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ABSTRACT: The dynamics was studied of natural aggregations of Erophila verna
individuals and the seed germination capacity under laboratory conditions. A significant,
negative correlation has been found between the number of seedlings and of adult individuals
in the particular year, and the number of seedlings the next year, and a positive correlation
between the number of seeds in the soil and the number of individuals of the new generation. It
has been demonstrated that the numerical equilibrium of the population over a many-years’
cycle 1s determined by natality differences among the aggregations of individuals.

KEY WORDS: Erophila verna, seed production, germination capacity of seeds, density-
dependent reproduction of individuals, many years’ population abundance dynamics.

Contents

. Introduction

Material and methods

. Results

3.1. Factors determining seed germination and number of seedlings under natural conditions
3.2. Germination capacity of seeds and their longevity under laboratory conditions

3.3. Role of diversified individual reproduction in the regulation of population abundance
Discussion

Summing-up conclusions

Summary

Polish summary

References

[557]



558 Ewa Symonides

1. INTRODUCTION

Studies of the population dynamics of therophytes have demonstrated that,
regardless of the ecosystem type, variations in the number of seedlings in the successive
years are usually far narrower than variations in the total number of seeds produced in
a population, annuals realizing their reproductive potential only to a small extent
(Went 1973, Symonides 1974a, 1974b, Wilkonfn-Michalska
1976, F alin s k a 1979). The lack of a close relationship between the production of
seeds and the number of individuals in the new. generation suggests that the natality of a
therophyte population is mainly determined by biotope and/or biocoenotic, and not
intra-population factors (Raynal and Bazzaz 1975, Inouye Byers
and Brown 1980, Grubb, Kelly and Mitchley 1982). Influenced by
the latter is the magnitude of mortality, most often positively correlated with the
density of the seedling population (Palmblad 1968, Symonides 1974c,
1977, Law 1981, Falen cka 1983). If the density of seedlings is determined by
properties of the external environment, then consequently, these should be attributed a
crucial, though only indirect, role also in the course of the dying of individuals.

The above considerations make one inclined to formulate the following hypotheses:
(1) the many-years’ and seasonal therophyte abundance dynamics i1s the result
primarily of the effect of external factors on the population; (2) inter-individual
interactions can only cause a reduction in the initial population abundance to the level
of the carrying capacity of the biotope; (3) in therophytes intra-population relations
are characterized by a time discontinuity; their effects affect only one generation of
individuals; (4) the magnitude of natality — provided a sufficiently large number of
seeds reach the soil — is independent of the population density in the preceding year.

Is the role of inter-individual interactions among therophytes really reduced solely
to the limiting of the population size? The results from several-years’ research into the
population dynamics of Erophila verna have shown that it would be purposeful to
verify the above hypotheses. For it has been found that although the total number of
individuals in the population varies slightly in the analogous periods of the growing
season from year to year, in different places of the biochore the emergence of seedlings
was — alternately — very abundant or very scanty (Symonides 1983a). The
repeatability of the phenomenon suggests the functioning in E. verna of some, hitherto
little-known, mechanisms of intra-population regulation of numbers, and imposes the
necessity to take into account the spatial relations among individuals in population
dynamics studies. | |

The aim of the studies presented in this paper was to clarify the causes, as well as the
results of the yearly variations in the number of seedlings at different points of the
population area of E. verna. The following assumption has been adopted as a point of
departure: if the number of seedlings emerged in a given place is negatively correlated
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with ‘the number of seedlings in the next year, then there occurs a regulation
phenomenon in that population, and not only an abundance-limiting mechanism. This
at the same time proves the falseness of the hypothesis assuming a lack of continuity of
the effects of intra-population interactions in successive generations.

The research was restricted to those natural aggregations of individuals for which
the highest density values in the seedling phase were found. In such aggregations
analysed were the production of seeds, number and fraction of seeds getting into the
soil, and the number of seedlings of the new generation. In the laboratory, seeds were
tested for the capacity and speed of germination, and their weight and longevity were
determined. Thus the scope of study included measurement of the reproduction of
spatially separated aggregations of individuals differing in initial density, and an
analysis of the factors responsible for the magnitude of this reproduction. Apart from
this, the role has been assessed of differences in natality among aggregations in
determining the many-years’ population dynamics as a whole.

The present paper is the last part of a wide-scope series of studies on variations in E.
" verna population abundance under natural conditions, aimed at an assessment, as full
as possible, of the role of inter-individual interactions in the determination of seasonal
and many-years’ population dynamics. Two earlier publications dealt with the effect of
intra-population interactions on the survival rate, growth rate, development rate, and
the size and fecundity of individuals (Symonides 1983a, 1983b).

2. MATERIAL AND METHODS

Field investigations were carried out in the years 1973 — 1976 in a patch of Festuco-
Koelerietum glaucae Klika 1931, near permanent areas, where the survival and
development of E. verna individuals were followed (S y m o nid es 1983a). Early in
the spring of 1973 two series of plots were laid out, each of the size 0.01 m?, spatially
separated from each other (by a distance of 0.9 — 1.2 m): 130 plots with 1 —4 seedlings
and 130 plots with 50— 60 seedlings each. All plots were located at flat sites, devoid of
plants of other species, in the vicinity of large tussocks of Festuca duriuscula L., F.
psammophila (Haeckel) Krajina, and Koeleria glauca (Schkuhr) DC.

