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1. INTRODUCTION

Tux role of breeding systems in plant evolution has been frequently
discussed. On the basis of simple theory, inbreeding should lead to homo-
zygosity and loss of variability, whereas outbreeding should conserve this

variability. Inbreeding is generally regarded as a retrogressive step which
eventually leads to extinction.

However, it has been shown recently that the amount of variability
present in inbreeding species has been underestimated (Imam and Allard,
1965; Allard, 1965). Moreover, species showing inbreeding are numerous
and often very successful.

Rather than inquire why self-fertility has developed faut de mieux, it is
therefore pertinent to look for its direct adaptive value.

(i) Certainty of fertilisation. Several species are known to self-pollinate
under conditions unfavourable to cross-pollination (Rick, 1950; Stebbins,

1957; Lloyd, 1965).
(ii) Establishment after long-distance dispersal. The absence of other plants

after establishment following long-distance dispersal means that only
self-fertile individuals can perpetuate themselves (Baker, 1955; Stebbins,
1957; Bannister, 1965).

(iii) Density of plants. If the plants are widely scattered and cross-
pollination is difficult self-fertility may be advantageous (Baker, 1953).

(iv) Earliness offlowering. Self-fertility in the early flowering types would
be advantageous because there may be few other plants in flower to pollinate

them (Moore and Lewis, 1965).
(v) Exposure of recessives. Useful recessive genes will be unmasked more

easily by inbreeding. Moore and Lewis (1965) describe a derived self-fertile
population of Clarkia which has white petals (recessive).

(vi) Uniformity. It may be advantageous for the descendants of an
initial coloniser to resemble each other and the coloniser as closely as
possible. This can be achieved by self-fertility and homozygosity.

(vii) Prevention of gene flow. Where distinctive adapted populations of a
species are adjacent, crossing with extraneous pollen may lead to a dilution
of the adaptive characters. Selfing would avoid this (Baker, 1959).

There is therefore evidence for a wide range of factors which might be
important in putting self-fertilisation at a premium. However, the processes
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of selection producing seif-fertilisation have been little examined: most of
the evidence is circumstantial and comes from comparisons between species.

Beddows (1931) and Jenkin (1931) working on grasses, Julen (1948) and
Davies and Young (1966) on legumes, and Thompson and Taylor (1966)
on brassicas have shown that there is considerable variability in self-
compatibility of natural and semi-natural populations. In some instances,

highly self-fertile plants also have highly self-fertile progenies (Jenkin, 1931;
Thomas, 1955; Thompson and Taylor, 1966) while Rowlands (1960)
showed in Vicia that self-fertility was clearly inherited. Breese (1959)
changed the self-fertility of Xicotiana by selection for different floral
morphology. Selection for self-fertility in natural populations should
therefore be possible (see also Rowlands, 1961).

In previous papers in this series, situations have been described where
there is sharp differentiation between populations only a few metres apart.
The situation at the boundary of metal mines and normal pastures seemed
ideal for examining the evolution of breeding systems: fairly wide seed
dispersal is sometimes necessary to colonise mine soil, mine populations
flower earlier, there is a wide range of plant density on different mines,
and there is considerable gene flow between the populations.

The study was divided into three parts: the establishment of differences
in self-fertility of plants from adjacent populations, an examination of
differences in self-fertility of various metal tolerant populations, and a
computer simulation of the possible evolutionary processes.

2. SELF-FERTILITY OF ADJACENT POPULATIONS

(i) Methods

To assess whether adjacent populations differed in their self-fertility,
plants were collected as single tillers from sites along transects across two
mine boundaries. Agrostis tenuis was collected from a copper mine at
Drws-y-Coed, Caernarvonshire, and Anthoxanthum odoratum from a lead and
zinc mine at Trelogan, Flintshire. These transects have been described by
McNeilly (1967) and McNeilly and Antonovics (1967). Both cross a sharp
boundary between mine and pasture and heavy metal tolerance changes
abruptly at the boundary.

Self-fertility was estimated by enclosing about five inflorescences of one
genotype inside a glassine pollination bag and counting seed set. Seed
viability was confirmed by germination tests.

