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ON l)UNES IN THE TOR UN 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 frequenry, numbers and biomass, taking into account the participation of the 
different plant organs in biomas~. 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 ealoric value of seeds. 
Curves of survivorship were given for the populations, plotted on the basis of the number of 
individuals dy.ing in several stages of ontogen~sis and the net growth index of the populations . 
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l. 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, it 

constitutes an important component of primitive dune cornmunities and is therefore the 

first link of succession in the process of perpetuating and covering the dunes. It 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 \vhich facilitate the undertaking of 

ecological studies: a short life cycle, numerous occurrence in aggregations and easily 

obtained seeds, which it produces in abundance. 

The present paper is the first in a cycle 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 studie!-, 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 an_d 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. S i t u a t i o n, g e o m o r p h o I o g y, s .o i I s 

A sn1all 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 is 
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destroyed by deflation processes, of the preglacial stream of the Vistula, which in its 

entirety consists of sandy formations (N i e w i a r. o \V s k i and To m c ~ a k 1969). 

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

1 - railway, 2 - paved roads, 3 - unpaved roads, 4 - paths, 5 - isophyses. 6 - buildings, 7 - eleva­
tions. 8 - cemetery, 9 - windborne sands, 10 - forest, 1 1 - 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 M r o z e k (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 w.ater is situated at a depth of 5-6 m (M r o z e k and R e g e l 
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 home 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 (P I i c h t a and 
Re g e I 1969). Horizon A1 , 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. G e n e r a I c l i m a t e a n d w e a t h e r d a t a 
for the study period 

•. 

In accordance with the division into climatic districts made by Guminski (K o n d r a -
c k i 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 2 in the To run 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 (Z i e m b i n s k a 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 form of a WaIter (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 precipitatio!l 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. D e s c rip t i o n o f v e get a t i o n 
~ 

-
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 
lOO species of plants occur there, 90 of which are flowering plants and, less than twenty 
mosses and lichens. 
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Fig. 2. Uimatic diagram (after W a 1 t er 1962) for Torun 

Abscissa - mean monthly temperature (thin line, °C) and total precipitation (thick line, mm). Top 
right - 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 

J Using the Bra u n- B I an que t (1951) method in general use in Poland, the 
following were distinguished there: Spergulo-Corynephoretum (T·x. 1928) Lib h. 1933 
association, also initial patches of this association, Festuco-Koelerietum glaucae Klika 
1931 association and Arctostaph yllo-Callunetum R. Tx. et Prag. 1940 association. While 
the last is a relatively rare association in Poland (cf. F a I i n s k i 1965, M a t u s z k i e­
w i c z 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 (S z a fer 
and Z a r z y c k i 1972 and literature cited therein). . 

The community with Calamagrostis epigeios (L.) Roth. was also distinguished ~n the 
study area, where it occupies a fairly considerable part of the surface conflagration areas 
and in the immediate vicinity of the forest (cf. K o b e n d z a 1930). 

2.4. D e s c r i p t i o n o f s t a n d s 

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. 



384 Ewa Svmonides 
• 

Stand 1. Strongly re-winnowed sandbank on the southern slope of an elevation 

(Fig. 3), only 20% being covered by initial patches of Spergulo-(:orynephoreturn. 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 tctnperature (Fig. 4 and 5). In the surface layer there are ,~idc fluctuations in air 

temperature (Fig. 6). 
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Fig. 3. Stand 1 
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Fig. 4. Comparison of soil temperature on stands 1, 3 and 4 with air temperature 
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10 April 1970 20 Aprll1970 . 6 May 1970 
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Fig. 6. Air temperatures at a height of 10 cm on stands 1 a_nd 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 sands on flat ground, covered by a patch of the association 
Spergulo-Corynephoretum, with a considerable addition (60%) of Poly-trichum piliferum 

Fig. 7. Stand 4 



• 

• 

• Tab. I. Chemical properties of soi1s 

S - total exchangeable basis (mval/100 g of soil), H - exchange acidity (mval/100 g of soil). Tu· - exchange capacity of exchangeable Lases (tnval/1 00 g 
. of soil), V - degree of saturation of soil with exchangeable basr ~ in relation to Tw 

. . 
. . 

Hydrolytic Exchangeable bases 
Depth of P20s 1\.20 M gO "'0 pH Ash CaC03 Humus acidity of soil V (mval/100 g of soil) 

Stand sampling · s /I Tw . 
~ 
0 

(KCI) (o/o) (o/o) (o/o) (mval/100 g (fk ) c 
(cm) -

• 
K 0. :u of soil) 2 Na2 0 :\lg ( mval / l 00 g of soil) t'T -· 0 

::s 
fJ) 

~ 

2-7 4.4 99 .61 0.0 0.2;J 1.66 0.200 0.240 0.440 45 .. t3 0.020 0.052 tra<'e 0 . ~ 1.1 trace 0 -. 
1 . 

12- 17 4.8 99.66 0.0 0.25 1.55 0.321 0.160 0.481 66.73 0.021 o .os :~ trate 1.0 1 .6 trace . ~ 
en 

. ctl 
~ 

2-7 4.3 99.24 0.0 0.53 2.34 0.281 0.321 0.602 46.68 0 .019 0.051 tracr 2.8 1.3 trace Q 
c:: -

2 e 
12-17 4.8 98.63 0.0 0.93 3.17 0.241 0.481 0.522 46.17 0.022 0.055 trace 4.3 2.0 trace ..., ~ 

I ~ 
Q 

·) -~ 2-7 4.8 99.28 0.0 0.38 1.89 0.241 0 . ~21 0.562 42.83 0.022 0.051 trace 1.2 .... :) 
- trace -· 

3 0 
::s 12-17 5.0 99.69 0.0 0 .17 1.43 0.240 0 .200 0.440 5-1.54 0.015 0.038 trace 1.2 2.0 trace 
Q.. 
c 

2-7 3.8 96.79 0.0 1.40 4.30 0.322 0.522 0.844 38 .1.:) 0.027 0 .076 trace .) .0 ] .. ) trace 
::s 
~ 

4 . 
fJ) 

12- 17 4.4 99.44 0.0 0.42 2.34 0.241 0.321 0.562 -1.2.88 0 .022 0.064 trace ] .6 1.6 trace 

. 2-7 '4.2 98.62 0.0 1.10 2.87 0.241 0 .402 0.643 37.48 0 .026 0.033 trace 4.3 - ·~ trace ' . ' 
5 

