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POPULATIONS OF SPERGULA VERNALIS WILLD.
ON DUNES IN THE TORUN BASIN

ABSTRACT: The study is concerned with the group properties of five populations
of Spergula vernalis Willd. in relation to abiotic and biotic habitat conditions. Measurements of
density included frequency, numbers and biomass, taking into account the participation of the
different plant organs in biomass. The distribution of individuals in space was estimated and the
results supplemented by examination of the degree of their aggregation. The natality of the
populations was described on the basis of several factors: flowering and fruiting biology, pollen
and seed germination capacity, fruit and seed production, weight and caloric value of seeds.
Curves of survivorship were given for the populations, plotted on the basis of the number of
individuals dying in several stages of ontogenesis and the net growth index of the populations.
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1. INTRODUCTION

Spergula vernalis Willd. forms an interesting object for studies, as being a pioneer
plant, capable to growing in extreme biotopes poor in water and nutrient components, 1t
constitutes an important component of primitive dune communities and is therefore the
first link of succession in the process of perpetuating and covering the dunes. [t also
merits attention as a species reaching the eastern limit of its compact range in Poland.
In addition it is valuable for several other reasons which facilitate the undertaking of
ecological studies: ashort life cycle, numerous occurrence in aggregations and easily
obtained seeds, which it produces in abundance.

The present paper is the first in acycle of studies on the ecology and variations
of Spergula vernalis. On account of the great number of questions dealt with methods and
results have been discussed separately in successive detailed sections of the paper.

The studies were made on five localities, each of which represented a separate stage of
plant growth over the dunes. The areas varied both in respect of the composition of the
flora and also the slightly different system of edaphic and microclimatic conditions, and
on this account all individuals of Spergula vernalis from one stand have been treated in

this paper as a separate population.

2. STUDY AREA

2.1. Situation, geomorphology, soils

A small part of the area (80 ha) situated to the south-west of Torun was chosen as the
site of studies and observations (Fig. 1). It lies in the foreland of a large classic complex

of dunes, the relative elavations of which is as much as 20 m in places. It is located mainly
within terrace VI, and only partially encroaches on to the brink of terrace IX, which 1s
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destroyed by deflation processes, of the preglacial stream of the Vistula, which in its
entirety consists of sandy formations (Niewiarowski and Tomezak 1969).

From the morphological aspect the area consists of a system of elevations usually
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Fig. 1. Plan of study area

I — railway, 2 — paved roads, 3 — unpaved roads, 4 — paths, 5 — isophyses, 6 — buildings, 7 — eleva-
tions, 8 — cemetery, 9 — windborne sands, 10 — forest, 11 — clay pits, 12 — slopes, 13 — selected
stands

covered by windborne sands, and depressions which are in fact bombholes remaining

from the Second World War. The flat parts of the area between them are thinly covered
by sandloving plants.
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According to Mrozek (1958) the dunes of the Torun Basin are formed of re-
-winnowed terrace sands of local origin, in which fine earth predominates. The first
level of subsoil water is situated at adepth of 5-6m (Mrdzek and Regel
1965).

The dune is genetically connected with the younger dune period (postlitorin): it arose
as a secondary formation on the area of waste dunes deprived of their forest cover by
man’s faulty cultivation activities. This is borne out, inter alia, by the presence of fossil
soil at a relatively small depth (from 0.5 to 1.5 m) of the dune sand layer.

From the cultivation point of view the area is wasteland — very large parts of it are
completely deprived of soil cover. Small patches of raw soils are encountered in their
vicinity, which have either an unformed or weakly formed profile (Plichta and
Regel 1969). Horizon A;, only a few cm thick and of a grey colour, lies directly on
parent rock. The author's own studies of the superficial soil layers shows that their pH is
acid and they are in addition characterised by very small humus, silt and clay contents.

2.2. General climate and weather data
for the study period

In accordance with the division into climatic districts made by Gumiriski (Kondra-
cki 1965), the study area belongs to the Bydgoszcz district and is of a transitional
character between the cool Pomeranian district with a higher annual rainfall and the dry
and warmer central region of Poland. '

The average annual temperature is approx. 7.6°C. The mean average rainfall for several
years has not been more than 500 mm, the greatest rainfall being recorded for July, and
least for February and October. A horizontal area of 1 cm? in the Torun district receives
over 80 kcal annual in the form of total radiation. There are, on an average, 156—157

cloudy days over the course of a year, west, south-west and northwest, weak or very
weak winds predominate (Ziembinska 1969).

On account of the open character of the area, not shaded by tree stands, such elements
of the climate as insolation and cloudiness exert an undoubtedly negligible influence on
the ecology of the species examined and therefore detailed data refer only to air tempe-
rature and precipitation. The distribution of these two parameters during the study
period is illustrated in the formofa Walter (1962) climatic diagram in Figure 2.

Analogical months in the study years differed considerably in respect of abundance of
rainfall and air temperature. The minimum annual temperature is found in 1969 (6.6°C)
and total precipitation for this year was 439 mm. Average annual temperature was

highest in 1968 (7.9°C), and total precipitation highest in 1970 (738 mm).

2.3. Description of vegetation

Despite the unfavourable conditions for vegetation formed by the soil sand, poor in
nutrient components and silt and clay, the flora of the study area is fairly varied. Over
100 species of plants occur there, 90 of which are flowering plants and less than twenty

mosses and lichens.
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Fig. 2. Climatic diagram (after Walter 1962) for Torun

Abscissa — mean monthly temperature (thin line, ®C) and total precipitation (thick line, mm). Top
nght — annual mean temperature (°C) and total precipitation (mm), respectively. Under the name of
station — years of observations. Near the name of station — relative altitude of station

Using the Braun-Blanquet (1951) method in general use in Poland, the
following were distinguished there: Spergulo-Corynephoretum (Tx. 1928) Libb. 1933
association, also initial patches of this association, Festuco-Koelerietum glaucae Klika
1931 association and Arctostaphyllo-Callunetum R.Tx. et Prag. 1940 association. While
the last is a relatively rare association in Poland (cf. Falinski 1965, Matuszkie-
wicz 1967), the first two associations occur in a scattered manner over the whole of
Poland and have been described in detail in both Polish and foreign literature (Szafer
and Zarzycki 1972 and literature cited therein).

The community with Calamagrostis epigeios (L.) Roth. was also distinguished in the
study area, where it occupies a fairly considerable part of the surface conflagration areas
and in the immediate vicinity of the forest (cf. Kobendza 1930).

2.4. Description of stands

As indicated in the introduction, the areas chosen for the study differed in respect of

the permanency and degree of plant cover on the sands, the composition and abundance
of species and in consequence — the physical and chemical properties of the soils.
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Stand 1. Strongly re-winnowed sandbank on the southern slope of an elevation
(Fig. 3), only 20% being covered by initial patches of Spergulo-Corynephoretum. The soil
profile is unformed and completely composed of unchanged parent rock. The soil is very
infertile and dry. Its humidity and temperature are closely correlated with precipitation
and air temperature (IFig. 4 and 5). In the surface layer there are wide fluctuations in air
temperature (Fig. 6).

Fig. 3. Stand 1
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Fig. 4. Comparison of soil temperature on stands 1, 3 and 4 with air temperature
0.70C (left side) and 30.7°C (right side)
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Fig. 6. Air temperatures at a height of 10 cm on stands 1 and 4

Stand 2. Extensive sandbank situated in local depression in the area, 40% covered by
patches of Spergulo-Corynephoretum. Under the layer of windborne sand, several cm in
depth, there is a weakly formed humus layer lying directly on parent rock. The soil is
more humid than on stand 1 (cf. Fig. 5).