(ii) Results
(a) Population dffèrences

The self-fertility of tolerant populations is far in excess of the self-fertility
of the adjacent non-tolerant populations (figs. I and 2) in both Agrostis and
Anthoxanthum. The pattern of distribution of self-fertility within the popula-
tions shows that while all the individuals in the non-tolerant populations
have low self-fertility, the tolerant population contains individuals with
very high self-fertility. Equally startling is the sharp difference at the
population boundary; it is another example of population differentiation
over short distances. Even for two species and two contrasting mines, the
pattern is very similar. The difference between tolerant and non-tolerant
plants in their seed set on selfing cannot be due to differential sensitivity to
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Fin. 1.—Distribution of self-fertility of genotypes in tolerant and non-tolerant populations.
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bagging since there are no significant differences between tolerant and
non-tolerant plants when crosses are made between genotypes within each

population (McNeilly and Antonovics, 1967; Antonovics, 1966).
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Fio. 2.—Mean self-fertility of genotypes sampled from Sites across themine boundaries.

(b) Genotype differences

In Anthoxanthum in 1965 replicate selfs were made. From the analysis
of variance (table la) the relative genetic contribution to the overall variance
in self-fertility (broad sense heritability) could be estimated and gave a
value of 664 per cent.
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In Agrostis, collected from a series of mines in Cardiganshire (see
Section 2), a similar calculation (table lb) gave a value of 594 per cent.

Moreover, in Anthoxant hum the degree of self-fertility is correlated
between genotypes over years within the tolerant population (fig. 3a), and
in Agrostis there is a significant correlation between the self-fertility of
genotypes grown under different preculture conditions (fig. 3c).

These results therefore point to a strong genetic component for this
character.

TABLE 1

Analysis of variance on self-fertility in different tolerant genotypes

(a) Anthoxanthum (Trelogan)

Sums of Mean
Source squares d.f. square F Expectation

Total 87546 178 — —

Genotypes 65823 48 l371 8.21*** 364 o2+a2
Error 21723 130 167 —

(b) Agrostis (Cardiganshire)

Sums of Mean
Source squares d.f. square F Expectation

Total 79080 81 — — —

Genotypes 62603 40 15651 3.89*** 2a02+o2
Error 16477 41 4019 —

7e2

(c) Inheritance

Seed produced by selfing was grown up and the self-fertility of the
mature plants tested. In Anthoxanthum a significant parent-offspring
regression was obtained (fig. 3b). This regression is only an approximate
estimate of heritability since the offspring are products of selfing and not
crossing. The results for Agrostis were less clear cut because many of the
plants (43 plants, 14 families) failed to set seed. But plants from one mine
population set seed and showed a significant parent offspring regression
(fig. 3d) when an extreme individual which produced 60 seeds per
inflorescence and which came from the highest selfing parent was removed
from the calculation. The regression had a slope greater than unity
suggesting that progeny produced by selfing have an improved ability to
self. It is not clear why Agrostis from other mines produced no seed. It
could have been a direct consequence of inbreeding depression, but equally
it could have been because the plants were planted rather late (January).

(d) Inbreeding depression

The morphological characters, height, number of vegetative tillers,
number of reproductive tillers, and within plant variation in flag-leaf length
were measured in the course of a spaced plant trial (Antonovics, 1966). No
significant relationship between these characters and selfing was found, so
providing no evidence that plants that have a higher self-fertility are in any
way less " fit" than self-sterile individuals. However, the plants were
grown as spaced individuals, and were adults collected from the mine and
therefore already the result of selection.
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The performance of individuals produced by selfing was therefore
studied in competition with those produced by crossing, using tolerant
material. Seedlings from artificial crosses and selfs were grown in 50: 50
mixtures and in pure stands after the method of De Wit (1960), in sterilised
loam in an unheated greenhouse. Twenty-four seedlings per box were
planted at 2-inch spacing, with a guard row and two replicates. Pure

20

E
00

C.-

0
10

00
0)

>
a

Dry weight
(Total of 24 plants)

Tiller number
(Total of 24 plants)
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Fio. 4.—Replacement series graphs showing yield of progeny of tolerant selfs and tolerant
crosses in mixtures and pure stands, after 19 months.

stands at half-density were included so that percentage reduction by a
competitor (" selection pressure" due to the other type) could be assessed

(Seaton and Antonovics, 1967).
It is seen from the Replacement Series Graphs (fig. 4) that in pure

stands the progeny produced by selfing perform about the same as those
produced by crossing, but in mixtures the tolerant crosses yield relatively
more than tolerant selfs. The percentage reduction from pure stands at
half density (table 2) confirms these results. The selection pressures are
strongest against the selfed types and increase with successive harvests.

