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Abstract

Succession experiments were carried out in 1 m? sized plots on three different soils
(S = sand, SCL = silty clayey loam, CL = clayey loam). Vegetation was allowed to grow
for 9 years, starting at different dates between 18.06.1969 and 1.04.1971. The greatest
part of the variation of floristic composition and cover was brought about by the
different soils. Direct effects of the starting season were detected only in the first
two years. On sand in the first year the winter annual Conyza canadensis was
well developed on the plots that had started in spring, but was poorly developed
on the summer and fall plots. In the second year it decreased in the spring
plots but increased in the summer and fall plots. The same was true for the
winter annual Sonchus asper on CL. On SCL, however, Senecio vulgaris, belonging
to the therophyta epeteia (overwintering in summer habit), was well developed in
both the spring and summer plots, and showed an increase towards the second
year in the fall plots only. In the later years of the experiment plots that had been
started early in the year mostly were dominated by Poa pratensis ssp. angustifolia
(or Quercus rubra). whereas plots that had been started late in the year mostly
were dominated by Selidago canadensis together with Artemsia vulgaris. The analyses
of the transition events between the (sub)dominant species showed a variety of
replacement patterns, but no determinated series of species following each other.
It remains, therefore, unclear in what manner the differentiation between the terminal
dominants may be related to the starting season.
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INTRODUCTION

Communities of ruderal plants owe their existence to disturbancies of
their habitat (Grime 1979). In a specific way the performance of these
communities is dependent on both the physical factors and the time span
of undisturbed vegetation development. Urban vegetation, therefore, has to
be described in its successional state. This implies the knowledge of the
ruderal succession series. In order to contribute to this knowledge a number
of experiments has been carried out in the urban area of Berlin (W)
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on different soils. Preliminary results (Bornkamm and Hennig 1980)
and careful evaluation of the development within the first nine years
(Bornkamm and Hennig 1982, Bornkamm 1984) showed the course
of floristic composition and of biomass production. They also showed
a significant difference of one set of plots started in the first years’s
spring and another set of plots started in the summer of the subsequent
years. The differences may be due to the fact that free space became
available at different seasons or at different years. In order to obtain
better knowledge of this problem plots were established on which the
vegetation development was allowed to start at different seasons of two
subsequent years. The present paper deals with changes of the floristic
composition of these plots within nine years.

METHODS

In the experimental garden of the Institute of Ecology (Tech. Univ.
Berlin West) in Berlin-Dahlem 4 blocks of 10 m? size were used. Each
block was subdivided into 10 1 m?-subplots. Two of them were filled with
sand. one with silty clayey loam and one with clayey loam (for further
characterization of the plots see Bornkamm and Henning (1982) and
Bornkamm (1984). In every block the existing vegetation in | m? was
harvested in irregular intervals (18.06.. 28.07. and 28.10.1969; 21.03.. 25.05..
6.07.. 27.08 and 26.10.1970; 1.04.1971). and the plots were set free for
a new succession. The seed bank in the soil was not touched. Every
year in late summer phytosiological releves were made (not comprising
two late blocks in the first year). The cover was estimated in steps
of 1/10 m? (=10%); the figure 0 indicates a cover of less than 5%,
(calculated as 2.5%)).

RESULTS

The results are given in Tables 1-9. The tables show the mean cover
values of the important species for years, seasons and soils. Species were
regarded as important if they exhibited a cover of more than 5% in
at least one of the treatments. The less important species were divided
into life form groups in order to limit the number of data presented.
In defining life forms we followed the ideas of Sissingh (1952). Tiixen
(1958). Bakker etal. (1966) and Schmidt (1981), see also Griffioen (1980).

What concerns the relation of the species to the different soils our
results in many respects confirm earlier findings and will not be discussed
in detail here.
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Regarding the years it must be taken into mind that the year 1971
comprised one plot only in every block. so that the main comparison
has to be carried out between 1969 and 1970. If we look at mean
values which differ at least in the factor 3 at low cover (<5%) and
around the factor 2 at higher cover (>5%) we can observe three types
of reactions:

I. In the first year some species show higher values in the 1970
plots than in the 1969 plots. The contrary is true in the second year
(Conyza canadensis, Sonchus asper). This is probably due to the fact.

Years Seasons Soils
& 1 1969/ 70 Sp/Su S/SCL
go] - 1989 ceeeees Sp/F ~==e=es SICL
< 1970 - Su/F SCL/CL
80 O  average o average

Fig. 1. Percentage similarity of the plots in relation to the starting years. seasons and
the soils. For explanations see Table |

that all 1970 plots started in summer or fall. but the 1969 plots also
in spring. Bromus hordeaceus (s.l.. correctly: Bromus pseudothominii) and
Vicia species show continuous changes but not in such a regular way.

2. In the years 3-9 a number of species preferred the 1969 plots
continuously for several years: Bromus sterilis, Agrostis tenuis and Solidago
canadensis. Other species were favoured by the 1970 plots: Bromus tectorum,
Artemisia vulgaris, Verbascum lychnitis and Poa pratensis ssp. angustifolia.
It is interesting to note that initial differences may last for a long time,
and that species of the same genus (Bromus) behave differently (see also
Hulbert 1955).