Stand 3.Largely permanent sandson flat ground, covered by a patch of the association
Spergulo-Corynephoretum, with a considerable addition (60%) of Polytrichum piliferum

Fig. 7. Stand 4



Tab. I. Chemical properties of soils '

S — total exchangeable basis (mval/100 g of soil), H — exchange acidity (mval/100 g of soil). Tw — exchange capacity of exchangeable bases (mval/100 g
of soil), V' — degree of saturation of soil with exchangeable bases in relation to Tw

Hydrolytic Exchangeable bases :

i g 'Sa‘::])“l]i Of_ . Ash |CaCO5 | Humus |acidity of soil S 1 T J’ (mval/100 g of soil) L2t ] - hDEMED
P %) | (%) | (mval/100 g | - (%) L !

of soil) (mval/100 g of soil)

: -1 44 19961 |00 | 0.23 1.66 0.200 | 0.240 | 0.440 | 45.45 | 0.020 | 0.052 | trace | 0.3 | 1.1 | trace

12--17 48 199.66 | 0.0 0.25 1.55 0.321 | 0.160 | 0.481 | 66.73 | 0.021 | 0.053 | trace | 1.0 1.6 | trace

Y 2—-7 43 19924 | 0.0 0.53 2.34 0.281 | 0.321 | 0.602 r 16.68 | 0.019 | 0.051 | trace 2.8 1.3 l=trace

12-17 48 198.63 | 0.0 0.93 3.17 0.241 | 0481 | 0.522 | 46.17 | 0.022] 0.055 | trace 4.3 2.0 | trace

R 2—7 48 [(99.28 | 0.0 0.38 1.89 0.241 { 0.321 [ 0.562 | 42.88 ] 0.022 | 0.051 | trace 2 25 | irace

12-17 5.0 199.69 | 0.0 0.17 143 0.240 | 0.200 | 0.440 | 54.54 0.015| 0.038 | trace 1.2 2.0 | trace

2—-7 38 196.79 | 0.0 l 1.40 4.30 0.322 | 0.522 | 0.844 | 38.15 0.02?‘ 0.076 | trace 5.0 1.5 | trace

9944 | 00 | 042 2.34 0.241 | 0.321 | 0.562 | 42.88| 0.022| 0.064 | trace 1.6 1.6 | trace

I98.62 1.10 2.87 0.241 | 0402 | 0.643 | 3748 0.026] 0.053 | trace 1.3 v | trace

99.61 0.21 1.81 0.241 0.281J‘0.522‘|_46‘17 0.021| 0.051 | trace | 1.0 | 3.6 | trace
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Schreb. The soil profile is weakly formed. The humus layer (3 cm) lies on parent rock.
There are lesser fluctuations in temperature and humidity than on stand 1 (Fig. 4 and 5).

Stand 4. Extensive moor (Fig. 7) on flat land (Arctostaphyllo-Callunetum) with con-
siderable percentage of Cladonia rangiferina (1..) Web. (75%). Distinct humus layer (6 cm)
in the soil profile lying on slightly changed parent rock. Soil contains more water and
nutrient components than on stands 1, 2, 3 (Tab. I, Fig. 5). The compact shrub vegeta-
tion results in a milder air temperature in the layer above ground level (Fig. 6).

Stand 5. The most advanced stage of plant cover of the dune in this area. The domi-
nating species here is Calamagrostis epigeios. The soil profile is similarly formed to that
on stand 4. Soil dry but relatively rich in nutrient components (Tab. I, Fig. 5).

On .account of the initial character of soils and the shallow root system of Spergula

vernalis, soil analysis was limited only to the superficial layer (2—7 ¢cm and 12—17 c¢m).
The results, set out in Figure 8 (physical properties) and in Table I (chemical properties),

Depth 2-7cm
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Fig. 8. Physical properties of soils
a — hygroscopic water, b — skeletal particles (diameter > 1 mm), ¢ — coarse sand (diameter

1.0-0.5 mm), d — medium sand (diameter 0.5—0.25 mm), ¢ — fine sand (diameter 0.25—0.10 mm),
f — soil colour (after Standard Soil Colour Chart)
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show that soils from the selected stands are formed from loose, lime-free sands, in which
the fine earth predominates: they are acid and very poor in nutrient components (P, K,
Mg). Hygroscopic moisture does not usually exceed 0.5%. Differences between stands are
chiefly in respect of humus content, which in turn affects the other properties of the
soils.

Examination was also made ol the soil moisture dynamics of five stands during the
growing season of Spergula vernalis. Soil moisture was determined by drying soil samples
at a temperature of 105°C. The percentage of water held by the soil on a dry basis is the
moisture content (Kowalinski etal. 1969). The course taken by moisture curves
for 1969—-1971 at depths of 2-7 em and 15— 20 em is illustrated by Figure 5. Data show
that: (a) particularly striking differences in moisture in successive measurements are
found on stands with scanty plant cover (1 and 2); such differences are far smaller on
stands with dense plant cover (3, 4 and 5); (b) apart from a few exceptions soil moisture
is greatest on stand 4, and very low on stand 1; (c) differences between stands, most
distinct during periods of lengthy droughts, are primarily due to differences in plant
cover, which ettectively protects the superficial layers of the soil from excessive drying.

3. GROUP PROPERTIES OF POPULATIONS OF SPERGULA VERNALIS

3.1. Scope of studies

The population is characterized by a large number of group properties which neither
individuals nor the biocenosis possess nor compose. Among the more important of those,
which have been taken into consideration in this study, are: (a) density, or the population
numbers per unit of area, (b) spatial structure — way in which individuals are distributed
in space, (c) natality — rate at which new individuals are added to population by repro-
duction, (d) mortality — rate at which individuals disappear from the population as the
result of their death, (e) index of net population growth — the final result of natality and
mortality. |

Studies of the group characters of the population were made from 1969 to 1971. Each
population was given the same number as that of the stand from which it originates.

3.2. Density and spatial distribution
3.2.1. Premises and methods

Measurements of density in population studies are as a rule made in order to estimate
the influence exerted by a population on biocenosis and ecosystem (O dum 1963), to
define reciprocal relations between individuals (Ponyatovskaya 1964) and
obtain a good exponential of the ecological conditions in the habitat of the species
examined (Traczyk 1967), on the basis of which the ecological optimum of the
population can be determined (Rabotnov 1945 Smirnova 1968).
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Density is usually expressed either in the number of individuals or their biomass per
unit of area. The first way is satisfactory when the size of individuals in a population is
relatively balanced, otherwise it is better to estimate density on the basis of biomass
(Odum 1963). If the distribution of individuals in space is irregular use should in
addition be made of dispersion index. In relation to plant populations the index of
dispersion and density in common use is the frequency, that is the percentage of test
areas in which at least one example occurs.

The choice of size and number of samples in measurements of density is of primary
"importance and depends in the first place on the object studied. The shape of the test
area is also of some importance, as shown by the experiments made by Dy ne, Vogel
and Fisser (1963): samples taken from circular areas give more satisfactory results
than those from rectangular ones, as they reduce variance.

On account of the uneven distribution in space of individuals of Spergula vernalis, the
presence of branching, in addition to unbranching, forms, the latter being obviously
characterized by lesser biomass and considerable difference in size of individuals within
one population, all the above methods were used in the density analysis.

Measurements were made in 1970 and 1971 during the fruiting period of Spergula
vernalis, which permitted not only of estimating maximum biomass (corresponding in the
case of annual plants to their production) but also fruit production.

Frequency was determined on each stand from one hundred random casts of a hoop
0.1 m? in area (diameter 36.7 cm), after which the number of casts was increased in order
to obtain one hundred “full” casts, that is, with the species occurring in the sample. Each
sample was analyzed in respect of the number of branching and non-branching individuals
(in order to establish the percentage of participation of the former) and their biomass.
The plants were dug up whole, segregated into roots, stems and fruits, and weighed with
accuracy to 0.001 g after drying for 48 hours at 85 C.

Density was analyzed in a similar way in permanent squares 10 m? in area, divided
into one hundred smaller units, the area of the unit squares corresponding to the area of
random samples. The squares were marked out on each stand in the place best reflecting
the character of the biotope: they then formed the ‘“‘representative model’ of each
population (Sochava, Lipatova and Gorshkova 1962).

The weight of an average individual in a sample was calculated from biomass value and
numbers and also the participation in percentages of the various organs in the whole
biomass.

In addition calculation was made of the coefficients of correlation in order to find the
correlation between numbers and weight of an individual in a sample.