(iii) Conclusion

The greater self-fertility of tolerant populations is notable in view of the
rarity with which differences in breeding systems have been demonstrated
within a species. The sharpness of the change at the boundary is also

0 12 24 0 12 24

24 12 0
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important. The character is clearly inherited and results in a certain
amount of inbreeding depression. The evidence implies that selective
processes are at work.

TABLE 2

Selection pressure in mixtures ogoinst plants produced by
selfing and plants produced by crossing

Harvest Date

(months after sowing)
C

7 11 19

(Selfing 37 52 74
Tiller Number

Crossing 38 34 31

(Selfing
— — 80

Dry Weight
Crossing — — 45

3. SELF-FERTILITY IN A RANGE OF POPULATIONS

(i) Method

The relationship between the self-fertility of a population and other
population characteristics was studied in a range of lead mine populations
in order to gauge what factors could be determining the self-fertility in these

populations.
Populations (10 plants each) of Agrostis tenuis were collected from

28 lead-contaminated areas in Gardiganshire, mid-Wales. The following
population characteristics were noted:

1. Shortest distance between the population and edge of the mine,
indicating the proximity of the tolerant populations to the non-tolerant.

2. Area of the mine from which the population came, again indicating
the proximity of tolerant and non-tolerant populations. Area provides a
more general estimate than distance.

3. Plant density. The density of the individuals in the area of collection

was estimated as (1) isolated, (2) widely scattered, (3) sparse, (4) frequent,
(5) close, (6) forming a tight sward.

4. Age of the mine. This was obtained from Jones (1922).
5. Flowering time. This was recorded on plants in the greenhouse (see

McNeilly and Antonovics, 1967).
The plants were grown in standard greenhouse conditions for several

months and tested for self-fertility.

(ii) Results

There were significant (P 1 per cent.) differences between populations
in their self-fertility.

The multiple non-linear regression of self-fertility on four of the popula-
tion features, namely distance, area, density and age was not significant, and
selective regression techniques failed to pick out any particular relationship
as significant. Individual regressions on the separate variables were
therefore calculated.
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(1) Distance and area

The degree of self-fertility is plotted against the distance of the population
from the edge of the mine, and against the square root of the area of the
mine (fig. 5). The square root of the area is used so that the size of the
mine can be considered in terms of " distance ", i.e. on a linear scale.
Data from populations collected in the previous year, 1964, is included:
these mines were different from those collected in 1965.

Although the regressions are not significant, it is seen that self-fertility
is generally greater where there is greatest gene flow, i.e. towards the edge
of the mine or on smaller mines. Such trends are seen clearly in the case
of self-fertility and area in both 1964 and 1965. Moreover, all the regressions

are positive quadratic and negative linear, the approximate pattern of
pollen distribution from a source.

(2) Densitjv

The regression of self-fertility on plant-density is significant (fig. 5d),
but it is difficult to see how a higher density would lead to a greater self-
fertility. However, plant density is itself related to distance from the edge
of the mine (P <5 per cent.) and some of the most dense populations come
from the smallest mines. In other words, the relationship between self-
fertility and density might be a consequence of the relation of self-fertility
with area and distance. Selective multiple regression showed that neither
area/distance nor density gave significant independent contributions and
therefore it is difficult to decide the causative factor.

(3) Age of mine

No clear relationship between self-fertility and age emerges. The
regression is not significant and no trends are apparent.

(4) Flowering time
Flowering time does not appear to be related to self-fertility. There is

no significant relationship either between mean self-fertility and mean
flowering time of different populations or between self-fertility and flowering
time of genotypes within populations.

(iii) Conclusions

The results presented here show that differences in self-fertility of
Agrostis tenuis populations must be determined by a complex of factors.
No one population characteristic emerges as of over-riding importance, but
the distance of the tolerant populations from the non-tolerant seems to play

some part.

4. COMPUTER SIMULATION

(i) The model

In order to define more precisely the factors which could determine
self-fertility in a population subject to gene flow, a computer model of the
situation was developed.

The model started with a single infinitely large random breeding
population consisting of the genotypes AA, Aa, and aa. Various factors were
then allowed to operate.
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1. Selection

At each generation selection operated against the aa genotype.

2. Gene flow

Gene flow was imposed by addition of a frequency, g, of incoming, aa,
male genotypes. There are two kinds of gene flow, namely, pollen flow and
seed flow, but in this model only pollen flow was considered. Here selection
occurs after the incoming genotypes have mated with the remainder of the
population (in seed flow selection occurs before mating).

