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par isons of glucose metabol i sm,  t h a t  cul tures are carefuIly 
m a t c h e d  for age in vivo and  in vitro,  p re fe rab ly  der ived 
f rom skin (the bes t  t issue for rout ine  biopsy) f rom a single 
ana tomica l  site and f rom pos tna t a l  donors  o f  known 
predisposi t ion to diabetes .  

23 We thank Mrs. ]~LENA MOERMAN for expert technical assistance. 
Supported by grants from the Medical Research Council of Canada 
and the Canadian Diabetic Association Foundation Fund during 
the tenure of a scholarship from the M.R.C. (SG). 

2~ Present address: School of Dentistry, University of Western 
Ontario, London, Ontario, Canada. 

Rdsumd. Les f ibroblas tes  humains  ut i l isent  une quan t i t4  
de glucose plus grande  p e n d a n t  leur croissance logari th-  
miqne  que dans  leur phase  s ta t ionnaire .  Les cultures ~ pas-  
sage ta rd i f  c o n s o m m e n t  plus de glucose pa r  cellule que les 
cul tures ~ passage hgt i f  sans 6gard ~ la phase.  Ce syst6me 
doi t  ~tre utile pour  rechercher  les al t6rat ions m6tabol iques  
an cours du viei l l issement  cellulaire et  pour  d6couvrir  la 
base b iochimique  de cer ta ines  maladies  d6pendan t  de 
l 'gge. 
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Biometric Analysis of Incipient Speciation in the 

N. natrix shows a considerable  a m o u n t  of infrsapecific 
va r ia t ion  and  a large n u m b e r  of subspecies have  been 
recognized 1-4 based on only a few charac ters ,  an in- 
adequa te  n u m b e r  of spec imens  and wi thou t  p roper  
considerat ion of the  non-geographic  infraspecific varia-  
t ion. 

This pape r  is all a t t e m p t  to make  a more  object ive  and 
comprehens ive  assessment  of the  s ta tus  of the  var ious  
popula t ions  by  using univar ia te  and mul t iva r ia te  
b iometr ic  me thods  to analyze the  compl ica ted  pa t t e rns  
of geographic  var ia t ion  and univar ia te  m e t h o d s  to  

, de tec t  and negate  the  effect  of the  non-geographic  
infraspecific var ia t ion  such as a l lometr ic  g rowth  and 
sexual  d imorphism.  

750 spec imens  represen t ing  the  ent i re  range of the  
species were s tudied  and  the  range of the  species was then  
d iv ided in to  app rox ima te ly  50 small  re la t ively  homoge-  
neous geographic  uni ts  (on the  basis of collecting gaps, 
physical  isolation, and  the  overall  s imi lar i ty  of specimens  
as assessed by  cluster  analyses) so t h a t  the  geographic  
var ia t ion  be tween  the  geographic  uni ts  and the  non- 
geographic  infraspecific var ia t ion  wi th in  the  uni ts  could 
be analyzed.  
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Fig. 1. Canonical analysis. Female specimens, 48 characters. First 
axis has 33.3 % discrimination. Second axis has 16.5 % discrimination. 
Solid circles, western specimens; triangles, eastern specimens; 
squares, Tyrrhenian (Corsica and Sardinia) specimens; open circles, 
Bologna area specimens. 

Ringed Snake, Natr ix  natr ix  (L.) 

Of the  160 charac ters  5 originally recorded f rom the  
scalation, colour pa t t e rn ,  in terna l  ana tomy,  dent i t ion,  
dermal  sense organs and b o d y  proporLions, 52 (50~) 
charac ters  were chosen for t he  canonical  analyses;  the  
res t  being d iscarded because they  did no t  show signif icant  
geographic  var ia t ion  (as assessed by  a one-way analysis  
of variance),  did no t  con t r ibu te  original  in format ion  (i.e. 
had  a high pooled wi th in-group  correlat ion to o ther  
included characters)  or for o ther  t a x o n o m i c  or s ta t is t ica l  
reasons. 