12- 17 4.5 99.61 0.0 0.21 1 .81 0.241 0.281 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 (L.) 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 epzgeios. 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 

vernal is, soil analysis was limited only to the superficial layer (2-7 cm and 12- 17 cm). 
The results, set out in Figure 8 (physical properties) and in Table I (chemical properties), 
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Fig. 8. Physical properties of soils 

a - hygroscopic water, b - skeletal particles (diameter > 1 mm), c - coarse sand ( diarnetcr 
1.0-0.5 mm), d -medium sand (diameter 0.5 - 0.25 mm), e - fine sand (diameter 0.25 - 0.10 n1n1), 

f - soil colour (after Standard Soil Colour Chart) 

10 
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Hhow l hat 1--oils frotn the ~el•~<'t('cl ~taruls are forrued frorn loo~c, lirnc-free sands, in which 
t ht• fint· earth prt·dorninates: tlu·y ar•) acid an c) v•·ry poor in nutrient cornponents (P, 1\, 
Mg). llygroscopic ntoislure does not usually exc~ed 0.51o. Differences between stands· are 
chit·fly in re~pcct of htunus <'Oillt·ul, which in turn affects the other propcrtie. of the 
soils. 

Ex<unination " 'as also rnade of thr· soil rnoisturc dynamics of five stands during the 
growing S('a~on of Spergu la vernalis. Soil rnoisture was determined by drying soil samples 
at a ternperalurc of I OS°C. Th~ p('reentage of water held Ly the soil on a dry basis is the 
tnoi~ture content (K o w a l i n s k i (•t al. 1969). The course taken by moisture curves 
for 1969- 1971 at depths of 2 - 7 rrn and 15- 20 rm is illu trated by Figure 5. Data show 
that: (a) partieularly striking differ~nce s in moi ture in succcs:sh·e measurements are 

• found on stands with s<'anty plant eoyt·r (1 and 2); such differences are far smaller on 
gland .. \vith den .. e plant cover (3, 4 and 3); (h) 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, whi<·h effectively protects the superficial layers of the soil from excessive drying. 

3. GROUP PROPERTIES OF POPULATIONS OF SPERGULA VERNALIS 

3.1. c o p e o f s t u d i e s 

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 nutnher as that of the stand from which it originates. 

3.2. D c n s i t y a n d s p a t i a 1 d i s t r i b u t i o n 

3.2.1. P r c m i se s a n d m e t h o d s 

l\1ea .. urements of density in population studies are as a rule made in order to estimate 
the influenc~ exerted by a population on hiocenosis and ecosystem (0 d u m 1963), to 
define reciprocal relations het we en individuals (P o n y a t o v s k a y a 1964) and 
obtain a good exponential of the ecological conditions in the habitat of the species 
examined (T r a c z y k 1967), on the basis of \vhich the ecological optimum of the 
population ran be determined ( R a b o t n o v 1945, S m i r n o v a 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 
(0 d u m 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 nurnber of samples in measurements of density is of primary 
• 
importance and depends in the first p1ace on the object studied. The shape of the test 
area is also of some importance, as shown by the experiments made by D y n e, V o g e I 
and F is se r (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 vernal is, the 
presence of branching, in addition to unhranching, 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 2 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 ana1yzed 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. 
Tl)e 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 2 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 hest reflecting 
the character of the biotope: they then formed the "representative model" of each 
population (S o c h a v a, L i p a t o v a and G o r s h k o v a 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 o.f distribution of 
individuals ~n 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 

• 

a unit of area (Mac Art h u r and Con ne 11 1971). It is then better to use the term 
of so-called ''mean crowding'' defining the number of other individuals constantly present 
in the sam~ unit of area per one individual [Lloyd 1966; cited after M a c A r h u r and 
C o n n e ll (1971 )l 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 fii1it of these, proposed by Dice, consists in measuring__ in 
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a certain standard way the diRtance b(~l\V('(·n individuals (P i e I o u 1960, 196l , l962, 
V a s i I e v i c h J y(,9); the second, which has hcen used in the prescn l study , consists in 

cornparing Lhe actual frequeucies of groups of different si1.e ( nurnhers) with Poisson 's 
... series, whieh descrihe the frequency of analogical groups in random dispersion. Deviation 
from theoretjcal proportions of randorn distrihution are usually checked hy rneans of the 
X4! te~t (C o I e 1946, G r c i g- S m i t h 1962, Perk a I 1967, W h it t a k er 
1970), although V as i 1 e v i c h (1 969) proposes a large nurnber of other equations. 

The spatial structure of the populations examined was analyzed on permanent squares 
rneasuring 10m2

, divided into one hundred unit squares. "Mean crowding" was cal­
culated for these areas on the basis of Lloyd 's equation (Mac Art h u r and Con­
n c I I 1971) and th~ ratio of "mean crowding" to mean density, which according to 
1 Joyn forrns a good index of the dismeTnberment of the habitat. 

3.2. 2. D i s c u s s i o n o f r e s u 1 t s 

• 
. 

One remark must he 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 he 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 hiomass of random samples describe only ecological density, 
whereas for the pern1anent 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 II and III 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. lligh average value and maximum density are 
characteristic of populations 2 and 4, very low of populations l and 5; population 3 
occupies a place intermediate between these. It must be emphasised that with the excep­
tion of hiomass of populations Q 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

2 
and of ''mean clumping" (Tab. Ill), 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 
cluntping is characteristic particularly of population I, 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 S nay don' s (1962) opinion, is the function of 
supply and distribution in the soil of nutrient components. Pony at o vs k ay a 
(1 964) 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. 11. Comparison of density in five populations (results obtained by the random sample method) 

. 

Numbers .. Biomass Average Participation of organs in total 
2 2 

Frequ- Branching per 0.1 m (g/0.1 m ) weight of biomass (o/o) 
Popu- individual Year ency indi-
lation . • 

(o/o) vi duals maxi- maxi- (g) 
mean mean stems roots fruits 

• (o/o) mal mal 

1970 35 33.1 22 11.2 ± 2.5 0.56 0.37 + 0.06 0.0327 ± 0.0039 47.9 ± 1.4 10.5 ± 1.2 41.4 + 1.7 
1 

1971 31 39.0 19 11.3 + 2.7 0.52 0.36 + 0.03 0.0324 ± 0.0036 47.7 ± 1.5 9.7 ± 1.4 42.3 + 1.2 . 
r..J) 

1970 61 25.3 49 26.6 ± 7.2 0.91 0.63 ± 0.11 0.0241 + 0.0024 33.6 ± 3.8 8.6 ± 2.7 57.8 ± 4.3 
'< 
3 

2 
1971 73 25.8 47 27.2 ± 7.1 0.71 0.61 ± 0.08 0.0242 ± 0.0027 32.4 + 4.0 9.0 ± 2.4 58.7 + 2.8 e. 0 

0.. 
~ 
':r. 

