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ind i s t i ngu i shab le  f rom the  sa te l l i ted  ac rocen t r i c  pa i r  
descr ibed  in t he  Af r i can  g r o u n d  squi r re l  Xerus rutilus s 
(Figure 2). A single b a n d  loca ted  in t h e  p r o x i m a l  ha l f  of 
the  c h r o m o s o m e  cha rac t e r i zed  t he  sa te l l i t ed  pa i r  f rom 
b o t h  Callosciurus and  Xerus. 

Discussion. A m o n g  the  v e r y  few species of Callosciurus 
f rom sca t t e r ed  local i t ies  e x a m i n e d  so far, no in terspeci f ic  
or geographic  v a r i a t i o n  in k a r y o t y p e s  t las been  observed.  
Moreover ,  all possess a d i s t i nc t i ve  sa te l l i ted  pa i r  of 
ac rocen t r i e  chromosomes ,  s imi la r  to  those  found  in  t h e  
g round-dwel l ing  cal losciurine,  Dremomys ru/igenis (2n = 
38). I n  add i t ion ,  th i s  sa te l l i t ed  ac rocen t r i c  pa i r  appea r s  to  
be  morpho log ica l ly  ident ica l ,  on  t he  basis  of G i e m s a - b a n d  
compar isons ,  w i t h  t h a t  of t he  sa te l l i t ed  ac rocen t r ic  
c h r o m o s o m a l  pa i r  f ound  in t he  Af r i can  xer ine  g round  
squirrel ,  Xerus rulilus (2n = 38). This  suppo r t s  t h e  
sugges t ion  8 t h a t  xer ines  and  eal losciur ines  m a y  be  re la ted.  
At  t he  same  t ime,  t he  As ian  p a l m  squirrels ,  Funambulus, 
m a y  also be r e l a t ed  to cal losciurines,  accord ing  to i m m u n o -  
logical  ev idence  s. However ,  n e i t h e r  F. palmarum (2n = 
46) 10 nor  F.  pennanti (2n = 54) ~1 a p p e a r  to  h a v e  sa te l l i ted  
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acrocentr ics ,  a n d  the i r  k a r y o t y p e s  are qu i te  d i f fe ren t  f rom 
those  descr ibed  for xer ine  a n d  ce r t a in  cal losciur ine squir-  
rels. 

A l t h o u g h  t h e  e v o l u t i o n a r y  h i s t o ry  of Calloscuirus is 
poor ly  unde r s tood ,  fossil  xe r ine  g round  squir re ls  are k n o w n  
f rom t h e  la te  Oligocene of E u r o p e  (Heteroxerus), a n d  t he  
Miocene of Morocco an d  Spa in  (Getuloxerus) 1~. The  
sa te l l i ted  ac rocen t r i c  au to somes  of e x t a n t  X. rutilus m a y  
h a v e  been  r e t a ined  w i t h i n  t h e  xer ine  l ineage since t h a t  
t ime,  a v iew t h a t  is s u p p o r t e d  b y  t h e  a p p e a r a n c e  of 
seeming ly  iden t i ca l  ch ro mo s o mes  in Callosciurus a n d  in 
the  more  r ecen t l y  evo lved  xer ine  genus  Spermophilopsis 8. 

Zusammen/assung. Die K a r y o t y p e n  yon  Callosciurus 
notatus, C. /inlaysoni u n d  C. /lavimanus bes i t zen  alle 2n 
= 4 0  C h r o m o s o m e n :  6 me tazen t r i s ch ,  10 s u b m e t a z e n t r i s c h  
u n d  3 ak rozen t r i sch .  E ines  der  a k r o z e n t r i s c h e n  P a a r e  
t r g g t  e inen  auffgl l igen Sa te l l i t en ;  ak rozen t r i s che  Satell i-  
t e n c h r o m o s o m e n  y o n  Callosciurus u n d  Xerus rutilus 
bes i tzen  iden t i sche  G - B a n d m u s t e r .  Akrozen t r i s che  Chro- 
m o s o m e n  m i t  Sa te l l i t en  w u r d e n  a u c h  y o n  den  Callo- 
sc iur inen  Dremomys ru#genis u n d  der  Xer ine  Spermo- 
phil@sis leptodactylus beschr ieben .  
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Cytotaxonomical Consideration of the Genus Blennius  (Pisces-Perciformes)  

