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1. INTROOUCTION 

During the past decade, great strides have been made in empirical and theoretical 

plant population ecology. The empirical studies have been highlighted by work 

on the effect of intraspecific competition on plant size and numbers (HARPER& 

WHlTE 1970, 1974), mortality and fecundity schedules (WHlTE & HARPER 1970; 

HARPER & WHlTE 1974; SARUKHAN & HARPER 1973; SARUKHAN 1974; HARPER & WHlTE 

1970), the spatial dynamics of succession and colonization (YARRANTON & 

MORRISON 1974), safe site specificity (HARPER 1961, 1965; SHELDON 1974) ,pollen 

and seed dispersal (LEVIN & KERSTER 1974), and the dynamics and longevity of 

the seed pool (ROBERTS 1972; HARRINGTON 1972). Within the realm of theory, 

special attention has been given to optimizing life history strategies with 

special regard to seed dormancy (COHEN 1967, 1968), and dispersal (GADGIL1971; 

ROFF 1975), reproductive schedules and developmental switching (COHEN 1971, 

1976; BRADSHAW 1974; TAYLOR et al. 1974; LEVINS 1968; SCHAFFER 1974a, b), and 

longevity (GADGIL & BOSSERT 1970; GADGIL & SOLBRIG 1972; SCHAFFER & GADGIL 

1975; KAWANO 1975). 

The descriptions and predietions of life history tactics and responses of 

plant species adapted to different environments largely have been eonsidered 

without regard to the genetic eonsequenees whieh aeerue from the adaptations. 

Some aspeets of demographie attributes whieh have reeeived theoretical genetic 

treatment are population growth with density-dependent regulation (CHARLESvlORTH 

& GIESEL 1972; CHARLESWORTH 1971, 1973),age-speeifie selection (ANDERSON 1971; 

KING & ANDERSON 1971), age-speeifie feeundity (GIESEL 1974; DEMETRIUS 1975), 

and migration (JAIN & BRADSHAW 1966; ANTONOVICS 1968; GILLESPIE 1974, 1975, 

1976; BULLOCK 1976; NAGYLAKI ,1976). With the exeption of migration, manyof 

the models employed do not take into account the unique properties of plants, 

nor do they address many interesting questions relevant to plants. 

Our purpose is to diseuss some genetic implieations of demographie properties 

of plant populations. Emphasis will be placed upon the genetic eonsequenees 

of realistic fecundity distributions, reproduetive sehedules, patterns of 

differentiated plant subdivisions, and seed-pool eharaeteristies. The cameos 

which emerge will be painted with broad strokes because of time restrietions 

and the limited depth to which these problems thus far have been "pursued. 
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2. THE GENETIC CON5EQUENCES OF FECUNDITY DISTRIBUTIONS IN PLANTS 

2.1. INTRODUCTORY REMARKS 

Recent studies on the population ecology of plants have shown that in natural 

and experimental populations only a small proportion of the seedling crop 

survive to reproductive maturity, and that a size hierarchy will be established 

among the seedlings early in the season which may persist and be magnified as 

the population matures (WHlTE & HARPER 1970; ROSS & HARPER 1972). As a 

consequence, populations typically are characterized by biomass and fecundity 

distributions which are L-shaped, wherein a very small proportion of the 

population may make a substantial and grossly disproportionate contribution 

per capita to the yield or seed output of the population (KOyrum & KlRA 1956; 

RIS SER 1969; SARUKHAN 1974; LEVERICH 1977). Indeed, in same populations, the 

highest fecundity classes may be more frequent than plants of medium fecundity. 

Conversely, a very large fraction of the population may make only small 

contributions to yield or seed output. The difference in seed production 

between large and small plants within a population may differ by severalorders 

of magnitude especially in species with great developmental flexibility. Even 

the difference between mean seed set and seed set in the most reproductive 

individuals may be enormous (SALISBURY 1976). The L-shaped performance 

distribution may arise from competitive interactions between cohorts and the 

statistical distribution of site quality, as determined in part by thegenetic 

make-up of the population. 

The L-shaped fecundity distribution in plant populations is in stark contrast 

to the poisson distribution which is a cornerstone of population genetic theory 

(KARLIN & McGREGOR 1968). What are the genetic consequences of an excess of 

small plants and an excess of large ones relative to a poisson distribution? 

Whether we talk of a response to directional selection, decay in variability, 

or other parameters, it seems likely that the effect would be great. The 

specific consequences would depend on the importance of the genotype in dictating 

the observed fecundity hierarchy. We sought answers to the afore-mentioned 

questions using a simulation model which takes into account micro-environmental 

hospitality. 

2.2. THE MODEL 

We began with a population composed of 250 annual plants. They we re assumed to 

compete at the seedling and juvenile stage resulting in the establishment of a 

size hierarchy which would persist through the remainder of the season. The 

relative performance of young plants was assumed to be controlled by genetic 

differences, and genotype-independent factors such as site hospitality. 