1970 74 17.5 45 19.6 ± 6.2 0.76 0 .49 ± 0.12 0.0266 + 0.0036 44.9 ± 1.6 8.8 ± 1.0 46.7 + 1.1 
3 

1971 71 22.6 41 19.1 + 6.1 0.67 0.42 ± 0.10 0 .0267 + 0.0037 45.2 ± 1.1 8.8 ± 1.1 46.6 ± 1.1 

1970 80 18.7 48 20.5 ± 7.6 1.62 0.63 ± 0.21 0.0324 ± 0.0089 45.6 ± 1.2 6.5 ± 0 .8 47.6 + 1.5 . 
4 

1971 85 20.5 46 18.2 ± 6.5 1 .29 0 .61 ± 0.16 0.0341 ± 0.0097 46.1 ± 1.4 7.1 ± 1.1 47.3 + 1.4 

1970 64 11.8 17 9.3 ± 3.1 0.23 0.14 + 0.04 0.0164 + 0.0031 45.2 + 1.2 8.2 ± 1.4 47.7 + 2.6 
5 

1971 67 13.2 20 9.2 + 3.2 0.34 0.15 ± 0.05 0.0165 + 0.0031 45.4 + 1.1 8.2 + 1.8 47.0 ± 2.5 
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G 

-
Fig. 9. Compari.'\on of frequency (A), numbers (B) and biomass (C) in the five study populations 

( diagrarns illustrate the mean value~ for two years obtained by the random sample method) 

sPlf-'3o"' ing of plants. According to I1 a r p er, Will i a m s and Sag a r (1965), the 
deusity of plants reproducing through seeds is determined to a considerable extent by the 
microtopography of th~ 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 1\1 a z i n. g ( 1970), recognizing wa~er 
content in soil as a dominating factor influencing density and spatial distribution of 
a populatioq, 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 occupatjDn 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 
tasts of the prentises 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 it is possible to give approximate emphasis 
to one of them only and in relation to one population. 

t 

The low frcqu~ncy and density of population 1 would appear to he understandable in 
view of the extrerne dryness and poverty in nutrient co1nponents of the soil. The distinct 
tendency of individual.. to clump and the high prrcentage of branched forms most pro­
bably result from defensive reaction to deft a tion processes, whir.h are particularly inten­
sive on stand 1 with its S('anty plant cover. Greater clutnping of plants (up to a certain 
limit) provides better chances of survival under extrerne conditions than is the cas~ with 
single individuals (cf. A 11 e c et al. 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
p le nor 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 dynan.i<' species, such as Calarrzagrostis epigeios and C"arPx 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 abundan<;c and production of organic mass (hoth ntean and maxin1um 



• • 
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2 Tab. Ill . Comparison of density and spatial structure in five populations (r~sult s obtained by analyses of lOO squares forming total area of 10 m ) 

. Number Number Average 
Mean Anticipated Number . 

of of Mean m weight of 
Popu- . density number of 0 of Biomass 

• Year individuals squares Y! crowding 2 individual 
lation 2 (total) squares" M individuals (g/0.1 m ) 

per 0.1 m with n (mo) 2 (g) 
(M) with n per 0.1 m 

(n) found 
• 

8 . 1 2 3 4 5 6 7 9 10 11 12 
. 

0 67 37.0 . 

1-4 1 37.0 
1970 3.72 216.7 33.72 9.1 11.3 ± 3.6 0 .35 ± 0.087 0.031 ± 0.0046 . . 5-8 4· 18.0 

9-12 18 6.0 
. 

13-16 7 1.5 . 
17-20 3 0 .3 

1 
0 72 42.0 . 

1-4 . 1 36.0 . 
5- 8 4 15.~ 

1971 3.06 221.9 40.86 13.3 10.9 + 2.9 0.38 + 0.14 0.032 ± 0.0020 
9-12 16 4.0 , 

13- 16 6 1.0 • . . 
. 17- 20 1 0.01 • 

. . 
. . 

' 
0 37 15.0 . • 

. . 
. 1- 10 0 29.0 . . . 

ll - 20 21 27.0 
1970 16.90 68.7 26.40 1.5 26.8 ± 6.8 0.62 ± 0.13 0.024 ± 0.0027 

21- 30 27 17.0 
• . 

31- 40 10 8 .0 . 
41-50 5 3.0 

. 
• 2 

0 .22 9.0 
·1- 10 2 22.0 . 
11-20 7 27.0 

1971 20.80 98.8 27.00 1.3 26.7 + 6.1 0.61 + 0.08 0.025 + 0.0028 
21-30 50 21.0 
31-40 18 • 13.0 . 

. 
41-50 . 1 6.0 



f- ' 0 28 
I 

1- 10 9 
11-20 32 

1970 14.30 21-30 26 
31-40 3 
41-50 1 

3 
0 32 
1-10 7 

11-20 31 
1971 13.22 

21 - 30 • 
27 

31-40 2 
, . 

41-50 1 

0 . 19 . 
1-10 . 6 

11-20 39 1970 16.48 
21-30 29 
31-40 6 

(I 41-50 1 . . 4 . 

0 14 . 
1-10 8 . 

11-20 40 1971 16.96 21-30 36 
31-40 1 

. 41-50 1 

0 34 • 

1-4 0 
5-8 16 

1970 6.75 
9-12 37 

, 13-16 12 
17-20 1 

5 
0 ' 31 . 
1-4 .. 3 
5-8 23 

1971 6.70 9-12 34 
13-16 7 
17-20 2 

19.0 
31.0 
26.0 
15.0 

24.9 16.10 1.8 19.8 + 7.4 . 0.-18 + 0.14 o.026 ± o.oo:16 

6.0 
2.0 

19.0 • 

32.0 
26.0 
14.0 

42.6 25.44 1.9 19.4 + 6.7 
I 

0.47 + 0.11 0.027 + 0.0038 

6.0 
2.0 

~ ,... .... 
"C 

14.5 • . == -~ -27.0 
27.0 
18.0 

33.29 
/ 

24.97 1.5 20.3 ± 6.7 0.64 + 0.16 0.034 ± 0.0096 

.... 
0 -
'Jj -

9.0 
4.5 

13.0 • . 

26.0 
27.0 
19.0 

45.3 23.64 1.4 19.7 ± 7.4 0.62 ± 0.09 0.035 + 0.0098 

c:: 
~ .., ... ... 
Q -... -· 

10.0 0 = 
4.0 

. 

