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Genetical heterogeneity is known to be among the most fundamental featu-
res of animal populations in terrestrial species. Heterogeneity, and its conse-
quence, genetical polymorphism, is in fact of such a common occurrence that
it may be regarded as being the normal condition of natural populations. In

« marine species, however, the evidence for heterogeneity is actually very
scarce. There aresomelittoral species of Isopods(1,2)and some Copepods (3)
which exhibit a phenotypical polymorphism for coloraiion patterns {poly-
chromatism), which has been found in some instances to have a genetical
basis, »
Genetical heterogeneity in marine animals may not be supposed to have
consequences fundamentally different from those in terrestrial species; how-
ever, the relation between genetical population structure and environment
conditions may find, in littoral species, a much clearerexpression on a micro-
geographical level due to the extremely strong ecological clines on the coast.
The conditions for genetical differentiation of populations are most favour-
able in intertidal species with a non-pelagic development; these conditions
will necessarily lead to the establishment of colonies or of populations which
present a high degree of genetical isolation. Isolation is in fact often fulfilled
in a region with an extended iide range where habitats for a given species are
separated from each other by stretches which do not suit its ecological requi-
rements, and which may therefore prevent or strongly reduce exchange of
genetic material between differem populations When assuming that the
genetical equilibrium within a population is related to its parncular habitat
conditions, wxdely different genetical constitutions may be expected in sepa-
rated populations on a local {mlcrogeographxcal\ as well as on a geographical
scale,

(1, 2) BocqueT, Livi and Tnsqlm, 1951 BocQLrT 1953.
(3) Bocquer, 1951.
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The extent of such local and regional diversification may amply be
demonstrated in the intertidal prosobranch species Purpura lapillus (syno-
nyms: Nucella lapillus, Thais lapillus). The genetical heterogeneity of Pur-
pura lapillus has a chromosomal, i. e. structural basis. The species is diffe-
rentiated into two forms which show widely different chromosome numbers;
their haploid numbers are 13 and 18 (4). The difference of numerical chro-
mosome constitutions is seen from the metaphases of the first maturation
division in female meiosis which show 13 and 18 bivalent chromosome confi-
gurations, respectively, in the two chromosome forms.

The analysis of the numerical dimorphism is made possible by the fact that
the two forms are fully interfertile, and that their chromosomes may be
combined in any possible combination to diploid constitutions. The relation
which links the two forms is of the kind thatis generally called Robertsonian.
The haploid setof form 13 contains 5 metacentric (V-shaped) chromosomes’
each of which corresponds to one pair of acrocentric (rod-shaped) chromo-
- somes inform 18. Each of the 10 acrocentric chromosomesis partly ortotally

homologous to one arm of the corresponding metacentric element of the
opposite chromosome form. The remaining 8 chromosomes are numeri-
cally identical in the two forms. The haploid chromosome sets are thus
8 +5=13inform 13,and 8 + 5 X 2=—18 in form 18.

The numerical dimorphism within the species Purpura lapillus is thus due
to the 3 acrocentric-metacentric chromosome groups. This is the basis of
the genetical variation system of the species, and at the same time the origin *
of diversification between populations on the local and the regional scale.
Chromosomal polymorphism is due to the fact that, within each of the
5 chromosome groups responsible for the numerical dimorphism, heterozy-
gosity for acrocentric and metacentric elements may freely be realized, as well
as homozygosity for the ones or for the other. This permits the formation
of a great number of chromosome constitutions; in fact, there are 243 different
possibilities of combinations of these chromosomal elements to diploid
constitutions, and even several thousands if other structural differences
between the two haploid sets are equally accounted for. As judged from the
chromosomal analysis of the populations, all of these ¢onstitutions may
become realized. This may illustrate the meaning of the term ¢ chromo-
somal polymorphism . '