Concerning seasons we can make similar observations as concerning
years. In the first year Senecio vulgaris, Sonchus asper and Conyza canadensis
(as most other species) were best developed in the spring plots, in the
second year in the summer plots. The same is true for Trifolium arvense.
Apparently on the spring plots certain phases of vegetation development
took place in the first year which in the fall plots were shifted into
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Table 1

Vegetation of the plots in the first year

Years Seasons Soils
Treatment 1969 | 1970 | 1971 | Sp Su F S |SCL| CL
Number 8 16 4 12 8 8 14 7 7
Species 39 53 ] 68 7.4 39 30 | 6.6 | 39 33
Cover 6 19 16 25 16 2 9 25 2.0
Name jife mean cover values
form

Senecio vulgaris TE 8.4 6.6 | 1941371102 ] 1.6 1.8 | 193|132
Others (4) TE 0.9 1.1 0.6 1.4 0.6 03 1.5 0.4 0.4
Conyza canadensis TH 1.6 | 42 1.3 6.0 0.6 1.6 | 5.0 1.1 1.1
Bromus hordeaceus TH 0.6 34 1.9 1.7 44| 1.6 1.4 5.7 1.1
Others (8) TH 0.3 1.8 1.9 3.0 06 3.1 0.4
Sonchus asper TA 1.3 | 3¢9 3.1 52122 09 | 0.2 64| 5.0
Others (8) TA 09 1.5 1.6 2.6 1.2 2.8 0.4

(4) TB 0.9 1.5 1.3 0.6 09 0.6 1.3 0.8

(1 C 06| 02 0.2

(5) H 0.6 2.4 1.8 26| 09 0.9 2.4 0.7 1.5

(2) Pl 0.2 0.6 0.4 0.2 0.4 0.4

Treatments: Years: plots started in 1959 (18.06.. 28.07.. K.10.). 1970 (21.03.. 2505, 6.07. 2708. 26.10) or 1971
(1.04.).

Seasons: plots started in spring (Sp = 21.03-25.05.), summer (Su = 18.06-28.07.) or fall (F = 27.08.-26.10.).
Sails: plots on sand (S). silty clayey loam (SCL) or clayey loam (CL).

Number = number of plots. Cover = mean cover, Species = mean number of species per m?. Names according to
Obcerdorfer 1979, Others=other species exhibiting the same life form (in bruckets number of specics). Life forms: C=
= chamaephytes, H = hemicryptophytes (included facultative geophytes). TA = summer annuals, TB = biennals, TE = cphemerals
overwintering in summer habit. TH = winter annuals. PJ = young phanerophytes.

the second year. Bromus hordeaceus, Bromus sterilis and the Vicia species
showed rather irregular changes.

In the later succession years (3-9) the differences between the spring
and the summer plots were small. In a number of cases Bromus tectorum
and Agrostis tenuis were better developed on the summer plots than on the
spring plots. Very rarely the spring plots were preferred (e.g. Bromus
hordeaceus in the third year).

The fall plots differ stronger from the two other types of plots.
Here the following species occasionally or over a longer tim span were
best developed: Artemisia vulgaris, Medicago lupulina and Solidago canadensis.
The contrary was true for Poa pratensis ssp. angustifolia.

In order to evaluate the influence of all species we can use measures
of similarity. In Fig. | the values of ’percentage similarity’ according to
Dahl and Hadac¢ (1941) are given. If we compare the soils in the
first year we see great differences between sand (S) and loam (SCL and
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Table 2

Vegetation of the plots in the second year

Years Seasons Soils
Treatment 1969 | 1970 | 1971 | Sp Su F S |SCL| CL
Number 3 12 20 4 12 12 12 18 9 9
Species 120 | 128 | 7.8 1.4 136] 109 139 9.9/ 10.0
Cover 59 46 53 40 63 50 47 59 50
life
Name mean cover values
form

Senecio vulgaris TE 9.6 1.8 1.3 58 54 1.1 69 | 7.2
‘Others (6) TE | 31| 19| 06| 08 | 33| 24| 27| 08| 45
Conyza canadensis TH [142 | 39 | 06 | 25 | 114 7.1 | 119 28 | 25
Bromus hordeaceus TH |10.5 53 (406 [18.6 |11.3 29 6.3 116.7 | 144
Apera spica-venti TH | 06 | 1.0 | 56 | 1.0 | 14 1.2 | 28
Trifolivm arvense TH [11.8 | 6.4 1.0 | 12.7 8.8 | 149
Bromus. tectorum TH 8.4 4.0 6.0 4.0 1.1 | 16.1
Others (12) TH 7.7 9.1 S 6.0 |11.7 6.5 12.9 1.2 23
Sonchus asper TA 56 | L7 09 | 44 | 3.1 1.1 | 3.1 T
Others (13) TA 2.0 0.9 0.6 1.0 1.6 1.5 1.7 1.2 09
Oenothera biennis TB 1.3 0.6 7.5 2.7 13 0.8 3.1 0.3
Medicago lupulina TB 06 | 36 | 06 | 1.5 ] 08 | 45| 03 | 06 | 8.1
Others (3) TB 28 | 28 371 33| 46 | 35 1.7 | 74 | 2.5

(2) C 0.4 0.1 0.6 0.4 0.6 0.6 0.3
Artemisia vulgaris H 02 | 63 1.9 1.9 1.5 | 82 1.0 | 0.6 |13.1
Others (11) H 5.0 56 | 26 | 7.3 54 | 28 7.5 38 | 48

4) PJ 08 | 08 08 | 06| 08 | 0.7 | 2.0

For explanations see Table 1.