Every year in 10 permanent plots of each series all adult individuals were counted,
the production of seeds was estimated, and the following spring the seedlings were
counted. The data thus obtained were used for the assessment of the natality of the
particular aggregations of individuals, and evaluation of the interrelationship between
the number of seedlings, number of adult individuals and the number of seeds produced
in the particular year, and the number of seedlings in the next generation. In the
assessment of the seed production in individual plots the results were used of studies of
the fecundity of individuals that had grown under different density conditions
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(Symonides 1983b). The adopted measure of natality was the number of
seedlings per an adult individual in the preceding year. On the termination of the -
germination phase in 1976 E. verna seeds contained in 1 cm soil layer of each plot were
counted. _

Immediately after the termination of the seed dissemination phase from twenty
other plots of each density class the above-ground parts of plants were removed, and
the top soil layer 1 cm thick was cut off. In the laboratory, the surface area of the leaf
rosettes was measured by means of a planimeter, and the soil was dried and screened,
whereafter the whitlow-grass seeds were picked out and counted. In the subsequent two
years, successive plots, 10 of each of the two series laid out in the first study year, were
used for a similar analysis. A number of quantities, ratios and relationships have been
calculated: the size of the area of each plot not covered by E. verna leaf rosettes,
percentage of the seeds that got into the soil relative to the number of seeds produced,
then the type and degree of interrelationship between seed production and seed number
in the top soil layer, and between the size of the area not overgrown and the number of
seeds that got into the soil.

From individuals growing in the remaining plots ripe silicles were picked and seeds
were dissected out. Every year seeds were harvested of plants from 30 plots of one series
- and 30 plots of the other series. Part of the seeds were kept in paper envelopes and part
were put in cloth bags which were then buried in small flower pots filled with soil. The
envelopes and flower pots, marked appropriately, were kept at room temperature (18
—21°C) until the end of October each year, then — until the end of February — at 5
—6°C; the soil moisture in the flower pots was maintained at the level of 5 — 79 actual
moisture. In the analysis of seed germination capacity and longevity seeds from
individuals growing under low and high density conditions, kept “dry” in envelopes,
and in soil were considered separately.

In the analysis of seed germination capacity three sowing variations and three
replications of each variant were used. In each case a 100-seed random sample was
handled. Every year in March seeds were sown on moistened filter paper placed in Petri
dishes, into soil at a depth of 0.3 cm, and into soil at a depth of 2 cm; cuvettes
containing soil were watered every day with the same amount of water. Germs were
counted every 24 hours for 10 days.

For the seed longevity studies seeds harvested in 1973 and 1974 were used. A
random 100-seed sample was sown every year in March onto filter paper, using three
replications in each case. This series was continued until 1982.

In 1975, once only, the mean weight was determined of 1000 seeds derived from
plants growing under low and high density conditions. The seeds were dried at 110°C
for 48 hours and weighed with an accuracy of 0.0001 g. The mean weight of seeds has
been calculated on the basis of three replications, and the significance of differences has
been established after taking into account confidence semi-intervals.

In all the statistical analyses a 5% error risk was adopted. Studies of the
interrelationships between the different pairs of characters were carried out separately
for the data from plots with a low and from those with a high seedling density.
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3. RESULTS

3.1. FACTORS DETERMINING SEED GERMINATION AND NUMBER
OF SEEDLINGS UNDER NATURAL CONDITIONS

Average seedling density in the plots of both series changes regularly from year to
year, attaining — alternately — very high and very low values. Subject to regular
variations also is the density of adult individuals, although in this case the fluctuations
are considerably smaller: while during the seedling phase there is on an average a 25- up
to 30-fold increase or decrease in the number of individuals on the surface of a plot
between successive years, there can only be a 5-fold- growth or decrease during the

fruiting phase (Fig. 1).
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Fig. 1. Changes in the number of individuals in plots with low (A) and high (B) seedling density in the first
' study year

a — seedling phase, b — fruiting phase

The number of seedlings that emerged in the different plots in the particular year is
closely, negatively correlated with the number of seedlings covering the same plots in
the following year, the value of the correlation coefficient ranging from r = —0.87 to r
= —0.96 (Fig. 2). In plots of both series the number of seedlings is also significantly,
negatively correlated with the total number of those individuals that survived until the
fruiting and seed dissemination phases in the preceding generation (Fig. 3).

At the level of the adopted error risk no significant relationship has been found
between the production of seeds, as estimated in relation to the surface area of a plot,
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Fig. 2. Relationship between the number of seedlings emerged in the particular year (x) and the number of
seedlings emerged in the same plots the following year (y)
A — plots with low, B — plots with high seedling density in the particular year. Regression lines for successive
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Fig. 3. Relationship between ine number of adult individuals in plots in the particular year (x) and the
number of seedlings emerged in the same plots the following year (y)
Explanations — as for Figure 2

and the number of seedlings found next year. Such a correlation can only be found i1f
data from one series and those from the other are treated jointly during the study period
(r = 0.81). The above-quoted results thus prove that there is a continuity of intra-
population interaction between successive generations, but at the same time they
indicate that there are factors, more significant than the magnitude of seed production,
responsible for the regulation of population abundance over a many-years’ cycle.
The total number of seeds produced by individuals that grew under low density
conditions is every year several times larger than that found for strongly compact
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aggregations. In either case seed production differs between years, but it 1s always much
higher than the number of seedlings in the next growing season. Differences in seed
production between plots of one series and those of the other are each year very big, and
they result primarily from differences in the number of fruiting individuals (Table I).