14.0 
28.0 
27.0 
18.0 

66.0 15.55 • 2.3 10.2 + 2.6 0.16 ± 0.07 0.016 + 0.0034 

9.0 
3.0 

. 
15.0 
29.0 
27.0 
17.0 

57.0 16.10 2.4 9.7 ± 3.2 0.16 + 0.06 0.017 ± 0.0057 

8.0 
3.0 

. . 
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values) and tnore 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 fro:'ll drying and in this way ensure a better supply of water to the plants. In 
addition, in the case of population 4, the hig~er 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 wind borne sand. 
The participation of roots, stems and fruits in total biomass is similar in all populations 

(Tab. 11), 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 (S a I i s b u r y 1952, S t r u i k 
1965). 

The average weight of an individual is an equally valuable indicator of the "abund­
ance" of a population as density (Pony at o vs k ay a 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 nigh percentage can he 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 

0.044 • 

t;, • 
~ 0.041 1 • 

• -tJ • • • • • 
:::, 0.039 • • 
1:l ...... • • • • • 
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t:::J") ·- • • 
~ 0.023 
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3 6 9 12 15 18 
Density per 0.1 m2 

Fig. 10. Diagram of relation between weight of 
an individual and density (population 1) 
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(populat ions 1 ~ nd 5) coefficients of correlation are positive. The lower production of 
each 1 ndividual above a certain d(~gree of density is particularly gtrikingly obvious in poor 

stands (S 
•' 

a l i ~ b u r y 1942). 

0.0300 • .. ~ 

• 
0.0285 • 

~· ... ti 0.0270 
~ ... """ . § 0.0225 ~: aoas • •• •• 
:tl •••• •• 
~ 0.0240 ..... ,. 0.032 • •• • • •• 
"t:s ••• 
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Fig. 11. Diagram of relation between weight of an individual and density (population.s 2 and 3) 
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Fig. 12. Diagram of relation between weight of an individual and density (populations 4 and 5) 
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3. 3. N a t a I it y 

3.3.1. Premises a·nd methods 

The tiecond 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 
organisn1 of new individuals, irrespective of the way in which they arise. In population . 
terminology distinction is made between the concept of .... maximal" natality ( = ''ah­
~olute "'') and ~ 'ecological'' natality ( = real or, quite simply, natality ). The first term de­
fines tht~ maxirnum number of individuals produced under ideal conditions, without the 
unfavourable t~ ffect of habitat pressure; rnaximal natality is a constant value for the given 
population deseribing the hiotic potential of the individuals forming it. In practice this 
value is attain(1d with a considerable degree of approximation and the highest reproduc­
tion amongst those found over the whole stuqy period is considered as such (0 d u m 
1963). Ecologieal natality applies to real population growth taking place under definite 
eonditlons and thus with the participation of limiting habitat factors. It is usually ex­
pressed as increas~ in new individuals per unit of area and time, or else as the number of 
new individuals prodn~ed by a unit of population (one individual in a defined time) . • 

Measurement~ of natality of fiv.e populations of Spergula vernal is were made from 
1969 to 197 l . In i\1ay 1969 four identical squares, with a known identical number of 
individuals, lvere set up on ea rh stanrl: the area of each square was 4 m 2 

• Each square was 
divided into four smalJer ~quares, equal units which were analyzed separately. During the 
fruiting period exarnination 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 ~1ay 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 seconrl 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 guara nte~ that all seeds produced by the plants from a given area are in 
{act to be found within it. On the other hand it is impossible to establish how many alien 
(i.e., frorn outside the study area) seeds have entered the area. Under these circumstances 
analyt;is of results is based on the assumption that emigration and immigration of seeds 
takes plar.e to an equal degree and therefore the effect of neither has any important effect 
on the value found for reproduction. 

[n(·rease of individuals per unit of area and time gives a good definition of the natality 
of one population, hut on account of differences in numbers in initial samples of the 
study populations it is difficult to conJpare their natality per area. For this reason calcula­
tion was madr of t.he natality of an average individual of each population, expressed as 
the quotient of n~w individuals (shoot:-;) hy the number parent plants. -. 

The n1easure of reproduction is the resultant of a whole group of factors forming the 
proptl>rty e1ther of the plant itself or habitat conditions. Among the more important 

• 
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questions taken into consideration in this study and arising fron1 the effe~t of natality we 

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

• 

3.3.2. F I o w e r i n g hi o I o g y 

The development of flowers of Spergula vernalis takes place gradually frorrt bottont to 

top of the inflor~scence~ flowers are usually smaller in the upper parts and often very 
weakly developed. The flowering time of on<' flower is short, usually frotn 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 abruptly about 12.30 and 
equally abruptly close about 15.30. 

The observations n1ade point to the frequently encountered variability of n1eans of 
pollination in angiosperms (S z a fer 1956, M o w s z o w i c z 1970). SmalL unimpreB­
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 
anPmophilous way of pollination (D y a k o w s k a 1959, Fa e g r_i and I verse n 
1964), but the possibility of entomophily cannot he ruled out. [)uring the flowering 

period of SpergZLla vernalis thrips (Th_ysanoptera), adapted to living in a dune hiotope and 
feeding on its pol1en, visit its flowers particularly frequently (G r o m a d s k a 1954)# 
The following species of this group \vere found on the flowers of the study species: 
C'hirothrips manicatus Hal. , Halothrips acanthoscalis Karny and Frankliniella intonsa 

Try b. Philanthus vanan,~ Payk . a] so often appeared there, and from tin1e to time hy me­

nopterans. 
Entomophily often takes place parallel to anemophily in n1any specieb (P o r s h 

1956). 
In addition to cross-polJination, experirnents 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 ultirnate of one bud (the others 
were removed) to present alien pollen reaching the stigma of .the pistil. All the flowers 
produced norrnally formed seeds. In P e r v u k hi n a's (1967) opinion the reprorluc­
tivc apparatus reacts particularly sensitively to the effect of external factors and therefore 
deviation from the method of pollination usual for the species is generally ohserved under 
unfavourable weather conditions (P o n o m a r e v 1961 ). 