Canonical  analysis  s imul taneous ly  takes  in to  account  
the  var ia t ion  and  covar ia t ion  of all of the  charac te rs  and 
computes  d i sc r iminan t  axes so as to produce  the  mini-  
m u m  overlap be tween  the  geographic  units.  This method ,  
toge the r  w i th  the  re la ted D 2 analyses,  clearly indicates  
t h a t  the  geographic  uni ts  largely cluster  into 3 groups, i.e., 
an eas te rn  cluster,  a wes te rn  d u s t e r  and a Tyr rhen ian  
cluster  (Figures I and  2). However ,  the  specimens f rom 
the  Bologna area of n o r t h  I t a ly  are phene t ica l ly  and 
geographical ly  in t e rmed ia te  be tween  the  eas tern  and  
wes tern  spec imens  and the  Coriscan specimens  are 
phenet ica l ly  in te rmedia te  be tween  the  Sardinian  and  
wes tern  main land  specimens.  

I t  should be no ted  t h a t  a deta i led  inves t iga t ion  of all 
the  avai lable canonical  axes, toge the r  wi th  fu r ther  
mul t iva r ia te  analyses of the  Variation wi th in  the  eas te rn  
and wes tern  clusters  indica te  t h a t  these  2 groups are no t  
homogeneous  b u t  show a considerable  a m o u n t  of complex  
geographic  var ia t ion.  

The ques t ion  arises as to  how the  2 ma in land  popula-  
t ions  could have  d iverged f rom one ano the r  because the  
eas tern  and  wes te rn  popu la t ion  are ad jacen t  to  one 
ano the r  in Centra l  Europe  and are no t  separa ted  by  any  
phys iographic  barrier.  The con tac t  zone be tween  these  
2 popula t ions  does no t  comple te ly  coincide wi th  the  
River  Rhine  or moun ta in s  to  t he  eas t  as previously  
impl ied 1, ~ and, moreover ,  since N. natrix is b o t h  fairly 
aquat ic  and found in moun ta inous  regions the  Rhine  and 
associated moun ta in s  canno t  be considered as effective 
barr iers  to gene flow. 

I t  is suggested t h a t  dur ing  the  ex tens ion  of the  Pleisto-  
cene ice caps the  popu la t ion  of N. natrix would have  been 
spli t  so t h a t  separa te  south  wes tern  and south  eas tern  

1 G. HECHT, Mitt. Zool. Mus. Berlin 16, 244 (1930). 
2 R. MERTENS, Abh. senckenb, naturforseh. Ges. d76, 1 (1947). 

R. MERTENS, Abh. senckenb, naturforsch. Ges. 38, 175 (1957). 
4 R. MERTE~S, Abh. senckenb, naturforsch. Ges. d7, 117 (1966). 
5 R. THORPE, J. Linn. Soe. (Biol.), in press. 
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Fig. 2. Approximate range of the 
3 subspecies of N. natrix. Vertical 
lines, N. natrix natrix; horizontal 
lines, N. natrix helvetica; squares, 
N. natrix cetti; solid circle, area of 
introgression, N. n. natrix • N. n. 
helvetica; solid squares, Corsican 
intermediates, N. n. helvetica --  N. 
n. cetti. 

refuge popu l a t i ons  resul ted .  The  two h y p o t h e s i z e d  
refuge popu l a t i ons  would  h a v e  to  h a v e  been  s e p a r a t e d  
for long enough  a n d  comple t e ly  enough  to d iverge  and  
es t ab l i sh  d i s t i nc t  c o - a d a p t e d  gene pools  to  exp la in  w h y  
these  2 popu la t i ons  h a v e  largely  r e t a ined  t h e i r  i n t eg r i t y  on 
coming  t o g e t h e r  aga in  in pos t -g lac ia l  t imes .  