3. Self-fertility

Self-fertility was imposed in two ways:

(a) Fully linked to the gene for tolerance. Self-fertility was imposed on the
genotypes AA and Aa to a degree a1 and a2. When the genotype AA selfed
to a degree a1, then a proportion of a1 of AA females produced offspring
without the involvement of males. The remainder of the females (1 —a1)
bred at random. The same applied to Aa. In this model the genotype aa
was not given self-fertility because it was desired that the incoming genes
should come from a non-self-fertile population.

(b) Unlinked to the gene for tolerance. Here a separate gene determining
this character was introduced, unlinked to the other gene on which selection
and gene flow was imposed. The gene for self-fertility was given the property

of "incomplete penetrance ". When present in a homozygous state a
certain proportion, a1, of the genotypes selfed. When present in the
heterozygous state, a proportion a2 selfed.

The recurrence equations for the linked and unlinked model were:

One gene model, selfing gene fully linked to favoured gene:

AA' = a1u+(p—a1u){l—-(pg+q)] +a2v{(q—p)---2gp]
Ad = q+[(p—a1u)—q](pg+q)
aa' = q(pg+q)—a2v[(q—p) +2gp]

where

a1 = self-fertility of AA

a2 self-fertility of Aa

g = gene (pollen or seed) flow of aa
p = frequency of A

q = frequency of a
u = frequency of AA
v = frequency of Aa
w = frequency of aa
AA' = frequency of AA in the next generation
Aa' = frequency of Aa in the next generation
aa' = frequency of aa in the next generation

Two gene model, selfing gene unlinked to favoured gene:

AABB' = hp2u2(b1p + b2q) +pu(u + O5v) (a1p+05a2q)
AABb' = hpqu2(bjp +b2 + q) +pqu(u + 05v)a2
AAbb' = hq2u2(b2 p + q) + O.5pqu(u +05v)a2
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AaBB' = 2hp2uv(b1p + b2q) +puv(a1p +05a2q)
AaBb' = 2hpquv(b1p +b2 + q) +pquva2 +pug(b1p + b2q)
Aabb' = 2hq2uv(b2p+q) +05pquva2,+qug(b2p+q)
aaBB' = hp2v2(b1p + b2q) +pv(v + 05u) (a1p +0.5a2q)
aaBb' = hpqv2(b1p +b2 + q) +pqv(v +05u)a2 +pvg(b1p + b2q)
aabb' = hq2v2(b2p +q) +05pqv(v +0.5u)a2 +qvg(b2p +q)

where

a1 = self-fertility imposed by BB
a2 self-fertility imposed by Bb

= 1—a1
= I—a2

g = pollen flow (aabb)
h =l—g
u = frequency of A
v = frequency of a

p = frequency of B

q = frequency of b
AABB' = frequency of AABB in next generation
AABb' = frequency of AABb in next generation
etc. etc.

4. Pollen-flow load

Gene flow can have deleterious effects on a population by lowering
frequencies of the adapted types. Gene-flow load is analagous to mutational
load, producing an increased mortality amongst members of a population.
This firstly limits rate of population increase for any population where the
limiting factor to increase is the number of adapted individuals it can
produce, and secondly, causes genetic changes in the population in the
direction of reducing the gene-flow load.

Gene-flow load was calculated from the formula for genetic load on a
population under selection:

I = s(aa+(l—h)Aa)

where I = genetic load, s = selection coefficient, h = degree of dominance,
A = favoured gene, a = unfavoured gene. The genetic load due to
selection is equivalent to the selection intensity (Van Valen, 1965).

The model for which a programme was developed can be summarised
in the following way. Tolerance is determined by the gene A arid non-
tolerance by a. There is selection for tolerance on the mine, and non-tolerant
genes are continually entering and tending to dilute the tolerance. The
tolerant population carries genes for self-fertility which are themselves being

diluted by the incoming genes. Selection, pollen flow, and self-fertility can
vary and the self-fertility may be completely linked or completely unlinked
to the genes for tolerance. The model is general for any habitat where there
is selection and gene flow from a neighbouring source.

(ii) Results

The gene for selfing spreads through a population if no viability effects
oppose it. This conclusion has also been reached by Crosby (1949).
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Moreover self-fertility aids the process of selection and assists gene fixation
(table 3) since it helps to expose genes sheltered in a heterozygous state.

TABLE 3

Effect of linkage of gene for selfing to favoured gene on number of
generations to fixation of the favoured gene in the population.
(Selection coefficient = 1'O, dominance of favoured gene, no domi-

nance of selfing gene, initial frequency of both genes 0.1.)