Table I. Number of fruiting individuals and the total seed production in plots with a low
and high density in the seedling phase (plot size 0.01 m
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Fig. 4 Relationship between the number of seeds in the surface soil layer in the particular year (x) and the
| number of seedlings growing in the same plots the following year (y)
Explanations as for Figure 2
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In different years from 13.2 to 89.19% of the overall pool of seeds produced 1n the
particular plots get into the soil. Although the variability of the character under study is
great, a significant, almost linear relationship has been found between the number of
- seeds found in the surface soil layer of the different plots and the number of seedlings
that emerged in the next growing season in plots with an analogous density of
individuals during the seed dissemination phase of the previous year (Fig. 4).

From the statistical point of view, the relationship between the numiber of seeds in
the surface soil layer and the number of seeds produced in the same unit area is
equivocal; the value of the correlation coefficient over the range of the two density
- classes considered varied very widely in the particular years: from r = 0.80 to r =
—0.66. If, however, a statistical sample consists of the mean values of the two
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Fig. 5. Relationship between the size of area not overgrown in plots in the particular year (x) and the number
of seeds getting into the soil (v), and the number of seedlings emerging in plots of the same density the
following year (y)
Regression lines: (a) I — 1973, 11 — 1974, 111 — 1975,(b) I — 1973 —-1974, 11 — 1974—1975, 111 — 1975
—1976; other explanations as for Figure 2
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Table II. Factors regulating the real natality of aggregations of individuals in plots with a low and high density in the seedling
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characters, computed on the basis of data from 10 plots of one series and 10 plots of the
other series, in three consecutive years, the correlation coefficient takes a positive sign
and attains a value close to unity.(r = 0.98).

Further analyses of the data have shown that the factor determining the fraction of
seeds getting into the soil in the different plots is the size of the surface area not covered
with whitlow-grass leaf rosettes. This points to a positive relationship between the
surface area accessible to the seeds shed and their number in the soil determined
immediately after the termination of the dissemination, this relationship being
significant for both density series of each year (Fig. 5 a). As a result of this relationship,
there is a correlation also between two other characters: the size of the area not
overgrown and the number of seedlings in the next generation (Fig. 5 b).

The size of the area not covered by leaf rosettes of adult E. verna individuals in plots
of both series changes from year to year in a direction opposite to the direction of
changes in the number of individuals surviving till the fruiting and seed dissemination
phases (Table II). Each year the coverage of the surface by the leaf rosettes of more
compact aggregations of individuals is 10.6 — 12.89; higher than the joint coverage in
plots with a low density. No wonder the proportion of seeds that get into the soil,
relative to the total number of seeds produced within highly compact aggregations, is
on an average over a dozen per cent smaller than in sparsely overgrown places (Table
I).

A comparison of the ratio of the number of seeds in the surface soil layer to the
number of seedlings emerging in spring in the different plots in the successive years
indicates that under natural conditions an average of 5.7 of seeds germinate. An
almost three times higher percentage of germinating seeds in plots with a low density of
individuals in the preceding year than in high-density plots is a regularity (Table II). At
the same time the variation of the germinating fraction in the plots of the density series
compared each year is found to be characteristically very narrow; the average variation
coefficient value is 6.04% and does not exceed 14.8Y%;.

Calculated for the particular aggregations of individuals, natality is on an average
161 times higher in plots with a low initial density than in those with a high density, and
varies relatively little from year to year in aggregations of the same density class. Its
value is not directly related to the number of seeds in the surface soil layer; the number
of seeds varied conspicuously during the study period, differences between successive

years being proportionately greater in high-density plots (Table II). It must be noted,
however, that at the most only a few (from 0 to 11 in the different samples) seeds are

found in the surface soil layer at the end of the germinating and seedling establishing
period, with no significant differences found in this respect between plots of the density

classes compared.

3.2. GERMINATION CAPACITY OF SEEDS AND THEIR LONGEVITY
UNDER LABORATORY CONDITIONS

The germination capacity of E. verna seeds under laboratory conditions is many
times as high as under natural conditions, and is insignificantly variable between years
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Table IIl. Germination of seeds from individuals growing in plots with a low and high density
in the seedling phase
a — seeds stored in envelopes, sown onto filter paper; b — seeds stored in envelopes, sown
into soil; ¢ — seeds stored in soil, sown onto filter paper; d — seeds stored in soil, sown

into soil
1 . - 6 B 2
SeedBik L _ : Per cent gerrmlnatlon (¥ + 0) | |
density . | a : b c d
T 3 1
1973 02.3% 1.5 41.3 £ 1.5 42.0 + 1.0 35.7 % 1.5
Low 1974 50.8 + 1.3 40.7 + 1.2 40.9 + 0.9 34.3 + 1.4
e e J
AR A P
1975 52.9 + 1.5 42.0 + 1.5 42.7 ¢ 14 36.2 + 1.5
1973 36.3 + 0.58 i 27.0 + 1.0 20.7 = 1.1 24.0 £+ 1.0
Biinicila ! ' : S
High 1974 J 35.4 £ 0.47 26.1 = 0.9 258+ 140 23.7 £+ 0.9
— - 1 +- ,1
i !
| 1975 | 37.2 + 0.61 | a9 '+ 11 | 202 % 4.2 l 249 + 1.2 |

if analogous experimental schemes are compared (Table III). The total number of
germinated seeds, as well as the course of the germination depend on the density at
which the parent plants grew, conditions under which the seeds were stored prior to
their sowing, and the substrate type and depth of sowing.

The highest per cent germination is found for seeds of low density individuals, kept
“dry” in envelopes and sown onto wet filter paper. Seeds derived from highly crowded
aggregations, stored in flower pots containing soil, and sown at a depth of 0.3 ¢cm in
soil-filled cuvettes are characterized by a per cent germination that is over a half lower.
Seeds sown at greater depths, under a 2 cm soil layer, do not germinate at all, regardless
of the conditions under which the parent plants grew, and the manner of their storage
after harvesting.