E x a m p l e s  of o the r  v e r t e b r a t e s  showing  th i s  eas t -wes t  
p a t t e r n  of d i f f e r en t i a t i on  are k n o w n  such  as crows 6 a n d  
hedgehogs  ~ and  also t h e  closely r e l a t ed  snake  species 
N a t r i x  tessellata and  32. m a u r a .  N .  m a u r a  (western) a n d  
N .  tessellata (eastern)  a p p e a r  to  h a v e  spec ia ted  w h e n  t he  
P le i s tocene  ice caps spl i t  t h e  ances t r a l  species in to  
ea s t e rn  a n d  wes t e rn  componen t s .  Since N .  m a u r a  and  
N .  tessellata are more  sou the r ly  in  t h e i r  d i s t r i b u t i o n  t he  
refuge popu l a t i ons  would  p r o b a b l y  h a v e  been  s epa ra t ed  
for longer  t h a n  those  of N .  n a t r i x  and  th i s  is poss ib ly  
w h y  t h e y  h a v e  ach ieved  a g rea te r  degree of r e p r o d u c t i v e  
isolat ion.  

However ,  whi l s t  t he  p r e s en t  s t a t e  of knowledge  
p r o v i d e d  b y  th i s  s t u d y  ind ica tes  t h a t  t he  ea s t e rn  and  
wes t e rn  popu l a t i ons  of N .  n a l r i x  m a y  no t  h a v e  comple t e ly  
specia ted,  the  spec imens  a d j a c e n t  to  t he  zone of c o n t a c t  
(except  a t  Bologna)  r e m a i n  d i s t i nc t  even  t h o u g h  t h e y  are 
geograph ica l ly  close. Th i s  ind ica tes  a l imi ted  a m o u n t  of 
gene f low and  suggests  i nc ip i en t  spec ia t ion .  T he  in te r -  
m e d i a t e  spec imens  f rom Bologna  (Figure 1) i nd i ca t e  
in t rogress ive  h y b r i d i z a t i o n  in th i s  l imi ted  area.  There fore  
N .  n a t r i x  no t  on ly  p rov ides  a n  exam pl e  of inc ip ien t  
spec ia t ion  b u t  also a n  exam pl e  of d i f fe rent  degrees  of 
in t rogress ion  a long  a c o n t a c t  zone. 

The  t a x o n o m i c  s t a t u s  of t h e  w es t e r n  a n d  eas t e rn  
p o p u l a t i o n  is open  to  ques t ion.  I n  Swi tze r l and  a n d  
S.W. G e r m a n y  t he  w es t e r n  a n d  eas te rn  fo rms  m a k e  a close 
a p p r o a c h  b u t  on ly  a few i n t e r m e d i a t e s  h a v e  been  iden-  
t i f ied whereas  in  n o r t h  wes t e rn  G e r m a n y  the  r e l a t ionsh ip  
be tween  t he  2 fo rms  is u n c e r t a i n  because  t he  locali t ies 
samples  are too  wide ly  spaced.  

Because  of t he  occur rence  of i n t e r m e d i a t e s  (in a 
m u l t i v a r i a t e  sense) a n d  u n i v a r i a t e  ev idence  of gene f low 
be tween  t he  eas te rn  a n d  wes te rn  popula t ions ,  I p rovi -  

s ional ly  r ega rd  t h e m  as subspecies,  w i t h  N .  n a t r i x  n a t r i x  
(Linnaeus ,  1758) t he  cor rec t  t r i n o m i a l  for t he  ea s t e rn  
p o p u l a t i o n  a n d  N .  n a t r i x  helvetica (Lacepede,  1789) t he  
cor rec t  t r i n o m i a l  for t he  wes t e rn  popu la t ion .  The  Bologna  
spec imens  m a y  be  r ega rded  as ' in te r subspec i f i c '  hybr ids .  
Subspecies  in th i s  c o n t e x t  are grossly d i f fe rent  popu la t i ons  
def ined b y  t he  c r i t e r ia  of inc ip ien t  specia t ion .  

Cu r r en t  work  does no t  ind ica te  t h a t  t h e  ea s t e rn  and  
wes t e rn  popu l a t i ons  would  more  su i t ab ly  be  r ega rded  as 
species b u t  t he  m a t t e r  shou ld  no t  be r ega rded  as closed. 

