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EFECT OF POPULATION DENSITY ON THE PHENOLOGICAL 
DEVELOPMENT OF INDIVIDUALS OF ANNUAL PLANT SPECIES 

ABSTRACT: During a six years' period the course of the life cycle was observed of five species of 
dune annuals at three different density levels. The studies have shown that: (1) the time of seedling 
emergence and the duration of the seedling phase depend primarily on the weather conditions; 
(2) after the seedling phase has been passed, an increase in 4ensity is accompanied by an acceleration 
of the developmental phases (until the flowering time) and shortening of the life cycle; (3) the shorter 
the growth . cycle of a species the more marked is the effect of density on the phenological 
development of individuals. 
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1. INTRODUCTION 

Many studies concerned with the effect of the density of a population on its other 
properties, as well as on the characteristics of the individuals, were focused primarily on the 
problems of an increases mortality under the conditions of an intensified competition as a result 
of overcrowding (Marschall and Jain 1969, 1970, Mathews and Westlake 
1969, Ross and Harper 1972, Symon ides 1974, 1977, and many others). There 
have also been many papers dealing with the relationship between the density of individuals and 
their size and weight (P a I m b I a d 1968, P u t w a i n and H a r p e r 1970, W h i t e and 
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Harper 1970, Symon ides 1974), l>etween the density and the percentage of flowering 
and fruiting individuals in a population (R a b o t n o v 1950, H a r f> e r and O g d e n 
1970), production of fruit and seeds and their germinating capacity (S a 1 i s b u r y 1942, 
Knapp 1954, Zarzycki 19~5). 

The studies have revealed that population density also affects the development rate of plants 
and their phenology. The most frequent result of the phenological reaction of plants to over­
crowding is an elongation of the life cycle and retardation of the successive phenophases. This 
applies primarily to all biennial and perennial species (L i n k o 1 a 1935, R a b o t n o v 
1950, P a I m b l ad 1968). A reverse phenomenon, i.e., an accelerated development under the 
cor,ditions of a high density has been observed among the annuals (S u k a c e v 1941, 
P a 1 m b 1 a d 1968, W i l k o n -M i c h a 1 s k ·a 1976). 

However, the phenological reaction of plants to population density has not so far been the 
object of separate studies which would compare the dates and the course of the successive 
phenophases, and the phenological differences among individuals within a population at 
different densities. This problem was the object of the investigations presented in this paper 
dealing with annual psammophyte species. The paper is part of a wide-scope series of studies of 
the phenology of dune plants, taking into account biennial and perennial species. 

2. STUDY All\1S AND METHODS 

The observations were carried out, in the years 1968-1973, in four different plant 
communities on the dunes of the Torun Basin. The general description of the study area, the 
soils, climate and vegetation can be found in the paper by Symonides (197 4). The weather 
conditions during the study period have been presented by means of W a 1 t e r ' s (1962) 
climatic diagrams, prepared on the basis of the data obtained from the Torurl-Wrzosy Station of 
the Institute of Meteorology and Water Management (Fig. 1 ). 
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Fig. 1. \Valter's climatic diagrams (W a It er 1962) for Torun for the years 1968-1973 
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The plant species, selected for the studies, differed in respect of both the total duration of 
the developmental cycle and the dates and the course of the successive phenophases. Listed in 
order of increasing life span they were as follows: Cerastium semidecandrum L. - most often 
germinating as early as the end of tl1e calendar winter, Androsace septentrionalis L. - with its 
developmental cycle being completed during the spring, Plantago indica L. - germinating in 
spring and flowering in summer, Trif olium arvense L. - germinating, like the former species, in 
spring, hut with a very long flowering period, until early autumn, and Spergula vernalis Willd. -
a species that winters in the seedling stage and flowers in the spring of the foil owing year. 