Seedlings were assigned relative fitness values and site hospitality 

coefficients (based upon a random number between 0.0 and 1.0). Theextent to 

which the genotype contributed to seedling vigor, which we will refer to as 
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Cvigor also was entered into the model so that we might look at different 

levels of pene trance or plastic response. The vigor of a seedling is 

established as follows: 

seedling vigor = (genotype fitness). (Cvigor) + (site hospitality). (l-Cv igor) 

The ultimate performance of the plants was established as seedlings by 

assigning a potential fecundity value to each in order of the vigor of the 

seedlings, the most vi go rous seedling having the highest fecundity potential. 

The fecundi ty upon which seedlings thereby were placed is illustrated in Fig. 1 . 
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SEED SET 

The distribution of fecundities 
under the L-shaped distributibn 

This distribution was obtained by superimposing two poisson distributions with 

different means, Àl and À2. We will refer to it as L-shaped, as its shape 

suggests. For most simulations the mean values chosen were Àl = 7.15 and À2 

35.75 thus affording a 5 fold difference between the two means and an overall 

mean of 10. In most simulations 90 per cent of the plants lies within the 

first distribution. We will contrast a simple poisson distribution with a 

mean of 10 with our distribution. 

The distribution we have chosen to contrast with the standard poisson is 

not meant to represent a specific study or species. Rather it represents the 

type of schedule we may expect to find, and contains the essence of the small 

empirical base in the literature. 
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2. 3. RESULTS 

The most important question that arises is how the fecundity distribution 

affects the rate of response to selection. To examine this, simulations we re 

performed with selection for one allele at a locus, starting with that allele 

at a frequency of 0.1, and following the population until it reached a 

frequency of 0.9. The s tarting point of O. 1 was chosen for the sake of 

expediency for any lower value would have resulted too of ten in the chance 

loss of the favoured allele, or excessively extended response times, both 

especially in the case of a recessive allele. The minority allele was 

introduced in the form of homozygous seed. 

The effect of an L-shaped fecundity schedule versus a simple poisson onthe 

response to selection is quite striking. If we assume that a recessive 

homozygote has a relative fitness of 1.0 and that. the dominant homozygote and 

heterozygote have relative fitnesses of 0.75, and that Cvigor is .5, the mean 

sojourn time for a recessive gene from q = .10 to q = .90 averages about 75 

generations for a poisson distribution compared to about 45 generations for 

and L-shaped one (Fig. 2). The presence of manifestly fecund plants whose 

success is in part related to a favorable genotype is responsible for the 

accelerated response to selection. Moreover the response to selection of a 

recessi ve gene in the .1 to .9 frequency window, gi ven an L-shaped distribution, 

is similar to the response features favored of a dominant gene given a poisson 

distribution. For a dominant gene, the rate of advance also is faster with 

the L-shaped distribution than with the poisson • 
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The rate of evolution with an L-shaped fecundity schedule is a function of 

the ratio of the mean values of the two distributions comprising the L. Inthe 

ini tial model, the ratio of means was 1: 5, and evolution under the L-shaped model 

was about twice the pace of the poisson. Maintaining an overall mean of 10seeds 

as in the first simulation but a lambda ratio of 1: 2.5, the sojourn time for a 

recessive allele was about 1.2 times faster than with a poisson. On the other 

hand, if the fecundity of the high performing plantsis very much greater than 

the remainder of the population, yielding for example al: 10 ratio, the rate of 

response to selection is about 3.2 times greater than with a poisson distribution. 

Whereas L-shaped fecundity distribution permits a more rapid response to 

selection than a poisson, the former also is more likely to foster the extinction 

of a gene when it is rare and less likely to protect polymorphism when two or 

more alleles are common. Once again the greater variation in fecundity which 

accrues from the L-shape is the cause. Consider a population of 10 plants with 

two alleles in equal frequency, both equally fit, and with an L-shaped fecundity 

distribution. Based upon 100 runs, the 1055 of polymorphism occurs in an ave rage 

of 14.2 generations. In contrast, a similar population with 7 plants and a 

poisson distribution retains polymorphism for an average of 19.5 generations, 

and a population wi th 6 plants retains polymorphism for an ave rage of 13.3 

generations. Thus, the decay of variability in populations with "L" fecundity 

schedules is similar to that in much smaller populations with poisson schedu ... es. 

With regard to the 1055 of a rare favored recessive genotype, (relative fitness 

of AA and Aa = .75) we found that in runs in which q = .1, a population size of 

250, relative fitnesses of the dominant homozygote and heterozygote of .50, 

Cvigor is .5, mean ratio 1: 5, the recessive allele was lost in BO per cent of the 

trials when an l-shaped distribution was used versus 65 per cent when a poisson was 

used. 

Our discussion thus far has been couched in the context of a plant population 

which is exhibi ting a plastic or developmental response to densi ty-stress from 

conspecifics,other species or the environment as a whoIe. However, plants may 

exhibit a mortality response as the environment deteriorates (HARPER & WBITE 

1974). The suppressed fraction of the population may fail to produce seed. The 

effect would be represented by an L-shaped distribution with Àl being zero. 