From Table III follows that the number of germs emerged from seeds depends to a
larger extent on the density of parent plants than on the storage conditions or kind of
substrate onto which the seeds were sown. Conversely, the course of germination is
affected in a decisive way by the latter two factors, while the density of parent plants
does not play an important role (Fig. 6).

Germs of seeds stored in soil-containing flower pots and sown onto wet filter paper
begin to emerge as early as about a dozen hours after sowing, peak germination occurs
on the second day, and the germination process ceases completely after 72 hours. The
germination of a seed sample stored in a similar way lasted only 96 hours when the
seeds had been sown into the surface soil layer. In this case, however, the first germs
appeared only on the second day after sowing, but a day later the peak germination
already occurred. Much less intensive, spread over the whole week, was the course of
germination of the seeds stored in envelopes and sown onto filter paper (Fig. 6).
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By contrast to the germinating capability, the longevity of seeds is independent of
the density of the parent plants; nor did seeds collected in 1973 and 1974 significantly
differ in longevity. There is, however, a significant influence of the storage conditions on
the maintenance of the germinating capability for a long time. Though seeds stored
“dry” 1n envelopes germinate most intensively 10 months after being harvested (i.e., in
the next growing season), whereafter their viability gradually drops, a small proportion
of them still germinate after eight years. In the soil environment, already in the second
year following the harvest a small percentage of seeds germinate, and few of them

remain viable for 3 —4 years (Fig. 7).
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Fig. 7. Germination capacity and longevity of seeds of individuals grown at low (A) and high (B) seedling
density
dark columns — seeds stored “dry” in envelopes, light columns — seeds stored in moist soil

The weight of one thousand seeds from individuals that grew under low density
conditions is — at the level of the adopted error risk — significantly higher than the
weight of one thousand seeds from individuals which grew in highly compact
aggregations. The value of the mean and of the confidence semi-intervals, expressed in
milligrams, is 0.086 < 33.24 <0.086 in the former case, and 0.18 < 28.13 <0.18 in the
latter case. A comparison of the values quoted shows that the variation of the character
studied is greater when plants grow in aggregations than when they grow singly or at a
low density.
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3.3. ROLE OF DIVERSIFIED INDIVIDUAL REPRODUCTION
IN THE REGULATION OF POPULATION ABUNDANCE

For the assessment of the role of a diversified reproduction of natural E. verna
aggregations in the many-years’ variations in total abundance, a model has been
worked out of many-years’ dynamics of a hypothetical population made up of
individuals with an identical reproductive efficiency in every place within the biochore.

~ The point of departure for the working out of this model was the assumption of a
uniform population density throughout the population area (thus with the same
intensity of inter-individual interactions) and of constant biochore boundaries in the
period analysed. Two extreme situations have been taken into account: (1) with a very
low density of the initial population, equal to 2 seedlings per 0.01 m?, and (2) with a
very high density of the initial population, amounting to 55 seedlings per 0.01 m?. To
simplify the computation, in both cases the initial population consisted of 1000
seedlings; theoretically, they inhabited — respectively — 5 m? and 0.18 m? of surface
area.

In the computation of the rate of survival of the seedling population until the
fruiting and seed dissemination phases the mortality indices obtained in earlier field
investigations (Symonides 1983a), appropriate to the particular density, were
used. On the basis of the established number of adults in the given year, and the average
natality indices obtained empirically for the density classes taken into account (Table
IT) the number of seedlings expected to emerge next year has been estimated, that is, the
abundance of the initial population of the next generation. Calculations of this kind
have been made for seven consecutive years.

The results of the simulation seem to be fairly interesting. As expected — in the case
of both a low and a high density at the initial stage there occur rhythmic variations in
population abundance between successive years (Fig. 8). The frequency and amplitude
of the oscillations in the two situations considered are very similar, whereas the
direction of the yearly changes, and the absolute value of abundance attained in years
of a low and a high level are very different.

At a low initial density there is an over 30-fold increase in population abundance in
the following year. whereafter the abundance returns to the initial level and then grows
again rapidly. A reversed course of changes is cbserved in the situation where there is a
high density in the initial population: in the first year the level of abundance drops
considerably then rises to the original value, whereafter it falls again. Every other year,
irrespectively of the density at the beginning, the population abundance is similar to the
initial abundance (Fig. 8). | '

Thus if the reproduction of different individuals is identical, then, regardless ot
whether its efficiency is high or low, a population is subject to big, regular changes over
a many-years’ cycle. The value of the natality index determines the absolute population
abundance, both in the years in which i1t is high and in those in which it is low.

With a diversified individual reproduction, associated with a diverse spatial
structure 1n the biochore, the population as a whole is characterized by a high
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Fig. 8. Changes in number of seedlings over a many-years’ cycle in the case of a low (A), high (B) and
diversified (C) density of a population with initial number of 1000 individuals
A and B — hypothetical populations with a uniform spatial structure and an initial density of — respectively
— 2 and 55 seedlings per 0.01 m?, C — natural population; data acc. to Symonides (1983a)
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equilibrium of numbers over a many-years’ cycle. The number of seedlings emerging
varies slightly from year to year, and if there occur wider variations due to weather
anomalies, a quick return to the initial level is observed. The curve which represents the
situation in question in Figure 8 has been worked out according to data from earlier
studies carried out under natural conditions (Symonides 1983a). As the initial
population and the hypothetical one differed in numbers, to be able to compare the
dynamics of the natural population and that of the simulated one, an appropriate
correction has. been applied to the results obtained empirically. The result of this
comparison 1s entirely unequivocal: a diversified natality within a biochore, caused by
differences in the efficiency of reproduction of individuals growing in aggregations that
differ in density, 1s an important element stabilizing the abundance of a population over

a many-years’ cycle.

