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Genetic drift in small and recently
founded populations of the marine
snail Littorina Saxatilis

K. Janson Tjärnö Marine Biological Laboratory, P1 2781,
S-452 00 Ströinstad, Sweden.

The intertidal snail, L. saxatilis lacks a pelagic stage and migration between populations inhabiting different islands
is rare. Small skerries, which are very young habitats, due to the proceeding post-glacial elevation of land, are likely
to have been populated by small groups of snails. Mayr's "founder principle" predicts a "genetic revolution" in
populations established in this way. Allozyme data, however, reveal but a slight decrease in the level of heterozygosity
within these skerry populations, as compared to those of islands and mainland. A probable explanation for this is that

although the founding group may consist of only one fertilised female, sperm storage, year-round reproduction, and
density-dependent selection enable such populations to expand rapidly in a formerly empty habitat. As has been shown
by Nei and coworkers, this will largely impede the loss of genetic variation during the founder event. Isolated
populations of L. saxatilis indicate that founder events need not lead to drastic genetic alterations.

INTRODUCTION

Random genetic drift is often advocated an impor-
tant evolutionary force when, for example, a popu-
lation is subdivided into small breeding units, or
if a large population is forced to pass through a
size bottleneck. In these situations, sampling errors
will give rise to random loss or fixation of alleles
within polymorphic loci that are not subject to
unduly strong selection. Population subdivision is
one premise essential to Wright's "shifting bal-
ance" theory (Wright, 1932), while population
bottlenecks are central to various founder models
(e.g., Mayr, 1963; Carson, 1975; Templeton, 1980).
Random drift is perhaps most typically exemplified

by Mayr's "founder principle", which predicts
genetic divergence, reduced genetic variation, and
increased homozygosity in a population founded
by a small number of individuals. The resulting
"genetic revolution" will enable new forms or
species to be formed (Mayr, 1963). There are
several criticisms of the predictions of Mayr's
model. For example, Lewontin (1965) emphasises
that only rare alleles will be lost during a founder
event and these contribute only marginally to the
overall genetic variability. Further remarks are that
although a genetic revolution is possible within an
extremely small and isolated population, this type

of population will probably go extinct soon after
being established (Lande, 1980). These points have
cast doubts on the real significance of founder
effects in the origins of species (Barton and
Charlesworth, 1984).

Nei et al. (1975), and Chakraborty and Nei
(1977) analyse the quantitative effects of a popula-
tion bottleneck on gene heterozygosity in neutral
loci. They find that, if a population increases its
size after a bottleneck, the minimum level of
heterozygosity due to stochastic events, will be
attained soon after the bottleneck. The reduction
in heterozygosity will thus depend crucially on the
rate of expansion as well as on the effective size.
Furthermore, the drop in heterozygote level will
persist over a large number of generations (a num-
ber approximately equal to the reciprocal of the
mutation rate; Nei et a!., 1975).

Although a theoretical framework has emerged
from the work by Nei and others, data from natural
populations are scarce, and the role of bottlenecks
in the evolution of natural populations is far from
settled. Here I test some predictions of such
theories about genetic effects following population
bottlenecks. The study comprises an examination
of the levels of genetic variation in isolated natural
populations which are likely to have passed
through size bottlenecks. By choosing recently
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established populations it is possible to assume
that the effects of mutations are small.

The marine intertidal snail Littorina saxatilis is
a suitable organism for the purposes of this study
as it has a direct development and lacks a pelagic

dispersal stage, and populations have recently been
established on minute rocky islands "skerries".
The post-glacial elevation of land is at present
0.25 m per 100 years in the northern parts of the
Swedish west coast. As a consequence, skerries
and small islands have emerged within the last few
hundred years through the water surface. The inter-
tidal zones of several of these skerries are popu-
lated by L. saxatilis and, as I will argue, small
founder groups of perhaps only one fertilised
female, are the likely origin of each population. I
have assayed the effects of genetic drift during the
founder event of these populations from allozyme
patterns at a number of enzyme loci which seem
to be largely neutral (Janson and Ward, 1984).