Since an increase in the ratio between the means of the two distributions 

comprising "L" results in a more rapid response to selection, removing the 

less productive plants from the parental pool (assuming size is genotype-dependent) 

will permit a large variabIe population to experience much more rapid evolution 

than a similar population with a poisson fecundity schedule. Note that we are 

not placing a larger fracticn of the population in the high fecundity category; 

that proportion is assumed to remain constant. If we we re simply to increase the 

proportion of the population in the high fecundity distribution from 10 per cent 

(as in our initial runs) to higher percentages, the special advantage which 

accrues to superior genotypes is dil uted and the rate of evolution declines. 
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A mortali ty response to exigencies of the environment lowers the genetically 

effective size of the population thus making it more prone to genetic drift. 

Consider a situation referred to earlier, namely a population of 10 plants 

whose fecundity distributionisL-shaped, whose lambda ratio is 1:5, and whose 

2 alleles were in equal proportions. We estimate that polymorphism would be 

maintained for an ave rage of 14.2 generations. Eliminating the contribution of 

plants from the low fecundity distribution, polymorphism will be lost in an 

average of 3.1 generations. The relationship between ra te of gene frequency 

change in response to a selection model and the decay of genetic variability in 

a neutra I model is not qualitatively altered by a mortality responseasopposed 

to a plastic response. The greater the potential rate of evolution by selection 

the greater also is the potential for evolution by random drift relative to 

population genetic theory. Most plants show plastic and mortality responses to 

density-stress which means that they could respond to selection quite rapidly 

should variation be present in population, but their populations are not weIl 

adapted to protect polymorphism (Fig. 3). 

In view of the striking effect of an L-shaped fecundity distribution on the 

response to selection, it is of interest to determine the effect of this 

distribution on equilibrium frequencies in a population faced with the 

immigration of a deleterious gene. This problem was examined with a simulation 

of a population with 250 plants, poisson and L-shaped fecundity schedules, and 

immigration rates of 1 per cent, 2 per cent and 4 per cent, a 50 per cent 

contribution of the genotype to seedling vigor, and a range of selection 

coefficients. Immigration is in the form of homozygous seed. Dominant and 
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recessive cases were examined. The population is assumed to be monomorphic at 

the start. The equilibrium frequencies of the alien allele are lower with an 

L-shaped fecundity distribution than with a poisson. Our estimates of poisson 

equilibria are in close accord with those obtained by analytical methods. The 

difference is most extreme when the coefficient of selection against the immigrant 

is lew. For example, consider the case of a dominant gene whose immigration 

rate is .01 (Fig. 4). When the selective disadvantage is only 1 per cent, the 
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equilibrium level with an L-shaped distribution is only .30 as comparedto .75 

when a poisson is used. Selection coefficient notwithstanding, the equilibrium 

alien gene frequency with the poisson is more than twice that with the L. This 

is generally true for higher levels of immigration. Thus thefecundityschedule 

may have a profound effect on the impact of deleterious gene flow. When the 

alien gene is recessive, there is only about a 30 per cent difference at 

different immigration levels. 

3. GENETIC IMPLICATIONS OF DIVERSE REPRODUCTIVE SCHEDULES 

The reproductive schedules of plants are extremely diverse. Some plantsflower 

the first year of their life and then die, others flower periodically af ter a 

pre-reproductive period of two to several years, and others only flower once 

af ter achieving considerable age (HARPER & WHlTE 1974). Correlatively, the 

generation times of different species may vary by at least an order of 

magnitude. Most theoretical and experimental population geneticists have been 

concerned with the rate of response to selection per generation, and as such 

have ignored the genetic implications of diverse reproductive schedules in 

terms of a chronological time table. Only plant breeders have addressed the 

matter of progress per unit time, but their interests have centered on annual 

and short-lived perennials (FALCONER 1960). Molecular geneticistshavesuggested 

that the rate of evolution is independent of generation time (NEl 1975). 

Regardless of the validity of their arguments, they have not considered 

characters which are only intermittently exposed to selection, namely, juvenile 

or reproductive characters. Surely the rate of evolution of juvenile andfloral 

characters per unit time in an annual could be different than from a century 

plant assuming equivalent selection pressures. 

We have constructed a series of life histories depicted in Fig. 5. Assuming 

a population of infinite size and an initial frequency of .2, semidominance 

(relative fitness: AA = 1.0, Aa = .75, aa = -.50), a L-shaped fecundity 

distribution and a 50 per cent environmental impact on seedling vi gor (C. ), 
v1gor 

we determined the mean number of years for a gene to move from p = .2 to .8 as 

a function of absolute time. The relationship between these variables isshown 

in Fig. 6. The correlation mean between generation time and rate of response 

is .98. Changing the selection coeffieients alters the slope but not the 

eompelling relationship between generation time and response to seleetion. 