W i t h i n  t he  compl i ca t ed  subo rde r  of t he  Blennio idea ,  in 
wh ich  va r ious  b e n t h o n i c  f ish famil ies  are  ga thered1,  ~, 
t he  B lenn i idae  compr i se  a large f ami ly  whose  ecological  
va lence  has  a l lowed i t  to  colonize t he  coas t l ines  of all  
seas a n d  to  p e n e t r a t e  in to  b r a c k i s h  a n d  even  f resh 
waters .  One of t he  p rob l ems  of B lenn i idae  c lass i f ica t ion is 
the  d iv i s ion  in to  genera  a n d  subgene ra  3, 4. 

The  pu rpose  of t he  p r e sen t  p a p e r  is to  m a k e  some 
c o n t r i b u t i o n  to  so lv ing t he  above  p r o b l e m  b y  m e a n s  of 
t he  karyologica l  d a t a  conce rn ing  severa l  M e d i t e r r a n e a n  
species of b l e n n y  of t he  genus  Blennius L., 1758. As 
a l r eady  d e m o n s t r a t e d  in one of our  p rev ious  works  5, 
k a r y o t y p e  ana lys i s  can  be useful  if car r ied  ou t  on  species 
be long ing  to t a x o n o m i c a l l y  homogeneous  g roups  whose  
c lass i f ica t ion is, however ,  compl i ca t ed  because  of t he i r  
g rea t  size a n d  w e a l t h  of special ized forms.  

One example  of th i s  is t h e  genus  Blennius L., a com- 
p l i ca ted  and  s u b d i v i d e d  t a x o n  inc lud ing  n u m e r o u s  species 
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Fig. 1. Metaphase plate of Blennius sanguinolentus (a) and of 
Blennius pavo (b). Arrows indicate the subtelocentric chromosomes. 
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Fig. 2. Metaphase plates and meiotic diakinesis of Blennius inco- 
gnitus and Blennius sphinx, a) Metaphase of B. incognitus, b) 
metaphase of B. sphinx, e) diakinesis of B. incognitus, d) diakinesis 
of B. sphinx. Arrows indicate the subteloeentrie chromosomes. 

Fig. 3. Meiotic pattern of Blennius ]Luviatilis and Blennius canevae. 
a) Diakinesis of B, /luviatilis, b) diakinesis of B. canevae and c) 2nd 
metaphase of B. canevae ill which ~;I subtel~eeiXtries are shown 
(arrows). ~" 
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a m o n g  which  t he re  are 20 descr ibed  for t h e  M e d i t e r r a n e a n  
fauna .  T h e  genus  is usua l ly  d iv ided  in to  severa l  sub-  
genera,  i. e. Blennius L., Salaria Forska l  an d  Lipophrys 
Gill. The  Salaria subgenus ,  the  r i ches t  in species, is in  
t u r n  subd iv ided  in to  species g roups :  gattorugine, cristatus 
a n d / l u v i a t i l i s .  

We  h a v e  n o w  s tud ied  7 species of M e d i t e r r a n e a n  
b lenny ,  n a m e l y  Blennius sanguinolenlus Paltas ,  Blennius 
pavo IRisso, Blennius /luviatilis Asso, Blennius sphinx 
Valenciennes ,  Blennius incognitus Bath ,  Blennius  tri- 
gloides Valenc iennes  a n d  Blennius canevae Vinc igue r r a ;  
t h e  f i rs t  5 species are ascr ibed  to the  Salaria subgenus  
while B. trigloides an d  B. canevae are refer red  to t he  
Lipophrys subgenus .  