On the basis of the preliminary analysis of the developmental rhythmicity of the species 
under study during the first study year the frequency of observations was established, as well as 
the phases which were subsequently used for determining the developmental stages of the 
individuals: (1) seedling phase, (2) growing phase, (3) inflorescence bud phase (this did not 
apply to Cerastium semidecandrum ), ( 4) flower bud phase, (5) flowering phase, (6) unripe fruit 
phase, (7) phase of ripe fruit and seed dissemination, (8) dying phase. Where in Lhe same plant 
several phenophases could be seen simultaneously ( e.g., flower buds, fully developed flowers 
with unripe seeds occurred simultaneously in one individual), the feature taken into account 
was the time of dominance of a phase. 

In the detailed pher1ological observations carried out every 3- 5 days, depending on the 
intensity of the phenomena, in the years 1969-1973 the numeric ratios between individuals in 
different developmental stages were considered. The observations were conducted in five 
permanent areas, each of the size 2 x 4 m, divided into 400 equal-sized plots; thus the area of 
one plot was 0.02 m2

• On the day of observation, in each of the plots the total number of 
individuals per a developmental phase was recorded. 

Because the main objective of the study was to demonstrate any possible relationships 
between the rate of development and d·ensity, the results have been worked out on the basis of 
the data from specially selected plots representing (in equal numbers) three classes of density of 
individuals of the same species. The selection of the plots was based on the following method: 
(1) all plots in which individ•uals of other species, of one or more ( except single specimens) 
occurred in addition to the species under study were excluded; (2) for the remaining })lots five 
density classe$ were established ( considering the range of values for the number of individuals 
determined for the seedling phase of each species) and for each class the mean density was 

calculated; (3) for the statistical analysis of the results for the particular year 30 plots, with 
densities nearest to the mean density of a given class, were selected from each of the total 
numbers of plots included in the lowest (first), the medium (third) and the highest (fifth) 
density classes; the remaining plots were not taken into account. In the seedling phase the 
density ratio for these plots was 1 : 2 : 4, and in the fruiting phase 1 : 1.5 : 2. The average 
number of seedlings and the average number of fruiting individual of each .. pecies in a plot in 
two different years have been given, only as exam1lles, in Figures 2-6 further on in the text. 

In the comparative analysis of the developmental rhythmicity of the species under study 
with varying densities the following were taken into account: 

1. total duration of the life cycle, from the emergence of the fir. t seedlings to the death of a 
half of the population; 

2. duration of each of the developmental phases; 
3. the time of maxim urn intensity of tl1e ph,1~ es of flo,ver buds, of flo\\1ering, of ripe fruit, 

of Reed dissemination and <>f dying - relative to the date of tl1e occurrence of fir t seedlings; 
4. tl1e elate of ft1ll flo,vrring. 
The ~tatistical h)·poth~sr:, on th~ la('k of differenc{> ' in the ler1gth of tl1e \\ihole devrloJ)-
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mental cycle, of the individual phenophases and in the tin1e of the maximum intensity of 
selected developmental phases at different densities and in different years have been verified by 
the test of double a11alysis of variance (Gren 1974), using square root transformation of the 
empjrical data. Where cliff erences were found at the significance level of 0.05, Duncan's 
multiple range test (0 k t a b a 1966) was used, and correlation coefficients were calculated to 
find out how and to what extent density affects the development of the species studied. 

3. RESULTS AND DISCUSSION 

The course of the individual phenophases of the species under study, in the years that 
differed most in respect of the date of the first germs has been presented in the phenological 
spectra (Figs. 2-6), drawn by Be idem an' s (1954) method, with data for high, medium 
and low densities given separately. The spectrum scale is comparable, because 100% is always 
represented by the total number of individuals in all the plots analysed jointly, because of their 
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Fig. 2. Phenological spectra for Cerastium semidecandrum 
Phenophases: 1 - seedling, 2 - growing stage, 3 - inflorescen-ce buds (applies to the remaining species, see 
Figs. 3-6 - there are no inflorescence buds in C. semidecandrum ), 4 - flower buds, 5 - flowering, 6 -
unripe fruits, 7 - ripe fruits and seed dissemination, 8 - dying of plants. Densities: a - h~ b - medium, 
c - low. The curve above the spectrum represents the percentage of individuals that emerged and of those 
that survived, relative to the total number of seedlings; the numbers given above the spectrum denote the 
average density of individuals per plot in the seedling phase (left) and in the phase of ripe fruits and seed 