Selfing

0 02 04 06 08 10
Linkage >500 89 50 34 26 20

No linkage >500 261 136 93 70 56

Self-fertility reduces the pollen-flow load (fig. 6) when the self-fertility
gene is linked to the tolerance gene. Selfing is more effective if the favoured
gene is recessive and if the self-fertility gene is dominant. Thus if the
favoured gene is completely dominant and the self-fertility gene completely
recessive, then self-fertility has no effect on the pollen-flow load. Selfing is
more effective if the pollen flow is greater and if the selection pressure is

greater.

Favoured gene Favoured gene

no dominance dominant

04
p=0•2

0•2

1•0 1•0
.2 ___————10 --——-1•0

0
—02. — 02

B I I I ,
be

.E 04— ,1•0
B ..- o.EUo ..',- E
5) //7 ou

-7 U

—0-2
1-0

------——- 1-0

0 - 02

I I
——

I

0-5 1-0 0-5

Pollen flow

Selflng gene no dominance

Selfing gene dominant

Fin. 6.—Decrease in genetic load due to complete selfing of the favoured type, withdifferent
amounts of selection and pollen flow, and at various (not necessarily equilibrium) gene
frequencies, p, of the favoured gene. Selfing gene completely linked to favoured gene.
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The effects of selfing on gene frequency confirm and extend the results
from pollen-flow load studies. It is seen (fig. 7) that selfing considerably
increases the frequency of the selected gene. Selfing is less effective at
counteracting pollen flow if it is unlinked to the favoured gene (fig. 8), and

under high pollen flow the gene for selfing is swamped by the incoming
genes.

Selfing gene no Selfing gene
dominance dominant

1•0
I

o•8

06 __
j O4

Z

11111111 Ilililli III
1•0 ___

•1s 08
________ ]
1. I—-..

.— 0
—'S .-..-.-.--— C

06

o N..c 04 L_.. I

N _>
.5

02
(/) bOLL..

11I11111 lull 111.1
0 1 0 1

Pollen flow

Frequency of selfing N—-..
gene I 0

Fio. 8.—Frequency of selfIng gene at equilibrium with no selection and with complete
selection against the incoming gene, and with various degrees of self-fertility and
pollen flow. Selfing gene completely unlinked to favoured gene.

An unlinked gene for selfing might be expected to spread through a
population under conditions of gene flow more than it would spread of its
own accord. The results (fig. 8) show that if the gene for selfing shows no
dominance, then the selection for the favoured gene does not increase the
final frequency of the selfing gene compared with the frequency when there
is no selection, although it does hasten the rate at which equilibrium is
reached. But when the selfing gene is dominant its spread is considerably
more and again the spread is greater if the favoured gene shows no
dominance.



234 JANIS ANTONOVICS

(iii) Conclusions

Given that the population does not suffer from inbreeding depression,
the gene for selfing will spread through a population of its own accord.
If there is selection, but no gene flow, the rate of spread of the selfing gene
is increased. If there is gene flow, then the selfing gene will increase more
rapidly than under any other circumstance.

Under conditions of gene flow many factors other than gene flow itself
determine the fate of a gene for selfing. These factors, like intensity of
selection, degree of dominance of the genes, and linkage can be used to
predict circumstances under which selfing would be at a premium.

5. Discussion

Differences in the self-fertility of populations have rarely been reported.
The present example is therefore of considerable interest. The mean
difference in self-fertility between mine and pasture populations may not
appear to be very large, but tolerant populations do contain individuals
with a very high self-fertility, often with values approaching those of normal
cross-fertility. The difference is also remarkable in view of the short distance
over which it occurs.

The evidence of such a difference between two populations immediately
raises the question as to its origin. Where differences have been found in
the past they have been interpreted in terms of establishment after long-
distance transport (Bannister, 1 96; Moore and Lewis, 1962), absence of
pollinators (Lloyd, 1965) or in terms of breakdown of self-incompatibility

and inherent spread of self-fertility genes (Crosby, 1949). All these explana-
tions, however, are inadequate in explaining the situation in mine popu-
lations, since the only trend to emerge from a study of different populations
of varying degrees of self-fertility is a relationship between degree of self-
fertility and the proximity of a tolerant population to a non-tolerant one.

This relationship implies that selfing is at a premium where there is a
considerable amount of gene-flow and that it has evolved as an isolating
mechanism. No evidence is available as to the effectiveness of self-fertility
as an isolating mechanism: no marker genes are available and self-fertility
in the presence of other genotypes cannot be tested. The gain in the number
of tolerant seeds that result from selfing may seem small from the data
presented here, but two factors must be remembered.