The analysis of heterageneity of populations with respect to chromosomes
is based on the analysis of heterogeneous constitutions. Due to the nume-
rical differentiation, it is possible, in each heterogeneous female individual,
to determine the respective numbers of chromosomes originating from the
two forms 13 and 18; these numbers, the sum of which is 10 in diploid consti-
tutions, lie necessarily between the limits 10 acrocentric pairs + o metacentric
chromosomes on one hand, and 50 metacentric elements + 0 acrocentric paifs
on the other. The records of heterogeneous individuals then permit us to
define the state of heterogeneity of a population with respect to the chromo-

(4) STaGER, 1954.
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somes of the two forms. A rough measure of heterogeneity, within a popu-
lation polymorphic for chromosome constitutions, is obtained by taking the
mean percentage of acrocentric chromosome pairs recorded in a statistical
number of individuals from the same locality, and that of the metacentric
chromosomes of the same individuals. The microgeographical distribution
of the two forms and of the two chromosome structures may then be
recorded. '

The principle of microgeographical distribution is quite simple: form 13
occupies exposed places; form 18is found on sheliered places (4 bis). The pure
forms 13 and 18 are ecologically differentiated. The same principle holds for
the degree of heterogeneity, i. e. the respective percentages of the chromosomes
originating from the two forms. The extreme habitat conditions ‘* exposed ”
and ‘¢ sheltered "’ are linked by a whole series of intermediate conditions; such
intermediate habitats are occupied by chromosomally heterogeneous popula-
tions, whereas those on extreme habitats are pure forthe forms 13 or 18. The
chromosomal composition of any colony of Purpura lapillus corresponds to
the particular degree of exposure of its habitat, 7. e. to the whole complex of
environmentconditions thatare normally associated to exposure. Some popu-
lations of the region of Roscoff and of the bay of Morlaix are particularly
illustrative in this respect. Thus, the highly exposed place Estellen bihan
is entirely pure for form 13, ¢. e. this population contains 100 per cent meta-

- centric chromosomes; there are still g6 per cent metacentrics at Les Bisayers,

92 per cent at Ile Blanche, 60 per cent at the intermediate locality Bloscon,
13 per cent at Pen Lann, and finally 1 per cent metacentric chromosomes only
in the most sheltered place near the laboratory of Roscoff. In the same way,
the complementary percentages of the acrocentric chomosomes of form
18 increase as the exposure decreases, from o per cent at Estellen bihan to
99 per cent at Roscoff. There exists thus a gradient for chromosome frequen-
cies which runs parallel to a gradient for ecological conditions.

The principle that rules the microgeographical distribution of the two forms
is of an ecological nature, and the same holds for the 1wo types. of chromo-
some structures which are involved in the dimorphism. It is interred that
the forms with 13 and with 18 chromosomes are genetically adapted to the
corresponding habitat conditions ** exposed ” and ** sheltered ”, respectively.
The adaptive characier of the intraspecific dimorphism is further demon-
strated by the distribution of the two forms on a larger geographical scale.
Ifform 18 is really associated to sheltered habitat conditions, as it is suggested
by the microgeographical situation, then it is to be expected that form 18 is
absent from a coast which presents no sheltered places, and where conse-
quently the ecological requirements of form 18 are not fulfilled. Its pre-
sence or absence in a given region would be governed by the structure of the
Ccoast. . , '

From the point of view of coast structure, the region of Roscoff and of the
bay, of Morlaix is in a sharp contrast to the coast which extends to about

(4 bis) STaicER 1G54.
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15 km. to the east of the latter between Primel and Locquirec-St. Efflam: the
first region shows most varied environments, the intertidal zone is large, and
sheltered areas are very extended at many localities; on the other hand, the
second region is relatively uniform, the intertidal zone extremely narrow and
predominantly exposed.

The distribution of the two forms corresponds entirely to this contrast of
coast structure. In the Roscoff region, both forms 13 and 18 coexist side by
side on their adequate habitats, and form heterogeneous colonies where they
come into contact on intermediate places. In the second region Primel-
Locquirec, however, the sheltered form 18 is missing; consequently, exposed
localities as well as those of intermediate character are occupied by pure
colonies of form 13, showing 100 per cent metacentric chromosomes. Acro-
centric chromosomes of form 18 are missing in the Purpura populations
between Primel and Locquirec.