dissemination (right) 
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Fig. 6. Phrnological spectra for Spergula vernalis 
For explanations sec Figure 2 

densities being sin1ilar. Arranged vertically in eacl1 spectrum a1e the numbers of phases recorded 
<>n the particular observation day and the pcrt~~ntage (>f inclividuals being in these phases, 
hori~ontally - the duration of tl1e s11ccessive 11l1er1ophast~s is given. The curve above the 
s1lectr11m shows the percentage of individt1als that emerged an,] tl1e percentage of survivors in 
the consecutive phases of tlte developmental cycle, re1ative to the total nurnber of seedlings that 
emerged in the plots. 

The duration of the life cycle of the selected species variecl considerably from year to year. 
Tl1e life cycle, shorter or longer, was primarily connected with the date of emergence of the 
seedlings, which varied during the study period - depending on the species - between 10 and 
27 days (Table I). Delayed coming up was followed by accelerated occurrences of the successive 
phenophases, this being particularly clear until the time of formation of the first fruits, due to 
which the dates of the mass dying of plants were similar (F.igs. 2-6). 

The relationsl1ip between the rate of development and the density of individuals did not 
" occur in all species, and it did not apply to all the phenological phases. A most marked 

relationship between the total life length and the density of individuals was found for 
Cerastium semidecandrum and Androsace septentrionalis, that is, for ephemeral therophytes 
characterized by a remarkably short life history. Tl1e higher the density of the individuals of 
these species in a common area the faster was the rate of development of an average individual. 
In some years a similar relationship was recorded for Plantago indica and Trif olium arvense, but 
it never occurred in Spergula vernalis, a species with the longest life span among the species 
studied (Table I, Fig. 6). 

https://W1111-11~-~---.11
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Table I. l)uratio11 of life <.'yc]cs (itl day~) of the !-ipecic~ und.-.r stuc{y, at different dert~ities 

(++) earh year tl1e life span was <liffcr<'tll sig11ifica11tl~ at <iifl'erc11l <lc11~ities. ( t- ) - in :-:.01t1c 
years the life spa11 was significantly different al difft·rcnt U<'nsities. ( - ) - no significa11t dif-

ferences i11 the life span at different d('nsilir~ 

I )eusit y 

Specie~ 
Jll( ' d ill Ill l<.>V\7 

:-\S-~i9 - - ( t t )-- •l5 - .")b ---( + )--- 48 -.">h 
C<>rasl ium semidecandrurn 

- -------( 1 + )----- --

5:>--()0 (++ ) 67- 71 ( - ) 6-l - 71 
Androsace septenlriorialis 

( ++ ) 
• 

l :12- 116 (++ ) J .lJ- 160--{- ) 143- 162 
Plantago indica 

( -t ) 

\ 

139- 102 (+) 142- 17 J (-) 142- 173 
Trifolium arvense 

( -t ) 

255- 271--(- )-259- 273-(- )--259- 274 
Spergula vernalis 

------(- )-----

Under the conditions of a high density, an acceleration of the development is marked first of 
all in the growing phase and in the inflorescence bud, flower bud and flowering phases (Fig. 7). 
The duration of these phases was always significantly different in individuals which grew in 
di££ erent densities except Spergula vernal is for which only in certain years was a considerable · 
relationship and negative value of the correlation coefficient. found. However, it must be 
mentioned that in the estimation of the significance of the differences in the duration of 
analogous phenophases and in the calculation of the correlation coefficients for Cerastium 
semidecandritm, Androsace septentrio'}alis and Plantago indica several per cent of individua]s 
have been left out. These were i11dividuals whose development at a very high density had been 
impeded at the gro,ving stage and they did not attain the generative phases of development 
(Figs. 2a, 3a, 4a). These individuals most often died before the mass dying of most of the 
individuals in the same plots. A protracted state of a certain ''underdevelopment.,., is common in 
the perennials. (Ra b o t no v 1950). 