Having emphasized direetional seleetion, eonsider next the implieations of 

different reproduetive taeties in perennials when long-term seleetion iseyelie 

or random. Long-lived populations with delayed reproduetion would be poorly 

equipped to respond to a ehange in seleetion regime, and thus would be more 

likely to retain genetie polymorphism than would short-lived populations whieh 

reaeh reproduetive maturity in one or a few years. The genetie strueture of 

long-lived populations would be tuned to their long-term environmental 
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experience, whereas the genetic structure of short-lived populations would 

reflect recent experiences which may have had a pronounced impact upon their 

genetic structure. 

Thus far the potential to respond to selection has been within the context 

of 100 per cent sexual reproduction. However, hundreds of species are 

facultative apomicts capabie of reproducing in part by agamospermy, or by 

stolons or rhizomes. Agamospermy is more common in fugitive species, whereas 

vegetative reproduction is more common in late successional or climax species 

(GUSTAFFSON 1946; VAN DER PIJL 1969; SALISBURY 1976; MYGREN 1954). Apomixis 

is important in a discussion of generation related phenomena, since this mode 

of reproduction effectively extends the age of plants and thus their generation 

time. Agamospermy and vegetative expansion have the same effect, although the 

spatial pattern of the individual in time will be much more diffuse in the 

case of the farmer. Thus species which are facultative apomicts shouldrespond 

more slowly to selection than those which are strictly sexual. Moreover, we 

expect apomixis to reduce the response to selection because it reduces the 

effective population size and thus the amount of additive genetic variance in 

individual fitness (FISCHER 1930) . 

4. GENETIC IHPLICATIONS OF SEED POOL DYNAHICS 

Thus far rates of evolution have been considered with regard to life history 

features of perennial plants. Annuals also should be considered since they toa 

have age-structured populations by virtue of their seed pools. The annualhabit 

in plants is accompanied by specialized physiological mechanisms which permit 

seeds to remain dormant in the soil for a few years to decades (MAYER& 

POLJAKOFF-MAYBER 1975; ROBERTS 1972; KOLLER 1969). The nearly universal 

imposition of germination regulating mechanisms prevents the reproductive 

potentialof a population from being gambled except when the probability of 

survival is maximal. The longevity of seeds tends to be a positive function of 

environmental unpredictability and is correlated with other adaptations to 

cape with unpredictability. The seeds of desert ephemerals and fugitivespecies 

are relatively long-lived (50 to 100 years) whereas the seeds of mid-successional 

annuals in mesic habitats of ten are short-lived (10-20 years) (TOOLE & BROWN 

1946; KIVALAAN & BANDURSKI 1973; HARRINGTON 1972). The buried seed population 

has a constant death risk (HARPER & WHITE 1974). 

The seed bank is based upon contributions made over several years. during 

which time selection may have favored alternate alleles at a particular locus 

related to temperate tolerance, pubescence, etc. The seed pool therefore 

provides the population with a memory of its recent history and is tuned to 

the general experience of the population over several years rather than just the 

past 1 or 2. A seedling crop is drawn from this potentially di verse seed pool. 
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The optimal germination tactics for a seed pool have beenstudiedby COHEN 

(1966, 1967, 1968). The question now is not what is best for a population in 

terms of its persistence, but what are some genetic consequences of different 

seed pool histories. What constraints do seed pools impose on evolution at a 

single locus unrelated to dormancy? A. TE~~LETON (unpublished) has considered 

the effects of directional and disruptive selection in timetakingintoaccount 

the impact of the environment on population size. 1 will summarize some ofhis 

findings which are based upon analytical solutions. 

By virtue of its history, the seed pool retards the rate of evolution when 

fitness is constant, balancing or directional selection notwithstanding. There 

is a simple linear relationship between the change in gene frequency per year 

and the average number of years a seed has spent in the seed pool prior to 

germination. Consider a case of directional selection in a population of 

annuals. If the mean time that plants spent in the seed pool prior to 

germination were 10 years, then the number of years required for selection to 

alter the frequency of a gene from one value to another would be 10 times 

greater than if there were no seed pool. If the average time in the seed pool 

were 3 years, than the rate of evolution would be 3 times lower than if there 

were no seed pool. Consider a case of balancing selection at a single locus 

where the heterozygote was favored and both homozygotes had relative fitness 

of . 99. The number of years required to move a gene from one frequency to the 

equilibrium value (.5) also would be a simple function of time plants spent 

in the seed pool (Fig. 7). 

The extent to which the seed pool retards the response to selection not 

only is dependent upon the age structure of the seed pool, but also is 

dependent upon the growth ra te of the population. The discussion thus far 

assumed that population size is constant. Should populations pass through .a 

period of growth, the seed pool would be weighted in favor of recent seeds 

since they would be increasingly abundant and constitute a higher proportion 

of the pool than if the population was not expanding. The mean age of theseeds 

in the pool would decline. On the other hand, if populations were contracting, 

the seed yield per year would also contract so that the pool would be weighted 

in favor of the older seeds relative to what would be the case with astabie 

population size. The mean age of seeds in the pool would increase. Accordingly, 

the rate of evolution will be faster in expanding populations with seed pools 

than in stable populations. Correlatively the rate of evolution will be slower 

in contracting populations than in stabie ones. 