MATERIALS AND METHODS

A total of 25 populations of L. saxatilis were
sampled. Of these, 13 were from small habitats
("skerries") of 2 to 200 m2 size, and located
between 3 to 2500 m from the nearest island. Seven
were from intermediate sized habitats ("islands"),
about 400 to iO m2 large, and in addition five
populations were from the mainland or from large
islands close to it ("mainlands"). All 13 skerry and
5 island populations were located within 8 km
distance of each other, in the Koster archipelago
at the northernmost part of the Swedish west coast.
The two remaining island populations were from
an area about 70 km south of the Koster archi-
pelago (BOR). The mainland populations were
one from Tjärnö (TJA) 10 km east of Koster, two
from Grötvik (GRO), and two from Hovs Hallar
(HOV), 270 and 280 km south of Koster, respec-
tively. The Koster populations inhabites smooth
granite rocks exposed to wave action, while the
other populations are from more or less sheltered
habitats. The level of genetic variation were esti-
mated by means of starch gel electrophoresis of
13 allozyme loci. (Methods and allele designations
as in Ward and Warwick, 1980, and Janson and
Ward, 1984.) Five of the loci (Aat-l, Pgm-1, Pgm-
2, Mpi, and Pgi) were polymorphic when applying
the 0.95 criterion of polymorphism, while the
remaining eight (Mdh-1, Idh-l, Odh, Xdh, Sod,
Est-1, Lap-i, and Ap-2) were monomorphic. Mean
locus heterozygosity (HL) were calculated from
allele frequencies of the analysed loci, including
monomorphic ones, for each population.

RESULTS

Dispersal capacity

The lack of a pelagic larva in this intertidal species
suggests a very restricted dispersal rate between
islands. A series of experiments was undertaken
to test this assumption. The first one revealed that
snails of L. saxatilis are unable to find their way
back to the intertidal zone if detached from the
substratum. Of 2126 marked snails released
between 4 and 50 m from the shore (the area is
almost atidal), and at 0.5 to 5 m depth, none reap-
peared on the shore although searched for
repeatedly. Thus a bottom-bound migration
between island habitats is unlikely, and in addition,
if a snail is dislodged by waves, its chances of
climbing another shore seem small.

in a second experiment, a small skerry, 2 m2
in size and 15 m from a nearby island, was depleted
or nearly so, of L. saxatilis. More than 5000 snails
were killed by scorching the substratum with a
bottle-gasoline flame, on three successive days.
Even after this treatment a few snails were found
alive and these were removed by hand during
repeated visits over more than a year. On 3rd June
1982 only one single male was found, and on 6th
September the same year another male was recor-
ded. During visits in the two following years (in
August 1983 and in July 1984) no specimens were
found. However, on 14th June 1985, 13 adults and
about 50 juvenile snails appeared. The two largest
ones were at least 3 years old, while the rest were
not more than 2 years old. Five months later (13
November 1985) the total population size has
increased enormously, and was estimated to be
about 24,000, the dominating part (95 per cent)
being less than about 15 years old. This indicates
that recolonisation rate is restricted, as no
individuals were found during a period of 2 years.
Those appearing during 1985 were either the
offspring of one or a few snails which have escaped
the scorching and the searching by hiding in small
cracks in the rock, or they descended from one or
a few immigrant specimens. Furthermore this
experiment shows the extraordinary high rate of
population growth which may take place in this
species.

A third support for a low recolonisation rate
is provided by the fact that 9 out of 30 small skerries
visited lack a population of L. saxatilis. The mean
height above low water level of these sites indicates
that they have been potential habitats for L.
saxatilis for, on average, 60 to 70 years. It is, of
course, possible that something makes them less
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suitable as habitats, or alternatively, that once
populated, strong selective forces have driven
some of these skerry populations to extinction.
However, I acquired a high respect for the survival
capability of these snails when scorching the skerry
for the third time without complete success.

My conclusion from these experiments is that
migration rates between island populations are
indeed low. The transport mechanism utilised by
migrating snails is unknown, but drifting sea-weed
or ice, and birds seem plausible suggestions (see
e.g., Rees, 1965; Malone, 1965, for aerial dispersion
of invertebrates).

Genetic variation

The genetic variation within and between the
investigated populations are presented in table 1,
where allele frequencies of the five polymorphic
loci are indicated as well as the level of heterozy-

gosity within each population (HL).
Populations of L. saxatilis differ genetically in

allele frequencies on a large geographic scale, as
well as over microgeographic distances (<10 m)
(Ward and Warwick, 1980; Janson and Ward,
1984). In accordance with this, a gene diversity
analysis (Nei, 1973) of the 18 populations from
the Koster archipelago reveals differentiation of
all five polymorphic loci over this area (8 km2),
between 4 and 21 per cent being the fraction of
between-population variation (table 2). This result
indicates that the gene-flow between populations
of the species is small, which again supports the
conclusion that migration to the small and isolated
skerry habitats is minimal.