In some years tl1e individuals derived from different densities differed in the duration of the 
seedling phase; however, only in one case ,vas a li11ear relationship found het,veen the duratio11 
of this phase and density. Therefore the studies l1ave not revealed any effect of density on tl1~ 
duration of the seedling phase, ,,vhich, like the date of the emergence of tl1e first se~dlingR, 
depends above all on the weather conditions (rf. Fa 1 ins k a l 973, 
W i 1 k o n -M i c ha l s k a 1976). In the case of the ephemeral SJ)eries of tl1e early spririg the 
beginning of the gro,ving stage was associated witl1 the date of disappearance of the snow cover 
(Cerastium semidecandrum) and of the ground frosts (.4n<lrosacr> sr>J>tentriorzalis) (cf. Fig. l an<l 
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Figs. 2, 3). For the remainder of the species an earlier germination occt1rrc<l in Y"ars 
characterized by a large amount of preciflitati<)n and relatively high temflCraturcs: in May 
(Plantago indica and Trif oliu,n arv<>nse) and in August (S[J<>r~ul<i vernal is) - l◄'igure I a11,l 
Figures 4, 5, 6. The effect of density on the dtiration of tl1c seedling phase couJ,J only be seen 
in Androsace septentrionalis in 1969, in which year the spring began very late: the duratio11 c>f 

the phase in question was clearly shorter at very high densities than at medium and l<>w 

densities (Fig. 3). 
For Androsace septentrionalis a statistically significant, negative relationshiJ> c<> tild also l>c 

found between the duration of th~ unripe fruit phase and the density of i11dividt1als. ~-,or tl1c 

1 2 3 4 1 8 
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• Andros.ace~ -e ®- -+-+- -+-+-~ . eoe- -Oe& -0-:0-
septentrionalis 0 @ e e -+- -+-

Plantago -+-+- -+-+-~ ~ -Oee- •e e- ~ indica 0 9 @ e ~ -+- -+-
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Spergula -0::0- ~ -0::0- ~ -+--(}- -+-+- -+--+-
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a b C ~i', -0-0-++ 111 .. ~ + IV 0 Ov T 

Fig. 7. l.,ist of significant diff ercnr.es a11d corrclat ion hr.l w<·cn thr <.lural ion of individual phcnopha~c. and I he 
dcn~it y of inrlivid ual~ 

P}1cnopha._cs as in Figure 2. Q - relationship belw<·cn high density and n1f'diurn d<'n~ity. ~ - r~lali<>11ship 
between medium dt'nsity and lo\v dcn..'iity, 'Y - relationship bet\v,·en high density a11d lo\,, d<'n~ily. 
I - significant diff ere nee~ and sigr1 if if ant n~at ive corrclalio11 cacl1 y f'ar, II - :ignifi<"an t di ff crcnc·e:-- a11d 
significant negative c·orrelation in sorne yea rs~ III - significant diffcr<'nces rach year, but 110 correlal ion, 