CL) caused mainly by the differences in cover of Senecio vulgaris and
Bromus hordeaceus on the one hand and Conyza canadensis and Trifolium
arvense on the other hand (see Tables 1 and 2).

In the sixth year the difference between the loamy soils became as
great as the difference between sand and loam. The most important
factor was the rich development of Bromus tectorum on SCL and of
Artemisia vulgaris on CL (see Tables 3-6). In the sixth year the similarity
between all three sets of plots was as low as 30%, but was increased
during the last years. The most important feature here was the spread
of dominant species like Solidago canadensis and Poa pratensis ssp. angustifolia,
which show little variation between the soils.

What concerns years the differences did not exhibit any general shift
but large variations. This was mainly caused by cover changes of Bromus
hordeaceus. In the second half of the experiment the similarity was in the
same magnitude of 509, between all three sets of plots.
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Table 3
Vegetation of the plots in the third year
Years Seasons _Soils
Treatment 1969 | 1970 | 1971 | Sp Su F S SCL | CL
Number 12 20 4 12 12 12 18 9 9
Species 12.4 8.8 8.8 94! 104 10.3; 11.1 8.9 8.6
Cover 43 67 98 7.5 49 64 51 ! 73 74
life
Name mean cover values
form
(3) TE 2:3 0.2 0.6 0.6 1.7 0.8 0.7 0.6 2:2
Bromus hordeaceus TH [ 15.7 |23.6 |38.6 | 30.7 116.3 120.6 |I1.1 [30.6 |34.4
Bromus tectorum TH 04 [ 149 99 6.7 | 8.7 36 264
Trifolium arvense TH 5.7 1.0 59 1 1.9 1 49 ¢ 03
Vicia hirsuta TH 0.2 6.1 1125 | 6.5 1.9 | 6.2 9.7
Vicia tetrasperma TH 02 | 0.1 125 | 42 | 04 3.1 .
Others (9) TH 8.6 | 39 38 39 1 66 | 6.6 | 93 | 26 | 2.3
(7 TA 2.2 0.5 0.8 06 | 1.4 0.1 24 1.4
Oenothera biennis TB 42 | 1.6 | 11.0 59 27 | 29 6.7 | 0.6
Daucus carota ™ : 09 1.9 i 6.3 36 0.9 1.9 1.7 36 1.4
Others (3) TB 5.7 35 1 38 39 48 4.0 0.8 8.3 6.9
(n C 0.1 0.6 0.2 0.2 0.3
Artemisia vulgaris H 1.2 | 143 19 | 65 | 44 |149 1:3 1.1 | 311
Rumex acetosella H 38 1.6 | 06 | 0.8 52 ] 06 | 44
Taraxacum officinale H 21 24 531 ;42 ¢ L7 1.3 03 | 47 6.7
Others (11) H 49 2.5 37 39 3.6 3.1 4.5 24 3i5
(7) PJ 1.2 1.0 ] 1.3 1.2 0.8 1.4 1.3 23
For explanations see Table 1.
200+
"
180+
160
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2 3 4 5 6 1 8 8
years

Fig. 2. Species number on sand as a percentage of the species number on loam
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Table 4

Vegetation of the plots in the fourth year

Years Seasons Soils
I
Treatment 1969 | 1970 | 1971 | Sp | Su F S [SCL| CL
Number 12 20 4 12 12 12 18 9 9
f Species 84, 7.3 98 83 7.9 7.7, 8.6f 8.1 6.3
'+ Cover 64 76 70 69 68 77 53 88 90
life )
Name mean cover values
form
T
(2) TE 0.2 0.2 |14
Bromus hordeaceus TH [40.3 {22.0 |28.0 1235 [32.3 [253 69 1263 [41.1
Bromus tectorum TH 0.2 5:5 06 | 04 6.7 23 0.4 5.8
Vicia hirsuta TH 25 | 57 251 27 3.3 6.9 8.5 0.1
| Vicia tetrasperma TH 56 | 25]27]|25/|67]68
Others (8) TH 36 | 0.6 6.0 34 1.0 | 38 | 06 | 2.3
(2) TA 0.2 0.1 0.6 0.2 0.2 0.1 0.1
Oenothera biennis B 2.1 8.7 2.5 6.9 36 (104 (136 0.3
Others (4) B 32 | 57 3.1 7.0 38 1 42 23 ) 6.0 3.9
(1) (i 0.1 0.2 0.2 103
Artemisia vulgaris H 46 1182 1150 109 Tk | 175 25 0.8 |20.7
Rumex acetosella H I‘ 4.6 | 2.2 2.5 2.0 6.0 2.1 5.7
l' Others (11) [H | 70 103 [125 | 112 73 | 98 | 97 | 53 | 49
t (7 pI 22 016 | 25 { 1.2 1.8 24 | 23 | 25
For explanations see Table |,
Spring Summer fall
o
80 TH TH
704 C )
60-
8
504
H -
8
Nra
Y 171a
104
P) P )
0

Fig. 3. Mean cover of life form groups on plots started in spring summer or fall
(in ", of total cover). For explanations see Table |
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Table 5