An indicator of the general healthiness of a plant is the germination capacity of the 

pollen and energy of pollen-tube growth (B y s z e w s k i 1969). In order to obtain even 
approximate data examination was rna<le in 1970 and 1971 - Reparately for each pop~la­
tion - of the germination capacity of the pollen, using :>%.· sugar solution as food. Pollen 
~ern•ination was examined in darkness at a temperature of 20° C. Percentage of ger1nina-

• 
lion was cleterrnined after 24 hours on the basis of 100 g-rains in each variant. The results 
ohtained point to the sirnilarity of pollen gcrrnination in each population, varying within 
liruit~ of 71 76%. It was only in population 5 that gerrnination was 'veaker, fron1 60 to 

(>.'>%. Polleu gcnuinated slightly more poorly in 1970 than in 1971. 
Thert arc no data in literature with which the above results could he con1pared. lt i~, 

howevtr, possible to risk the slaternent that they fonn evidence of a high degree of 

vitality of th~ pollen of Spergula vernalis. 
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3. 3. 3. W e i g h t a n d c a I o r i c v a I u e o f s e e d s 
• 

• 

3.3.3.1. Methods 

The weight of seeds defines their good form and thus describes the quality of the 
material for sowing. S a I i s b u r y ( 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 (S a I i s b u r. y 1942, Z a r z y c k i 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 (F a I i n s k a 1969a). On this account it is better to estimate seeds on the basis of 

· their caloric value for purposes of comparison (P h i ll i p s o n 1969). 
The weight of 1000 seeds of five populations was defined in accordance with ge­

. nerally accepted international regulations (D o r y w a I s k i, W o j c i e c h o w s k i and 
B a r t z 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 6 r e c k i (1965), the 
samples were burnt in a Ph i 11 i p s on (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 ·1 000 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 

Caloric value of seeds Weight of Ash 
Popula- . 1000 seeds content 
tio.n cal/g of organic 

(mg) (o/o) . cal/g of dry mass 
substance 

' 

180.5 ± 0.002 4.9 3925.0 + 40.0 4127.2 

2 126.6 ± 0.001 5.1 4193.0 + - 18.5 4422.9 
. 

3 144.6 ± 0.002 5.2 4165.0 + 18.2 4388.8 

4 . 125.0 ± 0.002 5.2 4329.0 + 68.0 4566.4 

5 . 130.1 + 0.003 5.0 4263.1 + 1 8.0 44875 

.. . 
.. 

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 

1 



Tab. V. Production of fruits and seeds in five populations in 1969-I971 

Production of fruits (number) Production of seeds (nun1ber) 

Popu- per 1 m2 per individual per I m2 per individual 
Year 

lation non- branching non- branching 
non- non--branching indi- branching -branching indi- jointly branching -branching -branching individuals viduals individuals viduals 

. 
I969 226.4 482.9 5.0 + O.IO 19.4 + 3.8 5887.7 . 12312.8 I8200.6 130.3 496.5 

I 1970 217.8 367.5 4.4 + 0.18 I5.0 + 3.8 5445.0 8731.8 I4176.8 110.0 356.4 
. I97I 256.7 596.5 5.6 + 0.16 20.2 ± 4.3 6673.7 16141.0 22814.7 145.1 547.1 0 . . -. 

I969 1107.7 1835.4 6.0 + 0.05 19.3 + 3.7 43199.5 62109.9 I05309.5 234.8 653.8 
2 1970 I196.4 1701.4 6.4 + 0.19 16.7 + 3.6 ·45478.4 52878.3 98356.7 243.2 518.4 

197I I340.8 2038.4 7.0 + 0.20 19.1 + 3.9 52291.1 70427.I 122719.1 273.8 653.( • 
• 

1969 572.I 303.3 
• 

6.5 + 0.09 12.5 + 3.9 20023.8 8042 .6 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 I5.I + 3.9 15686.2 8482.1 24168.3 214.9 403.9 - . . 

1969 I437.3 715.1 7.9 + 0.07 15.2 + 5.0 53) 75.6 20450.7 7~62().3 290.4 436.2 
4 I970 1365.0 493.9 7.5 + 0.27 1I.8 + 4.7 S0505.0 13582.3 64087.2 '277 .fi 323.2 

I97I 1769.0 789.6 9.7 ± 0.22 16.8 + 4.5 67225.8 24493.4 91719.2 ~H)() A 521.2 . 

1969 330.6 107.7 3.9 + 0.06 8.8 + 2.9 7934.8 2575.2 10!109 _() · 91 .H 209.2 
5 1970 316.0 68.0 4.0 + 0.13 6.5 + 2.8 7584.0 j 355.3 8'J39.4 fJ() .0 129.1 

1971 331.6 96 .7 4.6 + O.I6 8.7 + 2.6 7959.1 2277.7 10236.H 110.1 207.2 . 
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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 Sa 1 is bury (1942) and Z a r z y c k i (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 (S a I i s h u r y 1942). 

. . 

In general, it can he 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 spec~es of meadows or forests (cf. S a 1 i s b u r y 
1942, Z a r z y c k i 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 ~he 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 (Go 11 e y 1961, K e­

n dei g h an~ West 1965, Fa 1 ins k a 1969a) leads to the conclusion . that the 
caloric value of the seeds of Spergula vernalis is relatively low which may be due to the 
effect of the poor hiotope 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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Fig. 13. Seed production per 1 m 2 in five 
populations 

a .:.._ in 1969, b - in 1970, c - in 1971. 
1 OOo/o -productivity of population 2 in 1971 
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3. 3. 4. F r u i t a n d s e e d p r o d u c t i o n 

3.3.4.1. Methods 

Production of fruits and seeds was measured in five populations during the period 
1969- 1971, 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 lOO branch.ing and lOO 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 m2 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 (S a I i s h u r y 1942, S e n 1968). Its abundance is particularly strikingly 

. apparent in cotnparison with the low seed production of forest species (Z a r z y c k i 
l 964, F a 1 i n s k a 1969b ). 

Taking into consideration the total number-of seeds per 1 m 2 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 lOO% 
(122,719.1 per 1 m2 

) 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: (l) 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, K nap p 
1954, Z a r z y c k i 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 -9~.% 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 fron1 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 

Germination capacity ( o/o) 

Germination uncooled seeds cooled seeds Popu-
r energy 

la- ' 

alternate contin- alternate con tin- (after tion total total 
light uous light uous Pieper) 

darkness darkness 
conditions light conditions light . 

1 41 .3 ± 2.6 5.3 + 0.5 1 10.0 + 1.5 1 0 15.7 + 1.6 
2 44.3 ± 3.8 8.0 ± 0.6 0 14.0 + 1.1 2 0 15.6 + 1.1 
3 36.7 ± ~ 1.8 4.5 ± 0.7 0 9.0 + 1.5 0 0 18.3 ± 1.9 

-
4 54~6 ± 4.2 9.0 ± 0.8 1 18.0 ± 1.0 2 0 15.5 + 1.7 
5 24.9 ± 0.7 3.0 ± 0.5 0 6.0 + 1.0 0 0 18.4 + 2.0 

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 ·lahora tory conditions. Maximum germination capacity was ·reached by 
seeds kept under room conditions after about 120 days, thus full "after-ripening'' (F o r -
m a n o w i c z o w a and K o z l o w s k i 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 (D o r y w a I s k i, 

W o j c i echo w ski and Bar t z 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. 

