to  5 genera :  Gerrhonotus was mono-  
typ ic  (G. liocephalus) ; Elgaria inc luded  t he  species coeru- 
lea, multicarinata, cedrosensis, kingi, a n d  paucicarinata, 
d i s t r i b u t e d  in Mexico a n d  t h e  wes t e rn  a n d  s o u t h w e s t e r n  
U n i t e d  S ta te s ;  a n d  Barisia was compr i sed  of 9 species 
( inc luding monticola) t h a t  occur  in  Mexico and  Cent ra l  
America .  STEBBINS4 r e - e x a m i n e d  t h e  species t h a t  TIHEN 
ass igned to  Elgaria, Barisia, a n d  Gerrhonotus, a n d  recom-  
m e n d e d  t he  recogn i t ion  of a s ingle genus  Gerrhonotus w i t h  
2 subgene ra :  Gerrhonotus ( inc luding liocephalus, multicari- 
natus, cedrosensis, kingi, a n d  paucicarinatus) a n d  sub-  
genus  Barisia ( inc luding coeruleus of wes t e rn  N o r t h  

America ,  monticolus of Costa  Rica,  a n d  7 o t h e r  Mexican  
a n d  Cen t ra l  A m e r i c a n  species). A r ecen t  osteological  
s t u d y  b y  CRILEY 5 failed to conf i rm e i the r  of these  al ter-  
n a t i v e  classif icat ions.  There  were few cons i s t en t  differ- 
ences a m o n g  a n y  ot the  ge r rhono t i ne  l izards.  W e  s tud ied  
4 species of Gerrhonotus and  Diploglossus costatus to  
d e t e r m i n e  if c h r o m o s o m e  d a t a  would  be  useful  in clari- 
fy ing  the  r e l a t ionsh ips  of these  angu id  l izards.  

Mito t ic  a n d  meio t ic  c h r o m o s o m e  spreads  were ob t a ined  
f rom d i rec t  tes t i s  p r e p a r a t i o n s  ~ of 2 G. multicarinatus 
multicarinatus f rom N a p a  County ,  California,  4 G. coeru- 
leus principis f rom H u m b o l d t  County ,  California,  2 G. 
monticolus t a k e n  nea r  t he  s u m m i t  of Volcan  I razu,  Costa  
Rica,  and  4 G. paucicarinatus f rom nea r  L a  Paz,  B a j a  
California,  D. costatus is a l ive bea r i ng  species. A p r e g n a n t  
female  of t h e  subspecies  oreistes, col lected nea r  Kenscoff,  
Hai t i ,  was i n j ec t ed  w i t h  Colcemid (Ciba, 0.2 ml  of 1 m g / m l  
solut ion)  24 h before  sacrifice. Two s ib l ing  e m b r y o s  were 
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removed  f rom the  oviduct .  One was placed in a hypo ton ic  
sodium ci t ra te  solut ion and immed ia t e ly  minced ;  the  
second was kep t  in t issue cul ture m e d i u m  wi th  Colcemid 
for an addi t iona l  2 h. Cells were p repa red  in the  same 
manne r  t h a t  is used for testis .  Bo th  embryos  had  nu- 
merous  mi to t ic  m e t a p h a s e  spreads.  

Mitot ic  m e t a p h a s e  cells of the  2 G. multicarinatus have  
48 chromosomes ,  w i th  a r a the r  marked  break  in size 
be tween  the  largest  11 acrocentr ic  pairs  (or macro-  
chromosomes)  and the  smal les t  13 pairs  (microchromo- 
solnes). This is i l lus t ra ted in Figure 1 A. G. paucicarinatus 
has 2n = 46 and  is s imilar  to multicarinatus except  for 
1 large pair  of me tacen t r i c  chromosomes .  In  me taphase  I I  
one can clearly see a single metacen t r i c  and 9 acrocentr ic  
macrochromosomes ,  and  13 microchromosomes  (Figure 2). 
G. coeruleus has  fewer chromosomes ,  2n -- 38. Like multi-  
carinatus and paucicarinatus there  are 13 pairs  of micro- 
chromosomes ,  bu t  G. coeruleus has 5 pairs  of me tacen t r i c  
and 1 pai r  of subacrocent r ic  mac roch romosomes  (Fig- 
ure 1 B). G. monticolus has a diploid n u m b e r  of 30. There  
are 9 pairs of maerochromosomes ,  1 in t e rmed ia te  sized 
pair, and 5 pairs  of microchromosomes .  The mi to t ic  
me taphase  ka ryo type  i l lus t ra ted in Figure  1C shows 
t h a t  the  2 largest  pairs  of macrochromosomes  are meta-  
centr ic ,  pairs  3-9 are acrocentr ic  or sub-acrocentr ic ,  and  
the  in t e rmed ia te  pai r  is metacent r ic .  In  mitosis,  the  
in te rmedia te  appears  to  be the  largest  of the  micro- 

ch romosomes  (Figure 1 C), bu t  in diakinesis  (Figure 1D) 
it appears  to be the  smal les t  of t he  macrochromosomes .  
We  consider  i t  a mic rochromosomal  e lement .  