Population heterozygosity (HL, including
monomorphic and polymorphic loci) ranges from
0088 to 0l74 in the 25 populations analysed.
Although there is an extensive overlap in the range
of HL of the three defined groups of populations,
average values tend to increase with population
size, that is, skerries are less heterozygote than
islands which are in their turn less so than main-
lands (table 3). No relationship is found, however,
between population heterozygosity and either size
or distance to nearby habitats within the skerry
group (table 4). (Linear regressions being: HL = b
log (population size)+a; b =—0.0016; r= —008;
p>O1O, and HL=b log (distance)+a; b
—0070; r = —0'29; p>0lO, respectively.)

DISCUSSION

One possible explanation to the small loss of
heterozygosity within the skerry populations is that

despite a low dispersal rate a few migrants each
generation will be able to reach these isolated
habitats. The genetic divergence between skerry
and island populations in all five polymorphic loci,
however, indicates that the exchange of migrants
are less than about one per generation (e.g., Hartl,
1980). At such a low rate of migration stochastic
processes within populations will be more import-
ant than gene flow between populations. Further-
more, with a gene flow affecting the genetic consti-
tution of the skerry populations one expects smal-
ler or distant populations to be less heterozygote
than larger or nearby ones, and this is not the case.

Thus it seems likely that the overall level of
heterozygosity is not set by the rate of migrants
between populations, but rather by the events fol-
lowing the foundation of each population, The low
immigration rate to skerry habitats suggests fur-
thermore that there were bottlenecks during the
foundation of these populations. Mayr's founder
principle predicts that stochastic processes during
a founder event will have large effects on the
genetic constitution of the new population. In the
skerry populations, the level of heterozygosity is
reduced by about 10 per cent only, as compared
to the island populations. This scarcely seems to
fulfill the conditions for a "genetic revolution", to
use the term of Mayr (1963). Why is this so?

Rapid population growth following a bottle-
neck will largely prevent a drop in the heterozygos-

ityofapopulation (Nei eta!., 1975). A small group
of L. saxati!is populating a formerly empty habitat
can increase dramatically in population size. L.
saxatilis reproduces more or less continuously over
the year, and females are able to store sperm and
give birth to young for more than one year, in the

absence of males (Janson, unpubl.). Yearly repro-
ductive capacity is between 50 and 500 juveniles
per female, depending on female size. In addition
to this favourable reproductive pattern the type of
selection acting is important as population
expansion is promoted by a density-dependent
component of selection. In wave exposed sites the
snails occupy cracks and holes in the rocky surface,
and the density of the species in these environ-
ments is strongly correlated with the availability
of small crevices (Faller-Fritsch, 1977; Raffaelli
and Hughes, 1978; Hughes and Roberts, 1981).
Selection pressure is therefore low at low densities.

One further point to consider is the effective
population number of a small population or a
founder group, as Ne may vary, even if the "group"
consists of one fertilized female only. This is
because females mate repeatedly with different
males (Saur, unpubl.) and possibly store sperm
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Table 1 Genetic variation in five polymorphic loci of 13 skerry, 7 island, and 5 mainland populations from the Koster archipelago
(KOS), and from four geographically spread areas within 300 km of coast line on the Swedish west coast (HOV, GRO, BOR,
and TJA). Mean locus heterozygosity (NL) over all loci, including eight more or less monomorphic ones, is indicated for each

population

Skerry populations:
Locus Allele KOS KOS KOS KOS KOS KOS KOS KOS KOS KOS KOS KOS KOS

Aat-l 120 0111 0065 0029 0136 0112 0000 0221 0000 0044 0015 0000 0000 0015
100 0889 0935 0971 0864 0888 1000 0779 1000 0956 0985 1000 1000 0985
90 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
N 27 31 34 33 40 34 34 32 34 34 34 34 34

Pgm-1 105 0000 0097 0015 0000 0025 0074 0029 0059 0015 0000 0015 0088 0074
100 0870 0742 0735 0838 0975 0750 0735 0691 0868 0824 0618 0691 0779
85 0130 0161 0250 0-162 0000 0176 0235 0235 0118 0176 0368 0221 0147
75 0000 0-000 0000 0-000 0000 0000 0000 0•015 0•000 0000 0000 0000 0000
N 21 31 34 34 40 34 34 34 34 34 34 34 34

Pgm-2 100 0375 0143 0103 0188 0012 0485 0265 0333 0044 0136 0197 0136 0250
85 0625 0857 0868 0750 0975 0515 0735 0667 0882 0545 0667 0864 0735
70 0000 0000 0029 0-062 0012 0000 0000 0000 0074 0318 0136 0000 0015
N 20 7 34 32 40 34 34 34 34 33 33 33 34