The question of population density is connected with the type of distribution of
individuals in space and the degree to which they clumped. When individuals are unevenly
distributed in space average density does not form a true measure of their aggregation in
aunit of area (Mac Arthur and Connell 1971). Itis then better to use the term
of so-called “mean crowding” defining the number of other individuals constantly present
in the same unit of area per one individual [Lloyd 1966; cited after MacArhur and
Connell (1971)]. Average crowding is a very adequate exponential of the actual
interpopulation dispersion.

Among the large number of methods for defining the spatial distribution of populat-
ions two are most often used.The fifst of these, proposed by Dice, consists in measuring in
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a certain standard way the distance between individuals (Pielou 1960, 1961, 1962,

Vasilevich 1969); the second, which has been used in the present study, consists in
comparing the actual frequencies of groups of different size (numbers) with Poisson’s
_series, which describe the frequency of analogical groups in random dispersion. Deviation

from theoretical proportions of random distribution are usually checked by means of the
y

X test (Cole 1946, Greig-Smith 1962, Perkal 1967, Whittaker
1970), although V asilevich (1969) proposes a large number of other equations.

The spatial structure of the populations examined was analyzed on permanent squares
measuring 10 m*, divided into one hundred unit squares. “‘Mean crowding” was cal-
culated for these areas on the basis of Lloyd’s equation (MacArthur and Con-
nell 1971) and the ratio of “mean crowding” to mean density, which according to
[.loyd forms a good index of the dismemhbherment of the habitat.

322.Discussion of results

One remark must be made as incidental to the discussion of results. In ecology a dif-
ference is made between the concept of “total density’ per unit of the whole area, not
infrequently as distinct from “specific” or “ecological” density (also termed ‘“‘eco-
nomic "), relating to a unit only of such an area as can be occupied by the population. In
the given case, the second treatment made it possible to obtain a truer picture of the
actual situation, particularly when frequency was simultaneously taken into considera-
tion. Hence numbers and biomass of random samples describe only ecological density,
whereas for the permanent squares values of total density were given in addition, on
account of the necessity for taking “null samples™ into consideration in estimating the
type of spatial distribution of the population.

All data on density and spatial structure of the populations studied are set out
in Tables Il and IIl and Figure 9. They reveal fairly considerable differences, in extreme
cases both in respect of degree of occupation of the area (shown by frequency) and also
of numbers and production of mass. High average value and maximum density are
characteristic of populations 2 and 4, very low of populations 1 and 5; population 3
occupies a place intermediate between these. It must be emphasised that with the excep-
tion of biomass of populations 2 and 4, statistically significant differences were found.

The distribution of individuals in space within each population can be considered as
the clumped type (probability that distribution is random p ¢ 0.001). This is shown by
values of X* and of “mean clumping” (Tab. III), far exceeding not only total density but
in general also ecological density. The ratio of mean clumping to mean density is the
higher, the smaller frequency and average numbers of the population. A high degree of
clumping is characteristic particularly of population 1, then population 5. Proceeding in
the direction of further division of types of distribution, both cases may be considered as
belonging to aggregated clumped patterns. Dispersions of the other populations exhibit
a tendency towards the random clumped type. |

Dispersion and density of plants;in Snay don’s (1962) opinion,is the function of
supply and distribution in the soil of nutrient components. Ponyatovskaya
(1964) emphasises the importance of the properties of the biotope, but nevertheless lays
particular stress on the biology and ecology of the species and the random element in the



Tab. II. Comparison of density in five populations (results obtained by the random sample method)
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Fig. 9. Comparison of frequency (A), numbers (B) and biomass (C) in the five study populations_
(diagrams illustrate the mean values for two years obtained by the random sample method)

self-sowing of plants. According to Harper, Williams and Sagar (1965), the
density of plants reproducing through seeds is determined to a considerable extent by the
microtopography of the area and the number of “safe places for germination™ connected
with the local relief. In relation do dry biotopes, with the mosaic structure of vegetation
typical of them, the opinion put forward by Mazing (1970), recognizing water
content in soil as a dominating factor influencing density and spatial distribution of
a population, deserves particular attention.

The findings of the above authors in principle cover the whole of the question,
although more attention should be given to the problem of competition. The competitive
power of a species is of equal importance in the process of its occupation of space as the
potential possibilities created by a favourable system of physical and chemical and bio-
logical properties of a biotope. |

Certain difficulty is encountered in attempting to interpret the results obtained on the
tasis of the premises put forward by the above researchers and the actual properties
of a biotope. The degree of density is undoubtedly the resultant of the simultaneous
action of a large number of factors, hence 1t is possible to give approximate emphasis
to one of them only and in relation to one population.

The low frequency and density of population 1 would appear to be understandable in
view of the extreme dryness and poverty in nutrient components of the soil. The distinct
tendency of individuals to clump and the high percentage of branched forms most pro-
bably result from defensive reaction to deflation processes, which are particularly inten-
sive on stand 1 with its scanty plant cover. Greater clumping of plants (up to a certain
limit) provides better chances of survival under extreme conditions than is the case with
single individuals (cf. Allee etal. 1958).

Similarly low density values were found in population 5, although in this case the
limiting factor is most certainly the greater competitive power of competitors (cf. C a -
plenor 1964). During the four-year study period the retreat of Spergula vernalis from
areas which it had previously occupied, with simultaneously increasingly numerous
appearance of more dynamic species, such as Calamagrostis epigeios and Carex erice-
torum Poll.; could be traced without difficulty.

A more favourable set of conditions was found in the other populations, as is shown
by the greater abundance and production of organic mass (both mean and maximum



Tab. 11I. Comparison of density and- spatial structure in five populations (results obtained by analyses of 100 squares forming total area of 10 mz)
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values) and more complete occupation of the area (higher frequency; cf. Fig. 9). On

stand 3 — the compact moss turf and on stand 4 — lichen turf — protect the superficial
soil layers from drying and in this way ensure a better supply of water to the plants. In
addition, in the case of population 4, the higher content of nutrient components of the
soils on this stand must be emphasised. The high degree of density of population 2 is due
to the absence of plants of otl #r species competing for space and food, the relatively fair
supply of water (connected with the local depression in the area) and nutrient com-
ponents in the soil. The poor plant cover accompanying the study species brought about
the numerous occurrence, as in population 1, of branching individuals better adapted to
- the struggle with windborne sand.

The participation of roots, stems and fruits in total biomass is similar in all populations
(Tab. II), and the high percentage of dry mass of fruits, forming about 50% (in popula-
tion 2 over 50%) of the whole biomass and very low percentage formed by root mass, are
also generally characteristic. Proportions of this kind are characteristic of the majority of
annual plants adapted to life in open communities (Salisbury 1952, Struik

1965). |

The average weight of an individual is an equally valuable indicator of the ‘‘abund-
ance” of a population as density (Ponyatovskaya 1964); it shows the organic
mass contributed by an individual in the total circulation of matter and energy of each
specific plant community,

The results obtained are not fully comparable in this respect, on account of the
differences in participation of branching forms. Their high percentage can be explained
by the large average weight of an individual in population 1. When populations 3 and 4,
similar in respect of the participation of branching individuals, are compared, the parti-
cularly great mass of the average individual in population 4 is remarkable; the lowest
weight per individual was found in population 5.

The results of correlation between numbers and weight of an individual in a sample are
interesting (Fig. 10, 11 and 12). In populations with relatively high density (2, 3 and 4)

a significant negative relation can be found between the two parameters: with low density
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(populations 1 and 5) coefficients of correlation are positive. Thelower production of
each individual above a certain degree of density is particularly strikingly obvious in poor
stands (Salisbury 1942).
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3.3. Natality
3.3.1. Premises and methods

The second unusually important attribute of a population, in addition to density, is
its capacity for reproduction. In a wider sense it includes the production by any given
organism of new individuals, irrespective of the way in which they arise. In p0pulati0n _
terminology distinction is made between the concept of “ maximal” natality (= “a
solute™) and “ecological” natality (= real or, quite simply, natality). The first term de-ﬂ
fines the maximum number of individuals produced under ideal conditions, without the
unfavourable effect of habitat pressure; maximal natality is a constant value for the given
population describing the biotic potential of the individuals forming it. In practice this
value 1s attained with a considerable degree of approximation and the highest reproduc-
tion amongst those found over the whole study period is considered as such (O d um
1963). Ecological natality applies to real population growth taking place under definite
conditions and thus with the participation of limiting habitat factors. It is usually ex-
pressed as increase in new individuals per unit of area and time, or else as the number of
new individuals produced by a unit of population (one individual in a defined time).

