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parisons of glucose metabolism, that cultures are carefully
matched for age in vivo and i vitro, preferably derived
from skin (the best tissue for routine biopsy) from a single
anatomical site and from postnatal donors of known
predisposition to diabetes.

W We thank Mrs. Enena Morraas for expert technical assistanee,
Supported by grants from the Medical Research Couneil of Canada
and the Canadian Diabetic Assoeiation Foundation Fund during
the tenure of 4 scholarship from the MUR.CL (SG).
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Résumé. Los fibroblastes humains utilisent une quantité
de glucose plus grande pendant leur croissance logarith-
migque que dans leur phase stationnaire, Les cultures a pas-
sage tardif consomment plus de glucose par cellule que les
cultures i passage hitif sans égard a la phase. Ce systéme
doit étre utile pour rechercher les altérations métaboliques
au cours du vicillisscinent cellulaire ¢t pour découvrir la
base biochimique de certaines maladies dépendant de
I'Age.

S GoLpsTEIN® and G, Tricvan 4

Departments of Medicine and Biochemistry,
MeMaster University Medical Centre,
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Biometric Analysis of Incipient Speciation in the Ringed Snake, Natrix natrix (L.)

N, watrix shows a considerable amount of infrsapecific
variation and a large number of subspecies have heen
recognized "4 based on only a few characters, un in-
adequate number of specimens and  without proper
consideration of the non-geographic infraspecilic varia-
tion,

This paper is an attempt to make a more objective and
comprehensive assessment of the status of the various
populations by using univariate  and  mulivariate
biometric methods to analyze the complicated patterns
of geographic variation and  univariate methods (o
detect and negate the cffect of the non-geographic
infraspecific variation such as allometric growih and
sexual dimorphism.

750 specimens representing the entire range of the
species were studied and the range of the species was then
divided into approximadely 50 small relatively homoge-
neous geographic units (on the basis of collecting gaps,
physical isolation, and the overall similarity of specimens
as assessed Dy cluster analyses) so that the geographic
vatriation between the peographic units and the non-
geographic infraspecific variation within the umts could
be analyzed.
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IFige. 1. Canonteal analysis, Female specimiens, 48 charaeters, First
axis has 33,3%, discrimination, Seeond axis has 16.59%, diserimination,
Solid cireles, western speeimens;  trinngles, castern specimens;
squares, Tyrehenian (Corsica and Kardinin} specimens; open cireles,
Bologna arca specitiens,

Ol 1he 160 characters® originally recorded from the
scalation, colour pattern, internal anatomy, dentition,
dermal sense organs and body  proportions, 52 (504)
characlers were chosen for the canonical analyses; the
rest eing discarded hecause they did not show signiticant
peographic variation {as assessed by w one-way analysis
ol variance), did not contribute original inlormation (i
had a high pooled within-group correlation to other
mncluded characters)y or for other taxonomic or statistical
TeASONS.

Canonical analysis simultancously takes into account
the variation and covariation ol all of the characters and
computes diseriminant axes so as o produce the mini-
mum overlap between the geographic units, This method,
togoether with the related D2 analvses, clearly indicates
that the geographic units largely cluster into 3 groups, i.c.,
an castern cluster, a western cluster and a Tyrrhienian
cluster (Figures 1 and 2}, However, the specitiens from
the Bologna arca of north ltaly are phenetically and
geographically intermediate between the castern and
western specimens axd the Corlscan  specimens  are
phenetically intermedinte between the Sardinian and
wostern mainland specimens.

[t should be noted that a detailed investigation of all
the available canonical axes, together with [lurther
multivariate analyses of the variation within the castern
and woestern clusters indicate that these 2 groups are not
homogeneons hut show a considerable amount of complex
peographic variation.

The question arises as to how the 2 mainland populi-
tions could have diverged from one another because the
eastern and  western population are adjacent to one
another in Central Europe and are not separated by any
physiographic barrier. The contact zone between these
2 popolations dees not complelely coincide with the
River Rhine or mountains to the east as previcusly
implied 22 and, morcover, since N, natriz 15 both fairly
aquatic and found in mountainous regions the Rhine and
associated mountains cannol be considered as effective
barriers to gene flow.