I 



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

Number of parent Number of new Germination Number of new Percentage 
Population Year individuals individuals of seeds individuals per 1 of maximal 

. per 1 m2 per 1 m2 (o/o) parent individual natality 

1969 70.0 ± 7.5 257 ± 20.5 1.42 3.67 77.2 

1 1970 74.0 ± 6.6 228 + 27.1 1.61 3.08 64.8 

1971 75.5 + 6.7 359 ± 27.9 1.57 4.75 100.0 

1969 !}79.0 + 20.4 896 ± 33.9 0.85 3.21 67.5 

2 1970 289.0 + 21.8 910 + 25.0 0.92 3.15 66.3 

• 1971 297.5 ± 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 105.5 ± 10.3 123 ± 16.2 0.58 1.16 24.4 

1971 94.0 + 9.1 146 ± 10.6 0.60 1.55 32.6 

. 1969 230.0 ± 20.4 312 + 25.8 0.42 1.30 27.4 

4 1970 224.0 ± 18.0 308 ± 32.3 0.48 1.37 28.8 

1971 229.0 ± 22.6 489 ± 33.0 0.53 2.13 44.8 

1969 96.0 ± 9.2 137 ± 14.5 1.30 1.42 29.8 

5 1970 89.5 ± 7.4 124 + 15.6 1.39' 1.38 29.0 

1971 83.2 + 8.5 124 + 14.2 1.21 1.48 31.1 
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Seeds kept in linen hags at room temperature retain their germinating capacity for 
a long 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 is shown by the results of Se n' 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 requireme.nts of the 
seeds and also their vitality and germination energy. · 

3. 3. 6. D i s c u s i o n o f r e s u I t s o f n a t a I i t y s t u d i e s 

Increase of new individuals per 1 m 2 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 'mJ. 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). 

( .. 
•' 
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80 
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--l:r- 3 60 
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-o- 5 

40 
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Fig. 14. Ratio of real natality of five populations to 

tnaximal natality (IOOo/o- maximun1 natality for study 
period in population I in 1971) 

The results point to an unusually low percentage of gerrninating seeds, particularly in 
comparison with those ohHervPd under laboratory conditions. This phenornenon occurs in 
the majority of plants and is specially distinct in the case of species producing small seeds 
(P e p I i n s k a 1967); th~ (~arlicr . germination of seeds in their natural habitat than in 

the laboratory, connected wilh tht· physical and mechanical propertieH of the soil, is also 

a general n1le. 
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'l 

The connection between lo,\' percentage of germination and simultaneous enormous 
production of seeds has also been en1phasised by S a I i s b u r y (1942), in whose 
opinion poor germination is prin1arily due to the high mortality rate among plants in an 
embryonic state, and depends on habitat conditions to a slight degree only. 

The differences 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 
repro.duction, as shown by Table VII, is affected both by production of seeds and also 
their capacity for ge'rmination. The factor of density, at least within the range of values 
observed, is not of importance here, a~ is shown hy the similar, relatively high natality of 
populations 1 and 2, which differ considerably in respect of density. The natality of the 
other populations is 2- 3 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 diff~cult 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 conditio~s in 1971 have already been emphasised when discussing 
fruit and seed production. 

3. 4. M o r t a l i t y 

3. 4.1. P r e m i s e s a n d m e t h o d s 

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 natalily, it is possible to di­
stinquish between the theoretical concept of "minimal mortality" taking place under 
conditions rnost 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 tnonths, 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, (c) formation of 
inflorescence buds, (d) in the full blooming period and (e) in the full fruiting period. 

Observations were made front 1969 to 1971 in the squares which had been used for 
natality studies. The maximum number of ger1ninated seeds per 1 m 2 was taken as the 
initial unit . 

• 

3. 4. 2. D i s <· u s s i o n o f r t~ s u I t s 

Survivorship r.urves rxpres eci in percrntages of the initial nurnbers of each population 
are illustrated in Figure 15. 

The results point to fairly considerable differences between the populations con1pared, 
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 
2 100(/~- nttnlber of ~erminated 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, c -before buds of inflore­

scerH·c forrn. d - during mass flowering period, e - during rnass fructification period 

intensive u1ortality. 1\ eharac ter which all populations had in co1nmon \vas the high 

mortality rate in winter. This ph~nomenon is connected on the one hanrl \vith the 

juvenile age of the plant, u ually tharacteriz~d by increased n1ortality , and on the other 

by unfavourable climatic conditions. Th~ harmful effect of frost is very distinct, parti­

cularly in relation to the scantily covered stands of populations l and 2, where the 

number,s of individuals disappearing in winter are especially great. After forn1ing the Ill 

lf~a f whorl mortality is n1inimun1 among individuals in populations 3 and 4, and further 

a fairly large number Qf dying individuals is observed in the other population generally 

characterized by the smaHest percentage of survival. 

The high rnortality rate among plants in populations is a frequently observed phcno­

nu'n<Hl in nature (Z a r z y c k i 1965). The survival of certain individuals and death of 

others is usually attributed to individual differentiation of the population into weaker 

an(l stronger individuals from the .. beginning of their lives (1\tt o r o z o w 1953, S u -

k a c h e v 1953). In the given case the effect of the microbiotope i also di tinct, 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 he 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 (L.) 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 Gaum. 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 (K. o c h man and M a j e w ski 1970). Not a single 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. 

3.5. N e t g r o w t h in de x o f t h e p o p u I .a t i o n s 

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 m2

) in 1969 being taken 
as the initial unit. 

3.5.2. R e s u l t s 
• 

Comparison of growth indexes for the study populations is illustrated in Figure 16, 
hut 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. Index of growth in five :-;tud} popuJations in 1970 and 1971 ( eon1parative unit i~ population 
nutnb~rs in 1969) 

tJsing the terminology proposed by V as i I e vi c h (1970) we can allocate changes 
in d~nsity in population 4 lo the oscillation type with the slight fluctuations in the region 
of the mean characteristic of it; the rernaining populations represent. the successive type, 
that is, the type exhibiting a tendency in a given direction in respect of changes in 
numbers, and in consequence leading ei~her to complete disappearance of a species, or to 
constant (up to a certain lin1it) increase in density. 

4. CONCLUSIONS 

Limitation of the studies to a relatively smaJI area does not justify generalizing on the 
basis of all the results obtained, nev~rtheless a sin1ilar hiotope to that with whieh the 
plant is connected over the whole of its range gives grounds for considering that many of. 
the properties o hserved of the Spergula vernal is populations belong to charaeteristic 
features of the specieH. 