Measurements of natality of five populations of Spergula vernalis were made from
1969 to 1971. In May 1969 four identical squares, with a known identical number of
individuals, were set up on each stand: the area of each square was 4 m*. Each square was
divided into four smaller squares, equal units which were analyzed separately. During the
fruiting period examination was made within each population of fruit and seed produc-
tion in the first square: in the autumn of the same year sprouts were counted in the
neighbouring second square. The maximum number of sprouts formed the measure of
natality. In May 1970 adult individuals were counted in the second and third squares. If
density differed in the two squares, an appropriate number of individuals was removed
from the square with greater numbers and correction made later to results. Further
procedure was the same as in the previous year, that is, fruit and seed production was
calculated in the second square, then in autumn, sprouts in the third square, etc.

The results obtained in this way are certainly burdened with some degree of error,
since there is no guarantee that all seeds produced by the plants from a given area are in
fact to be found within it. On the other hand it is impossible to establish how many alien
(i.e., from outside the study area) seeds have entered the area. Under these circumstances
analysis of results is based on the assumption that emigration and immigration of seeds
takes place to an equal degree and therefore the effect of neither has any important etfect
on the value found for reproduction.

Increase of individuals per unit of area and time gives a good definition of the natality
of one population, but on account of differences in numbers in initial samples of the
study populations it is difficult to compare their natality per area. For this reason calcula-
tion was made of the natality of an average individual of each population, expressed as
the quotient of new individuals (shoots) by the number parent plants.

The measure of reproduction is the resultant of a whole group of factors forming the
property either of the plant itself or habitat conditions. Among the more important
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questions taken into consideration in this study and arising from the effect of natality we

may include: flowering biology, production of fruits and seeds, weight and caloric value
of seeds and their capacity for and energy of germination.

3.3.2. Flowering biology

The development of flowers of Spergula vernalis takes place gradually from bottom to
top of the inflorescence; flowers are usually smaller in the upper parts and often very
weakly developed. The flowering time of one flower is short, usually from 4 to 5 days in
the lower parts of the inflorescence and 2—3 days in the upper. The unusual regularity in
daily rhythm of opening of the flowers is interesting; they open abruptlv about 12.30 and
equally abruptly close about 15.30.

The observations made point to the frequently encountered variability of means of
pollination in angiosperms (Szafer 1956, Mowsz o wicz 1970). Small, unimpres-
sive, scentless flowers gathered into inflorescences, light, loose and abundantly produced
pollen, the smooth surface of the pollen and relatively long filaments are evidence of an
anemophilous way of pollination (Dyakowska 1959, Faegri and Iversen
1964), but the possibility of entomophily cannot be ruled out. During the flowering
period of Spergula vernalis thrips (Thysanoptera),adapted to living in a dune biotope and
feeding on its pollen, visit its flowers particularly frequently (Gromadska 1954).
The following species of this group were found on the flowers of the study species:
Chirothrips manicatus Hal., Halothrips acanthoscalis Karny and Frankliniella intonsa
Tryb. Philanthus vanans Payk. also often appeared there, and from time to time hyme-
nopterans.

Entomophily often takes place parallel to anemophily in many species (Porsh
1956). |

In addition to cross-pollination, experiments showed that Spergula vernalis is capable
of autogamy. During the phase preceding flowering cellophane hoods were placed on
25 individuals of these plants, closely surrounding the ultimate of one bud (the others
were removed) to present alien pollen reaching the stigma of the pistil. All the flowers
produced normally formed seeds. In Pervukhina’s (1967) opinion the reproduc-
tive apparatus reacts particularly sensitively to the effect of external factors and therefore
deviation from the method of pollination usual for the species is generally observed under
unfavourable weather conditions (Ponomarev 1961).

An indicator of the general healthiness of a plant is the germination capacity of the
pollen and energy of pollen-tube growth (Bysze wski 1969). In order to obtain even
approximate data examination was made in 1970 and 1971 — separately for each popula-
tion — of the germination capacity of the pollen, using 5% sugar solution as food. Pollen
germination was examined in darkness at a temperature of 20°C. Percentage of germina-
tion was determined after 24 hours on the basis of 100 gra'ins in each variant. The results
obtained point to the similarity of pollen germination in each population, varying within
limits of 71 76%. It was only in population 5 that germination was weaker, from 60 to
057. Pollen germinated slightly more poorly in 1970 than in 1971.

There are no data in literature with which the above results could be compared. It is,
however, possible to risk the statement that they form evidence of a high degree of
vitality of the pollen of Spergula vernalis.
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3.3.3. Weight and caloric value of seeds

3.3.3.1. Methods

The weight of seeds defines their good form and thus describes the quality of the
material for sowing. Salisbury (1942) draws attention to the particular importance
of the weight of seeds in the case of pioneer dune vegetation. The heavy weight of seeds
- ensures that the plant is not only able to expand, but provides chances of transfer to
more highly organized communities (Salisbury 1942, Zarzycki 1964).

Although the weight of seeds gives some indications as to the contents of store ma-

terial, nevertheless these two parameters are not always characterized by positive correla-
tion (Falinska 1969a). On this account it is better to estimate seeds on the basis of
-their caloric value for purposes of comparison (Phillipson 1969).
The weight of 1000 seeds of five populations was defined in accordance with ge-
nerally accepted international regulations (Dorywalski, Wojciechowski and
Bartz 1964), bearing in mind that the difference between the maximum and mi-
nimum weight of each hundred seeds did not exceed 10% of the mean value.

Seeds from about 200 plants on each stand were taken for determining caloric value.
After preparing the material by means of the method given by G orecki (1965), the
samples were burntina Phillipson (1964) miniature bomb calorimeter; measure-
ment of the heat of burning was read by means of a Kipp Zonen BD 5 micrograph. In
addition homogenized material was burnt in a muffle furnace at a temperature of 800°C
to a constant weight in order to determine the percentage of ash content.

3.3.3.2. Discussion of results

The weight of 1000 seeds and caloric value of seeds from the study populations are
set out in Table IV. Heat of burning is given in relation to 1 g of dry mass and — after
allowing correction for ash — converted to 1 g of organic material.

Tab. IV. Comparison of weight and caloric value in five populations

I Weight of Ak Caloric value of seeds
Popula- | |
i 1000 seeds content I cilk ‘oT" o
| Gﬂ
| (mg) (%) cal/g of dry mass A B
- - - ; 4 4
1 180.5 + 0.002 4.9 3925.0 + 40.0 41272
< 126.6 * 0.001 5.1 | 41930 = 18.5 4422 .9
5t 3 144.6 = 0.002 92 4165.0 £ 18.2 4388.8
4 125.0 * 0.002 .2 4329.0 * 68.0 4566 .4
5 - | 1301 £ 0.003 5.0 42631 + 180 | = 44875 '
Rl 1 : 1§ " _l

It can be seen from Table IV that while the weight of seeds from one population
is a character which varies very little, there are statistically significant differences
between the populations compared. The largest seeds were found in population 1
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Tab. V. Production of fruits and seeds in five populations in 1969-1971

Production of fruits (number) Production of seeds (number)