The seed pool allows the existence of a covariance between fitness and 

absolute seed production during years in which the environment is hospitabie 

and plants generally are large. The genotype favored in that environment will 

produce more seeds and thus have a greater impact on the seed pool than an 

alternate genotype favored in years when conditions for survival are marginal. 

With a seed pool not only the relative fitness is important but the absolute 
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performance of the best genotype in year 1 vs. the best in year 2 . Differential 

contribution of seeds to the seed pool both within and between years, but 

especially the latter , may have the same consequences as directional selection. 

Let us assume that in good years the relative fitness of 3 genotypes are AA = 
1.00, Aa = 0.75, and aa = 0.50. Let us also assume that in marginal years the 

fi tnesses are AA = 0.50, Aa = 0.75, and aa = 1.00. population size is constant. 

In the good years the seed product ion of the favored homozygote (AA) is 100, 

whereas in the marginal years the seed production of the favored homozygote 

(aa) is only 50. If the environment alternates between good and marginal years 

in a regular cyclic fashion the A gene eventually will be fixed even though 

environments and relative fitnesses aresymmetrical. Random fluctuations in the 

environment will have the same effect. Accordingly selection will favor genes 

that do the best when the environment is most hospitabie. The greater the mean 

age of seeds in the pool the more pronounced is the filtering effect of 

selection in a fluctuating environment. 
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5. THE EFFECT OF PATCH SIZE AND SHAPE ON MIGRATION-SELECTION EQUILIBRIA 

5. 1. INTRODUCTORY REMARKS 

There has been much interest in the joint action of migration and selection on 

the level of genetic variability in subdivided populations occupying spatially 

heterogeneous environments. Two and multi-niche medels have been constructed 

which relate to organisms in general (CHRISTENSEN 1975; KARLIN 1976; FLEMING 

1975; GILLESPIE 1974, 1975, 1976; HEDRICK et al. 1976) or plants specifically 

(JAIN & BRADSHAW 1966; ANTONOVICS 1968; NAGYLAKI 1976; LEVIN & KERSTER 1975; 

GLEAVES 1973). Unfortunately, most treatments make assumptions about the mating 

system, the spatial distribution of patch types, and dispersal distributions 

which are contrary to what one actually finds in plant populations. Plant 

populations are not panmictic, incoming genes are not randomly distributed 

throughout a population, and environmental patches are two-dimensional arrays 

with specific dimensions. 

Using computer simulation, we chose to answer the following questions: What 

are the equilibrium gene frequencies in subpopulations adapted to different 

environments when patch size and shape are variables? To what extent do the 

equilibria differ with different gene dispersal schedules? 

5.2. THE MODEL 

The model involved a population of 4096 plants occupying a site with patch 

type A and B in equal proportions. Only a single locus with two alleles (A and 

a) was considered possible. The relative fitnesses of genotypes in patch A are 

AA = 1.0, Aa = 0.75, aa = 0.50. The relative fitnesses of genotypes on patch B 

are AA = 0.50, Aa = 0.75, aa = 1.0. The size and shape of patches varies as 

prescribed with at least 4 plants per patch. The plants were assumed to occupy 

a 64 x 64 grid of uniformly spaced safe sites. Every plant was one map unit 

from its nearest neighbors. 

The initial population is composed of AA plants in the A patches and aa 

plants in the B patches. Patches alternate in space in a checkerboard fashion. 

The breeding structure of the population was defined by the dispersalof 

pollen. Dispersal followed random, leptokurtic, or nearest-neighbor patterns. 

No seed dispersal is assumed. Seeds occupy the same site as the seed parent. 

The stepping stone schedule involves the movement of seeds to one of the four 

or eight nearest sites at the cardinal compass points. For the leptokurtic 

schedule, pollen dispersal distances assumed the distribution shown in Fig. 8. 

The direction of broadcast was designated by a random number generator. Each 

plant produced 18 pollen grains, a number sufficient to insure that each plant 

a1most certainly would receive 1 pollen grain. Pollen falling outside the grid 

was lost. Plants were assumed to be self-incompatible. The number of ovules 

per plant is assumed to be very large 50 that the number of seed produced is 

equivalent to the pollen receipt. 
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Competitive selection occurs when more than one seed is deposited per site. 

The surviving seed genotype is a function of frequency of the genotypes and 

the relative fitness of each. The frequency of the genotypes af ter selection 

is calculated. Each genotype then is assigned a regiorr on a scale from 0 to 1 

equivalent to its frequency. The genotype of the surviving seed is determined 

by the genotype domain into which a randomly drawn number between 0 and 1 falls. 