The adaptive character of the chromosomal dimorphism is thus seen on
two levels of distribution: local, and regional. The regional contrast implies
at the same time a profound difference for chromosomal composition of
populations on intermediate habitais: such populations are heterogeneous in
the first region, but homogeneous for form 13 in the second region. The
structure of the coast, by the ecological features involved and through
adaptive properties of the chromosomes, determines the genetical variation

system of the species on the basis of a pre-existing material of genetical
variation.

The genetical differentiation of populations and of population groups may
deeply affect the morphological characters of individuals and of populations.
The quantitative traits of the shells of Purpura lapillus are strongly influenced
by both the genetical structure of the population and the environmental
conditions of its habitat. The regional differentiation for chromosomal
composition of popunlation groups then enables us to estimate the parts played
by constitution and by environment in the realization of the phenotype.
Purpura lapillus has been known for a long time to have an exceedingly high
degree of morphological variation, e. g. for coloration and pattern, for size,
stuntedness, surface structure of the shellsand for shell thickriess(5,6). Among
these, shell thickness is especially well suited to demonstrate the relation
between chromosomal and morphological population siructure, as well as
the differences for morphological variation systems which depend on regional
differences for chromosomal composition of population groups.

Shell thickness is statistically treated by the relative weight of the shells.
The relative weight is computed by dividing the absolute weight through a
volume index; this later is obtained from the dimensions of the shells.
Differences for the relative weight express in a fairly clear way differences
for thickness of the shells, and especially so for the walls of the body whorl,
as it may be seen directly from longitudinal sections of the shells.

(5, 6) CoLton, 1916, Moore, 1936.
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The population samples of the region of Roscoff show clearly that the rela-
tive weight of the shells as well as shell size (length) are related to the chromo-
somal composition of the population. The mean size shows two maximain
the pure populations of the forms 13 and 18; the means then decline as the
heterogeneity increases and attain a minimum in a population of highest
heterogeneity, i. e. with about equal percentages of acrocentric chromosome
pairs and of metacentric chromosomes.—The relative weight exhibits a
similar behaviour; in this case, the maximum mean is attained in the most
heterogeneous population, and then gradually declines as the heterogeneity
becomes lower towards the two pure form populations. Shell thickness is
higher in heterogeneous than in pure form populations.

This holds first for population samples that are quite different for mean

_ size; it is however easy to establish that the relative weight is independent
from size. The size ranges of two populations of different chromosomal
composition mostly overlap; individuals chosen in two such populations
for identical size (size classes) then show signiticant differences for the rela-
tive weight in the same sense as the total populations do. This means that
shells of identical dimensions have thicker body walls when heterogeneous
for chromosomes than when homogeneous 13 or 18.—This relation between
heterogeneity and shell thickness holds equally good for some regions on
the south coast of Brittany where the two forms 13 and 18 coexist, and seems
thus to be of general validity in the species.

Of particular interest for the comparison between ditferent regions is the
relation between shell thickness and exposure. Heterogeneity is related to
exposure; this means that, when passing from intermediate to highly exposed
places, the shell thickness declines as the degree of exposure increases.

This paradoxical relation between exposure and shell thickness is in fact a
specific feature of heterogeneous population groups. In a region which is
homogeneous for form 13, such as that to the east of the bay of Morlaix, the
connexion between exposure and shell thickness is quite different. The
degree of ‘exposure which is attributed to any one colony of this
homogeneous population group remains relative, buta comparison is pos-
sible between neighbouring colonies on a coast part which shows a clear gra-
dient for exposure. Near Locquirec, ina semi-exposed situation due to some
shelter afforded by a small islet off the land point of locquirec, the mean
relative weight is 0.365 == 0.005 for a sample of about 8o individuals; on the
northern exposed point of this islet, the meaa is 0.420 &= 0.005 ; the increase
is significant. In the same way, the means increase inside the bay of Loc-
quirec, from 0.3820.004 at the semi-exposed locality Roches d’Argent to
0.404 =+ 0.005 at the exposed place Plestin. Inthe heterogeneous population
group of the bay of Morlaix, however, the means drop from 0.55520.003
(Bloscon) 10 0.442 #+ 0.004 (Estellen bihan) when passing from intermediate
to exposed places, and where atthe same time the heterogeneity declines from
60 per cent metacentrics-40 per cent acrocentric pairs at Bloscon to 100 per cent
metacentrics at Estellen bihan.