2

Popu- Y per 1 m per individual per 1 m? per individual
. ear X
lation non- branching non- branching
-branching indi- . branching -branching indi- jointly s branching
individuals viduals -branching individuals viduals -branching |
AT
1969 226.4 482.9 50 * 0.10 194 + 3.8 5887.7 123128 18200.6 130.3 4965
1 1970 217.8 367.5 44 * 0.18 150 + 3.8 5445.0 8731.8 14176.8 110.0 356 .4
1971 | 256.7 506.5 56 + 0.16 20.2 + 4.3 6673.7 16141.0 228147 1451 547.1
1969 1107.7 1835 .4 6.0 * 0.05 193 + 3.7 43199 5 621099 11053095 234.8 653 .8
2 1970 1196.4 1701 .4 6.4 * 0.19 167 + 3.6 | 454784 528783 983567 243.2 518.4
1971 1340.8 2038.4 70 020 | 191 * 39 52291 1 704271 11227191 2738 653.6
1969 572.1 3033 | 6.5 * 0.09 125 + 3.9 20023.8 80426 | 28066.4 225 7 330.9
3 | 1970 495.9 185.4 5.7 £ 0.21 10.0 + 2.7 16364.7 4626.8 20991 5 188.1 250.1
1971 461 .4 316.3 6.3 + 0.17 15.1 + 3.9 15686.2 8482 .1 24168.3 214.9 - 4039
1969 1437.3 715.1 79 + 0.07 152 + 50 53175.6 20450.7 73626.3 290 .4 436.2
4 1970 1365.0 493.9 75 + 0.27 118 * 4.7 50505.0 13582.3 64087 .2 2775 323.2
1971 1769.0 789.6 9.7 £ 022 | 168 £ 45 67225 .8 24493 4 91719 .2 309 .1 5212
1969 330.6 107.7 39 + 0.06 88 + 29 79348 25752 105099 918 209.2
5 1970 316.0 68.0 40 + 0.13 65 + 2.8 7584 .0) 1355.3 8939 4 06 () 129.1
1971 331.6 06.7 46 + 0.16 8.7 + 2.6 7959 ] 2277.7 10236.8 1101 2072
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and the lightest in populations 2 and 4. These results lead to two basic conclusions:
(1) tall individuals growing in a dense community produce relatively light seeds and
(2) the weight of seeds does not exhibit a positive correlation with growth and general
formation of the vegetative parts of a plant. The results thus provide confirmation of the
opinion held by Salisbury (1942) and Zarzycki (1964), according to which
the weight of seeds exhibits a negative correlation with the density of the individuals
producing them. The properties of the biotope are of secondary importance in this
respect (Salisbury 1942). |

In general, it can be said that as in the case of the majority of annual plants growing in
open communities, the seeds of Spergula vernalis are very light, and differ greatly from
the similarly sized seeds of annual species of meadows or forests (cf. Salisbury

1942, Zarzycki 1964).

The results also point to the absence of a direct connection between caloric value of
seeds and their weight. The small, light seeds of population 4 have a higher energetic value
than the far heavier seeds of population 1. There are statistically significant differences
between the heat of burning seeds from population 4 and 1, and 5 and 1; the remainder
“are similar in this respect.

Comparison of the results obtained with data in literature (Golley 1961, Ke -
ndeigh and West 1965, Falinska 1969a) leads to the conclusion that the
caloric value of the seeds of Spergula vernalis is relatively low which may be due to the
etfect of the poor biotope in which it grows. It is difficult to give a more exact interpreta-
tion of results as the whole group of factors affecting the caloric value of seeds is not as

yet fully known.
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3.34. Fruit and seed production

3.3.4.1. Methods

Production of fruits and seeds was measured in five populations during the period
19691971, taking into consideration two aspects of the question: average production of
one individual in the population and total production of fruits and seeds per unit of area.

The first value was obtained by analysing 100 branching and 100 non-branching in-
dividuals, selected at random from the areas marked out for examination of natality.
Calculations of individual production per total number of individuals from an area of
1 m? gave the production of fruits and seeds per unit of area. The results are set out in

Table V and Figure 13.

3.3.4.2. Discussion of results

Even a superficial analysis of the results obtained shows that production of fruits and
seeds is high both in relation to one individual and to unit of area. The enormous
production of small seeds is characteristic of the majority of plants growing in open
communities (Salisbury 1942, Sen 1968). Its abundance is particularly strikingly
~ apparent in comparison with the low seed production of forest species (Zarzycki
1964, Falinsk a 1969b).

Taking into consideration the total number of seeds per 1 m* very great differences
can be seen in the populations compared, due primarily to the uneven character of
population density and percentage of branching individuals. For purposes of comparison,
if the maximum production of seeds found on stand 2 in 1971 is taken as 100%
(122,719.1 per 1 m?) in the same year population 1 produces 18.6% of this figure,
population 3 — 38.3%, population 4 — 74.7%, population 5 — 8.3% (Fig. 13).

Individual production is interesting as its results point to two relations: (1) higher,
more luxuriant plants produce more seeds and (2) seed production — within the limits of
the densities observed — is positively correlated with population numbers which forms
a deviation from the general rule of inverse proportions (Salisbury 1942, Knapp
1954, Zarzycki 1965) of the two values.

Differences in seed production in the years compared are due chiefly to the varying
number of fruits, the number of seeds in one sac is a fairly stable character within one
population, and is not subject to the effect of climatic conditions. Apart from a few
exceptions fruit and seed production was highest in 1971, and lowest in 1969.

It must be added that the fraction of fruiting individuals is generally equal to the
number of individuals, and it was only in population 5 that the percentage of fruiting was
slightly lower, being 95—97% for the total number of individuals.

3.3.5. Seed germination capacity and energy
under laboratory conditions

3.3.5.1. Methods

Examination of germination capacity and energy of seeds from five populations was

made in 1969 and 1970, placing them on highly hydroscopic filter paper in a Petrie dish.
The duration of the resting period was established by means of the germination results of
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“trial series” set up every two weeks from the time the seeds were collected. Mature
seeds, either not cooled or cooled at a temperature of 5°C for 7 days, germinated in three
variants: under constant lighting conditions, alternate light and darkness and complete
darkness at a temperature of 18—22°C. Three repeats were made of each variant. Results

are given in Table VI.

Tab. VI. Germination capacity and energy of seeds under laboratory conditions

Qe——————
Germination capacity (%) I
Bt i¥ . ;
Popu- uncooled seeds cooled seeds Germination
N i et ot Gl @ T T 1 energy
: alternate contin- alternate contin- (after
tion ; total . total .
light Rkl uous light P uous Pieper)
conditions . light conditions . & light,
l—‘——-——— -  wamem -—+— . e e 4
Y"1'"41.3'2'26'1 653 %0, 1 100" L' 1S 1 0 207 %0
| 2 | 443 38| 8.0 % 0.6 0 140 £ 1.1 2 0 130 1'%
344867 £41.8u) 45431017 0 a8 x1.5 0 0 183 £ 1.9
4 | 546 £ 42| 9.0 £ 0.8 1 18.0 £ 1.0 2 0 15.5 T
o 3Ee9 UL 3.0 2 65 0 6.0 £1.0 0 0 184 * 2.0
B o b s S ks L

3.3.5.2. Discussion of results

The period of absolute rest of the seeds of Spergula vernalis, measured from the time
of their production to the appearance of the first sprouts, was about 85—90 days under
both field and laboratory conditions. Maximum germination capacity was reached by
seeds kept under room conditions after about 120 days, thus full “after-ripening” (For -
manowiczowa and Kozfowski 1967) was observed later than under natural
conditions.

The results of the experiments point to the relatively low germination capacity of the
seeds of Spergula vernalis and — in extreme cases — to considerable differences between
the populations compared. The highest percentage of live seeds was found in popula-
tion 4, almost three times less in population 5. In comparison with population 4 only the
seeds of population 2 fail to differ to a statistically significant degree in respect of vita-
lity. |

The results presented above relate to germination of seeds which were not subjected to
cooling and kept under varying light conditions. In darkness minimal germination takes
place, and under constant light conditions almost completely fails to take place at all.

Cooling of seeds was found to reduce germination capacity by 3—4 times.

Germination energy, calculated according to Pieper’s equation (Dorywalski,
Wojciechowski and Bartz 1964), is similar in the populations compared
— none of the differences are statistically significant. The shortest time required for
germination of 1 seed was found for population 4, then 2 and 1, and is therefore posi-
tively correlated with the vitality of seeds.