Mpi 130 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
120 0833 0855 0632 0603 0650 0735 0735 0824 0662 0-676 0-676 0588 0529
100 0167 0145 0368 0-397 0350 0265 0265 0176 0338 0324 0•324 0412 0471
N 27 31 34 34 40 34 34 34 34 34 34 34 34

Pgi 110 0000 0000 0000 0000 0000 0000 0000 0000 0000 0015 0000 0000 0000
100 0630 0677 0824 0636 0725 0735 0662 0603 0721 0765 0574 0779 0662
90 0370 0323 0176 0364 0275 0265 0338 0397 0279 0221 0426 0221 0338
80 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
N 27 31 34 33 40 34 34 34 34 34 34 34 34

H1 0149 0120 0-111 0142 0088 0129 0152 0129 0112 0131 0149 0118 0134

Locus Allele
Island populations:
KOS KOS KOS KOS KOS BOR BOR

Mainland populations:
HOV HOV GRO GRO TJA

Aat-1 120 0338 0191 0588 0091 0125 0083 0038 0191 0214 0088 0197 0000
100 0662 0809 0412 0909 0875 0917 0962 0809 0786 0912 0803 0981
90 0000 0000 0000 0-000 0000 0000 0000 0000 0000 0000 0000 0019
N 37 34 34 33 32 36 26 34 35 34 33 54

Pgm-1 105 0167 0076 0191 0076 0031 0000 0000 0000 0014 0015 0029 0000
100 0486 0652 0691 0667 0766 0792 0-944 0559 0571 0773 0691 0857
85 0347 0273 0118 0258 0203 0208 0056 0441 0414 0212 0279 0143
75 0000 0000 0000 0000 0-000 0000 0000 0000 0000 0000 0000 0000
N 36 33 34 33 32 36 36 34 35 33 34 28

Pgm-2 100 0146 0591 0309 0227 0375 0597 0581 0828 0757 0636 0661 0577
85 0854 0394 0647 0758 0562 0403 0419 0172 0214 0318 0339 0404
70 0000 0015 0044 0015 0062 0000 0000 0000 0029 0045 0000 0019
N 24 33 34 33 32 36 31 29 35 33 28 26

Mpi 130 0014 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
120 0819 0882 0853 0-773 0688 0694 0750 0515 0429 0588 0412 0619
100 0167 0118 0147 0227 0-312 0306 0250 0485 0-571 0412 0588 0-381

N 36 34 34 33 32 36 36 33 35 34 34 31

Pgi 110 0000 0000 0000 0-000 0000 0000 0000 0088 0200 0030 0-000 0009
100 0905 0•794 0735 0545 0516 0583 0750 0•706 0643 0-742 0706 0778
90 0095 0206 0265 0455 0484 0-403 0250 0206 0-157 0227 0294 0213
80 0-000 0000 0-000 0•000 0000 0014 0-000 0000 0000 0000 0-000 0-000

N 37 34 34 33 32 36 36 34 35 33 34 54

HL 0137 0141 0160 0148 0163 0145 0115 0168 0174 0161 0173 0136
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Table 2 Gene diversity analysis of 5 polymorphic loci in
18 populations of Littorina saxatilis from the Koster
archipelago

Locus HT H D G0 G x2

Aat-1 0205 0162 0043 0791 0209 2525*

Pgm-1 0405 0383 0022 0946 0054 125.9*

Pgm-2 0426 0378 0049 0886 0114 283.4*

Mpi 0401 0380 0021 0948 0052 79.1*

Pgi 0425 0406 0019 0956 0044 74.3*

Gene diversity:
HT, total diversity
H, within populations
Di,-,, between populations
G6, coefficient of within population differentiation
G1,-,, coefficient of between population differentiation

x2 chi-squared for interpopulation heterogenity (Workman
and Niswander, 1970)
*

p<0.005

Table 3 Levels of heterozygosity (HL), within three distinct
categories of populations (skerry, island, and mainland,
see text for descriptions) of Littorina saxatilis from the
Swedish west cost

Skerry Island Mainland

No. of popula- 13 7 5

tiOns
Area (m2), mean 25 3000 <cc

range2-200 400-10,000 <cc
Habitat age (yr) 20-40 1000-4000 <5000

HL,mean 0128 0144 0162

range 0088-O 152 0115—0163 0136—0174

St. dev. 0018 0016 0016
4- ., 4--—

Student's t 118= 197 192
of differences 005 <p <010 005 <p <010

4- —

116=369
p <001

Table 4 Habitat characteristics, population size estimates and
mean heterozygosity (HL) of 13 skerry populations of
Liltorina saxatilis from the Koster archipelago