N .  n a t r i x  prov ides  an  exce l len t  example  of t he  i nab i l i t y  
of fo rmal  t r i n o m i a l  n o m e n c l a t u r e  to  a d e q u a t e l y  deal  w i t h  
d i v e r g e n t  i so la ted  popu la t ions .  The  Sa rd in i an  popu l a t i ons  
are too d i s t i nc t  to  be  inc luded  in  w i t h  t he  ma i l l l and  sub- 
species a n d  are the re fore  a l loca ted  a t r i n o m i a l  of t he i r  own, 
N .  n a t r i x  cetti (Gene, 1838). Since t he  Corsican p o p u l a t i o n  

i s  p h e n e t i c a l l y  i n t e r m e d i a t e  be tween  the  wes te rn  and  
Sa rd in i an  popu l a t i ons  i t  is referred to here  as N .  n a t r i x  
he lve t ica-N,  n a t r i x  cetti a n d  whi ls t  t h i s  m a y  be u n c o n v e n -  
t i ona l  i t  is t he  mos t  logical ly cons i s t en t  opt ion .  

The  p rob lems  of t r i n o m i a l  n o m e n c l a t u r e  a n d  an  in- 
fo rmal  a l t e r n a t i v e  to t he  above  m e n t i o n e d  3 subspecies  are 
discussed in  a full  a ccoun t  of th i s  research  which  is to  
a p p e a r  e lsewhere 8. 

6 W. MEISE, J. Orn., Lpz. 76, 1 (1928). 
7 G. CORBET, Symp. zool. Soc., Lond. 26, 105 (1970). 
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Rdsumd. On s o u l i g n e  l ' i m p o r t a n c e  d ' u n  proc6d@ 
c o n v e n a b l e  p o u r  a n a l y s e r  la  v a r i a t i o n  g g o g r a p h i q u e .  
L 'ef f icaci t@ d ' u n e  m@thode  m u l t i v a r i a n t e  de  la  t a x o n o m i e  
n u m @ r i q u e  ( l ' a n a l y s e  c a n o n i q n e )  e n  r@duisan t  u n e  s i t u a -  
t i o n  c o m p l i q u 6 e  e t  h y p e r m u l t i v a r i a b l e  d a n s  u n  mod@le 
o l i g o v a r i a n t  i n t e l l i g ib l e  e s t  indiqu@. O n  m o n t r e  c o m m e n t  
N. natrix d o n n e  l ' e x e m p l e  de  la  n a i s s a n c e  d 'esp@ces 
( i n f l uence  de  la  c a l o t t e  g lac ia i re )  e t  de  l ' a p p o r t  v a r i a b l e  de  

g~nes  c o m m u n s  e t  on  p r o p o s e  a u s s i  de  r e s t r e i n d r e  l ' e m p l o i  
de  s o u s - e s p ~ c e s  p o u r  u n e  e sp~ce  n a i s s a n t e .  
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Influence of pH and Concentrat ion of Phosphate  Ions  on Growth  and Ni trogen  Fixat ion in a 
B lue -Green  Alga  Cylindrospermum majus 

A s  v e r y  l i t t l e  i n f o r m a t i o n  is a v a i l a b l e  o n  t h e  f a c t o r s  
c o n t r o l l i n g  g r o w t h  a n d  n i t r o g e n  f i x a t i o n  b y  t h e  h e t e r o -  
c y s t o u s  b l u e - g r e e n  a l g a e  u n d e r  c u l t u r e  c o n d i t i o n s ,  i t  w a s  
c o n s i d e r e d  d e s i r a b l e  t o  s t u d y  t h e  e f f ec t s  of  v a r y i n g  p H  
v a l u e s  a n d  p h o s p h a t e - i o n  c o n c e n t r a t i o n s  a n d  t o  e x a m i n e  
s t a t i s t i c a l l y  t h e i r  s i g n i f i c a n c e ,  if a n y ,  on  g r o w t h  a n d  
n i t r o g e n  f i x a t i o n  b y  Cylindrospermum majus. 