Between intermediate and exposed, the shell thicknessincreases with increas-
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ing exposure in a chromosomally homogeneous population group, but it
declines in the same direction when this population group is heterogeneous
for chromosomes. The shell thickness follows thus a morphological varia-
tion system that is fundamentally different in the two regions, according to
presence or absence of chromosomal heterogeneity, and as a function of dif-
ferent genetical variation systems. This shows to what an extent the geneti-
cal background may intervene in determining the connexion between
morphometric characters and environmental conditions—a fact which
should particularly be emphasized in comparative regional studies. The
genetical background is likely 10 be strongly different in separated regions.
In Purpura lapillus, there exist, under certain habitat conditions, significant
ditferences in the chromosomal composition of subcolonies at a distance of
about 5 meters, and this even without any ecological barrier between the two
places. These differences are quantitative, in that equilibria between different
components of heterogeneity may become shifted from one place to the other.
When passing to the geographical scale, qualitative differences may equally
be expected, i. e. gene or chromosome mutations may take part in the hetero-
geneity on one place, and are absent from a geographically remote locality.

Genetical heterogeneity in terrestrial species is recognized to be concerned
with the fitness of the populations (7), i.e. their capacity to withstand the vary-
ingenvironmentconditions, and to exploit their habitats; it is therefore of parti-
cular interest to compare heterogeneous and homogeneous regions with
respect to traits that are related to titness. It is rather difficult to understand
from this point of view the thickening of the shells in heterogeneous popula-
tions, since quite thinner shells may apparently respond to the demands ot
the environment, 7. e. to even considerably higher degrees ot exposure. There
are however other differences of another nature to be observed between the
two population groups in question. It is unknown at present whether or not
such differences are associated to the regional differenciation for chromosomal
population structure, but the contrasts are striking enough and deserve spe-
cial attention. .

One of these differences concerns population density. The density of Pur-
pura populations on exposed localities with rich food ’supvplyvis considerably
higher in the heterogeneous region Roscoff-bay of Morlaix than on similar
habitats of the homogeneous region Primel-Locquirec. A striking fact to be
observed in this latter region is the existence of exposed points which are
completely free from Purpura, although they would present a very rich food
supply for them by carrying a dense mussel bed; comparable places in the
bay of Morlaix show a density of several hundreds of Purpura individuals
per square meter. : '

As a second point, the body size is equally different in the two regions. AS
stated earlier, the mean body size increases from intermediate to exposed
places in the heterogeneous population group. ' In the homogeneous region,

P

(7) LernER, 1954.
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]
however, the maximum body size is attained on intermediate localities with
rich food supply, and is then secn 10 decline as the exposure increases;
tinally, Purpura is absent from the most exposed places, as it has already
been mentioned.

Mean body size and population density give together a relative measure for
production ; they express the ability of the population as a whole to utilize
the resources of the habitat. As judged from these two facts, it seems that a
heterogeneous population group is more versatile in this respect. The ecolo-
gical preference appears to be shifted (from intermediate to exposed); it is
possible that heterogeneity leads 10 a wider tolerance and 1o an enlargement
of the range of habitat conditions which the species is capable of exploiting.
Regional differences of this kind deserve some emphasis from the genetical
point of view; they possibly point to a general meaning of genetical hetero-
geneity for the biology of populations.
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Discussion