IV - ·igr1jficanl diff erente · in some years. bul no corrrlalion, V - 11011-signifiea11t differe11c:cs 

remainirig species, and for all the species in th .. e remaining developmental stages densit )' has n(>t 
been found to affect the duration of the following phases: c>f unripe fruit ·, rir) c fruits anrl 
dis emination, and of dying. It must be empha ized, ho,vever, that under tl1c con<litiont-- of a 
heavy overcro,vding a n1as::, dying of individual reduces the differences bet ,veen the ·~high~\ 
''medium'' and '"low'' denRities in the fruiting pha e, as compared with tl1e seedling pl1ase (cf. 
the survivor hip curve .. , Figs. 2-6). lt is, therefore, {)Ossiblc that this wa the reason ,vh)1 n<) 

linear relatio11shi11 ,va · fc>1t11d bet,veen the density and the d11ration of the terminal life J)hase. 
(Fig. 7). In spite of this, i11 as many as three species the dat<' of maxi1num d}·ing, and in four 

species the da~e of the maximum intensit)' of rir)c fruit and di5, rmintltion differed : ig11ific:antl)' 
in individuals growing at different densities (Fig. 8). Obviou. 1)' , tl1e, e cliff er nee~ ,ver~ yrl 
greater in the case of the earlier developmental pl1a e.: of flo,vcr bud;, ancl of flowt=1ring. In 
Trif olium arvense and Plant ago indicn, for inelance, the maxi111t1n1 i11ten~it. <)f ll1<> f]o,rering 
pha e of the individual .. at a l1ight density al,vay · O<'C'l1rred 14-21 cla)' .: earli r tha11 al a I(>\\. 

9 - Ekol. pol. 26, 2 
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density, ,vhile the greatest, in tl1e study period. differences in the date of maximum fruiting and 
dissemination of thesP species amounted to 12 day6. Thus the acceleration of development at a 
high densit).r is particular]~~ evident until the flowering time ( cf. P a 1 m b l a d 1968) . 

• 

4 3 7 8 
····•·•·•········'· : : : :::::::::-:::a::. 
····· ·· ··········•·· · ··················· ···················· ···················· ••• 4 ........ 'I.·•· •• ... 
~ "'!.' "!. ! ~! .... ~ .!"' .. t" 

-

... 
• -

•••••• 
• •••• 

• • • • • • • • • 
a b C a b c a b c a b c 

Cere9t1um ~ 
semidecandrum @ 

Androsace -e-:-<:)-
septentrionalis @ 

Plantago ~ ~ ~ -+-+-
indica e @ @ + 

Trifol,um -0-::C>- -e-:-0- ~ ~ 
ervense ---c0~- - e e ----o---
Spergula ~ ~ -+-+- ~o 
vernal is ---c(0~ ---c(D~ -+- - . 

Fig. 8. List of significant differences and significant correlations between the date of meximum intensit)1 of 
the individual phenophases and the density of individuals 

Phenophases as in Figure 2, remaining explanation~ as in Figure 7 

Interesting was the comparison of the flowering date of the species studied: within similar 
densities, in spite of the differences in the dates of emergence of seedlings in the individual 
years, the flowering always occurred in similar periods, especially in species with a longer life 
span. In the extreme case, in Spergula vernalis the date of mass flowering was almost the same 
in all the study years (Fig. 6). Within one species the differences in the date of full flowering 
were found to be in general greater in the same year at different densities than at similar 
densities but in different years (Table II). Only in 1969 was a significantly delayed, relative to 
the remaining years, floweri11g observed in Cerastium semidecandrum, and especially in 
A,idrosace septentrionalis; but even in tl1is case statistically significant differences were foun<l 
in the date of flowering between individuals occurring at different densities. It may, therefore, 
be concluded that a biotic factor such as the population density, can to a larger extent modify 
the development of individuals, determined primarily by the biological characteristics of the 
species, than can a complex of climate or habitat conditions. 

4. • CONCLUSIONS 

The studies permit the following conclusions to be put forward: 
1. The length of life of the individuals of the annual species studied depends both on the 

climatic conditions and the density of a population. The climatic conditions deter1nihe the 
germinating ·date and the duration of the seedling phase, a retarded growing always causing an 
acceleration of the occurrence of the successive phenophases and shortening of the life history. 
The stimulating effect of a high density on the rate of development is most marked in the 
period preceding the date of flowering. 