Firstly, self-fertility is measured at Drws-y-Coed and Trelogan at a
stage when evolution has already progressed for some time. In the earlier
stages of colonisation the density of plants on the mine was far lower than
it is now and the effects of gene flow would have been more serious. A
more elaborate computer model (to be described in a later paper) illustrates
the importance of self-fertility in the early stages of colonisation (fig. 9).
At present the effective gene flow must be much lower and since there is a
certain amount of inbreeding depression, the populations may well have
largely reverted to a fairly high degree of cross-fertility.

Secondly, it has been demonstrated in the previous paper in this series
(McNeilly and Antonovics, 1967) that other isolating mechanisms are also
operative and therefore differences in self-fertility may not be very extreme.

It is evident that the relationship between self-fertility and gene flow is
not clear cut. The situation must vary from population to population with
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no one factor determining the breeding system in every instance. For
example some populations of high fertility are far from mine boundaries or
have plants at a very low density: here other factors may be determinant.

Generations

Selection =04

— — Selection =O4
—

Selfing=08
-— — No Selfing

FIG. 9.—Effect of self-fertility on gene frequency under conditions of changing pollen flow.
Selfing gene no dominance, favoured gene dominant.

The computer simulation of the evolution of self-fertility in the face of
gene flow leads to certain predictions which it should be possible to verify.
One of the main predictions is that the genes for self-fertility should be
linked to the tolerance genes. If the self-fertility is plotted against the
degree of tolerance in the mine population of Anthoxanthuin, a highly
suggestive relationship is obtained (fig. 10). These results could perhaps
be alternatively interpreted in terms of a pleiotropic effect of the tolerance
mechanism but this is not only difficult to envisage in terms of physiological
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mechanism of tolerance (Turner and Gregory, 1967), but it is unlikely to
happen in the case of tolerance to different metals, and in different species
on contrasting mines. Certainly the computer simulation does not argue
against the hypothesis that gene flow can be a determining factor.

In the argument for the evolution of selfing by selection, inbreeding
depression is a problem. A mine population is likely to establish from
"sib-matings "between a few founder individuals. Such inbreeding should
lead to a readjustment of the gene complexes to adapt them to tolerate the
depressive effects of inbreeding. Such readjustment has been shown to be

FIG. 10.—Relationship between tolerance and self-fertility of genotypes in tolerant
Anthoxanthum from Trelogan.

possible in other species (Wexelsen, 1952; Rowlands, 1961; Breese, 1964).
The inbreeding depression in Anthoxanthum may argue against this, but it
must be remembered that, in tolerant populations at least, this depression
only manifests itself under competitive conditions.

The evolution of self-fertility must depend on populations being forced
through a severe bottleneck. This is probably why selfing does not occur
off the mine in pasture populations. Firstly, these populations have never
been subjected to inbreeding among a few colonisers. Secondly, selfing will
not be strongly favoured since selection pressure against the incoming
tolerant gene is very small (McNeilly, 1967). In other words, mine
populations have been pushed against a bottleneck, whereas pasture popula-
tions have not. The few highly self-fertile individuals in mine populations
seem to have already passed through this bottleneck and to constitute but
one step before self-fertility becomes fully established in an entire population.

The situation at the boundaries of metal mines may help to explain the
present occurrence of inbreeding in other species, since the development of
heavy metal tolerance is a model for any species entering and colonising a
new adaptive zone. Such small-scale evolution may be the beginning of
large-scale differences.
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6. SUMMARY

1. Populations of Agrostis tenuis and Anthoxanthum odoratum tolerant to
heavy metals were shown to have a greater self-fertility than adjacent
non-tolerant populations.

2. The degree of self-fertility was inherited.
3. Seed produced by seif-fertilisation was competitively inferior to seed

produced by crossing.
4. There were significant differences between the self-fertility of different

mine populations. These differences could be related in part to the
proximity of these populations to non-tolerant populations.

5. Self-fertility was therefore interpreted as a barrier to gene flow.
6. Computer simulation of the process showed that self-fertility will

reduce the pollen-flow load on a population, and that genes for self-fertility
would spread through a population in the face of gene flow. Linkage of
the gene for self-fertility to the gene for tolerance, high selection pressures,
high frequency of the favoured gene, dominance of the selfing gene and
recessiveness of the favoured gene, increase the frequency of the gene for self-

fertility.
7. This situation is a model which could explain the occurrence of

inbreeding in other species.
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