The  t e c h n i q u e  used is t h e  one p roposed  by  HIrOT- 
SlJMACHI G wh ich  we h a v e  s u i t a b l y  modif ied.  Somat ic  
m e t a p h a s e  slides were p r e p a r e d  f rom cephal ic  k i d n e y  
an d  gill t issue.  Meiot ic  d iak ines is  o b s e rv a t i o n s  were 
car r ied  o u t  on t e s t i cu la r  t issue.  

I n  all t h e  species s tudied ,  t h e  d ip lo id  n u m b e r  was found  
to  be  2n = 48. However ,  in  sp i te  of t h e  t echn ica l  diffi- 
cul t ies  i nvo lved  i t  was found  possible  to  d e m o n s t r a t e  
t h e  morpholog ica l  pecul ia r i t ies  of t h e  k a r y o t y p e  a n d  t h u s  
charac te r i ze  t h e  va r ious  cyeo taxonomic  groups.  

Blennius pavo a n d  Blennius sanguinolentus disp lay  a n  
ident ica l  k a r y o t y p e  cons i s t ing  of 40 ac rocen t r i c  ch romo-  
somes, p lus  4 pa i r s  of sub te locen t r i c  ch ro mo s o mes  w i t h  
v e r y  smal l  sho r t  a rms  (Figure 1). Blennius sphinx and  
Blennius incognitus disp lay  48 chromosomes ,  all of wh ich  
are ac rocen t r ic  excep t  for a pa i r  of large acrocen t r ics  w i t h  
a v e r y  shor t  a rm.  All t h a t  we h a v e  o b t a i n e d  for Blennius 
fluviatilis an d  Blennius canevae are  t h e  meiot ic  images,  
whose  24 b i v a l e n t s  c lear ly  d isp lay  a d ip lo id  n u m b e r  of 
2n = 48. Fo r  Blennius canevae, however ,  i t  was  possible  
to  f ind  some second meio t ic  m e t a p h a s e s  (Figure 3) in  
wh ich  4 sub te locen t r i c  ch romosomes  could be  d i scerned  
a m o n g  t h e  24 of t h e  hap lo id  sys tem.  I t  was  t h u s  no t  
diff icul t  to  place also t h e  k a r y o t y p e  of B. canevae b a c k  in 
t h e  c y t o t a x o n o m i c  group  of B. sanguinolentus. 

Blennius trigloides, on t h e  o the r  h a n d ,  d isp lays  a qu i te  
d i f fe rent  k a r y o t y p e  to  t h a t  of t h e  o the r  b lenn ies  s tudied,  
a l t h o u g h  t h e  d ip lo id  n u m b e r  is st i l l  2n = 48. The  karyo-  
t y p e  (Figure 4) d i sp lays  1 pa i r  of large m e t a c e n t r i c  
chromosomes ,  3 pa i rs  of s u b me t acen t r i c s ,  9 pa i r s  of 
sub te locen t r i cs  a n d  11 pa i rs  of acrocentr ies .  T h e  d ip lo id  
n u m b e r  as de r ived  f rom t h e  meio t ic  b ivMen t s  was  
checked  in all  t h e  species e x a m i n e d  in t h e  soma t i c  
me taphases .  

�9 The  resu l t s  o b t a i n e d  once  aga in  conf i rm t h e  mode  of t he  
d ip lo id  n u m b e r  of 2n = 48 of t h e  c h r o m o s o m e  comple-  
m e n t s  of t h e  pe rc i fo rm Teleostei .  T h e y  also show up t h e  
necess i ty  of c a r ry ing  o u t  a more  accu ra t e  c y t o t a x o n o m i c  
analysis ,  t a k i n g  acco u n t  of all t h e  morpholog ica l  fea tu res  
of t h e  k a r y o t y p e  a n d  n o t  l imi ted  to  t h e  d ip lo id  n u m b e r .  
The  b lennies  s tud ied  fall  in to  3 c y t o t a x o n o m i c  ca tegor ies ;  
t h e  f i rs t  of these  compr ises  B.  sanguinolentus, B.  pavo 
an d  B. canevae, t he  second, sti l l  s o m e w h a t  s imi la r  to  t he  
f irst ,  compr iz ing  B. sphinx a n d  B. incognitus, a n d  a t h i r d  
compr iz ing  B. trigloides alone.  