2. The studies have in essence confirmed the view held by S u k a c e v (1941) that under 
adverse conditions affecting the growth of the annuals due to population overcrowding, there 



'fable II . l)ale., <>f fuJI flowering of the sp~cie~ under study., at tliffr.re 111 rlrnsi1ics 

a - high density, b - mediurn density. r - low dcnHil y 

Specie~ l)rnsi l y 1968 1969 1970 I ')7 l 1972 J 97;3 

. 

a Lt Apr. 1 l Apr. 6 Apr. :1 Apr. 4 Apr. ;3 Apr. 
--C 
-a ,... . -( :erastium scrriidecandrurn l) 10 Apr. 17 Apr. 12 Apr. 9 Apr. I() AJ)r. 9 ,\ pr. -~ 

(; 13 Ar>r. 2 ,) ') A·pr. 15 Apr. 12 1\ pr. 14 .i\ µr . 12 .t\ pr. 
-
0 -· --

a 20 Apr. 8 I\1ay 19 Apr. 22 Apr . 21 . Apr. 21 Apr . ~ 

· ).., A ndrosac,• st• f>I ,•n t ri<> nalis h 26 Apr. I l l\ilay 2,... , ) Apr. _, '\pr. :!8 Apr . 29 Ar>r. --· "f. 

(' 2<) 1\ pr. I 4- i\la \- 28 :\ pr. J !\l a\ :3() ,\ pr. :~ () ,\ pr. 
., 

•) r- · --
. a _ . ) Jul y 2h Jul y ·) '.1 J ul ~· .I ul\ ...> . .l Jul y ·) •> J ul> ~ --· 2 ' --. ... 

Plantago i,i,i i,·o ll 6 Aug. 8 Aug. !) ,\ug. () ,i\ug. j Aug. i \ug. -..... ..... . -
( ' l () ,'\ ltg. I l Aug. 8 Aug. () :\ug. I () Aug. ii :\ug. ::; --

. -
~ --

a 15 Jui) 17 July 14 J t1l y J () .l t1ly 17 July I : i July I 
•)- •) '{ · ) . ) 1'rif oliurn urv, ns<> b ...- :) .I ttJ y 29 J Ltl y -. July 28 J ul~ 2tl July -- July I --.... · ..... -(' 28 JUI} . ) 1\11 g. 2() . I ul . v 1- Aug. i ,\ug. 2h J lll) --· < 
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( ' 2() i\lay 'I tl \ 21 ,1.,, 21 ~la\ ·>·> ;\la, 21 ~la, - - . . -- . . 
• . 
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• 
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occurs and acccleratio11 of tl1~ 1>henolc)gical dcvel<>f>Jll('tlt. 11<>\vc,·er, <J,,viati<>ti~ frc,rn ll1iB rule 
have been fou11d i11 the rase of a1111t1aJ SJ>ccics with lc)nger life cycles. 

5. SUMlVIJ\I{ ) ' 

During a ::;ix years' period th<' life rycles were ob~rved of fiv<' sp,•ci<':-; <>f a11nual 1>lants at thrc,· diff<'rf'nl 
density levels. The i11vestigations were carried out on dunes in the 'l'<>rur1 IJa~i11 i11 tl1c year~ I 96tl- I 973. 
A concise description of tl1c weatl1cr conditio11s duri11g the study pcrio<l has l>ccn prc:-;<•ntcd 111 Walter's 
climatic <liagra111s (W a l t <' r l 962) - 11.,igurc 1. 