Tab. VII. Comparison of natality in five populations in 1969-1971

T T
Number of parent | Number of new | Germination | Number of new rPercf:ntage
Population Year individuals individuals of seeds individuals per 1 of maximal

per 1 m? per 1 m? (%) parent individual natality

1969 700 £ 7.5 257 + 20.5 1.42 3.67 I 77.2

1 1970 740 £ 6.6 228 + 27.1 1.61 3.08 | 64.8
1971 78.5-t 67 359 + 27.9 1.5¢ 4.75 100.0

1969 379.0 £ 204 896 * 33.9 0.85 3.21 67.5

2 1970 2890 £ 218 910 £ 25.0 0.92 3.35 ' 66.3
1971 2075 £ 26.0 1292 * 37.4 1.05 4.33 91.1

1969 113.0 * 14.3 156 £ 19.1 0.56 1.38 29.0

|-

3 1970 1055 * 10.3 123 + $62 0.58 1.16 24 .4
1971 940 = 9.1 146 * 10.6 0.60 1.55 E- =336

1969 230.0 * 20.4 312. £ 258 0.42 1.30 27 .4

4 1970 224.0 £ 18.0 308 £ 323 0.48 137 28.8
1971 229.0 * 22.6 489 * 33.0 0.53 2.13 44 .8

1969 96.0 £+ 9.2 137 * 145 1.30 142 29.8

5 1970 895+ 74 124 + 15.6 1.39 1.38 29.0
1971 §3.2- 8.5 124 * 142 :.23 1.48 31.1
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Seeds kept in linen bags at room temperature retain their germinating capacity for
along time, and when sown in Petrie dishes after a lapse of one year their germination
was scarcely 20% less than during the period of maximum vitality.

The vitality and requirements of seeds in respect of temperature, moisture of sub-
stratum, access to light, etc. are among those species characters which are to a great
extent perpetuated. This i1s shown by the results of Sen’s (1968) studies on related
species of the family Asclepiadaceae originating from a similar desert-like biotope; the
author found great differences both in respect of the germination requirements of the
seeds and also their vitality and germination energy. '

3.3.6. Discusion ofresultsof natality studies

Increase of new individuals per 1 m? of area and the natality of an average individual
in a population are illustrated by Table VII. In order to facilitate comparison of popula-
tions the number of parent individuals is also given in Table VII, the percentage of germi-
nation of seeds and — expressed %ﬁ}percentages — the ratio of real natality of an individual
of each population to the approximate maximal natality, for which it was decided to

take the size of population 1 in 1971 as the highest during the study period (Fig. 14).

100
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40
20

1969 1970 1977

Fig. 14. Ratio of real natality of five populations to
maximal natality (100% — maximum natality for study
period in population 1 in 1971)

The results point to an unusually low percentage of germinating seeds, particularly in
comparison with those observed under laboratory conditions. This phenomenon occurs in
the majority of plants and is specially distinct in the case of species producing small seeds
(Peplinska 1967); the earlier germination of seeds in their natural habitat than in
the laboratory, connected with the physical and mechanical properties of the soil, is also
a general rule. |
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The connection between low percentage of germination and simultaneous enormous

production of seeds has also been emphasised by Salisbury (1942), in whose
opinion poor germination is primarily due to the high mortality rate among plants in an
embryonic state, and depends on habitat conditions to a slight degree only.

The ditferences between the populations compared in respect of production of new
individuals by a unit of population are, in extreme cases, fairly large. The extent of
reproduction, as shown by Table VII, is affected both by production of seeds and also
their capacity for germination. The factor of density, at least within the range of values
observed, is not of importance here, as is shown by the similar, relatively high natality of
populations 1 and 2, which differ considerably in respect of density. The natality of the
other populations is 23 times lower than in the two previous populations.

These results suggest that a factor meriting attention here may be the presence or
absence of competitive, alien species. In populations 3 and 4 the low reproduction is most
probably also connected with the type of vegetation accompanying Spergula vernalis. The
compact, dense carpet of mosses and lichens retains a great mass of seeds on their surface,
rendering it difficult for them to reach the soil.

When the natality of the populations in the years compared is taken into consideration
the higher reproduction in 1971 than in the other years becomes very distinct. The more
favourable climatic conditions in 1971 have already been emphasised when discussing
fruit and seed production.

3.4. Mortality

3.4.1. Premises and methods

By mortality is meant the rate of disappearance of individuals from a population, that
is, the number of individuals dying within a given period. It is usually expressed in
percentages of the initial population. As in the case of natality, it is possible to di-
stinquish between the theoretical concept of “minimal mortality” taking place under
conditions most favourable to the species, and “‘ecological mortality” — real mortality
defining the disappearance of individuals under definite habitat conditions.

As the physiological age of the plant in question is only 9—10 months, after reaching
which it dies as it were a natural death of old age, the disappearance of individuals in
various stages of development has been defined in this study: (a) a month after germina-
tion — stage of one leaf whorl, (b) after winter rest of one leaf whorl, (¢) formation of
inflorescence buds, (d) in the full blooming period and (e) in the full fruiting period.

Observations were made from 1969 to 1971 in the squares which had been used for
natality studies. The maximum number of germinated seeds per 1 m? was taken as the

initial unit.
3.4.2. Discussion of results

Survivorship curves expressed in percentages of the initial numbers of each population
are illustrated in Figure 15.

The results point to fairly considerable differences between the populations compared,
both in respect of the percentage of surviving individuals and the period of particularly
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Fig. 15. Survivorship curves for five populations

100% — number of germinated seeds per 1 m?. a—e — development stages: a — month after germinat-
ing — stage of 1 leaf whorl, b — after winter rest — stage of 1 leaf whorl, ¢ — before buds of inflore-
scence form, d — during mass flowering period, e — during mass fructification period

intensive mortality. A character which all populations had in common was the high
mortality rate in winter. This phenomenon is connected on the one hand with the
juvenile age of the plant, usually characterized by increased mortality, and on the other
by unfavourable climatic conditions. The harmful effect of frost is very distinct, parti-
cularly in relation to the scantily covered stands of populations 1 and 2, where the
numbers of individuals disappearing in winter are especially great. After forming the 111
leaf whorl mortality is minimum among individuals in populations 3 and 4, and further
a fairly large number of dying individuals is observed in the other populations generally
characterized by the smallest percentage of survival.

The high mortality rate among plants in populations is a frequently observed pheno-
menon in nature (Zarzycki 1965). The survival of certain individuals and death of
others is usually atiributed to individual differentiation of the population into weaker
and stronger individuals from the beginning of their lives (Morozow 1953, Su-
kachev 1953). In the given case the effect of the microbiotope is also distinct, and it
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is to them, as shown by observations, that the high mortality rate among individuals in
populations 1 and 2, during a period when the other populations had already maintained
more or less constant numbers, that the high mortality rate should primarily be attri-
buted. The scanty cover of vegetation adapted to stabilizing windborne sands, of stands 1
and 2, favours the deflation processes and accumulation of sand during the period of
a windy and dry late spring. The correctness of this view is supported by the fact that
individuals in the closest vicinity to clumps of Corynephorus canescens (1..) P. B., or else
forming large clumpings better adapted to struggle with sand, were the ones to survive.
The remainder were either buried under sand or died as the result of exposure of their
root system,

In the case of population 5 the disappearance of individuals was to a certain extent
due to a plant disease caused by the fungus Peronospora vernalis Gium. Towards the end
of April and in May the mass appearance of coniciophores and conidia was observed on
the leaves of the study plant. Peronospora vernalis has so far been given for only a few
stations, from Silesia, from the western part of the Wielkopolska district and the Maso-
vian region (Kochman and Majewski 1970). Not asingle case of plants being
invaded by fungus was found on the remaining stands.

Mortality among populations in the years compared was in general similar, being
slightly lower only during the growing season of 1970/1971.

35. Net growth index of the populations
3.5.1. Premises

By comparing natality and mortality of a population we obtain the final result (net) of
its growth describing the absolute increase or decrease of a population within a unit of
time. Definition of the index of growth thus permits of obtaining information as to the
tendencies of a population to occupy new areas or to withdraw from those previously
occupied.

Calculation has been made in this study of the net natality of each population in 1970
and 1971, the density of individuals per the same unit of area (1 m?) in 1969 being taken

as the initial ynit.