Detailed discussion of results has been given in successive sections of this paper. It is, 
however, worth while ctnphasising 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: 
l. The occurrence of Spergula vernal is solely on dry, poor, hiotopes would appear to 

be due not only to the modest food requiren1ents of this species but primarily to its low 
competitive capacity. This assumption is confirrned 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 ~fa 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. 

, 

I 
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4. Slight change~ in densily within on~ population, found in successive years, are 
evidence of fairly intensive autoregulation~ the role of leading factor in regulating popula­
tion nurnbers is played by Jnortality. 

5. Production of seed~, their size, caloric value and gerrnination capacity co1ne within 
lhe Jirnits characteristic of the rnajorily of annual pla.nt~ in open conununities. 

6. The nalality of a population i~ prirnarily dependent on extenl of seed production 
and seed gcnnination capacity. The effect of hahitat conditions on the reproduction of 
a population is indirect and of secondary importance. 

7. Con1parison of suryival eurves for the five populations shows that the biotope 
exercises a decisive influenc~ in this respect. In principle t\\7 0 facts contribute to the hig3 

ruortality rale of a population on weakly stabilized sands: (a) the ease with which scantily 
covered soils dry~ up and (h) the destructive effect of windhore sand. ()ur observations 
have shown that it is ntainly individuals in the im1ncdiate vicinity of clumps of C,ory­
nephurus canescens which survive, forn1 large clun1ps and are strongly hranched. The 
hann ful effects of food competition are in Lhis case n1ore than cornpensated for by the 
benefits gained fron1 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 vt,rnalis, as a pioneer species, 
rapidly occupies hare sands. As the latter hecorne stabilized and the soil is enriched by 
humus Spergula vernalis retreats from areas it previously occupied, giving way to other 
species of greater co1npetitive strength. The study period was, however, too short to 
permit of drawing cornp1eLe1y unequivocal conclusions. 

1 am grcatJy indebted to ProfesHor Dr. K. Zarzytki for his help and guidance during the prepara­
tion of this ~tudy. I n1usl also expre:ss my thanks for con:.;ultations and guidance to Professor Or • 
J. Szwcykowski, Doe. Dr. J. Staszkicwicz, Doe. Or. R. Bohr and Dr. J. Wilkon-Michalska, and I am 
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 i':l five populations 
of Spergula vernalis in relation to abiotic and hiotie habitat conditions. The studies were made from . 
1969 to 197:1. 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. J) properties of the soils. They were also 
distinguished - in extreme caRes - by a slightly different microclimate (Fig. 6 ). 

The scope of the studies indud~d the d~nsity, spatial structure. natality, mortality and net growth 
index of the populations. 
· Analysis of density took into eonsideration fr~quency, numbers of individuals per unit of area and 

biomass - determining the participation of the v\rious organs of the plant. Coefficients of correlation 
for the average weight of an individual and population density were calculated. 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 populatjons wa::; exan1ined in several stages of the ontogenesis of Spergula vernalis. 
The index of net growth of eaeh population was calculated on the basis of results of natality and 
rnortalit y. 

The studies ntade showt:..d that: 
1. AbundanC'c and biornass of the titudy populations dep<~nd not onJy on the degree to which the 

biotope is rich in nutrient eomponents, but prirnarily on the presence or absence of other species 
eon1peting with Spergula vernal is. for ~pace and food. The favourable effect o{ richer biotopes con-
tinues t o be evident until the interspecies tompetition factor appears (Tab. ll, Ill, Fig. 9). 

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

3. The mass of fruits forms about 50o/o of total biomass, while root mass does not usually exceed 
lOo/o (Tab. Il). In Sa 1 i s bury's (l952)opinion such proportions are characteristic of the majority 
of annual plants in open <!ommunities. 

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. Ill). The degree of crowding is greater where the 
-sands of the dunes are less firmly stabilized. The dumping of individuals is evidence of their reaction 
to the destructive effec t of windbome sand; it is due to a lesser extent to the way seeds are dissemi­
nated. 

5. The flowers of Spergula vernalis are both anemophilous and entomophilous; in addition 

autogamy was found as well as cross-pollination. The percentage of pollen germination is fairly high, 
con1ing within limits of 60- 76o/o. 

6. The weight of seeds exhibits a negative correlation with the density of the individuals producing 
them; it depends on the properties of the biotopc 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. IV). 

7. The calorir value of ~ed s is relatively low ('fab. IV), not exhibiting any direct connection with 
the weight of , reds. 

8. Seed produetion - within the s<;ope of the densities observed - is positively correlated with 
population nun1bcrs, which forms a deviation from the general rule of inverse proportions. Climatic 
conditions affeC't the produetion 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 vt~ry high (Tab. V, Fig 13). 

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

10. The gerrnination eapaci ty of the seeds of Spergula vernalis is relatively low, fairly considerable 
differences being ·found between the populations compared (Tab. VI). Germinatiop 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. 

ln 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 individuaJs 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 stl;ldy years, 
which is evidence of marked autoregulation: mort~ity plays the role of leading factor in regulating 
population nun1bers. 

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 hare sands (popuJations 1 and 2), hut as the lattt!r 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 sh~rt to tnake it possible to reach unequivocal conclusions. 
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6. POLISH SUMMARY (STRESZCZENIE) 

PrLedstawiona praca jest pierwszct z cykJu prac poswi~conych ekologii i zmiennosci morfologicznej 
Spergula vernalis Willd. Zawiera wyniki analizy grupowych w.tas'ciwos'ci pi~ciu populacji Spergula 
vernalis na tie abiotycznych i hiotycznych warunkow s'rodowiska. Badania wykonano w latach 
1969-1971 w sukcesyjnym szeregu stanowisk wydmowyc!: w Kotlinie Torunskiej. Wybrane po­
wierzchnie roznity si~ zarowno stopniem pokrycia przez roslinnosc i skladem florystycznym (fig. 3, 7), 
jak tez odmiennym ukladem fizycznych (fig. 5,8) i chemicznych (tab. I) wlasciwos'ci gleb. Cechowal je 
takze - w skrajnych przypadkach - nieco odmienny mikroklimat (fig. 6 ). 

Zakres hadan obejmowat zagftSZCZenie, strukturf(, przestrzennf!, rozrodczosc', smiertelnosc' oraz 
wska.Znik wzrostu netto populacji. 