I t  t h u s  t r ansp i r e s  t h a t  t h e  c y t o t a x o n o m i c  d a t a  
observed  b y  us do n o t  agree  en t i r e ly  w i t h  t h e  d iv is ion  a t  
t h e  level  of subgene ra  a accord ing  to  w h i c h  B. canevae and  
B. trigloides are  ass igned to  t h e  same  subgenus  Lipophrys. 
Accord ing  to  our  da ta ,  on  t h e  con t r a ry ,  i t  would  a p p e a r  
t h a t  B. canevae belongs  to  a c y t o t a x o n o m i c  group  
c o n t a i n i n g  B. sanguinolentus an d  B. pavo t h a t  differs on ly  
s l ight ly  f rom t h a t  compr iz ing  B. sphinx a n d  B. incognitus. 

I n  t h e  l igh t  of t h e  above  cons idera t ions ,  t h e  absence  or 
p resence  of s u p r a o r b i t a l  ten tac les ,  on wh ich  t h e  d iv i s ion  
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Fig. 4. Metaphase plate and 
karyotype of Blennius trigloides. 
M + SM, metacentrie and sub- 
metacentrie chromosomes; St, 
subtelocentric chromosomes and 
A, aerocentrie chromosomes. 

in to  t he  s u b g e n e r a  Salaria a n d  Lipophrys is based,  does  
no t  seem to  be suff ic ient  g r o u n d  for such  a subdiv is ion .  
On t he  o the r  h a n d ,  t h i s  c y t o t a x o n o m i c  fea tu re  shows up  
t he  pecu l i a r i t y  of t he  B. trigloides k a r y o t y p e ,  t h u s  cal l ing 
for a n  accu ra t e  t a x o n o m i c  rev iew of t h i s  species an d  a 
more  ex tens ive  ana lys i s  of all  t h e  biological  cha rac t e r s  
ill o rder  to  a sce r t a in  i ts n a t u r a l  t a x o n o m i c  pos i t i on  in t h e  
Blennius L. genus  ~. 

Riassunto. ~ s t a to  desc r i t t o  il ca r io t ipo  di 7 specie di 
B lenn id i  Med i t e r r ane i  a p p a r t e n e n t i  al  genere  Blennius 
L.: B. sanguinolentus, B. pavo, B. sphinx, B. trigloides, 
B. canevae, B. /luviatilis e B. incognitus. 11 n u m e r o  diploide  
di t u t t e  te specie ~ 2n ~ 48 t u t t a v i a  la morfo log ia  del 
ca r io t ipo  p r e s e n t s  a lcune  di f ferenze t r a  le specie ; Blennius 
trigloides si d i s t ingue  i n f a t t i  n e t t a m e n t e  da  t u t t i  gli a l t r i  

Blennius poich+ il suo ca r io t ipo  m o s t r a  u n  a l to  n u m e r o  di 
m e t a c e n t r i c i  e s u b - m e t a c e n t r i c i  m e n t r e  il ca r io t ipo  delle 
a l t re  specie s t u d i a t e  ~ f o r m a t o  f o n d a m e n t a l m e n t e  da  
acrocent r ic i  t r a  i qua l i  f anno  spicco q u a t t r o  coppie  
(sanguinolentus, pavo e canevae) o u n a  coppia  (incognitus 
e sphinx) di subte locent r ic i .  
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The Generation of the Superoxide Radical by 2- Amino-4-  Hydroxy-6 ,7 -Dimethy l -5 ,6 ,7 ,8 -  
Tetrahydropteridine (DMPH4) 