3.5.2. Results

Comparison of growth indexes for the study populations is illustrated in Figure 16,
but as they refer to three years only they most certainly do not permit of drawing
detailed and exact conclusions. It is only possible with a considerable degree of caution,
to indicate the tendencies manifested by the different populations. Density varies to the
least degree in population 4: the index of growth describing net natality in this popula-
tion is close to one. A systematic decrease in number of individuals is evident in popula-
tions 5 and 3, and growth in populations 1 and 2. In general, however, the results point to
fairly intensive autoregulation of each population. The high mortality rate is, as it were
compensated for by increased natality (populations 1 and 2) and the low percentage of
germination by large production of seeds (populations 3 and 4), etc.
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Fig. 16. Indom of grouth in five ~.ludy popuJatlom in 1970 and 1971 (comparative unit is population
numbers in 1969)

Using the terminology proposed by Vasilevich (1970) we can allocate changes
in density in population 4 to the oscillation type with the slight fluctuations in the region
of the mean characteristic of it; the remaining populations represent the successive type,
that is, the type exhibiting a tendency in agiven direction in respect of changes in
numbers, and in consequence leading either to complete disappearance of a specws or to
constant (up to a certain limit) increase in density.

4. CONCLUSIONS

[.imitation of the studies to a relatively small area does not justify generalizing on the
basis of all the results obtained, nevertheless a similar biotope to that with which the
plant is connected over the whole of its range gives grounds for considering that many of
the properties observed of the Spergula vernalis populations belong to characteristic
features of the species.

Detailed discussion of results has been given in successive sections of this paper. It is,
however, worth while emphasising those moments which relate to interrelations between
the plant and the biotope and provide information on the relations occurring between
organisms within a population.

The results of these studies suggest the following conclusions:

1. The occurrence of Spergula vernalis solely on dry, poor, biotopes would appear to
be due not only to the modest food requirements of this species but primarily to its low
competitive capacity. This assumption is confirmed by studies of population numbers and
biomass. The favourable effect of the richer biotopes continues to be evident for as long
as the interspecies competition factor fails to occur.

2. Studies of the spatial structure of five populations of Spergula vernalis show that:
(a) a clumped type of distribution of individuals in space occurs in each population and
(b) the lesser the degree to which the dunes are stabilized, the greater the degree of
crowding. Clumping of individuals is due not only to the way in which the seeds are
scattered, but is also evidence of the reaction of a population to the destructive effect of
windblown sand. The percentage of branched individuals is greater on rewinnowed bio-
topes than in populations on the stabilized parts of the dune.

3. Population density does not affect the extent of reproduction, but distinctly in-
fluences the weight of an individual. Up to a certain limit of densities the two parameters
rise together, and it is not until a considerable number of individuals per unit of area are
reached that a negative correlation is evident.
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4. Slight changes in densily within one population, found in successive years, are
evidence of fairly intensive autoregulation: the role of leading factor in regulating popula-
tion numbers is played by mortality.

5. Production of seeds, their size, caloric value and germination capacity come within
the limits characteristic of the majority of annual plants in open communities.

6. The natality of a population is primarily dependent on extent of seed production
and seed germination capacity. The elfect of habitat conditions on the reproduction of
a population is indirect and of secondary importance.

7. Comparison of survival curves for the five populations shows that the biotope
exercises a decisive influence in this respect. In principle two facts contribute to the high

mortality rate of a population on weakly stabilized sands: (a) the ease with which scantily
covered soils dry up and (b) the destructive effect of windbore sand. Our observations
have shown that it is mainly individuals in the immediate vicinity of clumps ol Cory-
nephorus canescens which survive, form large clumps and are strongly branched. The
harmful effects of food competition are in this case more than compensated for by the
benefits gained {rom individuals occurring in a group.

8. The value of the population increase index is dependent on the course taken by the
process of the spread of vegetation over the dunes. Spergula vernalis, as a pioneer species,
rapidly occupies bare sands. As the latter become stabilized and the soil is enriched by
humus Spergula vernalis retreats from areas it previously occupied, giving way to other
species of greater competitive strength. The study period was, however, too short to
permit of drawing completely unequivocal conclusions.

I am greatly indebted to Professor Dr. K. Zarzycki for his help and guidance during the prepara-
tion of this study. 1 must also express my thanks for consultations and guidance to Professor Dr .
J. Szweykowski, Doc. Dr. J. Staszkiewicz, Doc. Dr. R. Bohr and Dr. J. Wilkon-Michalska, and 1am
also extremely grateful to Professor Dr. Z. Prusinkiewicz and Dr. W. Plichta for their assistance in
interpreting the results of soil analyses.

5. SUMMARY

The paper presented here is the first in a cycle of studies on the ecology and morphological
variations in Spergula vernalis. It contains the results of analysis of group properties in five populations
of Spergula vernalis in relation to abiotic and biotic habitat conditions. The studies were made from
1969 to 1971 in a successive sequence of dune stands in the Torun Basin. The chosen areas differed
from each other both in respect of the degree of plant cover and composition of their flora (Fig. 3, 7),
and also the different physical (Fig. 5, 8) and chemical (Tab. I) properties of the soils. They were also
distinguished — in extreme cases — by a slightly different microclimate (Fig. 6).

The scope of the studies included the density, spatial structure, natality, mortality and net growth
index of the populations.

Analysis of density took into consideration frequency, numbers of individuals per unit of area and
biomass — determining the participation of the virious organs of the plant. Coefficients of correlation
for the average weight of an individual and population density were caleulated. Evaluation of the
horizontal structure of the populations was supplemented by examination of the degree of crowding
of individuals. |

Natality of the populations was examined in detail on the basis of the following: flowering and
fruiting biology, germination capacity of pollen, seed production, weight and caloric value of seeds,
germination capacity and energy of seeds.
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Mortality in the populations was examined in several stages of the ontogenesis of Spergula vernalis.
The index of net growth of each population was calculated on the basis of results of natality and
mortality.

The studies made showed that:

. Abundance and biomass of the study populations depend not only on the degree to which the

biotope is rich in nutrient components, but primarily on the presence or absence of other species
competing with Spergula vernalis for space and food. The favourable effect of richer biotopes con-

tinues to be evident until the interspecies competition factor appears (Tab. 11, 111, Fig. 9).

2. The weight of an individual exhibits a distinct connection with population density. In very dense
populations a statistically significant negative relation was found between the two parameters; with
low densities the coefficients of correlation are positive (Fig. 10, 11, 12).

3. The mass of fruits forms about 50% of total biomass, while root mass does not usually exceed
10% (Tab. IT). In Salisbury’s (1952) opinion such proportions are characteristic of the majority
of annual plants in open communities.

4. Studies of the spatial structure of five populations showed that a clumped type of distribution of
individuals in space occurs in each population (Tab. II1). The degree of crowding is greater where the
sands of the dunes are less firmly stabilized. The clumping of individuals is evidence of their reaction
to the destructive effect of windbome sand; it is due to a lesser extent to the way seeds are dissemi-
nated.

». The flowers of Spergula vernalis are both anemophilous and entomophilous; in addition
autogamy was found as well as cross-pollination. The percentage of polien germination is fairly high,
coming within limits of 60—76%.

6. The weight of seeds exhibits a negative correlation with the density of the individuals producing
them; it depends on the properties of the biotope to a slight degree only. Like the majority of annual
plants of open communities, the seeds of Spergula vernalis are very light in weight (Tab. 1V).

7. The caloric value of seeds is relatively low (Tab. 1V), not exhibiting any direct connection with
the weight of seeds.

8. Seed production — within the scope of the densities observed — is positively correlated with
population numbers, which forms a deviation from the general rule of inverse proportions. Climatic
conditions affect the production of fruits, but the number of seeds in a capsule is a stable character
within one population. Both in relation to one individual and also when converted to a unit of area,
production of fruits and seeds by Spergula vernalis may be considered as very high (Tab. V, Fig 13).

9. Population density does not affect the extent of reproduction; the natality of a population
depends primarily on the extent of seed production and their germination capacity (Tab. VII) and
only indirectly on habitat conditions.

10. The germination capacity of the seeds of Spergula vernalis is relatively low, fairly considerable
differences being found between the populations compared (Tab. VI). Germination energy is
positively correlated with the vitality of seeds.