Vegetation of the plots in the fifth year

Years Seasons Soils
Treatment 1969 | 1970 | 1971 | Sp Su F S |SCL| CL
Number 12 | 20 422 2| 9 9
Species 85 83] 93 92/ 82 80/ 84| 89 78
Cover 78 76 80 73 78 80 61 92 94
life
Name mean cover values
form
(2) TE 0.2 0.4 0.1 0.3
Bromus hordeaceus TH |{36.0 42 38 6.5 [254 | 124 0.7 | 39.2 1225
Bromus tectorum TH 9.0 1.3 6.0 7.7 32 1136
Bromus sterilis TH 0.2 0.2 [225 7.7 | 0.2 0.2 0.1 10.6
Vicia hirsuta TH 55 1.1 0.6 1.0 44 | 25 5.3
Vicia tetrasperma TH 55 | 0.7 08 | 44 [ 19 | 4.7
Vicia sativa ssp. ang. TH 0.2 | 5.7 1.3 1.9 1.2 | 70 | 6.7
Others (1) TH 06 | 0.2 0.1
(2) TA 0.2 | 0.1 06 | 0.4 | 0.2 0.6 | 03
Oenothera biennis TB 5:] 7.7 | 88 7.3 5.7 79 1136 | 0.6 0.3
Daucus carota TB 1.1 35 6.9 5.2 1.3 2: 4.0 2.5 1.7
Verbascum lychnitis B 04 | 4.6 29 1 29 ) 23 | 0.1 6.7 3.9
Others (2) B 2.5 14 | 0.6 1.3 2.1 16 | 0.5 | 28 | 2.7
(1) G 0.1 0.6 0.2 0.2 0.3 0.6 0.6 |
Artemisia vulgaris H 5.8 |18.8 139 |12 7.1 | 18.6 1.7 1.1 458
Taraxacum officinale H 1.9 | 2.5 31 3.7 1.9 151 04 | 69 5.0
Solidago canadensis H 1.7 | 42 (110 5.4 74 | 9.7 (110 | 4.2 3.6
Poa pratensis ssp. ang. H 35 5.7 | 16.0 | 8.8 9.1 0.2 6.7 | 9.3 1.9
Others (12) H 54 | 43| 93 7.1 5.0 3.7 | 4.7 54 | 5.1
9) PJ 49 | 2.7 1.3 | 2.3 37 | 4.1 39 | 56 | 03

For explanations see Table 1.

Looking at seasons we can observe a great difference between the
fall plots and the other plots in the first year. In the second year
these differences diminish, but still in the second half of the experiment
the similarity between the spring and summer plots was greater than
the similarity to the fall plots. This was mainly due to the fact that
the ratio Poa pratensis ssp. angustifolia: Solidago canadensis was >1 in the
spring and summer plots but <1 in the fall plots (see Tables 5-9).
On the average the similarity between the plots started at different seasons
was greater (619)) than the similarity of the plots started in different
years (49%,) or on different soils (37%).

The species number was lower in the first years in the fall plots
and the 1969 plots than in the other ones, but later on no distinct
differences occurred between the years and the seasons. In the first half
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Table 6
Vegetation of the plots in the sixth year
Years Seasons Soils
v T
Treatment 1969 | 1970 | 1971 | Sp | Su | F S | SCL | CL
Number 12 20 4 12 12 12 18 9 9
Species 94; 7.5 1100 88 85 8.1 83 94 79
Cover 80 74 80 74 73 83 64 83 94
| life
Name mean cover values
form
@ TE | 02 ] 25 | 25 [ 02 0.1 | 33
Bromus hordeaceus TH | 91§ 74 { 3.1 52| 74| 98 [ 03 |283 | 08
Bromus sterilis TH 6.0 28 12301 7.7 6.0 4.6 29 1 18.3
Vicia hirsuta TH 0.6 3.1 1.0 0.6 | % | 1
Vicia tetrasperma TH [ 10.0 8127 75] 25/ 85 ]
Others (5) TH [ 17 [ 20| 25 [ 12| 39 | 08 | 20 | 39 |
i (2) TA 0.2 0.2 0.2 0.2 0.2 0.9 ! 0.3
i Qenathera biennis I TB 247 3.0 4.4 29 2.7 3.6 5.9 1.1 | 0.3 |
Verbascum lychnitis 18 1.2 | 4.1 2.1 2.7 1 331 0.1 64 | 42
| Medicago lupulina B 6.2 0.4 0.2 1.2 54 | 0.1 19 6.9
| Others (2) B 2.9 2.3 A 2.3 2.5 2.7 2.8 2:3 22
j (1 H 02| 06 | 04 02| 04
| Artemisia vulgaris H 8.0 1193 1.3 (119 | 9.0 |19.7 1.5 29 1469
i Taraxacum officinale H L3 29 1 31 5.4 1.9 151037} 42 72
' Solidago canadensis H 1931 7.9 1200 1100 {110 1172 |19.0 72 1 6.7
[ Poa pratensis ssp. ang. | H 301134 112s J162 1125 | 10 {121 | 83| 6.7
| Others (14) ['H 79 | 36 {157 | 82| 7.1 | 43 | 60 | 85| 65
i Sarothaninus scoparius Pl 581021 06| 04 4.3 I
i Quercus rubra 2.7 | 4.2 6.7 | 27 | 04 | 2.1 100 |
i Others (6) Pl 1.8 2.6 1.3 0.8 4.1 1.6 1.8 5.0 03 ‘
For explanations see Table 1. .

of the experiment the species number on the sandy soil was higher than
on the loamy soils. whereas it was lower in the second half (Fig. 2).