CyHndrospermum majus K i i t z i n g ,  a f i l a m e n t o u s  a n d  
n i t r o g e n - f i x i n g  b l u e - g r e e n  a l g a  b e l o n g i n g  t o  t h e  f a m i l y  
N o s t o c a c e a e ,  w a s  c o l l e c t e d  f r o m  p a d d y  f i e lds  of  B h u p a l -  

s a g a r  ( U d a i p u r ) .  I t  w a s  i s o l a t e d  f i r s t  in  u n i a l g a l  c u l t u r e  
a n d  t h e n  m a d e  b a c t e r i a - f r e e  b y  U V - i r r a d i a t i o n .  I t  w a s  
g r o w n  for  a p e r i o d  of  30 d a y s  in  c o n i c a l  f l a s k s  c o n t a i n i n g  
100 m l  m e d i u m  of ALLEN a n d  ARNON 1. T h e  p H  of  t h e  
c u l t u r e  m e d i u m  w a s  a d j u s t e d  to  d i f f e r e n t  l eve l s  of  6.0, 
8.0 a n d  10.0 a f t e r  a u t o c l a v i n g  a n d  s u b s e q u e n t  coo l i ng  of  
m e d i u m .  I n  a n o t h e r  e x p e r i m e n t ,  t h e  a l g a  w a s  g r o w n  
in  i n c r e a s i n g  c o n c e n t r a t i o n s  of  p h o s p h a t e  i ons  (50, 100, 
250 a n d  500 mg/1) in  t h e  m e d i u m .  T h e  p H  of  t h e  m e d i u m  
w a s  m a i n t a i n e d  a t  7.5 in  a l l  c a s e s  in  w h i c h  e f f ec t s  of  

Dry weights and nitrogen contents of C. majus at different pH values and phosphate ion concentrations along with statistical analysis of 
data 

pH of culture medium Phosphate Dry wt. of alga N content of alga N content of Total N 
(mg/1) (mg) culture filtrate 

(rag) (%) (mg) (mg) (%) 

6.0 
8.0 

10.0 
Without PO43- 
50.0 

100.0 
250.0 
500.0 

21.1 0.917 4.40 0.378 1.295 6,21 
14.5 0.805 5.69 0.246 1.051 7.45 
45.5 1.169 2.56 0.441 1.610 3.53 

7.1 0.399 6.08 0.091 0.490 7.46 
9.5 0.868 9.10 0.175 1.043 10.96 

12.1 1.198 9.98 0.322 1.519 13.02 
27.4 1.771 6.46 0.686 2.458 8.96 
24.8 1.113 4.55 0.077 1.190 4.91 

S.E. Mean _L 3.971 0.2560 0.9319 0.0466 0.3026 1.2018 

C.D. 5% 13.28 N.S. N.S. N.S. N.S. N.S. 
C.D. 1% 19.65 N.S. N.S. N.S. N.S. N.S. 

C.D. 5% 13.28 N,S. 3.117 0.156 1.012 4.020 
C.D. 1~ N.S. N,S. N.S. 0.231 N.S. N.S. 

Analysis of variance 

Source of d.f. Dry wt. of alga N content of alga N content of culture Total N 
variation (mg) - filtrate 

(mg) (rag) (mg) (%) (%) 

M.S.S. V.R. M.S.S. V.R. M.S.S. V,R. M.S.S. V.R. M.S.S. V.R. M.S.S. V.R. 

Replications 1 17.01 0.539 0.104023 0.794 1.0506 0.605 0.004356 1.000 0.012996 0.017 1.5314 0.530 
pH 2 533.30 16.900 ~ 0.069514 0.530 4.9341 2.841 0.019806 4.547 0.157080 0.858 8.0116 2.773 
PO43- 4 172.52 5.470 b 0.500004 3.810 10.0785 5.803 b 0.127038 29.164 ~ 1.057587 5.776 b 19.5430 6.764 b 
pH POa 8- 
interaction 1 440.92 13.980 a 0.042321 0.323 34.0658 19.613 ~ 0.026966 6.191 b 0.001707 0.009 41.6250 14.407 ~ 
Error 7 31.54 0.131098 1.7369 0.004356 0.183097 2.8892 

Total 15 

The given values are averages of 2 replicates. 
V.R., variance ratio; ~ significant at 1% level; b significant at 5% level. 