11. Studies of population mortality showed that the effect of the biotope is decisive in this respect.
In principle two factors contribute to the high mortality rate in populations on weakly stabilized sands
(Fig. 15): (a) the ease with which scantily covered soils dry up and (b) the destructive effect of
windborne sand. It is chiefly individuals forming large clumps, and which are strongly branched, which
survive and therefore the harmful results of food competition are in this case amply compensated for
by the benefits obtained from individuals occurring in a group.

12. Only slight changes in density were observed within a population in consecutive study years,
which is evidence of marked autoregulation: mortality plays the role of leading factor in regulating
population numbers.

13. The net value of indexes for the study populations (Fig. 16) become understandable in relation
to the process. of plants spreading over the dunes. As a pioneer species Spergula vernalis rapidly
occupies bare sands (populations 1 and 2), but as the latter becomes stabilized and the soil enriched
with humus Spergula vernalis gives way to species with greater competitive strength (population 5).
The study period was, however, too short to make it possible to reach unequivocal conclusions.
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6. POLISH SUMMARY (STRESZCZENIE)

Przedstawiona praca jest pierwszg z cyklu prac poswieconych ekologii i zmiennosci morfologicznej
Spergula vernalis Willd. Zawiera wyniki analizy grupowych wlasciwosci pieciu populacji Spergula
vernalis na tle abiotycznych i biotycznych warunkéw srodowiska. Badania wykonano w latach
1969—-1971 w sukcesyjnym szeregu stanowisk wydmowycl. w Kotlinie Toruriskiej. Wybrane po-
wierzchnie roznily si¢ zaréwno stopniem pokrycia przez rodlinnosé i skladem florystycznym (fig. 3. 7),
jak tez odmiennym ukladem fizycznych (fig. 5,8) i chemicznych (tab. I) whasciwosci gleb. Cechowal je
takZe — w skrajnych przypadkach — nieco odmienny mikroklimat (fig. 6).

Zakres badan obejmowal zageszczenie, strukture przestrzenna, rozrodczosé, smiertelnosd oraz
wskaznik wzrostu netto populacji.

Analiza zageszczenia uwzgledniata frek wencje, liczebnos¢ osobnikéw na jednostce powierzchni oraz
biomasg — z ustaleniem udziahu poszczegdlnych organéw rogliny. Obliczono wspélezynniki korelacji
dla cigzaru przecigtnego osobnika i zageszczenia populacii. Oceng struktury horyzontalnej populacji
uzupelniono zbadaniem stopnia skupiskowosci osobnikéw.

Rozrodczos¢ populacji scharakteryzowano w oparciu o szereg zagadnien szczegélowych: biologie
kwitnienia i owocowania, zdolnosc kietkowania pytku, produkcje nasion, ciezar i wartosc kaloryczng
nasion, zdolnosc¢ i energie kietkowania nasion.

Zbadano $miertelnos¢ populacji w kilku stadiach ontogenezy Spergula vernalis. Na podstawie wy-
nikow rozrodczosci i smiertelnosci obliczono wskaznik wzrostu netto kazdej populacji.

W wyniku badan stwierdzono: '

L. Liczebnos¢ 1 biomasa badanych populacji uzaléZnione s3 nie tylko od zasobnodei siedliska
w skfadniki pokarmowe, ale przede wszystkim od obecnodci lub braku innych gatunkéw, wspétkon-
Kurujgcych ze Spergula vernalis o przestrzen i pokarm. Korzystne oddzialy wanie zasobniejszych sie-
dlisk zaznacza si¢ dopoty, dopdki w gre nie wehodzi czynnik konkurencji mi¢dzygatunkowej (tab. II,
I, fig. 9).

2. Cigzar osobnika wykazuje wyrazny zwiazek z zageszczeniem populacji. W populacjach o duzym
zaggszezeniu stwierdzono istotng statystycznie ujemng zaleznos¢ obydwu parametréw; przy niskich
zageszezeniach wspotezynniki korelacji sg dodatnie (fig. 10, 11, 12).

3. W ogdlnej biomasie okoto 50% stanowi masa owocéw; masa korzeni z reguty nie przekracza 10%
(tab. 1I). Takie proporcje cechuje wedhug Salisbury’ego (1952) wiekszosc roélin jednorocznych
otwartych zbiorowisk. '

4. Badania struktury przestrzennej pi¢ciu populacji wykazaly, ze w kazdej populacji wystepuje
skupiskowy typ rozkladu osobnikéw w przestrzeni (tab. I11). Stopier skupiskowosci jest tym wyzszy,
im piaski wydmowe s3 stabiej utrwalone. Skupianie si¢ osobnikow $wiadezy o ich reakcji  na
niszcezgcee dzialanie lotnego piasku; w mniejszym stopniu wynika ono ze sposobu rozsiewania si€
nasion. |

5. Kwiaty Spergula vernalis zapylane sg zardwno anemogamicznie, jak tez entomogamicznie;
stwierdzono ponadto autogami¢ obok zapylania krzyzowego. Stopiefi kietkowania pytku jest dogé
wysoki, waha sie w granicach 60—76%.

6. Cigzar nasion wykazuje ujemng korelacj¢ z zageszczeniem produkujacych je osobnikéw: w nie-
wielkim stopniu jest on uzalezniony od wlasciwosci siedliska. Podobnie jak u wigkszosci roglin jedno-
rocznych zbiorowisk otwartych, nasiona Spergula vernalis sa bardzo lekkie (tab. IV).

7. Wartos¢ kaloryczna nasion jest stosunkowo niska (tab. 1V), przy czym nie wykazuje prostego
zwigzku z cigzarem nasion.

8. Produkcja nasion — w zakresie obserwowanych zageszczen — jest dodatnio skorelowana z liczeb-
noscig populacji, co stanowi odstepstwo od generainej reguly odwrotnych proporcji. Warunki klima-
tyczne rzutujg na produkcj¢ owoedw, liczba nasion w torebce jest jednak w obrebie jednej populacji
cechg stabilng. Zarowno w stosunku do jednego osobnika, jak tez w przeliczeniu na jednostke powierz-
chni, produkcj¢ owocow i nasion Spergula vernalis uzna¢ mozna za bardzo wysokg (tab. V, fig. 13).

9. Na wielkos¢ rozrodu nie ma wplywu zaggszczenie populacji. Rozrodezosd populacji uzalezniona
jest przede wszystkim od rozmiaru produkcji nasion i ich zdolnosei kietkowania (tab. VII), a posrednio
tylko od warunkow srodowiskowych.
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10. Zdolnosc kietkowania nasion Spergula vernalis jest stosunkowo niska, przy czym stwierdzono
dos¢ wysokie roznice pomit;dzy porownywanymi populacjami (tab. VI). Energia kielkowania jest
dodatnio skorelowana z zywotnoscig nasion.

11. Badania §miertelnoéci populacji wykazaly, ze wptyw siedliska w tym wzgledzie jest decydujacy.
Na wysokg smiertelnos¢ populacji stabo utrwalonych piaskéw (fig. 15) skladajg si¢ zasadniczo dwa
czynniki: a)fatwosé wysychania skapo porosnietych gleb i b) niszczgce dziatanie lotnego piasku. Przy
zyciu utrzymujg si¢ gldwnie osobniki tworzgce duze skupienia i silnie rozgatezione, a zatem szkodliwe
skutki konkurencji o pokarm s3 w tym przypadku z nadwyzkg kompensowane przez korzysci wy-
nikajace z wystepowania osobnikéw w grupie. |

12. W kolejnych latach badan stwierdzono niewielkie zmiany zageszczenia w obrebie jednej popu-
lacji, co swiadczy o silnej autoregulacji. Role czynnika przewodniego przy regulacji liczebnosci po-
pulacji odgrywa smiertelnosc.

- 13. Wartosei wskaznikéw netto badanych populacji (fig. 16) stajg si¢ zrozumiate w kontekscie pro-
cesu zarastania wydm. Jako gatunek pionierski Spergula vernalis w szybkim tempie opanowuje nagie
piaski (populacje 1 i 2). W miar¢ ich utrwalania i wzbogacania gleby w prochnice ustepuje miejsca
gatunkom o wyzszej sile konkurencyjnej (populacja 5). Okres badart byt jednak zbyt krdtki dla wy-
ciggniecia jednoznacznych wnioskéw.
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