'fhc sp<'cics under study differed in respe('t of the dates a11d th<' course <>f tltt· ~u<.·<·<•:-;sive pl1e11opha~es ar1d 
the total lif c lc11gth. Listed it1 order of a~cend ing life spans they wrrr: Cr>rastii,n1 S<'11ti<l<>c.a11,lr1,111, A 11drosac,, 

septentrionalis, Plantago i,idica, Trifolium arvense and Sp<'rgula v<'r11alis. l 'he <it'V<'l(>f>1r1cnta) :-;tage of t}1e 
individuals wa~ determined 011 tl1e basis of 7--8 phcnopl1ascs. 111 the c·on1parative a11alysi~ of lh<' dcv<'lop• 
mental rhythmicily of the given spc cies at dif fcr<'n t density level~ t h<' f olJow ing \V('f<' lak<·n into a<.·r<lu nt: 
(1) total length of tl1c life cycle, (2) duration of tl1<' SU('('<'ssivc d<'v<'lopmcntal pl,a~c:--,(:1) date· of attair1i11~ 
maximum intensity of tl1c J>hasc of flower bud~, flowcri11g, ripe fruits an,J sc~d clisserninati<>tt and of dying -
relative to the date of the first comit1g up of gcrrns. and ( 4) th(· full flo,vering date. 

In the verification of tl1e statistical hypothesr,· the ().05 level <>f sigr1ifican<·<' ,va~ ust·d. 
The present studies permit a nurnber of cor1c]usions lo Le put f<>r¼·ard: 
1. The life span of t}1c individuals of the species studied d<~J><·n<ls above all <>tl the date of :-,(•<·<lling 

emergence. A delay in the coming up process rauses an acceleration of the ~ur('essiv<· J)hcnophas<'~ and a 
shortening of the life cycle (Figs. 2-6. Table I). 

2. An increase in the density of individuals of thr ar1111.tal specie\ is f ollo\ved by an accclerat i<>tl of t h<' 
phenological development. The l1orter the life cycle of a species, cictcrn1incd by its biological propcrt i<'~, tl1<' 
1nore marked is this acceleration (Figs. 2-6 ). . 

3. The acceleration of development at a high drnsity level aff<'cts ir1 the first pla<'<' tl1e early dcvclor>­
mental stages; in the post-flowering period density as a rule has no apr>arcnt effc('t on ll1c duration of the 
individual phenophases (Fig. 7). 

4. Due to their faster development, observed at higl1 dcnsiti" · until the time of flowcri11g, the i11dividuals 
also attain at an earlier time their full fruiting and seed disseminatior1 phases and the} die earlier, relativ<' lo 
the individuals gro\ving at lower densities (Fig. 8 ). 

5. The seedling emergence date and the duration of tl1c sec<il ir1g phase, varying co11sidcrably from y<'ar to 
year, indicate that at the carlie l developmental stage the climatic ('Onditio11s I>lay the 111ost irnportant role ( cf. 
Fig. 1 and Figs. 2- 6 ). 

6. After the completion of the seedling phase a predominance of the effect of the inner rhythmicily of 
the species over the action of tl1c broadly understood climatic factors could be seen in all the species studird. 
Thi is indicated by the similar dates of n1ass flowcriug in tl1e different ycar8, in :pitc of the diffcrc11ccs in tl1e 
dates of seedling emergence, and in the ,veatl1er conditions of the individt1al years (Fig. 1, Tab]c II). 

Thus thr studies have in cs ~cncc ('Onfirmed tl1c opinion put forward by Suk a cc v (194L) that in tl1c 
annuals an overcrowding of individuals accelerates the dcvelopn1cnt . Ho,vcv<>r, this rulf applic .. to ~r><'<•if•s 
,vith very short life cycle~. 

6. POLISH SUMMARY 

Przez okrcs szcsciu lat obscrwowano przebicg cy klow zyciowych pi~ciu jcdnorocznych gatunkow rosli11 w 
trzcch roznych zag~szczeniach. Badania przcprowadzono na wydmach Kotliny Torunskicj w latach 
1968- 1973. Syntctyczntl charaktcrystyky warunk6w klimatycznych \V okrcsic badari przcdsta\l1iono na 
diagramach klimatycznycl1 Waltcra (W a 1 t e r 196 2) (rys. 1 ). 