Likewise the mean cover was lower in the fall plots and the 1969 plots
in the first year only. No distinct differences appeared between the years
and the seasons later on. What concerns soil the mean cover on sand
was continuously lower than on sand.

From the Tables 1-9 it becomes clear that the greatest floristic va-
riation is caused by the different soils. But in the view of our problem
the differences caused by seasons (and years) are more interesting. In
order to have a closer look at these the cover of the different life
form groups expressed as percentage of the total of the cover values of
all species is given in Fig. 3. At the first impression the three graphs
in Fig. 3 look very similar. and the change from dominating therophytes
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Table 7

Vegetation of the plots in the seventh year

Years Seasons Soils
Treatment 1969 | 1970 | 1971 | Sp Su F S |SCL| CL
Number 12 20 4 12 12 12 18 9 9
Species 700 96/ 98] 95 74 | 9.3 7.8 10.3] 8.3
Cover 84 70 75 68 83 75 66 84 83

life
Name mean cover values
form
Bromus hordeaceus TH |119 | 58 0.6 | 87 | 89 | 0.1 |27.2 1.4
Bromus sterilis TH 6.9 2.5 |10.0 33 6.7 | 44 1.8 15.6
Vicia hirsuta TH 32 (230 | 9.5 35 | 85 ] 03
Vicia tetrasperma TH 1.9 04 | 2.7 | 2.1
Others (5) TH 04 | 48 1.3 1.3 1.0 | 4.1 39 | 39 | 03
(1) TA 0.2 0.2 0.3
Oenothera biennis B 1.7 3.0 | 8.1 33 25 16 5.7 1.1
Verbascum lychnitis TB 0.2 5.1 29 i3 25 0.1 5.3 6.1
Others (3) TB 31 27 | 63 | 3.7 | 29 | 3.1 24 | 39 | 42
2) G 0.3 0.6 0.6 0.2 0.5

Artemisia vulgaris H 9.1 | 9.1 | 25 | 44 | 74 (134 | 25 | 22 |278
Taraxacum officinale H 34 | 30 | 8.1 50 | 25 (36| 07 ] 6.1 | 83
Solidago canadensis H 247 | 9.5 [17.5 [13.1 | 149 |18.3 |20.0 | 89 |13.1
Poa pratensis ssp. ang. | H 7.6 |258 150 |22.7 |28.2 | 48 |20.3 [11.7 |20.3
Convolvulus arvensis H 0.6 | 0.6 8.8 33 0.8 04 | 08 03 | 42
Agrostis tenuis H 8.1 23 1 06 | 3.1 79 1.1 50 | 47 1.4
Hypochoeris radicata H 1.5 2.6 1.9 | 2.1 19 | 25 } 0.6 | 6.1 1.7
Others (10) H 1.0 1.0 6.8 i3 0.8 1.0 0.5 4.0 1.7
Sarothamus scoparius PJ 60 | 04 | 50 | 23 | 02 | 62 | 5.7 0.3
Quercus rubra PJ 6.8 5.7 7.7 7.0 1.7 | 42 [133
Corylus avellana Pl 2:5 3.2 5.6
Others (9) - Pl 1.6 1.9 1.3 1.2 1.0 3.1 2.8 3.1 0.8

For explanations see Table 1.

to dominating hemicryptophytes needs no interpretation. Nevertheless diffe-
rences occur in the first, and partly in the second year. In the first
year the percentage of the therophyta epeteia (TE) was much higher
on the spring plots (40%) and the summer plots (50%) than on the fall
plots (25%). On the other hand the percentage of the winter annuals
(TH) and hemicryptophytes (H) was higher in the falt plots (TH 439%;
H 129)) than in the spring plots (TH 28°%; H 7%) or the summer
plots (TH 26%: H 49). This was mainly due to the high cover values
of Senecio vulgaris in the spring and summer plots and the (relatively)
good performance of Conyza canadensis and Bromus hordeaceus on the fall
plots.
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Table 8

Vegetation of the plots in the eighth year

Years Seasons Soils
Treatment 1969 | 1970 | 1971 | Sp Su F S |SCL| CL
Number g 12 20 .3 12 12 12 18 9 9
Species 9.5 11.1 9.5] 104 9.3 115 99| 119/ 98
Cover 86 75 63 75 87 70 73 83 79
life
Name mean cover values
form

(1) TE 0.2 0.2 0.1
Bromus hordeaceus TH 52 0.5 0.6 0.4 1.1 4.8 0.6 6.9 0.6
Bromus sterilis TH 62 1 05 ] 50 1.9 | 60 | .08 | 04 10.8
Vicia hirsuta TH |102 | 40 | 2.5 2.1 8.3 72 1129
Vicia sativa ssp. ang. TH 15177 ] 06| 33|56 | 55| 94| 03
Others (7) TA 4.1 28 ] 0.6 | 2.1 37 32 | 43 3.7