M. Bullock. — I don’t suppose the following case can be put to you as a question
‘but perhaps as a reason to come to California. It might_be of interest because it
concerns populations of gastropods showing phenotypic differences related to eco-
logic differences. ) L

Acmea digitalis, a high tide lim
bours, presents some morphologica

pet living both on exposed points and in bar-
1 differentiation between these populations. We
undertook to test whether there is any physiologic differentiation using the sensi-
tive method of reciprocal transplantation and survival of marked individuals over
some months. According to astudent of mine who has made these studies, there is
a difference in viability, the samples from inside a breakwater showing much more
mortality when transplanted to the outside, than outside samples transplanted to
the insi i trol transplants. ‘ .
¢ inside, relative to contr p has shown, in

‘In another species, Acmea limatula, Dr. SEGAL in our laboratory, . .
a paper now ir? press’, the existence of physiological differences between high tide

opulati tide populations and their complete reversibility by transplan-
{)at?gn?nﬁ‘: ﬁﬁf igvg ;hgv?npmorphological differences between them. But what
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may be of special interest in connection with Dr. STAiGERs results is thata large
fraction of the population, those in the upper parts of the range of distribution,
develop mature gonads but apparently never spawn, so that they as well as the
rest must be replaced from spawn from a fraction of the population.

I wonder if this might be occurring in Purpura? And I hope we will some day
have results of transplanting large samples of the populations of Purpura.

M. Barigozzi. — May [ ask Dr. Staicer for some informations about the first
stages of the meiosis 7

M. Staiger. — Most of the stages of meiotic prophase of females are inaccessible
for cytological examination, the eggs are in diakinesis at the moment of spawning.
In some exceptional.cases, diplotene configurations may be seen ; these show clear
chiasmas. :

M. Prosser. — Experiments, both in laboratory and field, should indicate what
stress is critical in the two chromosomal types. "You implied two possible physio-
logical differences, ability to withstand mechanical stress such as wave pressure,
and feeding or ability to extract nutrients from the food. Are these the probable
bases of selection or are there others which might be used experimentally :

M. Staiger. — Quality and quantity of food is different for the different types of
habitats {mussels, barnacles, prosobranchs), and it is therefore possible that the
two chromosome forms show different ability in utilizing different food resources,
and that this contributes to fitness. It is however difficult to make one only factor
of the environment responsible for the ecological preferences of the two forms - it
is rather the whole complex of habitat conditions that acts selectively: food supply,
algal vegetation, mechanical stress through the waves; most of these factors are
more or less tightly related to exposure. Transplantation experiments could per-
haps give further informations about the respective importance of these compo-
nents; €. g. transplantation of heterogeneous individuals from an intermediate
habitat to an intermediate pure colony with a rich food supply (mussels), or with
poor food supply {barnacles).

M. Smith. — Itis somewhat difficult to see how chromosomal heterogeneity per
se resulis in greater fitness of a population, but do you consider it likely that one of
the values of heterogeneity may lie in the fact that a heterogeneous population pro-
duces a more diverse progeny ? The result of this would be an increased probabi-
lity thatinany given year, a sufficiently large fraction of the brood will survive even
if conditions vary greatly from the normal. For example, heterogeneity would be
an advantage if, in the Bay of Morlaix, great differences in salinity were to occur in
different years, but in each year some large fraction of the young Purpura could
survive.

M. Staiger. — It seems that the homogeneous population group is morphologic-
ally more variable between as well as within populations (Eigher coefficients of
variation in colonies that live under critical conditions, as poor food supply) than
the heterogeneous one ; this could lead to the assumption that a higher proportion
of individuals would be eliminated in highly variable populations for metric traits
in case of sudden changes of the environment (salinity, temperature, etc.). It is
conceivable, as you suggested, that heterogeneous populations could better with-
stand environmental stresses of this kind, especially in the young stages, because of
their higher genetic variability which may lead to a better equilibrium between the
internal and the external environment. Perhaps the higher morphological variabi-
lity of the homogeneous populations might be a consequence of environmental
stresses under which the animals suffered when young.
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