Uwzglydnionc \V badaniach gatunki roznily siy pod wzglydcm tcrm1no\v i przcbirgu kolcjnych fcnofaz 
oraz calkowitcj dlugosci iycia. Wymienionc w kicrunku wzrastajc\ccj dlugosci iycia byly to: Cerasti1,rr1 
semidecandrum, Androsace septentrionalis, Plantago indica, Trzfolium arvense i Spergu/o. vernalis. Stan 
rozwojowy osobniko\v oceniano na podstawic 7- 8 fenofa:z. W analizic por6\vnawczcj rytmiki rozwojowc.i 
badanycl1 gatunko\v w roinych stanacl1 zagy ·zczcnia uwzglydniono: l) ca-tko\vitij dlugosc cyklu iycio\vcgo, 
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2) czas trwania poszczcg6lnych faz rozwojowych, 3) 1non1ent osiqgan ia szczy tu fazy Pt\Ct.k6w kwiatowyc:h. 
kwitnienia, owoc6\v dojrzalych i rozsicwania nasion oraz fctzy usychania - ,v ')losunku uo daty pierwszyrh 
wschod6w i 4) daty pcl"ni kwitnienia. 

W wcryfikacji hipotcz statystycznycl1 zastosowano poziom istotnosci 0.05. 
Przcprowadzonc badania pozwalaj<l na sformu-towanic kilku wniosk6w: 
1. D-tugosc iycia osobnik6w bada11ych gatunk6w uzalciniona jest przcdc wszystki1n od tl' rminu p(>ja­

wiania si~ sicwck. Op6:inicnic wschod6w powodujc pr1.yspics1cnic kolcjnych fl'nofaz i skr6cl'nil' cy klu 
zyciowego (rys. 2- 6. tab. I). 

2. Wraz zc wzrostcm zag~szczcnia osobnik6w jcdnorocznych gatunko\v roslin nastypujc przysp1l'SZL'nic 
rozwoju fcnologicznego. Zaznacza siy ono tym silnicj im kr6tszy jest cykl zyciowy dan<.:go gatunku, wy­
ni kaj~cy z jego wl'asciwosci biologicznych (rys. 2-6). 

3. Przyspieszenie rozwoju w warunkach duzego zag~szczcnia dotyczy przedc wszystkim wczcsnych 
faz rozwojowych; po przekwitaniu na og6l nie zaznacza si~ juz wp-tyw zagyszczc11ia na d tugosc po­
szczeg6lnych fanofaz (rys. 7). 

4. Szybszy rozw6j osobnik6\v w dui:ym lagyszczcniu do momcntu kwitnienia powodujc, zc \VCLcsnic.i 
osi~aj<l one taki:e pc-tniy owocowania i rozsiewania nasion 1 wczcsnicj zamicrajc\, w por6wnaniu z 
osobnikami wyros-tymi w ma-tym zagyszczcniu (rys. 8). 

5. Term in wyrastania siewck oraz d.f:ugosc fazy sicwki, wy kazujc:tca d uic wahania z roku na rok, wskazujcl 
na to, zc w najwczcsniejszym ctapic rozwoju dccyduj'1CY wplyw wywicraj'1 czynniki klin1atycznc (por. rys. 1 
oraz rys. 2- 6). 

6. Po przcjsciu fazy siewki zaznacza siy u wszystkich badanych gatunk6w przcwaga wptywu wcwnytrznt'j 
rytmik.i gatunku nad dzia-taniem szcroko pojytych czynnik6w kJimatycznych. Swiadczy o tym zblizona w 
r6znych latach data masowcgo kwitnienia, mimo r6znic w tcrminach wyrastania sicwck i w warunkach 
pogodowych poszczeg6lnych lat (rys. 1, tab. II). 

Badania potwierdzi-ty zatcm w zasadzic opini~ Suk a cc v a (1941), ic u jcdnorocznyct1 gatunk6w 
roslin przcgyszczenie powoduje przyspicszenie rozwoju. Zasada ta dotyczy jc<lnak gatunk6w o bardzo 
kr6tkim cy klu zyciowym. 
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