Habitat Distance Height above
area to nearby low water

(m2) island (m) (m)
Population HL of
size 13 loci

2 100 01 1000 0111
2 3 01 6000 0129
25 5 04 5000 0152
3 200 01 50 0120
5 100 01 50 0149
5 200 01 5000 0088
5 200 0-2 10,000 0129
8 170 03 20,000 0142

14 80 02 3000 0131
20 60 02 5000 0149
25 100 03 60,000 0112
30 450 05 5000 0118

200 2500 10 50,000 0134

from a number of males simultaneously. This
increases the effective number of the females some-
what, as effective population size is given by: N =
4N1Nm/(Nj+ Nm), where Nf and Nm are numbers
of females and males, respectively (Wright, 1938).
One fertilised female will thus have an effective
size of between 2 and 4.

Let us consider a population bottleneck of one
L. saxatilis female who initiates a new population
in a skerry. In the simplest case the population
will increase according to the logistic growth
equation, which emphasises density-dependent
regulation. Assuming the carrying-capacity of the
skerry to be 10,000, population size will increase
as in fig. 1 for the different values of intrinsic
growth rate (r): 07, 16, 23, and 46, which corre-
spond to a yearly multiplication rate of 2, 5, 10,
and 100, during the exponential phase of popula-
tion increase. Although the net reproductive rate
of a female might possibly be high enough to satisfy
an r value of 46, it seems more likely that juveniles,
to a certain degree, will suffer from density-
independent mortality such as extreme tern.-
perature and salinity, and risk of desiccation, will
kill less tolerant juveniles. Nevertheless an r value
of 2 is possible even if the density-independent
component of juvenile mortality is 90 per cent.

The stochastic decline in heterozygosity over a
bottleneck is given by the recurrence formula:
H01 = H0 (1— 1/2N0) (1— 1/2N1) (1— 1/2N2)
(1 — 1/2N0), (Barton and Charlesworth, 1984),
where H0 is the heterozygosity of the ancestral
population and N0 and N are the effective popula-
tion sizes of the founder group, 0 and n generations

Figure 1 Expansion of a skerry population founded by a small

group of Littorina saxatilis, assuming logistic growth and
a carrying capacity of 10,000. The size of the founder group
(N0) is 2, and intrinsic rate of increase (r) is 07, 16, 23,
and 46, which corresponds to a multiplication rate of 2,
5, 10, and 100, within the exponential phase of growth,
respectively.

101

10

Time since foundation (generations)
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after the foundation. The relationship between H
and H0 is outlined in fig. 2 for the growth rates
assumed in fig. 1. If the intrinsic growth rates of
the population is 2 or more, heterozygosity levels
will fall about 10 per cent only, even if the bottle-
neck size is extremely small. Thus if L. saxatilis
populations which inhabit the small skerries have
passed through severe bottlenecks, the observed
drop in heterozygosity is not more than expected

from theory, assuming a rapid population increase;
an assumption supported by the rate of growth of

the experimentally depleted population.
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Figure 2 Levels of heterozygosity within a recently founded
population. N0 of the founder group is 2 (solid), or 4
(dashed). H is the heterozygosity of the ancestral popula-
tion, and H,, is the heterozygosity of the founded popula-
tion after n generations. (Generation time in Littorina
saxatilis is about 1 year.) Logistic growth, as in 11g. 1, is
assumed for different values of intrinsic growth rate, r.
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As discussed by Nei et a!. (1975), equilibrium
levels of heterozygosity will be restored, by the
accumulation of new mutations, only after a con-
siderable time. The discrepancy in heterozygosity
between island and mainland populations, albeit
small, might suggest that the former were estab-
lished soon after they appeared above the water
surface, some thousands of years ago, so that these
younger island populations are one step behind in
the progress towards the equilibrium level of
heterozygosity—which according to Nei et a!.
(1975) will demand roughly 106 generations, or
more, to achieve.



GENETIC DRIFT IN LI7TORINA SAXAT/LIS 37

WORKMAN, P. L. AND NISwANDER, J. D. 1970. Population WRIGHT,S. 1932.Therolesofmutation,inbreeding,crossbreed-
studies on southwestern Indian tribes. II. Local genetic ing and selection in evolution. Proc. 6th mt. Congr. Genet.,
differentiation in the Papago. Amer. J. Human Gen., 22, 1, 356-366.
24-49. WRIGHT, S. 1938. Size of population and breeding structure in

relation to evolution. Science, 87, 430-431.


	Genetic drift in small and recently founded populations of the marines nail Littorina Saxatilis
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	Dispersal capacity
	Genetic variation

	DISCUSSION
	REFERENCES