4. DISCUSSION

Results from studies of the real natality of populations under natural conditions are
usually burdened with a considerable error, because the fate of the diaspores after their
freeing from the parent plant is not practically known. Part of the diaspores may get out
(e.g., be carried out by animals and man) of the biochore, sink with water into deeper
soil layers and thus be deprived of the chance to germinate in spite of their remaining
viable, be eaten by animals or disseminated in places where there are conditions
unfavourable for their further growth (Rabotnov 1956, 1964, Major and
Pyott 1966, Symonides 1978a, Piroznik ow 1983). |

In general, there is no certainty, either, that all the seedlings that emerged in the
particular year derive from seeds produced the previous year. For the seeds of many
plant species, including those of therophytes, can remain in the soil for many years
without losing their viability. Seed longevity depends not only on the biological
properties of plants, but also on the properties of soils (Roberts 1970, 1972).

Some data indicate that the seeds of annuals remain viable for a longer time than
the seeds of perennials (Chapness and Morris 1948, Major and
Pyott 1966, Went 1973). Different results have been obtained by
Pemadasa and L ovell (1974) in the case of dune therophytes, the seeds of
which can germinate only for one growing season and lose their viability thereafter. The
life strategy of the seeds can thus be different from the strategy of the plants that

produce them (Harper and White 1971).
From the above considerations follows that it 1s as a rule rather difficult to

demonstrate a causal relationship between density and the fecundity of adult
individuals of a population, and the number of seedlings in the next generation.
Because of this, among other things, the studies presented in this paper have been
restricted to an analysis of natality only in the case of a very low and a very high density,
so that the effects of possible inter-individual interactions could be sufficiently evident.
For the same reason also, the different plots were chosen not only on account of a
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similar number of seedlings, but also on account of their location in the phytocoenosis,
whereas the field studies have been supplemented with an analysis of the germination
capacity of seeds, and of their longevity under laboratory conditions.

The studies have shown that, depending on the density at the seedling stage,
different E. verna aggregations are characterized by a varying natality index, while the
diversified natality is in turn an important factor maintaining the abundance of the
seedling populations at a similar level over a many-years’ cycle. Spatial relations
among individuals in the particular year thus affect the size and structure of the
population in the following year, whereby the ecological effects of inter-individual
interactions continue to exist in the successive generations.

As it 1s difficult to objectively assess the natality of natural populations, the question
arises as to what is the reliability of the results obtained, and whether they justify the
conclusion concerning a significant role of inter-individual interactions in the
- regulation of the many-years’ dynamics of population abundance.

The ultimate magnitude of reproduction is naturally the result of several
parameters, some of which have been estimated with a minimum error at the most (the
number of seeds in the soil, number of seedlings, number of individuals surviving till the
fruiting phase), others have been assessed only approximately (seed production). There
may be objections to the assumption that all the seeds found in the surface soil layer of
the different plots were seeds of the plants that had grown in those plots in the preceding
growing season. Another weak point in the studies was the fact that the relationship
between the number of seedlings in the particular year and the number of seeds that had
penetrated into the soil the preceding year was analysed on the basis of data from plots
with the same density, and not from the same plots, but of course there was no other
possibility.

Though the above-mentioned methodical draw-backs lead to an assessment of
reproduction which is not completely accurate, they do not distort the basic picture of
the relationship between the density of aggregations and the number of individuals in
the next generation. For there can be only small errors in the assessment of particular
parameters, this being due to several factors: (1) as a character, the number of seeds in a
silicle varies little between years, ranging from 50—353 in the case of low-density
individuals, to 19—22 in the case of high-density individuals (Symonides
1983b); the value of seed production in plots, determined on the basis of an exact
number of fruiting individuals and silicles, as well as an average number of seeds in a
silicle 1s loaded with a slight error; (2) on account of the location of the plots in the
vicinity of large grass tussocks, and the fairly large distances between plots, as well as
the small size of E. verna individuals and lack of any adaptations for distribution by
wind on their seeds, it may be assumed with a high probability that the seeds really are
shed around the parent plants; (3) the very small number of seeds remaining in the
surface soil layer after the germination phase, along with the finding that seeds are
capable of germinating only in the case of shallow sowing suggest that the greater
majdrity of, if not all, seedlings derive from seeds produced by plants of the preceding

generation. .
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The very low natality index found for aggregations with a high initial density results
from both the plastic reactions of individuals to the overcrowding stress and the short
life history of E. verna. The conditions under which plants develop at their early life
stages have a decisive effect on the rate of their phenological development, size and
fecundity (Symonides 1983a, 1983b). Hence, though in highly compact
aggregations a large number of seedlings and early-juvenile individuals die, the
remainder of the planst that survive either do not attain the generative phase or are
characterized by a very low fecundity. Therefore in plots with a high initial density the
total seed production is considerably lower than in low-density plots.

A similar reaction to overcrowding has been found in many plant species, both
annuals and perennials (Hodgson and Blackmann 1957, P uck-
ridge and Donald 1967, Snell 1976, Symonides 1979a, 1979b,
1979c, Begon and Mortimer 1982). The magnitude of seed production, in
general very high in plots of both density classes, 1s not the cause of the subtle
differences in natality among aggregations of similar abundance. As has been revealed
by studies, depending on the initial population density — a smaller or larger fraction of
all seeds produced get into the soil. This seemingly unaccountable causal relationship
between the two parameters is clarified by the results obtained from an analysis of the
correlation: between the size of the surface area not overgrown in each plot, and the
number of seeds in the soil.