(3) TB 03] 06 | 06 0.2 | 0.1 06 | 0.3

(5) C 50 1103 | 57 | 9.0 52 | 9.0 5.1 8.3 |13.1

(3) H 0.5 1 06 | 06 0.6 | 08
Artemisia vulgaris H 6.8 | 7.3 1.9 | 46 | 6.0 | 90 | 2.8 36 | 194
Taraxacum officinale H 1.9 5.7 1.3 5.2 2.1 4.6 1.0 39 9.7
Solidago canadensis H 237 | 119 | 63 | 9.8 |13.8 |22.0 |189 [20.6 |144
Poa pratensis ssp. ang. H 9.7 [34.4 [20.0 [37.0 [254 |114 |24.2 |17.2 322
Agrostis tenuis H 14.1 3.5 44 |12.2 33 | 6.0 {133 1.7
Hypochoeris radicata H 45 | 24 1.3 | 25 1.3 ] 5.1 | 01 |92 ] 25
Others (10) H 1.2 | 20 [106 | 54 12 1.8 1.0 | 5.1 3.9
Sarothamnus scoparius Pl 754 | 32| 50| 52 1.2 | 6.0 | 83 0.3
Quercus rubra PJ 92 | 7.0 83 192 | 33 | 56 | 1.7
Corylus avellana PJ 0.1 5.0 6.7
Others (10) PJ 4.1 59 1.8 1.4 14 { 67 | 39 | 40 | 08

For explanations see Table 1.
DISCUSSION

The results revel differences of floristic composition and structure of
the vegetation concerning all three variables: soils, years and seasons.
The differences caused by the soils in most respects are in accordance
with earlier findings (Bornkamm and Hennig 1982, Bornkamm 1984).
Thus, they will not be discussed here. The differences between the plots
started in 1969 and 1970, occurring in the first and second year, can
be explained by the fact that the 1969 plots comprised only summer and
fall plots, whereas the 1970 plots comprised all seasons, and the 1971
plots are spring plots. There is no evidence that the import of diaspores
was different within this span of two years, or this possible difference
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Table 9

Vegetation of the plots in the ninth year

L les : Seasons Soils I
Treatment i 1969 : 1970 | | 1971 [ Sp Su F | 8 E SCL | CL i
Number 12 20 o+ | 12 12 ; 12 | I8 1 9 ; 9
Species 0.6/ 93] 85 88 99 1020 86l 1 |."; 10.2]
Cover 81 | 74 | 93 1' 83 | %0 | 73 7™ | 83 | s6 |
. 1 | |
| life 5
Name | | mean cover values |
{ form | |
~Bromus sterilis TH [ 41 [ 04 | 1306|3906 ]06]03]53]
: Vicia tetrasperma TH B 4.2 0.2 | 0.8 0.3 ! 9.2 | f
Others (5) TH 6.2 20 | 3.7 2.1 56 19 | 59 E 0.6 | 0.6
(1 TA | 04 | i 0.4 L0103 !
Medicago lupuling TB 7.3 : 0.5 04 1.5 6.2 ' 1531 50
Others (4) TB | 50 | 48 | 32| 33| 56| 44 | 44| 48| 50 |
! (3) G [ 03 0.4 | 02 ] 02 03 |
J Artemisia vulgaris H 6.8 .’ 3.0 1.3 2.1 | 49 | 5.2 | 1.5 | A1 103
j Taraxacum officinale H | 46 | 24 | 56 {33 | 23§46 | 10 I 4.7 | 6.9 .
| Solidago canadensis H | 2571 7.4 1300 {134 1151 1195 [199 | 92 1128 |
! Oova pratensis ssp. ang. H 'i 14.7 l 30.2 1430 | 38.7 1257 [15.0 |224 l 19.4 | 36.9 |
Agrostis tenuis H 69 | 29 1.3 1.5 4.2 | 6 1.4 ]2 : 0.6 !
| Others (12) H | 43 | 61 |144 [103 | 49 | 49 | 14 [131 109 |
‘ Sarothamnus scoparius jP.l 8.5 i 48 | 25 } 7.5 | 3l I 6.7 |11.5 | | |
Quercus rubra | PJ 11.2 i 7.2 5 S (e | 42 | 69 j 16.7 | !
‘ Corylus avellana E] t 3.5 8.5 | | 7.8 '
| Others (10) PJ 5.8 | 3.1 1 3.1 2.0 1.2 | 8.7 l 43 | 59 | 12 |
e N | | | | 1 | j

For explanations see Table 1.

was hidden behind the fact that all plots more or less provided the same
seed bank. This is in contrast to experiments with longer duration. where
the immigration of seeds and fruits varied with the years and. therefore.
invasions occurred (Bornkamm 1985a. b).

Since the effects of years and seasons are interrelated by the design
of our experiment, we may lay special attention upon the differences
caused by the starting season. Here three groups of results were visible:
a) distinct changes of the vegetation’s floristic composition and structure
in the first two years, b) irregular changes of a number of species in
the following years, c) differences in the species finally becoming dominant.

a. The differences in the first and second year are made up by a small
number of species (see Tables 1. 2, Figs. 1. 3). The successional processes
going on differ with the soils. On sand in the first year Conyza canadensis
is the most frequent plant, but is, as all other species too. poorly de-
veloped in the summer and fall plots. In the second year it decreases
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in the spring plots but reaches maximum values in the summer (18.8%))
and the fall plots (14.2°)). Trifolium arvense in the first year rarely
occurs in the spring plots. but not in the other ones. In the second
vear it still decreases in the spring plots but reaches maximum values
in the summer (25)) and the fall plots (17.5%). Especially Trifolium
arvense behaved as a true winter annual (Griffioen 1980). whereas
Conyza canadensis is able to perform different types of life cycles (see
the discussion with Bornkamm 1984). The differing values of the two
species on the spring plots in the first year may be due to the fact, that
Trifolium has the higher temperature requirement for germination than
Convza has (Grime et al. 1981),

On silty clayey loam in the spring and summer plots Senecio vulgaris
1s the most frequent species in the first year. but decreases in the second
vear. This species. that endures the winter in summer habit (TE. see
Fig. 3) and shows a wide range of germination temperatures with high
optimum (Lauer 1953, Grime et al. 1981). apparently able to start
successful growth still in the summer. The increase from the first to the
second year can be observed in the fall plots only. Several other species
show a great increase from the first to the second year. namely Bromus
hordeaceus in the spring and summer plots and Bromus tectorum in the
summer and fall plots.