Superox ide  d i s m u t a s e  (SOD) is a copper -z inc  c o n t a i n i n g  
p r o t e i n  of molecu la r  we igh t  33,000 whose  e n z y m a t i c  

a c t i v i t y  was f i rs t  descr ibed  b y  McCORD a n d  FRIDOVICH 1. 
SOD ca ta lyzes  t he  d i s m u t a t i o n  of the  superox ide  an ion  
rad ica l  (02-) to  form h y d r o g e n  perox ide  a n d  oxygen :  

2 0 2 _ + 2 H + - ~ H 2 0 2 + O  2 

Recent ly ,  PETRAClt: and  CHERTOCK ~ r epo r t ed  t h a t  SOD 
p a r t i a l l y  p r o t e c t e d  t h e  labi le  a c t i v a t e d  s t a t e  of t y ro s ine  
hydroxy lase .  This  effect  of SOD sugges ted  t h a t  0 2- was  
i n a c t i v a t i n g  ty ros ine  hydroxy lase .  PETRACK and  CHER- 
TOCK 2 did  no t  i den t i fy  a source of t h e  0 2 -  in t h e i r  
e x p e r i m e n t a l  sys tem.  A l ike ly  or igin of 0 2 -  was t h e  
reduced  p t e r i d i n e  cofac tor  DMPH4,  a c o m p o u n d  k n o w n  
to gene ra t e  H~O~ 3. M a n y  c o m p o u n d s  wh ich  au tox id ize  to  
fo rm H 2 0  2 ( the two-e lec t ron  r e d u c t i o n  p r o d u c t  of oxygen)  
also gene ra t e  O2- ( the one-e lec t ron  r e d u c t i o n  p r o d u c t  of 
oxygen)  as a n  in te rmedia teS .  

Some a u t o x i d a t i o n s  are ca ta lyzed  b y  O~- wh ich  is 
gene ra t ed  d u r i n g  t he  reac t ion .  SOD can  d i m i n i s h  t h e  
overal l  r a t e  of sucl~ a u t o x i d a t i o n  reac t ions .  Fo r  example ,  
i t  h a s  been  shown  t h a t  SOD inh ib i t s  b o t h  t h e  base  ca ta -  
lyzed a n d  t i le  m e t a l  ion ca ta lyzed  a u t o x i d a t i o n  of epine-  
phrineS,  and  t he  s p o n t a n e o u s  a u t o x i d a t i o n  of 6 -hydroxy-  

d o p a m i n e  a t  p H  7.46. W e  n o w  p re s en t  ev idence  t h a t  
D M P H  4 genera tes  O 2- wh ich  ca ta lyzes  t h e  a u t o x i d a t i o n  
of DMPH~. 

Materials and me/hods. E x p e r i m e n t s  were r u n  on a 
Biological  Oxygen  Moni to r  (Clark Oxygen  Elec t rode ,  
Yel low Spr ings  I n s t r u m e n t s ,  Yel low Springs,  Ohio) 
connec t ed  to  a Honeywe l l  E l e c t r o n i k  19 Recorde r  a t  
37 ~ in 1 ml  of a modi f ied  K r e b s - R i n g e r  p h o s p h a t e  buffer  
a t  p H  7.4 ~ or a 0.05 M s o d i u m  ace t a t e  buf fe r  a t  p H  6.5. 
The  D M P H  4 was d issolved in O 2 free w a t e r  an d  was added  
to  t i le oxygen  e lect rode b y  m e a n s  of a n  Oxford  a u t o m a t i c  
p ipe t te .  I n  some e x p e r i m e n t s  100 txg SOD (frozen l iquid,  
3,000 un i t s  pe r  mg, T r u e t t  Labora to r ies ,  Dallas,  Texas)  
was added  p r io r  to  t h e  a d d i t i o n  of D M P H  4. 
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