In the seed dissemination phase plots with a high initial density — in spite of a high
death rate in the earlier phases — are overgrown by five times as many individuals as
are low-density plots. In the former case the leaf rosettes adhering to the ground cover a
larger proportion of the surface potentially accessible to the falling seeds than in the
latter case. It 1s worth noting that on account of the mechanism by which adult
individuals exert influence on the number of seeds getting into the soil, fruiting
individuals and infertile individuals play a similar role; in high-density plots infertile
plants thus have an indirect effect also on the final natality index.

Only a small percentage of the total number of seeds present in the surface soil layer
germinate. In this respect E. verna does not basically differ from many other plant
species, both annuals and perennials (Kropa¢ 1966, Naylor 1972a, 1972b,
Symonides 1974a,1979d, Har per 1977). Noteworthy 1s the fact that at a
higher seed density in the soil larger proportion of seeds germinate, and, depending on
the density, this fraction can be on an average three times higher than at a low seed
density. Whitlow-grass seeds probably secret some germination-stimulating substan-
ces which act upon adjacent seeds. A more efficient germination-stimulating effect of
such secretions on seeds in aggregations than on those in dispersal would therefore be
justifiable (Linhart and Pickett 1973, Symonides 1979d). This view
seems to be supported by the result of an analysis of the seed germination capacity in
laboratory systems with a uniform, relatively thin, sowing rate: differences in seed
germination capacity, depending on the density of the parent plants, were much

smaller.
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The higher percentage, observed each year, of germination of seeds produced by
plants growing in dispersal than of those growing in compact aggregations, irrespective
of the experimental conditions, may be related to the significantly higher weight of the
seeds, that 1s, a higher storage of materials (Black 195, Twamley 1967,
Symonides 1978Db).

Unfortunately, under natural conditions it is hard to establish the fate of the seeds
which had got into the soil, but did not germinate in the following growing season.
Studies of seed longevity in laboratory systems indicate that for several years a small
proportion of seeds may germinate each year, provided the soil layer covering them is
not too thick. In plots the number of such seeds in the soil was small. They probably
became the spoils of animals, were washed into the soil with sinking rainwater, or
translocated outside the plots. However, significant for the interpretation of the results
is not a precise analysis of the fate of the diaspares, but the fact that the germinating
fraction varies insignificantly between plots of the density classes compared, and varies
relatively little from year to year. It may, therefore, be concluded that subject to an
insignificant variation is also the role of extra-population factors in the regulation of
the relationship between the number of seeds in the soil and the number of seeds that

gerniinate in the next growing season. -
To sum up, the studies have demonstrated that spatial relations among individuals

to a large extent determine their physiological condition, growth and development
rates, fecundity, reproductive potential, and thereby — mortality and natality rates. By
influencing these processes they also affect the seasonal and many-years’ abundance
dynamics (cf. Andrzejewski and Symonides 1982). A comparison of
the dynamics of a natural population, thus a population with a diversified spatial
structure within the biochore, with that of a simulated population — with the
assumption of constant distances between individuals — clearly indicates a causal
relationship between the diverse natality of the different aggregations in the space
occupied by the population and the constant population abundance in time, over a
many-years’ cycle. |

The discussion of the results does not include the effect of weather conditions on the
value of the particular parameters which in consequence regulate the value of the
natality index. Varying in the particular years was primarily the production of seeds,
rather strongly dependent on the amount of precipitation during the growth and
development of therophytes (New man 1965 Symonides 1979a, 1983b); to
a lesser extent also the size of leaf rosettes, which combined together resulted in a
relationship, different in the particular years although not linear, between the number
of seeds in the soil and their production(cf. Piroznik ow 1983). Apart from this,
an analysis of the capacity and speed of seed germination in laboratory systems
indicates that under natural conditions the moisture and the chemical properties of the
substrate can modify the germination. Since the problems related to the effect of
external factors on the magnitude of reproduction of a population were not directly
connected with the basic aim of the present studies, the effect of the environment on the
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many-years’ abundance dynamics of E. verna populations has not been discussed in
more detail.

5. SUMMING-UP CONCLUSIONS

1. Both seasonal and many-years’ abundance dynamics of an E. verna population
is closely related to its spatial structure, the number of aggregations and their density.

2. The dynamics of spatially separated aggregations varies seasonally over a many-
years’ cycle, depending on the number of individuals and distances among them.

3. The intensity of inter-individual interactions increases with the growing density
of the aggregations. This is manifested by: (a) increased mortality, (b) limited
individual size and fecundity, (c) decreased natality.

4. Differences in the density of the particular aggregations in the area of an E. verna
biochore are the basis factor maintaining an equilibrium of size of the population as a

whole over many-years’ cycles.
5. A close, negative correlation between the densities of aggregations in the same

places of a biochore from year to year is the result of an ecological continuity of the

effects of inter-individual interactions from generation to generation.
6. Factors that are external to the population may cause changes in the absolute
number of individuals, but they do not alter the system of relationships and inter-

individual interactions.