On clayey loam Senecio vulgaris again is frequent in the spring and
summer plots. In plots it decreased towards the second year. while it
increased in the fall plots. Species poorly developing in the first year
but exhibiting a great increase from the first to the second year are
Bromus hordeaceus (spring and summer plots) and Artemisia vulgaris and
Medicago lupulina (fall plots).

Thus we can state on all soils a change of dominance according
to the life cycles of the species. In the first year only one species can
establish fully in the summer plots, namely Senecio vulgaris belonging to
the therophyta epeteia, whereas this is true for the winter annuals Conyza
canadensis and Sonchus asper only in the spring plots. Since the differences
in the first two years are based mainly on the behaviour of the short
living plants it is not surprising that differences become smaller in the
third year.

b. In the following year a number of species show irregular changes.
especially the Bromus and Vicia species. From these Bromus hordeaceus
is well developed on all soils whereas Bromus tectorum prefers the silty
clayey loam. Bromus sterilis the clayey loam. and the Vicia species sand.
All of them are annuals with large seeds, which is a sign of competitive
rather than ruderal strategy (Grime 1979). They can compete with perennial
vegetation and may occur rather a long time in the course of succession
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Table 10

Significance of the correlation between the cover of dominant plants and the strating
date of the plot (21.03. = day 80 until 26.10. = day 299)

Specie Years Mean
s

P 3 4 5 6 7 8 9 4-8

Poa pratensis ssp. angustifolia - — 0 — 0 — - -

Poa pratensis ssp. ang.+ Quercus rubra| (—) - (=) - (=) - - -

Solidago canadensis + Artemisia vulgaris | 0 0 + 0 0 0 + +
—, + — Significant at the 5" level, (—) - tendency at the 107, level, 0 — not significant.

(as discussed already with Bornkamm and Henning 1982). In old meadows
Bromus hordeaceus is favoured by open spots and late mowing (Klapp
1954, p. 324). There is no evidence that these irregular changes are caused
by the season of the beginning of the experiment.

c. A small number of effects is not restricted to the first years but
stays throughout the experiment ending up in the dominance of different
species. This is especially true for Poa pratensis ssp. angustifolia (often
associated with Quercus rubra) and Solidago canadensis, often associated
with Artemisia vulgaris. In some years there is a negative correlation
(or at least such a tendency) between the cover value of the first two
species with the starting point of the experiment, whereas the two latter
species sometimes show a positive correlation (Table 10).

One possible explanation for this distribution of plants is the hypothesis
that the first year acts as a switch consequently leading to a continuous
difference between the fall and the other plots. This would imply the idea
of a distinct series of species following each other. In order to prove
this hypothesis gains or loss of dominance (cover >15%) are put together
in Table 11. Here was separated between ‘direct change’, i.e. a change
where one species looses but the other gains dominance, and ‘indirect
change’, where the subsequent species gains dominance, but the preceding
one keeps it. By this means overlapping changes were detected. From
Table 11 it becomes clear that the a change from a situation without
dominant species to one with dominant species is carried out most
frequently by Bromus hordeaceus. This may occur in the first year, but
also later on (see average year 2.9+0.9). The same role is played by
Senecio vulgaris and Conyza canadensis mostly in the first years, and less
frequently by Artemisia vulgaris and Trifolium arvense, often in later
years. All these changes, of course, are direct.

Bromus hordeaceus is replaced most frequently by Artemisia vulgaris
(in the sixth year in the average), but furthermore by a variety of not
less than 16 species! If this change is carried out by Oenothera biennis,
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Changes of (sub)dominant species (cover >15")

Table 11

Preceding species Subsequent species C“hanges_ - OVEgE
total | direct | indirect year