11 15 suggested that during the extension of the Pleisto-
cene tee caps the population of N watrix would have been
split so that separate south western and south castern

Vi ecnr, Mitt, Zool, Mus, Berlin Fé6, 244 (1930).

2 1. MerTENS, Abh. seuckenb. naturforsch. Ges, 476, 1 (1947).
4Rk, MerTEss, Abh. senckenb. naturforseh. Ges, 38, 173 (11957},
iR Merrens, Abh, seuckenh, naturforseh, Ges, 47, 117 {1900),
SR Toree, J. Linn. Soes (Biel), in press,
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I, 2. Approximate range of the
3 snbspecies of N, watriv, Vertical
lines, N, natrix notriz; horizontal
lines, N pateiy hefvetion; siuares,
N onalrix cetti; solid eivele, area ot
introgression, N, n. natriv = N, k.
helvetica:; solid squares, Corsican
intermuediates, N, w, belvefica A
mn.ocrlts.

I'he

refuge  populations  resulted, two  hypothesized
refuge populations would have to have been separated
for Tong cnough and completely cnough 1o diverge and
establish distinet co-udapted gene pools to explain why
these 2 populations have lurgely retained their integrity on
coming together again in post-glacial times,

Examples of olher vertebrates showing this cast-west
pattern of differentiation are known such as crows® and
hedgehogs™ and alse the closcly related snake species
Natriv fessellata il N. maure. N, maura (western) and
N, tessellata {castern) appear to have speciated when the
Pleistocene ice caps spiit the ancestral species into
castern and western components. Since N, maura and
N, tessellata are more southerly in (heir distribution the
refluge populations would probably have been separated
for longer than those of N. natriv and this is possibly
why they have achieved a greater degree of reproductive
isolation.

However, whilst  the  present state of  knowledge
provided by this study indicates that the castern and
woestern populations of N.oanatriv may not have completely
speciated, the speeimens adjacent to the zone of contact
{exeept at Bologna) remain distinet even though they are
geographically close, This indicates a limited amount of
gene flow and suggests incipient speciation. The inter-
mediate specimens from  Bologna (IMgure 1) indicate
imtrogressive hybridization in this limited area. Therefore
N. matrix not only provides an example of incipient
speciation but alse an example of different degrees of
introgression along a contacl zone.

The taxonomic status of the western aned castern
population is open to question. In Switzerland and
S.W. Germany the western and castern forms make a close
approach but only a few intermediates have been iden-
Lified whereas in north western Germany the relationship
between the 2 forms is uncertain because the localities
samples are too widely spaced,

Breause of the occurrence of intermediates (in a
multivariate sense) and univariate evidence of gene llow
between the castern and western populations, T provi-

sionally regard them as subspecies, with N. wafvix nairiy
(Linnaeus, 17538) the correct trinomial for the eastern
population and N. natrix helvetica {(Lacepede, 1789} {he
correct trinomial for the western population. The Belogna
specimens may be regarded as ‘intersubspectfic’ hybrids,
Subspecies in this context are grossly difterent populations
defined by the criteria of incipient speciation.

Current work docs not indicate that the castern and
western populations would more suitably be regarded as
species but 1he matter should not be regarded as closed.

N. natrix provides an excellent example of the inability
ol formal trinomial nomenclature to adequatety deal with
divergent isolaled populations. The Sardinian populations
are too distinet Lo be included in with the mainland sol-
speeies and are therelore allocated a trinomial of their own,
N, natriv cetti {(Gene, 1838). Since the Corsican population
is phenetically  intermediate between the western and
Sardinian populations it is referred to here as N, natrix
helvetica-N, natriv cotti and whilst this may he unconven-
tional it is the most logically consistent option.