Diploglossus costalus has 2n = 36. There  are 12 meta -  
centr ic  macrochromosomes  and  24 microchromosomes .  
F igure  3A of a mi to t ic  spread  shows t h a t  t he  micro-  
ch romosomes  are v i r tua l ly  all metacen t r ic .  Figure  3B 
i l lustrates  clearly the  morpho logy  of the  macrochromo-  
somes p repared  f rom ano the r  cell. The  Table summar izes  
the  data .  

The chromosomal  differences be tween  G. multicatinatus, 
paucicarinatus, and coeruleus could be expla ined s imply  
by  Robe r t son ian  mechan i sms  of centr ic  fusions or fis- 
sions. All have  22 mac roch romosoma l  arms,  and 26 micro- 
chromosomes .  The k a r y o t y p e  of G. monticolus does no t  
bear  a s imple re la t ionship  to the  o the r  3 species, bu t  the  
mac roch romosomal  c o m p l e m e n t  again appears  to have  
22 arms, as there  are 7 pairs  of acrocentr ic  or sub- 
acrocentr ic  ch romosomes  ( - - 1 4  arms) and 2 pairs  of 
metacen t r ics  (= 8 arms).  Loss of mic rochromosomes  has 
been observed f requen t ly  in o the r  l izards 8,7. 

MATTHEY 2 reviewed da t a  on int raspecif ic  ch romosome  
var ia t ion  in G. scincicauda (= G. multicarinatus scinci- 

G. C. GORMAN and L. ATKINS, Syst. Zool. 16, 137 (1967). 

Fig. 1. Gerrhonotus chromosomes. (A) G. multicarinatus mitotic meta- 
phase. Haploid karyotype showing 11 aeroeentric macrochromosomes 
and 13 microehromosomes. (B) G. coeruleus mitotic metaphase. 
Haploid karyotype showing 5 nletaeentrie and 1 subaeroeentrie 
macrochromosomes, and 13 inicroehromosomes. (C) G. monticolus 

mitotic metaphase. Haploid karyotype showing 2 metacentric and 
7 aeroeentric maeroehromosomes, and 6 mierochromosomes. The 
largest of the microehromosomes is metacentrie, and somewhat 
intermediate in size. (D) G. monticolus diakinesis. There are 9 macro- 
bivalents, 5 microbivalents, and 1 of intermediate size. 
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Fig. 3. Diploglossus costatus embryo. (A) Mitotic metaphase cell 
which clearly shows the metacentrie nature of some of the micro- 
chromosomes. (B) The metacentric macrochromosomes of a recta- 
phase cell in a second embryo. 

Fig. 2. Gerrhonotus paucicarinatus. Metaphase II showing a single 
metacentric and 9 acrocentric macrochromosomes, and 13 micro- 
chrolnosolnes. 

cauda). H e  r e p o r t e d  k a r y o t y p e s  w i t h  20 m a c r o c h r o m o -  
s o m e s  i n c l u d i n g  2 m e t a c e n t r i c s ,  21 m a c r o c h r o m o s o m e s  
w i t h  1 m e t a c e n t r i c ,  a n d  h e  p o s t u l a t e d  a k a r y o t y p e  w i t h  
22 m a c r o c h r o m o s o m e s ,  al l  a c r o c e n t r i c .  T h e s e  k a r y o t y p e s  
a l l  h a d  24 m i c r o c h r o m o s o m e s .  F u r t h e r ,  MATTHEY r e p o r t e d  
t h a t  G. k ingi  h a d  2n  = 45 a n d  t h e  s a m e  k a r y o t y p e  a s  
G. scincicauda ( =  G. mult icarinatus) .  W e  b e l i e v e  t h a t  a 
p a i r  o f  m i c r o c h r o m o s o m e s  m a y  h a v e  b e e n  m i s s e d  in  t h e  
c o u n t s  o f  G. scincicauda a n d  p r o b a b l y  in  G. kingi,  p o s -  
s i b l y  t h e  d i f f i c u l t y  t o  r e s o l v e  s m a l l e s t  p a i r  s h o w n  in  
F i g u r e  1 A  s. OHNO 9 i l l u s t r a t e d  a m i t o t i c  m e t a p h a s e  o f  
G. mul t icar inatus  w i t h  1 l a r g e  m e t a c e n t r i c ,  20 l a r g e  
a c r o c e n t r i c s ,  a n d  26 m i c r o c h r o m o s o m e s  (2n = 47), a n d  
m e n t i o n e d  t h a t  t h i s  s p e c i e s  h a s  46, 47, a n d  48 c h r o -  
m o s o m e s  i n v o l v i n g  R o b e r t s o n i a n  v a r i a n t s  in  a s i ng l e  
p o p u l a t i o n .  