none Bromus hordeaceus 17 17 - 29+09
none Senecio vulgaris 12 12 — 1.6 +0.8
none Conyza canadensis < 10 10 - 2.1+1.1
Bromus hordeaceus Artemisia vulgaris 8 2 6 58+1.0
none Artemisia vulgaris 7 i - 40+20
none Trifolium arvense 6 6 — 2.7+08
Vicia hirsuta Oenothera biennis 6 3 3 52+04
Vicia tetrasperma Solidago canadensis 6 1 5 6.0+138
Artemisia vulgaris Poa pratensis ssp. ang. 6 2 4 78+2.0
Oenothera biennis Poa pratensis ssp. ang. 6 5} 1 35419
none Poa pratensis ssp. ang. 5 5 - 5.6+2.1
Vicia hirsuta Poa pratensis ssp. ang. 5 2 3 7.6+1.5
Bromus hordeaceus Vicia hirsuta 5 5 - 4.0+1.0
Bromus hordeaceus Vicia tetrasperma 5 5} - 40+1.0
none Sonchus asper 5 3 - 1.4+0.9
Senecio vulgaris Bromus hordeaceus 5 5 24+1.1
Bromus hordeaceus Oenothera biennis 4 3 1 3.3+10
Bromus hordeaceus Verbascum lychnitis 4 3 1 43422
Taraxacum officinale Artemisia vulgaris + 2 2 25+1.3
Solidago canadensis Sarothamnus scoparius 3 3 - 8.3+0.6
Bromus hordeaceus Poa pratensis ssp. ang. 3 1 2 4.7+2.5
none Oenothera biennis 3 3 - 30410
Vicia hirsuta Solidago canadensis 3 1 2 7.7+1.5
Vicia hirsuta Quercus rubra 3 2 1 7.7+1.5
Bromus sterilis Poa pratensis ssp. ang. 3 3 - 8.3+0.6
Bromus hordeaceus Solidago canadensis 3 1 2 . 5.3+1.2
none Taraxacum officinale 3 3 - 47429
Artemisia vulgaris Solidago canadensis 3 2 1 7.0+2.0
Oenothera biennis Solidago canadensis 3 2 1 5.7+0.6
none 13 different 13 13 - 39+24
13 different Poa pratensis ssp. ang. 17 7 10 8.1+1.5
10 different Bromus hordeaceus 14 8 6 43+1.7
8 different Oenothera biennis 9 3 6 48+1.3
7 different Agrostis tenuis 7 5 2 8.1+49.0
6 different Artemisia vulgaris 8 4 4 7.1+1.7
6 different Solidago canadensis 7 4 3 79+1.2
Bromus hordeaceus 10 different 11 8 3 69+19
Taraxacum officinale 7 different 9 1 8 68+19
Vicia tetrasperma 7 different 8 3 5 5.1+08
Vicia hirsuta 6 different 7 3 4 6.7+1.6
Vicia sativa ssp. ang. 6 different 7 2 5 6.6+2.4
Bromus tectorum 6 different 7 4 3 5.7+1.3
Conyza canadensis 5 different 6 6 - 28+04
Bromus sterilis 5 different 6 4 2, 8.0+0.6
Artemisia vulgaris 4 different 6 3 3 6.7+1.5
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it takes: place very early. It is interesting to note that the change to
perennials like Artemisia vulgaris is mostly indirect (overlaping). whereas
the replacement by other therophytes is mostly made by direct change of
dominance. Bromus hordeaceus itself in a number of cases is a follower
of Senecio vulgaris; this direct change on the average alter 2.4 years.
Artemisia vulgaris may be replaced by Poa pratensis ssp. angustifolia or by
Solidago canadensis. the two dominant species of the last years mentioned
above. In many cases dominances of Ficia species are sandwiched by
Bromus hordeaceus and Solidago canadensis. Finally Solidago canadensis can
be replaced by Sarothamnus scoparius.

From the figures in Table 11 it is very clear that some (ransitions
are much more common than others. It is. however. not possible to
construct constant series of dominant species. In fact the series are very
variable, and can consist in a small or a greater number of subsequent
dominating species. It could be that our data basis is too small; in any
case there is no evidence whether and how the first year really acts as
a switch leading to the terminal dominance of different species. The mechanism
of this differentiation therefore. remains unrevealed.
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Sukcesja roslinnosci ruderalnej na stanowiskach zakladanych w  réznych
porach roku

Streszczenie

Prowadzono doSwiadczenia nad sukcesja ro§linnosci ruderalnej na poletkach o powierzchni
I m? na trzech rodzajach gleb (S = piasek, SCL = mulowe ily gliniaste. CL = glina ilasta).
Poletka zalozono w roznych porach roku (od 18.06.1969 do 1.04.1971) i nastgpnic roslinnos¢
pozostawiono bez ingerencii przez 9 lat. Najwigksza zmiennosé¢ skladu florystycznego i po-
krycia zaobserwowano w zaleznosci od podloza. Wyrazne réznice sezonowe stwierdzono
tvlko w dwoch pierwszyeh  latach. Na  piasku. w pierwszym  roku. rosliny jednorocsne
Conyvza canadensis dobrze rozwijaly si¢ na poletkach. ktore zalozono wiosng. natomiast
stabo - na poletkach letnich i jesiennvch. W drugim roku roslina zmniejszyla swoi udzial
na poletkach wiosennych. natomiast zwigkszyla — na letnich i jesiennych. To samo zjawisko
obserwowano dla innego gatunku jednorocznego Sonchus asper. rozwijajacego si¢ na CL.
Natomiast na SCL. Senecio vulgaris. nalezacy do grupy therophyta epeteia (rosliny zimujace
na siedliskach letnich). dobrze rozwingl si¢ na obu. tzn. na wiosennych i letnich po-
letkach i wykazal zwigkszony udzial w drugim roku jedynie na poletkach jesiennych.
W nastgpnych latach na poletkach doswiadczalnych. ktoére zaloZono wezesniej, dominowaly
gtownie Poa pratensis ssp. angustifolia lub Quercus rubra. podczas gdy poletka zalozone
w pozniejszej porze roku bylv zdominowane przez Solidage canadensis i Artemisia vulgaris.
Analiza przypadkow posrednich migdzy roslinami subdominujacymi wykazala duza zmiennosé
nastgpcza w pojawach. ale Zzadne gatunki nie nastgpowaly iedne po drugich w okreslonych
seriach. Pozostaje wigc nadal niejasne w jaki sposob zroznicowanie migdzy ostatecznymi
dominantami ma zwigzek z porg roku, w ktore) zalozono poletka.
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