Since the model was of a finite population, there we re considerabie edge 

effects. For the examination of most of the results, therefore, the grid was 

divided into a center and an edge. This enables the center results to be 

generalized to the center of any sized population, and also gives an indication 

of the magnitude of the edge effects. The boundary between the edge and center 

and the edge was placed at a patch boundary, such that the areas of the center 

and the edge were as similar as possible. In the case of 32 x 32 patches, the 

boundary had to run through the middle of the patches, but this introduces no 

bias. In those cases where the patch arrangement was at random, the random 

process was constrained to ensure equal representation of both patch types 

both in the center and round the edge. 

5. 3. RESULTS 

Consider first the proportion of pollen entering a patch whose source was from 

the other patch type. We will refer to this pollen as alien pollen. The alien 
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pollen influx is a function of patch size, large patches receiving less of it 

than small ones (Fig. 9). The proportion of alien pollen decreased from about 

50 per cent with 3 x 3 patches to only 5 per cent with 32 x 32 patches. Note that 

for the latter a boundary of several rows was omitted. The overall pattern 

would not change appreciably were the entire grid treated. If we shift from a 

checkerboard to a random distribution of patches (frequencyofA patches still 

B patches) the level of alien pollen receipt declines for each patch size. 

The influx of alien pollen also is affected by the patch shape. Given sub

populations of 64 plants, the proportion of alien pollen varies from 55 per cent 

for 1 x 64 patches to 26 per cent for 8 x 8 patches. Regardless of patch size or 

shape, the levels of alien pollen receipt is a curvilinear function of the 

amount of contact between opposite patch types (Fig . 10). 

The mean frequency of the maladapted gene in each patch type is a function of 

patch size. Equilibrium frequencies range from .38 for 2 x 2 patches arranged in 

a checkerboard fashion to O. 11 for 32 x 32 patches. Hoving to a random patch 

distribution results in lower equilibria values. Equilibrium gene frequencies 

also are greatly influenced by patch shape. Wi th a patch size of 64 plants, 

equilibrium frequencies of the maladapted gene vary from .16 with 8 x 8 patches 

to 0.25 with 4 x 16 patches to 0.34 with 2 x 32 patches and 0.38 with 1 x 64 patches. 

Thesevalues are based upon checkerboard patch patterns (Fig. 11). 
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At equilibrium the maladapted gene is distributed in a non-random fashion 

within patches. This is most evident where patch size is large (Fig. 12). This 

gene tends to be higher in frequency near the edge of the patch than near the 

interior and in patches larger than 8 x 8 rarely reaches the center. This pattern 

results from narrow pollen dispersal between and within patches. The former 

dictates the initial deposition sites, and the latter the penetration rate. 

Once in a patch an alien gene will move over short di stances which are random 

with regard to direction. This provides ample opportunity for its selective 

elimination beyond the area of continual immigration. 
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Thus far equilibrium frequencies have been considered within the contextof 

a given leptokurtic dispersal schedule. It is of interest to determine the 

consequences of various schedules including that assumed in most population 

genetic modeis. We will compare the equilibrium levels of maladapted genes 

under the following pollen dispersal schedules: (al random, (bI leptokurtic 

with a mean distance of 2.5 and S.D. of 2.8 units as used previously, (cl 

leptokurtic with a mean distance of 1.25 and S.D. of 1.4 units, (dl leptokurtic 

with a mean of 5.2 and S.D. of 5.6 units, (el 4 nearest-neighbors, (fl 8 

nearest-neighbors. The leptokurtic distributions have the same kurtosis. The 

nearest-neighbor distributions provide for equal dispersal of pollen for each 

of the nearest-neighbors in question. 

The effect of the six dispersal schedules on equilibrium frequencies in 

populations with different patch sizes is shown in Fig. 13. The equilibria 
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vary widely especially in populations with large patch size. With randommating, 

the maladapted gene frequency averages 0.38, patch size notwithstanding. If we 

consider the 32 x 32 patch population, the frequency of the maladapted gene 

equilibrates at about 0.04 with pollen dispersal to the 4 nearest-neighbors, 

and at 0.07 with pollen dispersal to the eight nearest-neighbors. With narrow, 

moderate and broad leptokurtic dispersal, frequencies are 0.08, 0.11, and 0.21, 

respectively. The more restricted is pollen flow, the lower the equilibrium 

value. Correlatively, the more restricted is pollen flow the more highly 

adapted are subpopulations to their respective environments. 

Self-fertilization is a method for insulating plants frem the flow of 

deleterious genes from other populations. Thus we would expect selfing to 

result in lower equilibrium levels for the maladapted genes in our modeis. 
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Consider the consequences of 50 per cent ~elfing and 50 per cent outçr.ossing 

relative to our standard leptokurtic (2.5 mean) schedule. Surprisingly 50 per 

cent selfing only had a moderate effect on equilibrium freque~cies, regardless 

of patch size (Fig. 14). However, predominantly self-pollinating populations 

contain a lower level of the maladapted gene than those discussed thus far . 
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For example, in a population with 90 per cent selfing and patch size of 8 x 8. 

the equilibrium gene frequency is 0.18 versus 0.27 with 50 per cent selfing, 

and 0.35 with obligate outbreeding. 