6. SUMMARY

The present paper completes a wide-scope series of studies concerned with an analysis of the roie of
inter-individual interactions in the regulation of seasonal and many-years’ abundance dynamics of E. verna
populations. Two earlier publications dealt with the effect of intra-population interactions on the survival,
growth rate, development rate, and individual size and fecundity (Symonides 1983a, 1983b). The aim
of the studies presented in this paper was to clarify both the cause and effects of regular, yearly variations in
the number of seedlings in different parts of the population area. The scope of the research included an
assessment of the natality of spatially separated aggregations of individuals with different initial density, an
analysis of factors responsible for the value of the natality index, and an assessment of the role of differences in
the natality of the particular aggregations in the regulation of the many-years’ population abundance
dynamics.

Field investigations were carried out in the years 1973—1976 in a patch of Festuco-Koelerietum
glaucae. Near permanent areas in which the survival and development of E. verna were analysed, two series of
plots, each of 130 plots 0.01 m? in size, were laid out, with seedling densities 1 —4 and 50—60.Each year
counts were made of adult individuals, seeds produced, seeds that got into the soil and seedlings which
developed in the following growing season, and the leaf rosettes of adult plants were measured to establish the
coverage of the soil surface. The number of seeds remaining in the soil on the termination of the germination
phase was determined once during the study period.

In the laboratory, the germination capacity and the speed of germination were checked of the seeds of
~individuals that grew under low and high density conditions, and the weight and longevity of seeds were
determined. A hypothetical population dynamics model has been worked out with uniform density
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throughout the area: very low or very high, using empirically determined mortality and reproduction indices
for aggregations with different initial densities.

The studies have shown that the numbers of seedlings and adult individuals in the plots of the density
classes compared changed regularly from year to year (Fig. 1). A close, negative correlation has been found
between the number of seedlings and the number of adult individuals in the particular plots in a given year,
and the number of seedlings developed in the same plots the following year (Figs. 2, 3); a positive correlation
has been found between the number of seeds in the soil and the density of seedlings having developed the
following year (Fig. 4). Calculated per unit area, seed production is several times higher in low-density plots
than in high-density plots, and it differs between years (Table I). The number and proportion of seeds getting
into the soil, thereby the density of seedlings in the next growing season, depend on the degree of soil-surface

coverage by the leaf rosettes of the whitlow-grass (Table II, Fig. 5 a, b).
Seed germination capacity is many times lower under natural conditions than in the laboratory (Tables

I1, I1I). It has been found that seeds of plants derived from highly crowded aggregations are lighter and have
lower germination capacity than seeds of plants free of neighbours’ pressure (Fig. 7). However, greater
differences in this respect occur under natural conditions. Plant density has no significant effect on the
longevity of the seeds (Fig. 8). Theoretically, E, verna seeds are capable of germination for several years after
their harvest, but in the soil of the different plots few seeds were found capable of germination on the
termination of this phase.

The ultimate result of the natality of the particular aggregations is determined by the following: number
and fecundity of survivors, number of seeds in the surface soil layer and their germination capacity. All these
parameters are negatively correlated with the density of the aggregations at the seedling stage. For this
reason, the natality of aggregations with a low initial density is on an average 161 times higher than that of the
aggregations with a high density in the seedling phase (Table II).

The hypothetical population dynamics model, in which a uniform initial density is assumed, points to
the occurrence of regular, very wide oscillations in numbers over a many-years’ cycle (Fig. 8). The studies
have thus proved that spatially diversified natality and mortality have a significant effect on the maintenance
of a balanced many-years’ population abundance dynamics.

Under natural conditions the germination capacity of E. verna seeds is low, as in that of many other
plant species (Kropadc¢ 1966, Naylor 1972a, 1972b, Symonides 1978b, 1979a, 1979b,
1979c¢). Similarly to other species, a close relationship has also been found between density and death risk,
and individual reproduction magnitude and reproductive success (Harper 1977, Begon and

Mortimer 1982).
To sum up, the present series of studies have demonstrated that spatial relations among individuals to a

large extent determine their physiological condition, and thereby — the mortality rate of the population. By
exerting an influence on these processes they also affect the seasonal and many-years’ abundance dynamics
(cf. Andrzejewski and Symonides 1982). Differences in density among tne aggregations in
the area of an E. verna population biochore are thus the basic mechanism responsible for the maintenance of
a state of abundance equilibrium of the population in a many-years’ cycle, or a quick return to this state after
disturbances caused by weather or phytocoenotic abnormalities (cf. Symonides 1983a and Fig. 8).

7. POLISH SUMMARY

Praca jest ostatnig czescia szerszych studidw, poswieconych analizie roli oddzialywan migdzy
osobnikami w ksztaltowaniu sezonowej i wieloletniej dynamiki liczebnosci populacji E. verna. W dwoch
wczesniejszych publikacjach omowiono wplyw interakcji wewnatrzpopulacyjnych na przezywanie, tempo
wzrostu, tempo rozwoju, wielko$¢ i ptodnos¢ osobnikéw (Symonides 1983a, 1983b). Celem badan
zaprezentowanych w niniejszej pracy bylo wyjasnienie zarOwno przyczyn, jak tez skutkéw corocznych,
regularnych zmian liczebnosci siewek w roznych miejscach areatu populacji. Zakres badan obeymowat oceng
rozrodczosci przestrzennie odgraniczonych skupisk osobnikow o rdéznym zaggszczeniu poczatkowym,
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analize czynnikow oddziatujacych na wielko$¢ wskaznika rozrodczosci oraz ocen¢ roli zréznicowanej
rozrodczos$ci poszczegoInych skupisk w ksztaltowaniu wieloletniej dynamiki liczebnosci populacji.