T h e  k a r y o t y p e s  of  G. mul t icar inatus  a n d  G. paucicari-  
natus  a r e  v e r y  s i m i l a r .  T h e  d i p l o i d  n u m b e r  o f  2n  = 46 
w i t h  1 l a r g e  p a i r  o f  m e t a c e n t r i c s  f o u n d  in  t h e  G. paucica- 
r inatus  e x a m i n e d  fa l l s  w i t h i n  t h e  r e p o r t e d  i n t r a s p e c i f i c  
v a r i a t i o n  o f  G. mult icarinatus.  T h u s  t h e r e  a p p e a r  to  b e  
s i m i l a r  c h r o m o s o m e  c o m p l e m e n t s  in  G. mult icarinatus ,  G. 
kingi,  a n d  G. paucicarinatus,  w h i c h  b o t h  TIHEN a n d  
STEBBINS c o n s i d e r e d  c l o se l y  r e l a t e d .  

T h e  r e d u c e d  n u m b e r  of  m a c r o c h r o m o s o m e s  in  G. coeru- 
leus b e a r s  a s i m p l e  R o b e r t s o n i a n  r e l a t i o n s h i p  t o  G. mul t i -  
carinatus a n d  G. paucicarinatus,  b u t  d a t a  o n  m o r e  s p e c i e s  
a r e  n e e d e d  b e f o r e  we  c a n  a t t e m p t  t o  p o s t u l a t e  t h e  d i rec -  
t i o n  of  e v o l u t i o n a r y  c h a n g e  - w h e t h e r  f u s i o n  t o w a r d  a 
coeruleus k a r y o t y p e ,  o r  f i s s i o n  a w a y  f r o m  it .  T h e  k a r y o -  
t y p e  o f  G. monticolus is  m a r k e d l y  d i f f e r e n t  f r o m  a n y  
o t h e r  k n o w n  g e r r h o n o t i n e  l i za rd .  T h i s  m a y  r e p r e s e n t  a 
s e p a r a t e  e v o l u t i o n a r y  t r e n d .  U n d e r s t a n d i n g  t h e  r e l a t i o n -  
s h i p s  of  G. monticolus t o  t h e  o t h e r  g e r r h o n o t i n e  l i z a r d s  
a w a i t s  a n a l y s i s  of  o t h e r  C e n t r a l  A m e r i c a n  a n d  M e x i c a n  
spec ies .  O u r  d a t a  i n d i c a t e  t h a t  c h r o m o s o m e s  m a y  b e  
u s e f u l  fo r  t h e  c l a s s i f i c a t i o n  o f  t h e  spec i e s  o f  Gerrhonotus 
a n d  for  i n t e r p r e t a t i o n  o f  t h e i r  e v o l u t i o n a r y  r e l a t i o n s h i p s .  

D. costatus h a s  12 m e t a c e n s  m a c r o c h r o m o s o m e s  a n d  
24 m i c r o c h r o m o s o m e s ,  a k a r y o t y p e  k n o w n  in  m a n y  
l i z a rd  f ami l i e s .  T h i s  m a y  wel l  r e p r e s e n t  a p r i m i t i v e  
c h a r a c t e r  s t a t e  1~ t h u s  s u p p o r t i n g  t h e  p h y l o g e n y  of  
McDOWELL a n d  BOGERT 1'11. 

Chromosome data for 5 species of anguid lizards 

Species Macrochromosomes Microchromosomes 

Meta- Aero- 2n 
centric centrie 

N.F. 

Gerrhonotus multi- 0 22 26 48 48 
arinatus 

G. paucicarinatus 2 18 26 48 48 
G. coeruleus 10 2 26 38 48 
G. monticolus 4 14 12 30 34 
Diploglossus costatus 12 0 24 36 48 

N.F. is the 'nombre fondamental '  of MATTHEY 2 and represents the 
total number  of chromosome arms in the karyotype. All micro- 
chromosomes have a value of 1, although some are clearly meta- 
eentric. 

Zusammen/assung .  Die  C h r o m o s o m e n s g t z e  v o n  5 E i -  
d e c h s e n a r t e n  d e r  F a m i l i e  A g u i d a e ,  d a v o n  v i e r  v o m  G e n u s  
Gerrhonotus u n d  e i n e  v o m  G e n u s  Diploglossus w e r d e n  
b e s c h r i e b e n .  D. costatus i s t  2n  = 36 m i t  12 g r o s s e n  m e t a -  
z e n t r i s c h e n  C h r o m o s o m e n  u n d  24 M i k r o c h r o m o s o m e n .  G. 
mult icar inatus  i s t  2n  = 48, G. paucicar inatus  2n = 46 u n d  
G. coeruleus 2n = 38. D ie se  3 A r t e n  h a b e n  e i n e n  i d e n t i s c h e n  
~ m o m b r e  f o n d a m e n t a l e ~  v o n  48 u n d  al le  h a b e n  26 M i k r o -  
c h r o m o s o m e n .  G. monticolus b e s i t z t  2n  = 30. D ie  A n z a h l  
d e r  M i k r o c h r o m o s o m e n  i s t  a u f  12 r e d u z i e r t .  
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s We say this because of the seeming conservativeness of the 13 
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