In view of the effect of different dispersal schedules and selfing on 

equilibrium gene frequencies, it is of interest to determine the time to 

equilibrium. With panmixia we would expect subpopulations to reach equilibria 

in one generation. With our standard leptokurtic distribution, equilibria are 

reached in an average of 12 generations when patches are 8 x 8 or larger. For 

populations wi th 2 x 2 patches equilibria are achieved in an ave rage of 5 

generations and with 4 x 4 patches in an average of 7 generations. Selfing 

significantly retards the time to equilibrium. Consider a population with 8 x 8 

patches. The time to equilibrium with 50 per cent selfing averages about 17 

generations; with 90 per cent selfing the ave rage is about 30 generations 

(Fig. 15). 

Thus far we have considered patches to be coiltiguous. However, i t is possible 

that distinctive patches may be separated by small uninhabitable areas. 
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We explored the effect of habitat discontinuity by introducing a 2-position (unit) 

gap between patches. As one might anticipate, habitat discontinuity and restricted 

gene flow (in the form of our standard leptokurtic schedule) confers an excellent 

opportunity for ïnterpatch differentiation. In populations where patch size is 

large, the frequency of the maladapted gene may be nearly 50 per cent of th at 

in the absence of the gap (Fig. 16). The impact of the gap is even larger with 
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more restricted dispersal schedules since the size of the gap is proportionally 

greater relative to the dispersal limits. With nearest-neighbor dispersal, the 

gap cannot be crossed and subpopulations remain monomorphic. 

In summary, the level of polymorphism within subpopulations occupying 

heterogeneous environments is a complex function of patch size, shape, spatial 

distribution of patch types, and gene dispersal schedule. Simply to no te that 

an environment is heterogeneous and that gene flow is restricted fails to 

provide a meaningfulinsight into gene frequency heterogeneity between sub

populations, the correlation between patch type and gene frequencies, or the 

extent to which the adaptedness of populations is reduced by a selection

migration equilibrium. We need to know abDut the organization and size of 

patch types if we wish to appreciate the potential and actual level of 

differentiation which may ensue in the face of gene flow. 

6. CONCLUSIONS 

In 1972 BRADSHAW wrote an essay on some evolutionary consequences of being a 

plant. He emphasized the implications of the strength and diversity of 

selection which operate on closely adjacent populations, the restrietion of 

gene flow between neighboring populations, the correlationof habitats between 

parents and offspring, the flexibility of the breeding system, and the nature 

and organization of genetic variation within species. He concluded that "to 

understand what is actually happening in plant species, we need to assumevery 

different premises from many of those exercising the minds of many population 

geneticists". As we have attempted to convey in this presentation, we 

vigorously endorse this position. Moreover, we urge the exploration of the 

evolutionary implications of demographic features which typically have resided 

in the domain of ecologists. Fecundity schedulesi reproductive schedules, seed 

pool properties and the pattern of differentiated population subdivisions all 

are variables which have manifest genetic consequences, which in turn may free 

or restriet the evolutionary potentialof populations. Moreover, the afore

mentioned demographic properties either have not been considered by population 

geneticists or their actual expression is contrary to many assumptions used in 

genetic modeis. The theory and illustrations presented here only represent a 

small sample of the kinds of problems that we need to address if we hope to 

understand what is actually happening in plant species, why it is happening, 

and what it means. 
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8. DISCUSSION 

WATKINSON (Norwich): I accept what you said about seed dormancy and the 

unpredictability of the environment, but if one is going to make meaningful 

comparisons between environments and between species in different environments, 

how would you suggest th at one quantifies the predictability of the environment, 

because I see that this is a major stumbling block preventing the empirical 

workers in the field from getting much further in this area. 

LEVIN: I don't think I am in a position to tell you how to quantify the 

environment. What I am trying to do is simply show that seed pools have an 

effect, have a genetic effect, and th at it makes a difference in genetic 

currency in terms of the kinds of seed-pool dynamies you have. Now, exactly 

how one wants to describe environmental predictability or demonstrate it or 

study it, is something which is really beyond an answer from me. I don't think 

I really want to respond to that. 

HARPER (Bangor) : Due to technical difficulties this question was very 

badly recorded and cannot be reproduced in detail. Professor Harper asked 

why a double poisson was used to imitate the L-shaped curve. His second 

question concerned the relationship between the genetic and non-genetic 

components in the fecundity frequency distribution. 