Badania terenowe prowadzono w latach 1973 —1976 w placie Festuco-Koelerietum glaucae. W
sgsiedztwie stalych powierzchni, na ktérych analizowano przezywanie i rozwoj E. verna, wyznaczono po 130
poletek o powierzchni 0,01 m?, o zageszczeniu siewek 1 —4 1 50—60. Co roku liczono doroste osobniki,
wyprodukowane nasiona, nasiona przedostajace si¢ do gleby, siewki w nastgpnym sezonie wegetacyjnym
oraz mierzono rozetki dorostych osobnikéw dla ustalenia pokrycia powierzchni. Jednorazowo ustalono
liczbg¢ nasion pozostalych w glebie po fenologicznej fazie kietkowania.

W warunkach laboratoryjnych sprawdzono zdolnos$¢ i szybkos$¢ kielkowania nasion osobnikow
wyrostych w niskim i wysokim zageszczeniu oraz cigzar i dlugowiecznos$¢ nasion. Opracowano model
dynamiki hipotetycznej populacji o jednakowym zaggszczeniu na calym obszarze: bardzo niskim lub bardzo
wysokim, korzystajac z ustalonych empirycznie wskaznikéw $miertelno$ci i rozrodczosci dla skupisk o
roznym zageszczeniu poczatkowym. |

Badania wykazaty, ze z roku na rok zachodza regularne zmiany liczby siewek 1 dorostych osobnikéw na
poletkach porownywanych klas zageszczen (rys. 1). Miedzy liczba siewek i liczba osobnikéw dorostych na
poszczegodinych poletkach w danym roku a liczbg siewek wyrostych na tych samych poletkach w roku
nastepnym istnieje Scista korelacja ujemna (rys. 2, 3); dodatnio natomiast sa skorelowane liczba nasion w
glebie 1 zageszczenie siewek w nastgpnym roku (rys. 4). Produkcja nasion w przeliczeniu na jednostke
powierzchni jest kilkakrotnie wyzsza na poletkach z niskim niz z wysokim zaggszczeniem 1 zmienna w
roznych latach (tab. I). Liczba i frakcja nasion docierajacych do gleby, a tym samym zaggszczenie siewek w
nastepnym sezonie wegetacyjnym, sa uzaleznione od stopnia pokrycia powierzchni rozetkami lisSciowymi
wiosnowki (tab. II, rys. 5 a, b).

Zdolno$¢ kietkowania nasion w warunkach naturalnych jest wielokrotnie nizsza niz w warunkach
laboratoryjnych (tab. II, III). Stwierdzono, ze nasiona roélin pochodzacych z silnie zaggszczonych skupisk sa
~ lzejsze i charakteryzuja sie nizsza zdolnos$cia kietkowania niz nasiona roslin wolnych od presji sagsiadow (rys.
7). Réznice pod tym wzgledem sa jednak wigksze w warunkach naturalnych. Na dlugowieczno$¢ nasion
zageszczenie ro$lin nie wywiera istotnego wplywu (rys. 8). Teoretycznie, nasiona E. verna sg zdolne do
kielkowania przez kilka lat po zbiorze, jednak w glebie poszczegélnych poletek znaleziono tylko nieliczne
nasiona potencjalnie zdolne do kietkowania po zakonczeniu tej fazy. |

Na koncowy efekt rozrodczosci poszczegélnych skupisk sklada si¢: liczba i plodnos¢ osobnikow
przezywajacych, liczba nasion w powierzchniowej warstwie gleby i ich zdolnos¢ kietkowania. Wszystkie te
parametry sg ujemnie skorelowane z zageszczeniem skupisk w fazie siewki. Stad tez, rozrodczos¢ skupisk o
niskim zageszczeniu poczatkowym jest przecietnie az 161 razy wyzsza niz skupisk o wysokim zaggszczeniu w
fazie siewki (tab. II).

Model dynamiki hipotetycznej populacji o wyréwnanym zageszczeniu poczatkowym wskazuje na
wystepowanie regularnych, bardzo duzych wahan liczebno$ci w cyklu wieloletnim (rys. 8). Badania dowiodly
zatem istotnego wplywu zroznicowanej przestrzennie rozrodczosci i $miertelnosci w utrzymaniu zrownowa-
zone) dynamiki wieloletniej populacyi.

Zdolno$é kietkowania nasion E. verna w warunkach naturalnych jest niska, podobnie jak u wielu innych
gatunkow roélin (Kropa& 1966, Naylor 1972a,1972b, Symonides 1978b, 1979a, 1979b,
1979¢). Podobnie jak u innych gatunkow, stwierdzono takze $cista zalezno$¢ migdzy zageszczeniem a
ryzykiem $mierci, wielkoscia i sukcesem reprodukcyjnym osobnikéw (Harper 1977, Begon i
Mortimer 1982). '

Reasumujgc, badania zaprezentowanego cyklu prac wykazaly, ze stosunki przestrzenne migdzy
osobnikami w znacznej mierze okre$laja ich stan fizjologiczny, a w konsekwencji — intensywnosc
$miertelnoéci populacji. Poprzez wplyw na te procesy — oddzialuja takze na sezonowa i wieloletnig
dynamike liczebnosci (por. Andrzejewskii Symonides 1982). Zréoznicowane zaggszczenie
poszczegOlnych skupisk na obszarze biochory populacji E. verna jest wigc podstawowym mechanizmem
utrzymania si¢ stanu liczebnej rOwnowagi populacji w cyklu wieloletnim, lub szybkiego powrotu do tego
stanu po zaburzeniach spowodowanych anomaliami pogodowymi lub fitocenotycznymi (por.
Symonides 1983a1 rys. 8).
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