Analiza ?.agf(_szczenia uwzgl~dnial'a frek wencj~ , liczebnos'c osohnikow na jednostce powierzchni oraz 
bioma~ - z ustaleniem udzial'u poszczegolnych organ6w roSiiny. Obliczono wspotczynniki korelacji 
dla c~iaru przecit(_tnego osobnika i zag~szczenia populacji. Ocen~ struktury horyzontalnej populacji 
uzupel'niono zbadaniem stopnia skupiskowosci osobnik6w. 

Rozrodczos'c populacji scharakteryzowano w oparciu o szereg zagadnien szczegotowych: biologi~ 
kwitnienia i owocowania, zdolnosc' kielkowania pyfl<.u, produkcj~ nasion, ci~zar i wartosc kaloryczn~ 
nasion., zdolnosc i energi~ kielkowania nasion. 

Zbadano s'miertelnos'c populacji w kilku stadiach ontogenezy Spergula vernalis. Na podstawie wy­
~ikow rozrodtzos'ei i s'miertelnosci obliczono wskainik wzrostu netto kaidej populacji. 

W wyniku badarl. stwierdzono: . 
1. Liczehnos'c' i biomasa badanych populacji uzalt.:tnione S'!, nie tylko od zasobnosci siedliska 

w skladniki pokarn1owe, ale przede wszystkim od obecnos'ci luh hraku innych gatunkow, wspOikon­
kurujctcych zc Spergula vernalis o przestrzen i pokarm. Korzystne oddzialywanie zasohniejszych sie­
dJisk zaznacza si~ dopoty, dopoki w grt;, nie wchodzi czynnik konkurencji mict_dzygatunkowej (tab. 11, 
Ill, fig. 9 ). 

2. Ci~iar osohnika wykazuje wyrainy zwictzek z zag~szczeniem populacji. W populacjach o duzym 
zagct,szczeniu stwierdzono istotn~ statystycznie ujemnct zaleznos'c' obydwu parametr6w; przy niskich 
zag~szczeniach wsp6tczynniki korelacji set dodatnie (fig. 10, 11, 12). 

3. W ogolnej biomasie okoto 50o/o stanowi masa owocow; masa korzeni z reguly nie przekracza 10o/o 
(tab. 11). Takie proporcje cechuje wedlug Salisbury' ego (1952) wi~kszosc roslinjednorocznych 
otwartych zbiorowisk. 

4. Badarria struktury przestrzennej pittciu populacji wykazaly , ze w kazdej populacji wystcwuje 
skupiskowy typ rozktadu osobnikow w przestrzeni (tab. Ill). Stopien skupiskowosci jest tym wyzszy, 
jn1 piaski wydmowe ~~ slabit~j utrwalone. Skupianie sitt osobnikow swiadczy o ich reakcji na 
ni~ztz'lce dzialanie Jotnego piasku ; w mnit>j~zyrn stopniu wynika ono ze sposobu rozsiewania si~ 

• nas1on. 
5. K wiaty Spergula vernalis zapylane set zarowno anemogamicznie, jak tez entomogamicznie; 

stwierdzono ponadto autogami~ obok zapylania krzyiowego. Stopien kielkowania py&u jest do~c 
wysoki., waha si~ w granicach 60-76o/o. 

6. Ci~zar nasion wykazuje ujcmnct korelacj((_ z zag«£szczf.niem produkuj'l,cych je osobnikow; w nie­
wielkim stopniu jes t on uzalczniony od wla8ciwosci siedliska. Podobnie jak u wi~kszosci ro~in jedno­
roezny <:h zhiorowisk otwartych, nasiona Spergula vernalis Set bardzo lekkie (tab. IV). 

7. Wartosc kalory<·zna nasion jest stosunkowo niska (tab. IV), przy czym nie wykazuje prostego 
:zwjctzku z fitiarem nasion. 

8. Produkcja na.."ion - w zakresie obserwowanych zag~szczen - jest dodatnio skorelowana z Jiczeb­
nos'c i'l_ populac·ji, to stanowi odst~pstwo od generalnej reguly odwrotnych proporcji. Warunki klima­
tyczne rzutujct na produkcj~ owocow, liczha nasion w torehce jest jednak w obrCG,bie jednej populacji 
cech'!_ stabilnac: Zarowno w stosunku do jcdnego osobnika, jak tt~z w przeliczeniu na jedno s tk~ powierz­
chni, prod ukcjcc. owocow i nasion Sper8ula vernalis uznac mozna za bardzo wysokct (tab. V, fig. 13 ). 

9. Na wielkos'c rozrodu rue m a wpl'ywu zagf(_szczenie populacji. Rozrodczos'c populacji uzalezniona 
jest przcde wszystkim od rozmiaru produkc·ji nasion i ich zdolnosci kielkowania (tab. VII), a pos'rednio 
tyJko od warunkow srodowiskowych. 
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10. Zdolnos'c' kieJkowania nasion Spergula vernalis jest stosunkowo niska, przy czym stwierdzono 
dose wysokie roznice pomi~dzy porownywanymi populacjami (tab. VI). Energia kiclkowania jest 
dodatnio skorelowana z zywotnos'cict nasion. . 

11. Badania smiertelnosci populacji wykazaly, ze wplyw siedliska w tym wzgl4<,dzie jest' decydujctcy. 
Na wysok'l. smiertelnosc populacji sl'abo utrwalonych piaskow (fig. 15) sktadajct, si~ zasadniczo dwa 
czynniki: a) latwose wysychania sk'l.Po porosnif(.tych gleb i b) niszcz'lce dziatanie lotnego piasku. Przy 
zyciu utrzymuj'l si~ glownie osobniki tworztce duze sktipienia i silnie rozgal'((.zione, a zatem szkodliwe 
skutki konkurencji o pokarm S'l, w tym przypadku z nadwyzkct kompensowane przez korzysci wy-
nikaj'l,ce z wyst~powania osobnikow w grupie. · . 

12. W kolejnych latach badan stwierdzono niewielkie zmiany zagf(.szczerlia w obr~bie jednej popu­
lacji~ CO swiadczy 0 silnej autoregulacji. Rol~ czynnika przewodniego przy regulacji liczebnosci po­
pulacji odgrywa smiertelnosc. 

13. Wartosci wskainikow netto badanych populacji (fig. 16) stajct si~ zrozumiate w konteks'cie pro­
cesu zarastania wydm. J ako gatunek pionierski Spergula vernalis w szybkim tempie opanowuje nagie 
piaski (populacje l i 2). W miar~ ich utrwaJania i wzbogacania gleby w prochnic~ ust((j)uje miejsca 
gatunkom o "'yzszej sile konkurencyjnej (populacja 5 ). Okres badari by~ jednak zbyt krotki dla wy­
ci~i~cia jednoznaeznych wniosk6w. 
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