LEVIN: In response to your last comment: we simply were interested in 

looking at a combination of genotype and environmental effects and we just 

chose 50 per cent for heuristic purposes just to include some environment and 

some genetic effects. We gave equal weight to bOth, since in many cases we do 

not know what the causal factors are. I certainly agree that it will be more 

interesting to use real values than the ones we have chosen just because they 

re late to the nature of the problem, and the same answer holds for our 

L-shaped fecundity distribution. It was simply, let us say, for heuristic 

purposes, that we chose that particular distribution. JOHN WILSON can express 

exactly why he wanted to use a double poisson to generate the L, although we 

did want a little hump out on the tail of the L. We wanted a little bit of 

a hump for those special plants out at the end rather than just having a flat 

L, and the fact that you suggested that we understated the case and that the 

difference would be even greater, makes me feel very fine, because what I am 

trying to do is just show that plants are different from the simple theory 

that has been applied to them. What we really have to know is what plants are 

doing, in order to fully appreciate plant evolution and ecology and the 
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interface between them. 

ANONYMOUS (1): Don't you think th at the main effect of the seed bank is to 

diminish the genetic drift because it increases the size of the population 

first and also avoids selection for one part of it? 

LEVIN: The seed pool acts as a buffering device. You may have environmental 

fluctuations up and down, but the seed pool will tend to stabilize the 

populations within a gene frequency range and re duce the probability of 

genetic drift. So when we look at populations of annual plants and we see 

populations going from 10,000 to 100, this is not an adequate picture of the 

true population dynamies in a sense th at if seeds are live plants, the 

populations size may be very constant. The number of individuals that are 

reproducing in any given year fluctuates considerably, bu~ the actual 

population size is maintained and the seed pool does act as a buffer but also 

acts as a drag, because it provides a memory. I think that af ter a bad year 

the seed pool will be more important, and in Texas in same of our annuals we 

have good years and bad years where in the bad year maybe only 10 per cent of 

the plants were there, compared to what we saw the year before, in which case 

the next year, if you draw at random from the seed pool, the older seeds will 

make a relatively larger contribution. So I am not sure that you need 

catastrophic events. I think you can have good and bad years, where there is 

always a seed pool that remains intact. I think . you can draw from the past in 

the sense that, like migration seed pools from the past provide heterogeneity 

as weIl as all those things that migration would do to maintain genetic 

polymorphism. But it does retard the response to selection as does migration. 

BELL (Bangor) : Following up the point that Professor HARPER made on the 

importance of distance between neighbours, did you take into account in your 

grid systems, that if you are considering four neighbours and then considering 

eight neighbours that actually different distanees are involved? 

LEVIN: WeIl, the distanees were determined in advance, and the distanee is 

reflected in the mating systems, so to speak. If you are crossing with plants 

that are very close to you, you could be crossing with a brother and a sister, 

since we are dealing with annuals. So the spatial pattern affects the breeding 

system, which affe cts the outcome, as I showed you. So in a sense distanee 

was considered. I mean it is built in, but not in the way that your are 

suggesting. But it is reflected in the nature of the output, whether we are 

looking at four nearest neighbours or eight nearest neighbours or whatever. 

You get different values, and this is due to differences in the restrietion 

of the movement of pollen. 

BELL: But the subtie difference that four of the eight are further away 

than the other four does not make any difference? 

LEVIN: I cannot say it does not make any difference. 1 have to think about 

exactly what we might expect to find, other than what I have just said that 

the farther away the pollen is moving the more open the breeding system is and 
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the less likely you are to be mating with relatives. In terms of the plastic 

response to competition as a function of distance, we could not build that 

into our model, since we had decided that thereshouldbe some simple pattern 

of safe sites; therefore, there is no way we could get a distance effect, an 

interference effect over space. We have considered it, but I am not sure how 

you could bring th at in. If you had empty spaces you could do that, but with 

allspaces filled, 1 am not sure you could handle it. 

ANONYMOUS (2): Did you say that in the cyclic environment your model 

predicts that the genotypes that perform better in good years are favoured? 

LEVIN: Yes, if you simply go back and forth from a good year to a bad year 

and if you had different genotypes favoured in the two years. If in the good 

year the best genotype produces 100 seeds and if in a bad year the best geno

type only produces 50 seeds, you have differential contribution to the seed 

pool between years; and by going back and forth, back and forth, you gradually 

weight the seed pool by the population in terms of the genotypes that do best 

in the favourable years. So even though you might have a cyclical environmental 

pattern with a seed pool, the result is the same as directional selection; you 

end up fixing the genes or the genotype that does best in the best environment. 

ANONYMOUS (2): What happened when you had several bad years in succession, 

what happens in the population? 

LEVIN: The seed product ion would be lower; you would have your seed pool 

to draw upon in the event of goed years, but if you had several bad years you 

would simply have a lower contribution of seeds in those years weighted in 

terms of the relative fitness of the three genotypes in those year. I am not 

sure I am answering your question. 

ANONYMOUS (2): It seems to me that the frequency in the seed pool of seeds 

produced from genotypes that are better performers in good years would be 

higher. Is that right? 

LEVIN: Yes. One good year could greatly outweigh several bad years, 

according to my model, if the good ones we re producing fewer seeds in good 

years. If the best genotype in poor years was producing few seeds relative to 

the best genotype in good years, you might have several bad years and one good 

year and that would compensate for it, or even more than compensate. 
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