The problems of trinomial nomenclature and an in-
formal aliernative to the above mentioned 3 subspecies are
discussed in a full account of this research which is to
appear clsewhere®,

YA, Merse, . O, Lpez, 76, 1 (1928),

TG, Corprr, Symyp, zoul, Sec., Lond. 26, 105 (1970},
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Résumé. On  souligne Pimportance d'un procédé
convenable pour analyser la variation géographique.
L’efficacité d'une méthode multivariante de la taxonoiie
numérique (analyse canonigque) en réduisant une situa-
tion compliquée et hypermultivariable dans un modéle
oligovariant intelligible est indigué. On mentre comment
N. matviv donne Vexemple de Ta naissance d'espéees
{(influence de la calotte glaciaire) ot de 'apport variable de
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génes communs et on propose ausst e restreindre Pemploi
de sons-cspéces pour une espéce naissante.

. 5. THORPE
Depariment of Bivlogical Sciences, City of London

Polytechnic, 31 fewry Street, London KCIN 2EY
(England), 25 fune 1971,

Influence of pH and Concentration of Phosphate lons on Growth and Nitrogen Fixation in a

Blue-Green Alga Cylindrospermum majus

As very little information is available on the factors
controlling growth and nitrogen fixation by the hetero-
eystous biue-green algae under culture conditions, it was
considered desirable to study the effects of varying pll
vilues and phosphate-ion concentrations and to examine
statistically their significance, if any, on growth and
nitrogen fixation by Cylindrospermum majus.

Cyvlindrospermum majus Kiitzing, a filamentous and
nitrogen-fixing blue-green alga belonging to the family
Nostocaceae, was colleeted from paddy fields of Bhupal-

sagar (Udaipur). It was isolated first in unialgal culture
and then made bacterta-free by UV-irradiation. It was
grown for a period of 30 days in conical flasks containing
100 ml medinum of Arrten and ArNoN1 The pll of the
culture medinm was adjusted to different levels of 6.0,
8.0 ancl 10.0 alter autoclaving and subscquent cooling of
mediom. [n another experiment, the alga was grown
in increasing concentrations of phosphate ions (50, 100,
250 and 500 mg/l) in the medium. The pIT of the medium
was maintained at 7.5 in all cases in which effects of

Dry weights and nitrogen contents of C.omajes at different pH ovalues and phosphate fon concentrations along with statistical analysis of

data

pll of culture medinm I"hosphate Dry wt, of alga N content of alga N voutent of Total N
(mg/1}) {mg) culture filteate
{2} (%) {(mg) {(mg) (9%}
6.0 21.1 0017 +.40) 0.378 1,395 6,21
5.0 14.5 (L.805 5.0 0,246 1.051 7.45
10.0 45.5 L1049 2.50 0441 1.610 3.53
Without oyt 7.1 0.399 [ENEL 1091 0,400 7.40
5.0 ¢%.5 (LR6R G110 0.175 1.043 1Y 96
LW 121 1.198 Q98 .322 1.519 13.02
25141 27.4 1.771 0,40 1.686 2.458 8.96
50044 248 1113 +.55 1L.077 1.160 +.91
S Mean 30971 0. 250} 0.9319  0.0400 1.3020 1.2014
C.D, 13.28 N.S. NS, NS, N5, N.S,
.. 19.65 NS, N5, NS, NS, N.S.
Cuy 3%, 13.28 N.5. N7 0156 1.012 4.020
Can 1Y, N.5. NS, NS 0.231 N.8. A
Analysis of variance
Souree of dof. . Dy wit of algn N content of alga N content of cultyre Total N
variation {my) filtrate
() (%) () {1 (%)
M55 VR M.S.S. VIR, M55 VR M.R.S. V.R. M.S.5. VR, MUBS8. VR
Replications 1 17.01 0539 104023 0794 10500 0.605 0004356 1.000 0.0029% 0017 1.5314 4530
pH 2 533330 160,900 0000514 0.530 4.934] 2.841 00198060 4,547 0157080  0.858 BR.116 2,773
Pod 4 172.52 54700 05000404 3.810 10,0785 3.803" 0,127038 29,164+ 1,057587 5,776" 19.5430 67040
pH POy 3
interacticn t +403.92 13,980 0042321  0.323 340658 19.613+ 0.026960  G.191" 001707 0,009 41.6250 14,407
Error 7 31.54 0.131098 1.7369 0.00:4356 h183097 2.8892
Total L5

The given vadues are averages of 2 replicates,

V.., varianee ratio) = significant at 1% level; v significant at 5%, level,



